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MOXPA — Linear Colliders, Lepton Accelerators... 26-Jun-06 09:30 - 10:30

MOXPA — Linear Colliders, Lepton Accelerators and
New Acceleration Techniques

The Global Design Initiative for an International Linear Collider

Two years after the selection of the SC tech-

nology and a few months before therelease of | B.C. Barish (CALTECH)

the ILC Conceptual Design Report, the pre-

sentation will review the main issues towards an ILC project and the world-wide collaboration presently set-up to
address them. It will especially emphasize the challenges both technical (performances, reliability, machine protec-
tion, cost minimisation, industrialisation) and organisational, in a world-wide collaboration for the first time from
the very beginning of the project. It will then present the status of the performances already demonstrated, the R&D
presently envisaged to improve them or reduce the cost, the test facilities set-up to address them and the effort towards
technology transfer to industry and industrialisation. Finally, it will present the plans and schedule for the future as
well as the site specific parameters and cost issues.

SCREF Test Facilities toward the ILC

After the ICFA selection of the supercon-

ducting linear collider technology in August | K. Saito (KEK)

2004, many intensive R&D programs are in

the planning stage or already underway. Work is proceeding in the three major geographical regions involved in
the ILC: Europe(TTF), North America (SMTF) and Asia (STF). In this paper, the global activity represented by these
superconducting RF test facilities will be reviewed. Their goals, plans, schedules and possible complementarities will
be presented. The performance expected from the different R&D efforts by 2008, and the corresponding contribution
to the ILC Technical Design Report, will be especially emphasized.

Chair: J.-P. Delahaye (CERN, Geneva) 35

MOXPAO01

MOXPA02



MOYAPAO1

26-Jun-06 11:00 - 11:30 MOYAPA — Linear Colliders, Lepton Accelerators ...

MOYAPA — Linear Colliders, Lepton Accelerators and
New Acceleration Techniques

Laser-plasma Wakefield Acceleration: Concepts, Tests and Premises

The presentation will review all novel meth-

V. Malka (Ecole Polytechnique) J. Faure (CEA) Y. Glinec, A. Lifschitz = ods presently developed to reach high accel-

(LOA) erating fields from the concepts, to simula-

tions, feasibility demonstration in real tests

and performances presently achieved. It will point out and compare their potential but also their technical challenges

and possible limitations. It will also present the necessary R&D and the tests presently envisaged including schedule

and milestones not only in terms of fields but also of beam quality preservation and power efficiency. Finally, possible
future applications will be suggested.

36 Chair: S.-I1. Kurokawa (KEK, Ibaraki)



MOYBPA — Circular Colliders 26-Jun-06 11:30 - 12:30

MOYBPA — Circular Colliders

LHC Progress and Commissioning Plans

The LHC at CERN is in its final installa-

tion phase, and the first tests with beam are | O.S. Briining (CERN)

planned for part of the machine for the end

of 2006. The commissioning of the full machine with beam is planned for summer 2007. The talk summarizes the
current status of the LHC installation and the strategy for obtaining an optimum hardware configuration. In a second
part the talk outlines the main milestones for the hardware and beam commissioning and presents estimates for the
expected performance levels for the commissioning phase with beam.

Operation of High-luminosity Meson Factories and the Challenge to go to the Next Gener-
ation

This talk will present an overview of the

operational status of B- and Phi-Factories, | K. Akai (KEK)

and address their present luminosity perfor-

mance and limitations, such as electron cloud effects. It will also discuss upgrade plans, including motivation and
beam dynamics challenges, new ideas, R&D and machine experiments in view of the next generation of meson
factories with ~100 times more luminosity. In particular, it will address machine tests with strong RF focusing, crab
cavity developments and first operational experience at KEKB.

Chair: S.-I. Kurokawa (KEK, Ibaraki) 37
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26-Jun-06 14:00 - 15:00 MOZAPA — Hadron Accelerators

MOZAPA — Hadron Accelerators

Approaches to High Intensities for FAIR

A new accelerator complex is planned to gen-

P.J. Spiller, W. Barth, L.A. Dahl, H. Eickhoff, R. Hollinger, PS.  erate highestintensities of heavy ion and pro-

Spaedtke (GSI) ton beams for the Facility for Antiproton and

Ion Research (FAIR) at GSI. The two new syn-

chrotrons, SIS100 and SIS300 which deliver the primary beams to the FAIR target stations, will make use of the existing

GSI accelerators UNILAC and SIS18 as injectors. In order to reach the desired intensities close to 1012 uranium ions

and 2.5 x 1013 protons per pulse, a substantial upgrade program of the existing facility is being prepared. The well

defined technical subprojects of these upgrade programs and the concepts for approaching the intensity goals of
SIS100/300 will be described.

Commissioning Highlights of the Spallation Neutron Source

The Spallation Neutron Source (SNS) is a
N. Holtkamp (ORNL) second generation pulsed neutron source at
Oak Ridge National Laboratory. The SNS is
funded by the U.S. Department of Energy’s Office of Basic Energy Sciences and is dedicated to the study of the struc-
ture and dynamics of materials by neutron scattering. A collaboration composed of six national laboratories (ANL,
BNL, TINAF, LANL, LBNL, ORNL) is responsible for the design and construction of the various subsystems. With
the official start in October 1998, the operation of the full facility has begun in late spring 2006 delivering a 1.0 GeV
proton beam with a pulse length of approximately 700 nanoseconds on a liquid mercury target. Within the next two
years a beam power of more than one MW should be achieved. The multi-lab collaboration provided a large variety of
expertise in order to enhance the beam power delivered by the accelerator by almost an order of magnitude compared
to existing neutron facilities. The SNS linac consists of a room temperature and superconducting (sc) structures and
is the first pulsed high power sc linac in the world. The compressor ring and the target are the final subsystems that
were commissioned during early 06.

38 Chair: S.P. Meoller (ISA, Aarhus)



MOZBPA — Synchrotron Light Sources and FELs 26-Jun-06 15:00 - 16:00

MOZBPA — Synchrotron Light Sources and FELs

Results from the VUV-FEL

The talk will provide the latest results from

the VUV-FEL. It will cover the general per- | J. Rossbach (DESY)

formance of the machine and comparison to

theory. A status will be given of the performance of key systems: the gun, accelerating modules and RF systems, elec-
tron and photon beam diagnostics, timing and synchronization and undulator performance. Future developments
and implementations will also be discussed (and implications to the XFEL).

A Review of ERL Prototype Experience and Light Source Design Challenges

The presentation will review the status of

commissioning of ERL light source prototype | S.L. Smith (CCLRC/DL/ASTeC)

projects drawing on experience from the JLab

IR FEL, UK’s ERL prototype ring and the Cornell injector project. State of the art design for future light source based
on ERLs and FELs will be illustrated using the concept for the UK’s 4GLS project.

Chair: S.O. Schriber (NSCL, East Lansing, Michigan) 39
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26-Jun-06 16:00 - 18:00 MOPCH — Poster Session

MOPCH — Poster Session

Modeling Coherence Decay in Broad Band Triplet Interaction

In the present analysis we study the transi-
M. Frichembruder, R. Pakter, F.B. Rizzato (IF-UFRGS) tion from coherent to incoherent dynamics
in a nonlinear triplet of broad band combs of
waves*. We first reduce the original set of equations into a set where all submodes within a comb interact with all
pairs of submodes in the remaining combs. We then develop a spectral formalism that in a self-contained way enables:
(i) to determine the point of the transition; (ii) to obtain a convenient set of low dimensional equations modeling the
full dynamics**. As shall be discussed in connection with accelerator physics, the results can be applied to a variety
of parametric or nonlinear wave devices like beat wave accelerators, FELs, etc.
*G. I. Oliveira et al. Physica D 164, 59 (2002).**M. Frichembruder et al. submitted to Physica. D (2005).

Seeding the FEL of the SCSS Phase 1 Facility with the 13th Laser Harmonic of a Ti: Sa
Laser Produced in Gas

A seeding configuration, in which the 13th
G. Lambert, M. Bougeard, W. Boutu, P. Breger, B. Carré, D. Garzella, harmonic (60 nm) of a Ti: Sa laser (50 m],
M. Labat, H. Merdji, P. Monchicourt, P. Salieres (CEA) O.V. Chubar, 10 Hz, 130 fs) generated in a gas cell is used
M.-E. Couprie (SOLEIL) T. Hara, H. Kitamura, T. Shintake (RIKEN  as the external source, will be tested in 2006
Spring-8 Harima) D. Nutarelli (LAC) on the SCSS test facility (SPring-8 Compact
Sase Source, Japan). This facility is based on
a thermionic cathode electron gun (1 nC of bunch charge), a C-band LINAC (5712 MHz, 35 MV/m) and two in-
vacuum undulators (15 mm of period). The maximum electron beam energy is 250 MeV and the SASE emission
from visible to 60 nm can be obtained. The High order Harmonic Generation (HHG) experiment was mounted off-
line at the end of last December. A first chamber is dedicated to harmonic generation. A second one is used for
spectral selection and adaptation of the harmonic waist in the modulator. The tests are performed in Saclay with the
LUCA (Laser Ultra Court Accordable) laser (15 mJ, 10 Hz, 50 fs) from January to March at 266 nm, 160 nm and 60 nm
and its results are presented here. Also, before performing the real tests in SPring-8 FEL presence, final theoretical
estimations of the performances relying on 1D simulations using PERSEO code and 3D simulations using GENESIS
and SRW codes are given.

Seeding SPARC Facility with Harmonic Generation in Gases: Preliminary Tests of the
Harmonic Generation in Gas Chamber

In High Gain Harmonic Generation Free

O. Tcherbakoff, M. Bougeard, P. Breger, B. Carré, D. Garzella, M.  Electron Laser configuration, an external
Labat, G. Lambert, H. Merdji, P. Monchicourt, P. Salieres (CEA) M.-  light source is injected in the first part of an
E. Couprie (SOLEIL) A. Doria, L. Giannessi (ENEA C.R. Frascati) undulator. The electron-photon interaction
leads to a coherent light emission in the sec-

ond part of the undulator. We propose to use the High Order Harmonic Generation in gases process as the seed for
SPARC project (Frascati, Italy). With this facility, the electron beam is accelerated to 200 MeV and passes through an
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undulator of 6 sections. The preliminary tests on the seeding chambers presented in this paper have been realised
at the CEA (Saclay, France). The experiment is based on three vacuum chambers. In the first one, a Ti: Sa laser
(800 nm, 2.5 mJ, 50 fs, 10 Hz) is focussed in a 10 Hz pulsed gas jet (Argon or Xenon), producing harmonics of the
fundamental. Filters in the second chamber enable the selection of the harmonic (3rd or 5th). Finally, a telescope
focuses the harmonic beam at a given position. The whole module is to be moved to the SPARC facility. Appropriate
tuning of the undulator gaps will amplify the 3rd and 5th harmonics seeded, as well as non-linear harmonics of those
wavelengths, allowing the perspective of producing a FEL at 53 nm

Coherent Harmonic Generation Experiment on UVSOR-II Storage Ring

Harmonic Generation schemes on Free Elec-

tron Laser devices are very promising. The | M. Labat (CEA) M.-E. Couprie (SOLEIL) T. Hara (RIKEN Spring-8
injection of a traditional laser source inside | Harima) M. Hosaka, M. Katoh, A. Mochihashi, M. Shimada, J. Ya-
the first undulator leads to an efficient en- | mazaki (UVSOR) G. Lambert (RIKEN Spring-8) D. Nutarelli (LAC)
ergy modulation of the electron bunch, and | Y. Takashima (Nagoya University)

therefore, its spatial modulation, resulting in

a more coherent light emission along the second undulator. Experiments have been performed on the UVSOR-II
Storage Ring at Okazaki (Japan) with electrons stored at an energy of 600 MeV, and using a 2.5 m] Ti:Sa laser at 800
nm wavelength, 1 kHz repetition rate, and 100 fs up to 2 ps pulse duration. The experimental setup is presented,
including the transport alignment and synchronisation between the laser and the electron beam. The third harmonic
at 266 nm has been characterised versus various parameters: current, RF cavity voltage, undulator gap, magnetic
functions of the storage ring, and laser pulse duration. Those results are compared with theory via analytical models
and simulations.

The ARC-EN-CIEL FEL Proposal

ARC-EN-CIEL (Accelerator-Radiation Com-

plex for Enhanced Coherent Intense Ex- | M.-E. Couprie, C. Bruni, O.V. Chubar, A. Loulergue, L. Nahon
tended Light), the French project of a fourth | (SOLEIL) B. Carré, D. Garzella, M. Jablonka, M. Labat, G. Lam-
generation light source aims at providing the | bert, E. Meot, P. Monot, A. Mosnier (CEA) J.-R. Marques (LULI) D.
user community with coherent femtosecond | Nutarelli (LAC) J.-M. Ortega (CLIO/ELYSE/LCP)

light pulses covering from UV to soft X ray.

It is based on a CW 1 GeV superconducting linear accelerator delivering high charge, subpicosecond, low emittance
electron bunches with a high repetition rate (1 kHz). Electron beam calculations will be presented. The FEL is based
on the injection of High Harmonics Generated in Gases (HHG) in a High Gain Harmonic Generation scheme, leading
to a rather compact solution. The produced radiation extending down to 0.8 nm with the Non Linear Harmonics
reproduces the good longitudinal and transverse coherence of the harmonics in gas. Calculations are preformed with
PERSEQ, taking into account the proper transverse overlap between HHG and the electron beam, and with SRW.
Optional beam loops are foreseen to increase the beam current or the energy. They will accommodate fs synchrotron
infrared Coherent Synchrotron Radiation sources, VUV and X ray ranges and a FEL oscillator in the 10 nm range. An
important synergy is expected between accelerat
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Beam Adaptation at the Infrared FEL, CLIO

The infrared free-electron laser CLIO is tun-

J.P. Berthet, F. Glotin, ].-M. Ortega (CLIO/ELYSE/LCP) W. Salah  able from 3 to 150 5m by operating its dri-

(The Hashemite University) ver RF linear accelerator between 50 and 12

MeV. This is the largest spectral range ever

obtained with a single optical cavity. We have studied the electron beam transverse adaptation in the FEL undulator

throughout the spectral and energy range. Each beam dimension is measured by a moving wire whose temperature

dependant resistivity is monitored. The results are compared with simulations computed with the TRANSPORT
code.

Undulators for a Seeded HGHG-FEL Test Bench at MAX-lab

Undulators for a Seeded HGHG-FEL at

J. Bahrdt, H.-J. Baecker, W.E. Frentrup, A. Gaupp, K. Goldammer, = MAX-lab Within the European FEL Design

A. Meseck, M. Scheer (BESSY GmbH) S. Werin (MAX-lab) Study a seeded HGHG-FEL will be set up at

MAX-lab. In the modulator, a planar pure

permanent magnet undulator, the 3rd harmonic of a Ti:Sapphire laser (267nm) interacts with the electron beam. In

the following dispersive section the energy modulation is converted into a spatial modulation. The radiator emits

at the third harmonic (89nm). The radiator has an APPLE II type magnetic structure providing full polarization

control. The undulators and the dispersive section are currently built at BESSY. The electron beam height at MAX-lab

of 400mm requires a specific design of the undulator carriages. The magnetic and mechanical design of the HGHG
stage will be presented.

Considerations for Double Pulse Lasing from the BESSY-FEL

BESSY proposes a linac-based High-Gain
K. Goldammer, B.C. Kuske, A. Meseck (BESSY GmbH) Harmonic-Generation (HGHG) free electron
laser (FEL) facility with three independent
FEL lines. Two to four HGHG stages downconvert the initial seed wavelength (230nm to 460nm) to the desired
radiation range (1.24nm to 51nm). High FEL gain is ensured as the seed radiation interacts only with unperturbed
parts of the electron bunch in every HGHG-stage. This so-called fresh-bunch-technique relies on dipole chicanes that
delay the electron bunches relative to the radiation. Fresh-bunch chicanes are incorporated prior to each modulator
in the BESSY-FEL allowing the bunch to completely travel through all undulators. However, simulations show that
bunch parts that have previously lased generate a noticeable radiation power level in the final amplifiers. This moti-
vated simulation studies on the significance and applicability of such inherent additional pulses. It is revealed that
the BESSY-FEL provides the opportunity to deliver double pulses at the FEL exit being of high interest to the user
community. Temporal seperation and intensity levels can be controlled by carefully optimising the properties of the
magnetic chicanes.
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The BESSY 2nd Generation Soft X-ray FEL User Facility

Future VUV-to-soft-X-ray FEL facilities

promise to open fundamentally new fron- | J. Knobloch (BESSY GmbH)

tiers for the synchrotron user community.

So-called 2nd generation FELs, which use seeded schemes rather than SASE, can deliver reproducible ultra-short
photon pulses at an energy level of mJ/pulse. BESSY has been designing a High-Gain-Harmonic-Generation (HGHG)
based FEL with a 2.3 GeV superconducting driver linac that covers photon energies from 24 eV to 1 keV. The design
provides full tuneability of photon energy, variable beam polarization and complete synchronization to external
lasers—all essential for future femtosecond, time-resolved pump-probe experiments. Also, the CW linac offers great
flexibility for the repetition rates and pulse patterns. BESSY-organized User Workshops helped identify the user
requirements for such an FEL. This information provided the basis for the Technical Design Report that was submitted
to the German Wissenschaftsrat in 2004, which then held an on-site review in 2005. Meanwhile, preparatory studies
continue at BESSY. They include start-to-end simulations, tolerance studies, and the development of superconducting
RF technology in the HoBiCaT test facility.

High Power Tests of a High Duty Cycle, High Repetition Rate RF Photoinjector Gun for
the BESSY FEL

The proposed BESSY Soft X-ray FEL uses a

normal conducting 1.3 GHz photoinjector RF | E. Marhauser (BESSY GmbH)

gun cavity at comissioning phase. Due to the

challenging RF pulse pattern the cavity has to cope with an average power of 75 kW. A 1.5-cell RF gun prototype has
been built with a dedicated cooling layout. Results of the first high power RF tests are detailed in this paper.

Jitter Measurement by Spatial Electro-optical Sampling at the Flash Free Electron Laser

For pump-probe experiments carried out at

the VUV-FEL at DESY, FEL laser pulses with | A.Azima, S. Diisterer, J. Feldhaus, H. Schlarb (DESY) A.L. Cavalieri
32 nm wavelength have to be synchronized | (MPQ) D. Fritz (Michigan University) K. Sengstock (Uni HH)

with high precision to optical laser pulses

generated by a TiSa oscillator. To measure the relative timing variations between the FEL and the optical laser, an
electro-optical experiment to determine the electron beam arrival time at the undulator has been installed. Here,
the electron beam profile is encoded spatially into the laser pulse and readout by an intensified camera. A similar
experimental setup has been successfully used at the sub-picosecond pulsed source (SPPS) at higher charge and
shorter rms bunch length. In this paper, we report about the achievements and difficulties of the Timing Electro-
Optical (TEO) setup, that allows to post-order experimental user data with a precision of 100 fs rms and better.

FEL Disturbance by Ambient Magnetic Field Changes

The VUV-FEL at DESY in Hamburg (Ger-

many) is mostly located inside the circular | H.Kapitza, P. Gottlicher, N. Heidbrook, H. Schlarb (DESY)
accelerator PETRA which serves as an injec-

tor for the electron proton collider HERA. SASE was regularly lost in the VUV-FEL when protons were ramped to the
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injection energy in PETRA. This effect was mediated by magnetic field changes in the order of 1 microtesla, caused by
time-dependent uncompensated magnet currents of more than 800 A which made PETRA act like a large current loop.
The resulting beam displacements of several hundred micrometers in the undulators proved to be enough to make
SASE fail. This serious disturbance of user runs was eliminated by introducing an improved compensation scheme
which further limits residual currents in PETRA during proton injection. The consequences of this observation for
the design of the XFEL are briefly discussed.

Slice Emittance Measurements at FLASH

The SASE process in Free Electron Lasers

M. Roehrs, C. Gerth, M. Huening, H. Schlarb (DESY) mainly depends on time-sliced parameters

of charge density, energy spread and trans-

verse emittance. At the VUV-FEL at DESY, electron bunches are compressed longitudinally in two magnetic chicanes

in order to achieve high peak currents. The compression causes considerabe variations in slice emittance along the

bunches. The vertically deflecting rf-structure LOLA, which is in operation at the VUV-FEL since early 2005, allows

to resolve longitudinal variations in horizontal slice width for single bunches. The horizontal slice emittances can be

determined by additionally varying the strengths of the quadrupoles upstream of LOLA. Results of slice emittance
measurements using different bunch compression schemes are presented.

Energy-time Correlation Measurements Using a Vertically Deflecting RF Structure

To initiate the lasing process in SASE-based
M. Roehrs, C. Gerth, M. Huening, H. Schlarb (DESY) Free Electron Lasers, electron bunches with
high peak currents are necessary. At the
VUV-FEL at DESY, high peak currents are produced by bunch shortening in magnetic chicanes induced by a linear
energy-time gradient. The residual uncorrelated time-sliced energy width after compression is a crucial parameter for
the lasing process. The final energy-time correlation provides important information about the compression process.
This paper presents a measurement of slice energy spread and energy-time correlation using a vertically deflecting
rf-structure (LOLA). The structure allows to map the time delay of bunch slices to the vertical axis of a screen. After
dispersing the bunches horizontally with a dipole, the energy-time correlation can be directly obtained in a single
shot measurement. Results for different bunch compression schemes are presented. The measured bunch length in
case of a non-compressed beam is compared to streak camera measurements.

Impact of Undulator Wakefileds and Tapering on European X-ray FEL Performance

The European X-ray Free-Electron Laser

I. Zagorodnov, M. Dohlus, T. Limberg (DESY) (XFEL) based on self-amplified spontaneous

emission (SASE) requires an electron beam

with a few kA peak current and a small-gap undulator system up to 250 m in length. The interaction between the

high-current electron bunch and the undulator vacuum chamber affects the FEL performance. In this paper we

estimate the induced wakefields in elliptical pipe geometry, taking into account the main geometrical variations of

the chamber. To study the expected performance in the presence of the calculated wakefields, we are doing start-to-

end simulations with the tracking codes ASTRA, CSRtrack and GENESIS. To compensate the wakefield impact on
the FEL performance, an adiabatic change of undulator parameters is considered.
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Bunch Compression Monitor

An accelerated bunch of electrons radi-

ates coherently at wavelengths longer than | H.Delsim-Hashemi, J. Rossbach, P. Schmiiser (Uni HH) O. Grimm,
or comparable to the bunch length. The | H. Schlarb, B. Schmidt (DESY) A.E.G. van der Meer (FOM Rijn-
first generation Bunch Compression Moni- | huizen)

tor (BCM) that is installed at the VUV-FEL

applies this principle by measuring the total radiation intensity. For a better control on the degree of the compression,
the radiated intensity in different bandwidth can be used. Dependent on the changes in the structure of the bunch, its
radiation spectrum changes correspondingly. A new generation BCM uses wavelength dependent diffracting devices
and multi-channel sensors to measure the signal in different wavelength channels simultaneously. This paper de-
scribes the construction of the first prototypes and experimental results in different short wavelength bands measured
at the linac of the VUV-FEL at DESY, Hamburg.

Macro-Pulse Generation in a Storage-Ring Free-Electron Laser: A Single-Particle Plus FEL
Numerical Approach

In a storage-ring free-electron laser (FEL), the

onset and growth of intra-cavity power at | E. Curbis, E. Allaria, G. De Ninno (ELETTRA)

the fundamental resonant wavelength is nat-

urally accompanied by coherent emission at higher harmonics. Contrary to what happens in single-pass linac-based
devices, the electron beam is re-circulated in the storage ring and the microbunching becomes thermalized. As
a consequence, a correct theoretical understanding of the process requires a proper modelling of the turn-by-turn
evolution of the electron-beam phase space, both inside the undulators (where the FEL interaction takes place) and
along the ring. To simulate this process we have coupled an ad hoc modified version of the 3D numerical code Ginger
(which models the FEL interaction) together with a linear one-turn map (which propagates the electron beam along
the ring). We present our results and draw a comparison with previous simplified approaches. We also present the
first benchmarking of experiments carried out with the ELETTRA storage-ring FEL.

Baseline Design of the Linac Upgrade for Fermi

The FERMI FEL requires a major upgrade of

the existing linac, which needs to be trans- | G.D"Auria, P. Craievich, P. Delgiusto, S. Di Mitri, M. Ferianis, M.M.
formed from being the injector for the ELET- | Milloch, G.C. Pappas, G. Penco, M. Trovo (ELETTRA) L.R. Doolittle,
TRA light source, to becoming the source for | A. Ratti (LBNL)

the FERMI FEL. In this work, we present the

baseline design, including the integration of the 7 additional systems from the LIL linac, and one X-band station as
linearizers. We will present the new layout with the required modifications and additions to the existing infrastructure
to meet the more demanding needs of the system. Such modifications include a new RF controller, improvements
in the modulator stability and an upgrade to the average power capabilities of the system to operate at 50 Hz. Test
results from the characterization of the existing systems will be included, as well as plans for future development.
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Design and Optimization of the FERMI @ Elettra FEL Layout

The FERMI @ ELETTRA project at Sincotrone

G. De Ninno, E. Allaria, B. Diviacco (ELETTRA) W.M. Fawley, G.  Trieste will be comprised of two FEL's, each

Penn (LBNL) W. Graves (MIT) based on the principle of seeded harmonic

generation. The first undulator line, FEL-1,

will operate in the 40-100 nm wavelength range and will rely upon one stage of harmonic up-conversion. The second

undulator line, FEL-2, extends the output spectral domain to the 100 nm wavelength range and will use two harmonic

stages operating as a cascade. We review the FEL studies that have led to the final design and present results of

numerical simulations with GENESIS and GINGER codes including those examining the effects of undulator errors
and shot-to-shot fluctuations in multiple input parameters.

FERMI @ Elettra: Conceptual Design for a Seeded Harmonic Cascade FEL for EUV and
Soft X-rays

We present a summary of the conceptual de-
C.J. Bocchetta, E. Allaria, D. Bulfone, P. Craievich, G. D’Auria, M.B.  sign for the FERMI FEL project funded for
Danailov, G. De Ninno, S. Di Mitri, B. Diviacco, M. Ferianis, A. Gam-  construction at the Sincrotrone Trieste, Italy.
bitta, A. Gomezel, E. Karantzoulis, G. Penco, M. Trovo (ELETTRA)  The project will be the first user facility based
J.N. Corlett, W.M. Fawley, S.M. Lidia, G. Penn, A. Ratti, ].W. Staples,  on seeded harmonic cascade FEL’s, provid-
R.B. Wilcox, A. Zholents (LBNL) M. Cornacchia, P. Emma (SLAC)  ing controlled, high peak-power pulses, and
W. Graves, E.O. llday, FEX. Kaertner, D. Wang (MIT) E. Parmigiani  complementing the storage ring light source
(Universita Cattolica-Brescia) at Sincrotrone Trieste. The facility is to be dri-
ven by electron beam from a high-brightness
rf photocathode gun, and using the existing 1.2 GeV S-band linac. Designed for an initial complement of two FELs,
providing tunable output over a range from ~100 nm to ~10 nm, FERMI will allow control of pulse duration from less
than 100 fs to approximately1 ps, and with polarization control from APPLE undulator radiators. Seeded by tunable
UV lasers, FEL-1 is a single-stage of harmonic generation to operate over ~100 nm to ~40 nm, and FEL-2 a two-stage
cascade operating from ~40 nm to ~10 nm or shorter wavelength. Photon output is spatially and temporally coherent,
with peak power in the 100’'s MW to GW range. We have designed FEL-2 to minimize the output radiation spectral
bandwidth. Major systems and overal facility layout are described, and key performance parameters summarized.

Time-resolved "Start-to-end" FEL Simulation Results for the FERMI @ Elettra Project

The FERMI FEL project* is the first user

G. De Ninno, E. Allaria (ELETTRA) W.M. Fawley, G. Penn (LBNL)  facility based on seeded harmonic cas-

W. Graves (MIT) cade FEL's, providing controlled, high peak-

power pulses, and complementing the stor-

age ring light source at Sincrotrone Trieste. FERMI will initial comprise two FEL's, providing tunable output over a

wavelength range from ~100- to 40-nm (FEL-1) and ~40-to-10-nm (FEL-2) with control of both polarization and tem-

poral pulse duration. We present results concerning the predicted FEL output based the expected 6D electron beam

phase space at the undulator entrance as determined from detailed "start-to-end" simulations**. Both the GENESIS

and GINGER codes were applied to this study. We discuss the expected transverse and longitudinal coherence, and
also the predicted sensitivity to both undulator errors and accelerator jitter.
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*C. J. Bocchetta et al. “FERMI @ Elettra — Conceptual Design for a Seeded Harmonic Cascade FEL for EUV and Soft
X-rays”, this conference. **S. DiMitri et al. “Start to End Simulations of FERMI@ELETTRA”, this conference.

Future Seeding Experiments at SPARC

Sources based on High order Harmonics
Generated in gases (HHG) with high power
Ti:Sa lasers pulses represent promising can-
didates as seed for FEL amplifiers for sev-
eral reasons, as spatial and temporal co-
herence, wavelength tunability and spectral
range, which extends down to the nm wave-
length scale. This communication describes
the research work plan that is under im-
plementation at the SPARC FEL facility in
the framework of the EUROFEL programme.
The main goal of the collaboration is to study
and test the amplification and the FEL har-
monic generation process of an input seed

L. Giannessi, S. Ambrogio, F. Ciocci, G. Dattoli, A. Doria, G.P.
Gallerano, E. Giovenale, M. Quattromini, A. Renieri, C. Ronsivalle,
LP. Spassovsky (ENEA C.R. Frascati) D. Alesini, M.E. Biagini, R.
Boni, M. Castellano, A. Clozza, A. Drago, M. Ferrario, V. Fusco, A.
Gallo, A. Ghigo, M. Migliorati, L. Palumbo, C. Sanelli, F. Sgamma,
B. Spataro, S. Tomassini, C. Vaccarezza, C. Vicario INFN/LNF) M.
Bougeard, B. Carré, D. Garzella, M. Labat, G. Lambert, H. Merdji, P.
Salieres, O. Tcherbakoff (CEA) M.-E. Couprie (SOLEIL) A. Dipace,
E. Sabia (ENEA Portici) M. Mattioli, P. Musumeci, M. Petrarca (Uni-
versita di Roma I La Sapienza) M. Nisoli, G. Sansone, S. Stagira, S.
de Silvestri (Politecnico/Milano) L. P. Poletto, G. T. Tondello (Univ.
degli Studi di Padova) L. Serafini (INFN-Milano)

signal obtained as higher order harmonics generated both in crystals (400 nm and 266 nm) and in gases (266 nm, 160
nm, 114 nm). The SPARC FEL can be configured to test several cascaded FEL layouts that will be analysed in this

contribution.

Laser Comb: Simulations of Pre-modulated E- Beams at the Photocathode of a High

Brightness RF Photoinjector

A density modulated beam at the photocath-
ode though the proper modulation of the
laser beam pulse does not change substan-
tially emittance and energy spread, proper-

M. Boscolo, M. Ferrario, C. Vaccarezza (INFN/LNF) L. Boscolo, F.
Castelli, S. Cialdi (INFN-Milano) P. Musumeci (INFN-Roma)

ties directly related to FEL. It has been found that bunch density modulation is transformed into energy modulation
along the propagation through the injector*. There are some physical arguments that suggest a possibility to use
this modulation for the enhancement of the FEL process, or for the production of plasma wakes. Preliminary beam
dynamics studies have been carried on to explore the use of electron beam pre-modulation at the cathode to adjust
their longitudinal structure at the end of the beamline. Energy modulation at the end of the beamline could eventually
be turned into current modulation through a magnetic compressor with R56<0. The feasibility of this experiment has
to be investigated carefully, preliminary studies are discussed here. This paper focuses on simulations that explore
the properties of the energy modulation at the end of the beamline correlated to the initial characteristics of the train

of electron pulses.

*M. Biagini et al. “Beam Dynamics Studies for the SPARC Project”, Proc. of PACO03.
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A Biperiodic X-band RF Cavity for SPARC

The Frascati photo-injector SPARC (Pulsed
Self Amplified Coherent Radiation Source)
will be equipped with an X-band RF cavity
for linearizing emittance to enhance bunch
compression and for reducing bunch longi-
tudinal energy spread. A biperiodic cavity working on the pi/2-mode offers some advantages in comparison to a
conventional (periodic) cavity despite the need of accurate machining. A copper prototype made of 17 separated
cells has been built following numerical simulation. In this paper we report on preliminary measurements of its RF
properties. The main characteristics of the cooling system for the final device are also addressed.

L. Ficcadenti, M.E. Esposito, A. Mostacci, L. Palumbo (Rome Uni-
versity La Sapienza) D. Alesini, B. Spataro (INFN/LNF) A. Bacci
(INFN-Milano)

Metal Film Photocathodes for High Brightness Electron Injectors

G. Gatti, L. Cultrera, F. Tazzioli, C. Vicario (INFN/LNF) A. Fiori,
S. Orlanducci (Universita di Roma II Tor Vergata) J. Langner, M.
S. Sadowski, P. Strzyzewski (The Andrzej Soltan Institute for Nu-
clear Studies, Centre Swierk) A. Perrone (INFN-Lecce) C. Ristoscu
(INFLPR)

Status of the SPARX FEL Project

C. Vaccarezza, D. Alesini, M. Bellaveglia, S. Bertolucci, M.E. Bi-
agini, R. Boni, M. Boscolo, M. Castellano, A. Clozza, L. Cultrera, G.
Di Pirro, A. Drago, A. Esposito, M. Ferrario, D. Filippetto, V. Fusco,
A. Gallo, A. Ghigo, S. Guiducci, M. Migliorati, L. Palumbo, L. Pel-
legrino, M. A. Preger, C. Sanelli, M. Serio, F. Sgamma, B. Spataro, A.
Stella, F. Tazzioli, M. Vescovi, C. Vicario (INFN/LNF) F. Alessan-
dria, A. Bacci, F. Broggi, C. De Martinis, D. Giove, M. Mauri (INFN/
LASA) L. Catani, E. Chiadroni, A. Cianchi, C. Schaerf (INFN-Roma
IT) S. Cialdi, C. Maroli, V. Petrillo, M. Rome, L. Serafini (INFN-
Milano) F. Ciocci, G. Dattoli, A. Doria, F. Flora, G.P. Gallerano,
L. Giannessi, E. Giovenale, G. Messina, P.L.. Ottaviani, G. Parisi,
L. Picardi, M. Quattromini, A. Renieri, C. Ronsivalle (ENEA C.R.
Frascati) P. Emma (SLAC) L. Ficcadenti, A. Mostacci (Rome Univer-
sity La Sapienza) M. Mattioli (Universita di Roma I La Sapienza) P.
Musumeci (INFN-Roma) S. Reiche, J.B. Rosenzweig (UCLA)

Advanced high brightness injectors require
photocathodes with fast response high quan-
tum efficiency and good surface uniformity.
Both Mg films deposited by laser ablation
and Pb films deposited by vacuum arc could
satisfy these requirements. Their emission
and morphology are compared.

The SPARX project consists in an X-ray-FEL
facility jointly supported by MIUR (Research
Department of Italian Government), Regione
Lazio, CNR, ENEA, INFN and Rome Univer-
sity Tor Vergata. It is the natural extension
of the ongoing activities of the SPARC col-
laboration. The aim is the generation of elec-
tron beams characterized by ultra-high peak
brightness at the energy of 1 and 2 GeV, for
the first and the second phase respectively.
The beam is expected to drive a single pass
FEL experiment in the range of 13.5-6 nm and
6-1.5 nm, at 1 GeV and 2 GeV respectively,
both in SASE and SEEDED FEL configura-
tions. A hybrid scheme of RF and magnetic
compression will be adopted, based on the
expertise achieved at the SPARC high bright-

ness photoinjector presently under commissioning at Frascati INFN-LNF Laboratories. The use of superconducting
and exotic undulator sections will be also exploited. In this paper we report the progress of the collaboration together
with start to end simulation results based on a combined scheme of RF compression techniques.
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Status of the SPARC Project

The SPARC Project is starting the commis-
sioning of its photo-injector. RF gun, RF
sources, RF network and control, power sup-
plies, emittance meter, beam diagnostics and
control to measure the RF gun beam are in-
stalled. The photocathode drive laser has
been characterized in terms of pulse shape
and quality. We expect to conduct beam mea-
surements at RF gun exit in the next future
and consequently to start the installation of
accelerating sections. The design of the 12 m
undulator for the FEL experiment has been
completed and the first undulator section out
of 6 is under construction: we expect to char-
acterize it at Frascati ENEA laboratory within
the next months. SPARC as a facility will
host FEL experiments using SASE, seeding
and non-linear resonant harmonics. Addi-
tional R&D on X-band and S-band structures
for velocity bunching are in progress, as well

as studies on new photocathode materials and exotic undulator designs. We also present studies on solenoid field de-
fects, beam based alignments, exotic electron bunch production (blow-out of short laser pulses or intensity modulated

26-Jun-06 16:00 - 18:00

P. Musumeci, D. Levi, M. Mattioli, G. Medici, D. Pelliccia, M. Pe-
trarca (Universita di Roma I La Sapienza) D. Alesini, M. Bellaveg-
lia, S. Bertolucci, R. Boni, M. Boscolo, M. Castellano, A. Clozza,
L. Cultrera, G. Di Pirro, A. Drago, A. Esposito, M. Ferrario, L.
Ficcadenti, D. Filippetto, V. Fusco, A. Gallo, G. Gatti, A. Ghigo,
M. Incurvati, C. Ligi, F. Marcellini, M. Migliorati, A. Mostacci, L.
Palumbo, L. Pellegrino, M.A. Preger, R. Ricci, C. Sanelli, M. Serio, F.
Sgamma, B. Spataro, A. Stecchi, A. Stella, F. Tazzioli, C. Vaccarezza,
M. Vescovi, C. Vicario (INFN/LNF) F. Alessandria, A. Bacci, I. Bos-
colo, E. Broggi, S. Cialdi, C. De Martinis, D. Giove, C. Maroli, M.
Mauri, V. Petrillo, M. Rome, A.R. Rossi, L. Serafini (INFN-Milano)
L. Catani, E. Chiadroni, A. Cianchi, E. Gabrielli, S. Tazzari (INFN-
Roma II) E. Ciocci, G. Dattoli, A. Dipace, A. Doria, G.P. Gallerano,
L. Giannessi, E. Giovenale, G. Messina, P.L. Ottaviani, S. Pagnutti,
L. Picardi, M. Quattromini, A. Renieri, G. Ronci, C. Ronsivalle, M.
Rosetti, E. Sabia, M. Sassi, A. Torre, A. Zucchini (ENEA C.R. Fras-
cati) A. Perrone (INFN-Lecce) S. Reiche, ].B. Rosenzweig, G. Travish
(UCLA)

laser pulses). The possible use of segmented superconducting micro-undulators will be discussed too.

Production of Coherent X-rays with a Free Electron Laser Based on an Optical Wiggler

The interaction between high-brightness
electron beams and counter-propagating
laser pulses produces X rays via Thomson
scattering. If the laser source is long enough,

the electrons bunch on the scale of the emitted X-ray wavelength and a regime of collective effects establishes. In

V. Petrillo, A. Colzato (Universita” degli Studi di Milano) A. Bacci,
C. Maroli, L. Serafini (INFN-Milano) M. Ferrario (INFN /LNF)

MOPCHO029

MOPCHO030

this case, the FEL instability develops and the system behaves like a FEL based on an optical undulator. Coherent X-
rays are irradiated, with a bandwidth thinner than that of the incoherent emission. The emittance of the beam and
gradients or irregularities in the laser energy distribution are the principal factors that limit the growth of the X-ray
signal. We analyse with a 3-D code the transverse effects in the emission produced by a relativistic electron beam
when it is under the action of an optical laser pulse and the X-ray spectra obtained. The scalings typical of the optical
wiggler, with very short gain lengths and overall time durations of the process make possible considerable emission
also in violation of the Pellegrini criterion for static wigglers. A generalized form of this criterion is validated on the
basis of the numerical evidence.
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Progress on the Pi-mode X-band RF Cavity for SPARC

The Frascati photo-injector SPARC (Pulsed
L. Ficcadenti, M.E. Esposito, A. Mostacci, L. Palumbo (Rome Uni-  Self Amplified Coherent Radiation Source)
versity La Sapienza) D. Alesini, B. Spataro (INFN/LNF) A. Bacci  will be equipped with an x-band RF cavity
(INFN-Milano) for linearizing emittance to enhance bunch
compression and for reducing bunch longi-
tudinal energy spread. The nine cell standing wave cavity prototype made of separated cells has been already built
and measured*. In this paper we report on characterization of the first brazed prototype. Heat load studies have been
performed as well to design the cooling system for the final device.
*D. Alesini et al. Nucl. Instr. and Meth. A 554 (2005) 1.

On a Skeleton CASSINI Ovals Current Undulator

A new undulator structure for free elec-
A.M. Mihalache, V.IL.R. Niculescu (INFLPR) V. Babin (INOE) M.R.  tron lasers was presented. Current skele-
Leonovici, C. Stancu (Bucharest University, Faculty of Physics) E.  ton CASSINI ovals produced magnetic fields
Scarlat (Valahia University, Faculty of Sciences) which are spatially periodic. The current
structure was in the shape of stacks of mod-
ified CASSINI ovals. The current has alternating directions. The magnetic field components for each wire present
C2 symmetry. CASSINI undulator transverse cross-section* was approximated by polygons. In cartesian coordinates
the Biot-Savart law was analytically evaluated. The magnetic field was mainly transversal and easily adjusted with
the current. The versatility of this structure introduces a new type of two beams longitudinal undulator or wiggler
design for transverse moments.
*Cassini curve; C. Mihu, I.P. lambor-1989.

Photocathode Roughness Impact on Photogun Beam Characteristics

Photocathode surface roughness has an im-

T.V. Gorlov (MEPhI) A.M. Tron (LPI) pact on photoelectron yield, bunch duration,
beam emittance at the exit of femtosecond

photogun with an accelerating field that is considered in assumption of quasi-stationary one in the paper. The main
problem in investigating the impact is determination of the field near the surface, statistical properties of which are
defined through rms values of deviation and slope in profile line of the surface roughness. Developed and created
code allows determining the field with relative rms error not worse than 0.001%. The results of the investigation for
rms values of roughness and its slope within respectively 500...0 nm and 20. . .0 degrees are presented and discussed.

Predicted Parameters of the Second Stage of High Power Novosibirsk FEL

The first stage of Novosibirsk high power ter-

A.V. Kuzmin, O.A. Shevchenko, N. Vinokurov (BINP SB RAS) ahertz FEL was successfully put into opera-
tion in 2003*. The measured parameters of

the FEL turned out to be in a good agreement with calculations [2]. The second and the third stages of the FEL are
under construction now. The beam energy at the second stage will be about 20 MeV and the wavelength will change
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in the range 40-80 um. In this paper we present the design parameters for the second stage FEL. The simulations
were carried out with the help of 1-D code based on macroparticles. This code was previously used for the first stage

simulations**.
*E. A. Antokhin et al. NIM A528 (2004) p.15-18.**A. V. Kuzmin et al. NIM A543 (2005) p.114-117.

Simulations for the FEL Test Facility at MAX-lab within EUROFEL

Within the EUROFEL project a High Gain

Harmonic Generation Free Electron Laser | S.Thorin, M. Brandin, S. Werin (MAX-lab) M. Abo-Bakr, J. Bahrdt,
will be constructed at MAX-lab in collabo- | K. Goldammer (BESSY GmbH)

ration with BESSY. The electron bunches will

be created in the existing MAX-lab injector and transported to the inside of the MAX II ring where the FEL undula-
tors will be located. To predict FEL performance and stability, simulations of the photo injector, linac, recirculator,
transport and undulator sections as well as start to end simulations have been carried out.

Design of a New Preinjector for the MAX Recirculator to be Used in EUROFEL

The MAX-lab recirculator injector will be

equipped with a new preinjector system. The | S. Werin, M. Brandin, T. Hansen, D. Kumbaro, L. Malmgren, S.
aim is to reduce the emittance, increase the | Thorin (MAX-lab) J. Bahrdt (BESSY GmbH)

charge and achieve a proper timing between

accelerator and laser systems. All is aimed at the MAX-lab test facility for HG built in collaboration with BESSY in
the EUROFEL program. The preinjector system consists of a photo cathode RF-gun with an emittance compensating
solenoid. Special issues regard the injection of the new beam into the beam path of the MAX recirculator and the
conservation of beam parameters.

Progress in the Design of a Two-Frequency RF Cavity for an Ultra-Low Emittance Pre-Ac-
celerated Beam

Today most of the X-rays Free-Electron Laser

projects are based on state of the art RF guns, | J.-¥.Raguin, A. Anghel, R.J. Bakker, M. Dehler, R. Ganter, C. Gough,
which aim at a normalized electron beam | S.Ivkovig, E. Kirk, E. Le Pimpec, S.C. Leemann, K.L. Li, M. Paraliev,
emittance close to 1 mm:mrad. In this pa- | M. Pedrozzi, L. Rivkin, V. Schlott, A.F. Wrulich (PSI)

per we report on the progress made at PSI

towards a hybrid DC + RF Low Emittance Gun (LEG) capable of producing a beam with an emittance below 0.1
mm.mrad. To reduce the intrinsic thermal emittance at the LEG cathode the electrons are extracted from nano-
structured field-emitters. A gun test facility is under construction wherein after emission the beam is accelerated up
to 500 keV in a diode before being injected and accelerated in a two-frequency 1.5-cell RF cavity. The fast acceleration
in the diode configuration allows to minimize the emittance dilution due to the strong space charge forces. The two-
frequency RF structure is optimized to limit the emittance blow-up due to the non-linearity of the RF field.
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An Optimization Study for an FEL Oscillator at TAC Test Facility

Recently, conceptual design of the Turkic Ac-
O.M. Mete, O. Karsli, O. Yavas (Ankara University, Faculty of celerator Center (TAC) proposal was com-
Engineering) pleted. The main goal of this proposal is
a charm factory that consists of a linac-ring
type electron-positron collider. In addition, synchrotron radiation from the positron ring and free electron laser from
the electron linac are proposed. The project related with this proposal has been accepted by the Turkish government.
It is planned that the Technical Design Report of TAC will have been written in the next three years. In this period,
an infrared oscillator free electron laser (IR FEL) will be constructed as a test facility for TAC. 20 and 50 MeV electron
energies will be used to obtain infrared FEL. The main parameters of the electron linacs, the optical cavities and
the FEL were determined. The possible use of obtained laser beam in basic and applied research areas such as
biotechnology, nanotechnology, semiconductors and photo chemistry were discussed.

Peculiarities of the Doppler Effect for Moving Radiative Particles in Dispersive Medium
at Extreme Conditions

The features of Doppler effect for fast mov-
M. V. Vysotskyy, V.I. Vysotskii (National Taras Shevchenko Univer-  ing radiating particles with discrete energy
sity of Kyiv, Radiophysical Faculty) levels spectrum (e.g. radiation at channel-
ing) at parameters close or equal to extreme
condition of Cherenkov effect are studied. The formal usage of Cherenkov condition leads in this case to incorrect
and unphysical results. The main task of this work was to find maximal radiation frequency and its dependence
from the system parameters. This finite frequency was found. It was shown that at correct use of conservation laws
the dependence of radiation and absorption frequencies on deviation from exact Cherenkov condition contains one
discontinuity. The value of these frequencies on two sides of this discontinuity is different by 2.5 times. It was shown
that the positions of these discontinuities depend on deviation value and corresponds to the condition of normal
Doppler effect transformation into abnormal. Conditions that correspond to maximal radiation and absorption fre-
quencies are different and are shifted in different directions form the exact Cherenkov condition (in relation to the
velocity and dielectric permittivity).

A Source of Coherent Soft X-ray Radiation Based on High-order Harmonic Generation and
Free Electron Lasers

We examine a scheme for a Free Electron

M. Gullans, J.S. Wurtele (UCB) G. Penn, A. Zholents (LBNL) Laser (FEL) harmonic amplifier seeded by a

~30-nm wavelength signal produced using a

process of High-order Harmonic Generation (HHG). The seed is first amplified in an optical klystron from ~100 kW

to ~30 MW using a 1 GeV electron beam and then is used for an energy modulation of electrons in the downstream

undulator. Subsequently, a 100-MW level of radiation at shorter wavelengths down to 4 nm is obtained by bunching

the energy modulated electrons and passing the bunched beam through an undulator tuned to the desired harmonic

of 30 nm. We also compare this scheme to a more familiar harmonic cascade FEL by replacing the HHG with an
additional stage of harmonic generation.

52



MOPCH — Poster Session 26-Jun-06 16:00 - 18:00

Study of the Electron Beam Dynamics in the FERMI @ ELETTRA Linac

A study of the electron beam dynamics in

the linac is made within the framework of | M. Cornacchia, P. Craievich, S. Di Mitri (ELETTRA) L.V. Pogorelov,
the design of a free electron laser (FEL) at the | J. Qiang, M. Venturini, A. Zholents (LBNL) D. Wang (MIT) R.L.
Syncrotrone Trieste*. A scope of the work in- | Warnock (SLAC)

cludes analysis of two operational scenarios,

one with relatively long electron bunches of the order of 1.5 ps and a moderate peak current of 500 A and one with
shorter bunches of the order of 0.7 ps and higher peak current of the order of 800 A. In both cases, care has been
taken to preserve the slice and projected emittances formed in the photocathode gun injector and to minimize the
slice energy spread. The latter goal is accomplished by balancing the onset of the microbunching instability driven
by the longitudinal space charge forces and the emission of coherent synchrotron radiation using Landau damping
produced by a so-called laser heater. Various analytical techniques and tracking codes have been employed to obtain
the reported results.

*C. Bocchetta, et al., this conference.

Linac Coherent Light Source Electron Beam Collimation

This paper describes the design and prelim-

inary simulations of the electron beam colli- | J. Wu, D. Dowell, P. Emma, C. Limborg-Deprey, ].E. Schmerge
mation system in the Linac Coherent Light | (SLAC)

Source (LCLS) linac. Dark current is ex-

pected from the gun and some of the accelerating cavities. Particle tracking of the expected dark current through
the entire LCLS linac, from LO-linac exit to FEL undulator entrance, is used to estimate final particle extent in the
undulator as well as expected beam loss at each collimator or aperture restriction. A table of collimators and aperture
restrictions is listed along with halo particle loss results, which includes an estimate of average continuous beam
power lost on each individual collimator. In addition, the transverse wakefield alignment tolerances are calculated
for each collimator.

Trajectory Stability Modeling and Tolerances in the LCLS

To maintain stable performance of the Linac

Coherent Light Source X-ray Free-electron | J. Wu, P. Emma (SLAC)

laser, one has to control undulator trajectory

stability to a small fraction of the rms beam size. BPM based feedback loops running at 120 Hz will be effective
in controlling jitter at low frequencies less than a few Hz. On the other hand, linac and injector stability tolerances
must control jitter at higher frequencies. In this paper, we study the possible sources of such high frequency jitter,
including: 1) steering coil current regulation; 2) quadrupole (and solenoid) transverse vibrations; 3) quadrupole (and
solenoid) current regulation in presence of typical 200-micron misalignments; 4) charge jitter coupling to RF cavity
transverse wakefield due to alignment errors; and 5) bunch length jitter coupling to Coherent Synchrotron Radiation
in Chicane. Based on this study, we then set tolerances on each item.
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Operation of the First Undulator-based Femtoslicing Source

At the BESSY II storage ring, a source of sub-
S. Khan (Uni HH) K. Holldack, T. Kachel, T. Quast (BESSY GmbH)  100-fs x-ray pulses with tunable polarization
R. Mitzner (Universitdt Muenster, Physikalisches Institut) and excellent signal-to-background ratio has
been constructed in 2004, based on laser-in-
duced energy modulation ("femtoslicing*) and subsequent angular separation of the short-pulse x-rays from an
elliptical undulator. After commissioning and characterizing the source, short-pulse radiation is now routinely deliv-
ered for pump-probe applications. The paper summarizes the results from commissioning and operational experience
as well as possible upgrade options.
*A. Zholents and M. Zoloterev, PRL 76 (1996), 912.

Towards Sub-picoseconds Electron Bunches: Upgrading Ideas for BESSY II

Sub-picoseconds bunches were achieved
G. Wuestefeld, J. Feikes, P. Kuske (BESSY GmbH) with the BESSY low alpha optics, and their
lengths were measured using Fourier Trans-
form spectroscopy*. To avoid the coherent synchrotron radiation instability, the current in these short bunches has to
be limited to thepampere level. An upgrade of the BESSY Il rf gradient to much larger values is suggested to overcome
this low current limitation by two orders of magnitude. Intense, picoseconds long bunches could then be achieved
already at the regular user optics. The resulting short and very intense electron bunches are useful for generation of
short x-ray pulses and powerful THz-radiation. Expected parameters of bunch length and current are discussed.
*]. Feikes et al. "Sub-Picoseconds Electron Bunches in the BESSY Storage Ring", EPAC’04, Luzerne (Switzerland), July
2004.

Plans for the Generation of Short Radiation Pulses at the Diamond Storage Ring

Diamond is a third generation light source

R. Bartolini (Diamond) M. Borland, K.C. Harkay (ANL) under commissioning in Oxfordshire UK. In

view of the increasing interest in the produc-

tion of short radiation pulses, we have investigated the possibility to operate with a low-alpha optics, the use of a

third harmonic cavity for bunch shortening and the implementation of a crab cavity scheme in the Diamond storage

ring. The results of the initial accelerator studies will be described, including the modification of the beam optics,

non-linear beam dynamics optimisation and choice of RF parameters for the crab cavity operation. The expected
performance of these schemes will be summarised.

Circulation of a Short, Intense Electron Bunch in the NewSUBARU Storage Ring

One new method is proposed which supplies

Y. Shoji, Y. Hisaoka, T. Matsubara, T. Mitsui (NewSUBARU /SPring-  synchrotron radiation light from a short and
8, Laboratory of Advanced Science and Technology for Industry  intense electron bunch. This method sup-
(LASTI)) T. Asaka, S. Suzuki (JASRI/SPring-8) plies a short and intense x-ray pulse and ex-
tremely strong coherent radiation in a long

wavelength region to beam lines of a storage ring. SPring-8 linac supplied a short and intense 1.0 GeV electron beam
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to NewSUBARU storage ring. The electron bunch was compressed to 10ps (full width) from the normal condition
(20ps full width) using ECS system. The pulse charge was 0.10nC/bunch and the energy spread was (+) 0.2 % (full
width) at the injection point. The ring lattice was adjusted at a quasi-isochronous condition to keep the short bunch
for many revolutions. The estimated linear and non-linear momentum compaction factors were -6-107 (the linear
factor), 0.0 (the second order factor) and +0.9 (the third order factor). The bunch length was measured by a streak
camera, and the coherent radiation was detected by a Shottky diode detector. The short bunch was successfully
circulated for about 50 turns.

Development of High Brightness Soft X-ray Source Based on Inverse Compton Scattering

Compact soft X-ray source based on inverse

compton scattering have been developed at | R.Moeriyama, Y. Hama, K. Hidume, A. Oshima, T. Saito, K. Sakaue,
Waseda University. Using 1047nm laser light | M. Washio (RISE) H. Hayano, J. Urakawa (KEK) S. Kashiwagi (ISIR)
from Nd:YLF laser scattered off 4.2MeV elec- | R. Kuroda (AIST)

tron beam generated from a photo-cathode

rf-gun, we have already suceeded to generate the soft X-ray. The energy of this x-ray is included in the part of water
window, in which absorption of water is much less than that of moleculars that organize a living body. Furthermore,
this x-ray source has other features such as short pulse, proportional mono-energy and energy variableness. Because
of these tures, the application to the biological microscope have been expected. However, the flux of x-ray is not
satisfied for the biological microscope application. Therefore, to multiply a soft X-ray flux, we utilized multi-pass
amplifier for the laser light and improved a collision chamber. In this conference, we will report the experimental
results and future plans.

The Design of a 1.8 keV Compton X-ray Generator for a SC RF Linac at KAERI

A quasi-monochromatic X-ray source based

on the KAERI SC linac system has been de- | A.V. Bondarenko, S.V. Miginsky (BINP SB RAS) Y.H. Han, Y.U.
signed and is being manufactured now. A 10 | Jeong, B.C. Lee, S. H. Park (KAERI)

MeV 10 mA electron beam together with a 20

W 1.06 ?m laser beam will be used for 1.8 keV Compton X-ray generation with a few percentage of energy spread and
107 photons per second. A simple straight beamline was designed to deliver the electron beam with no degradation
of its emittance and energy spread and to focus it to a proper size to produce the desired X-rays. We expect the first
demonstration of 1.8 keV Compton X-ray generation in autumn 2006.

RF Photogun as Ultra Bright Terahertz Source

Recently research into new terahertz (0.3 to

30 THz) light sources has gained a lot of in- | W.P.E.M. Op ‘t Root, M.]. Loos, O.J. Luiten, M.J. Van der Wiel, T.
terest. Especially compact sources capable of | van Oudheusden, S.B. van der Geer (TUE)

delivering high peak fields (~ 1 MV/cm), in

ashort pulse. To achieve this, we will use short relativistic electron bunches, created by photoemission and accelerated
in an rf-photogun, to create THz light by means of coherent transition radiation. Because wavelengths smaller and
comparable to the bunch length add up coherently, the intensity scales with N?, with N the number of electrons in
the bunch. In the first experiments we expect to create THz light pulses with a bandwidth of 1 THz and 1 uJ per
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pulse. If such a light pulse is focused on a spot of radius 250 pm, this corresponds to peak electrical fields of 1 MV /
cm. The eventual goal is to increase the bandwidth of the source, by creating shorter electron bunches. This will be
accomplished by choosing a suitable radial laser profile, leading to ellipsoidal electron bunches, which can be focused
and compressed very effectively. Eventually this will lead to THz pulses with a bandwidth of 10 THz and energy of
100 uJ. This corresponds to peak electrical fields of 10 MV /cm and higher.

From Pancake to Waterbag: Creation of High-brightness Electron Bunches

Our recent insight is that, when creating
T. van Oudheusden, O.J. Luiten, W.P.E.M. Op ‘t Root, M.]. Vander  high-brightness electron bunches, the major
Wiel, S.B. van der Geer (TUE) problem is not space charge density itself,
but its distribution. Non-linear space charge
effects lead to a decrease of brightness. We have a novel recipe of creating waterbag bunches (uniformly charged
3D ellipsoids), which have linear space charge fields. Because of these linear fields we have control of the Coulomb
explosion of the bunches. Furthermore, using linear charged particle optics, waterbags can be compressed and fo-
cussed with conservation of brightness. Our recent simulations prove that it is possible to create such ideal waterbag
bunches in practice. The recipe is to create at the cathode a pancake-like electron bunch with a "hemisphere" charge
density distribution. During acceleration this pancake will evolve into a waterbag by its own space charge forces, if
two conditions on the acceleration field and the surface charge density are fulfilled. These two conditions are leading
to a parameter space, which is explored by simulations. We will present numerical simulations and the present status
of the experimental realization.

Centroid, Size, and Emittance of a Slice in a Kicked Bunch

A transversely kicked bunch will decohere

C.-X. Wang, W. Guo (ANL) due to, among other things, chromatic and

amplitude-dependent tune shifts. The chro-

matic tune shift leads to correlation between transverse and longitudinal phase space. Such a correlation can be used

for compressing synchrotron radiation of the bunch with adequate optics. In this report, we revise the decoherence

calculation to derive the centroid and second moments of a beam slice in a kicked bunch, taking into account chromatic

and nonlinear decoherence, but neglecting wakefield and radiation damping, etc. A simple formula for estimating
slice bunch length (and potential pulse compression ratio) is given for the ideal situation.

The Specification, Design and Measurement of Magnets for the Energy Recovery Linac
Prototype (ERLP) at Daresbury Laboratory

The Energy Recovery Linac Prototype

E. Bodker (Danfysik A/S) N. Marks, N. Thompson (CCLRC/DL/  (ERLP) is currently under construction at
ASTeC) Daresbury Laboratory in the UK and will
serve as a test bed for the investigation of

technologies and beam physics issues necessary for the development of Daresbury Laboratory’s Fourth Generation
Light Source (4GLS) proposal. A number of new ERLP beam transport system magnets have been procured for the
project. The magnets have been designed, manufactured and measured by Danfysik following a stringent magnetic
field specification produced by Daresbury Laboratory. In this paper we summarise the magnet specification. We

56



MOPCH — Poster Session 26-Jun-06 16:00 - 18:00

then present details of the magnetic and mechanical design of the magnets and finally discuss the measurement
techniques used to demonstrate that the field quality of the magnets satisfied the specification.

Fabrication and Installation of Superconducting Accelerator Modules for the ERL Proto-
type (ERLP) at Daresbury

Installation and commissioning of the super-

conducting energy recovery linac(ERL) pro- | P. vom Stein, S. Bauer, M. Pekeler, H. Vogel (ACCEL) R. Bate, C.D.
totype is under way at Daresbury Labora- | Beard, D.M. Dykes, P.A. McIntosh, B. Todd (CCLRC/DL/ASTeC)
tory. ACCEL have manufactured two super-

conducting accelerator modules for the injector and the linac, operating at 2K with 1.3 GHz TESLA type cavities. Each
module contains two cavities and is designed to provide an accelerating voltage of 25 MV in cw mode. This paper
presents details of the module fabrication, cavity preparation and performance results. An overview of the cryogenic
installations for the modules is given and status results of the commissioning are discussed.

The Conceptual Design of 4GLS at Daresbury Laboratory

GLS is a novel next generation proposal for a

UK national light source to be sited at Dares- | J.A. Clarke (CCLRC/DL/ASTeC)

bury Laboratory, based on a superconduct-

ing energy recovery linac (ERL) with both high average current photon sources (undulators and bending magnets)
and three high peak current free electron lasers. Key features are a high gain, seeded FEL amplifier to generate XUV
radiation and the prospect of advanced research arising from unique combinations of sources with femtosecond pulse
structure. The conceptual design is now completed and a CDR recently published. The 4GLS concept is summarised,
highlighting how the significant design challenges have been addressed, and the project status and plans explained.

Lattice Design for the Fourth Generation Light Source at Daresbury Laboratory

The proposed Fourth Generation Light

Source (4GLS) has three electron transport | B.D.Muratori, M.A. Bowler, H.L. Owen, S.L. Smith (CCLRC/DL/
paths, an energy recovery loop containing | ASTeC)S.V. Miginsky (BINP SB RAS)

the main linac, IDs and a VUV-FEL, a sepa-

rate branch after the main linac for an XUV-FEL and a transport path for an IR-FEL. The first two present major
challenges in lattice design. The energy recovery loop will be fed by a high average current gun, with bunches of
charge of about 80 pC. High charge (InC) bunches from a high brightness gun will be accelerated prior to the main
linac and split into the XUV-FEL branch using energy separation after the main linac. We present a lattice design
and results from numerical modelling of the electron bunch transport. The requirements of the machine are short
bunches, a small emittance for both branches and an overall topology which gives a reasonable dimension for the
building. Different transport and compression schemes were assessed to meet these requirements whilst balancing
the disruptive effects of longitudinal and transverse space charge, CSR, wakefields and BBU. Investigations into all of
these instabilities are summarized together with other transport issues and the resulting requirements on all IDs.
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The Status of the Daresbury Energy Recovery Prototype Project

The major component of the UK’s R&D pro-

D.J. Holder, J.A. Clarke, P.A. McIntosh, M.W. Poole, S.L. Smith  gramme towards an advanced energy recov-

(CCLRC/DL/ASTeC) N. Bliss (CCLRC/DL) E.A. Seddon (CCLRC/  ery linac-based light source facility is a 35

DL/SRD) MeV technology demonstrator called the en-

ergy recovery linac prototype (ERLP). This is

based on a combination of a DC photocathode electron gun, a superconducting linac operated in energy recovery mode

and an IR FEL. The current status of the of this project is presented, including the construction and commissioning
progress and plans for the future exploitation of this scientific and technical R&D facility.

Optimization of Optics at 200 MeV KEK-ERL Test Facility for Suppression of Emittance
Growth Induced by CSR

Energy Recovery Linac (ERL) gets a lot of
M. Shimada, A. Enomoto, T. Suwada, K. Yokoya (KEK) attention as a next period light source instru-
ment. To produce high-brightness and short
pulse synchrotoron lights, it is necessary to pass through high current and short bunch electron beams to the insertion
part of ERL with keeping the low emittance and the low energy spread. However, it is challenging because Coherent
Synchrotorn Radiation (CSR) generated at bending magnets is potential sources of the emittance growth which is
enomous especially for high current, short bunch and a low energy beam. Therefore, it is benefit to a gradual bunch
compression in the arc after accelerating the beam up to the full energy. The beam optics and lattice design of 200MeV
ERL Test Facility is optimized to suppress the emittance growth caused by CSR at the arc section on two conditions,
high-current mode (100mA, 1psec) and short bunch mode (0.1psec) similar to 5GeV ERL facility proposed by Cornell
University.

Adjustable Input Coupler Development for Superconducting Accelerating Cavity

The waveguide and coaxial-type input cou-

M.V. Lalayan, M.A. Gusarova, V.I. Kaminsky, A.A. Krasnov, V.A.  plers for Energy Recovery Linac type injector

Makarov, N.P. Sobenin (MEPhI) A A. Zavadtsev, D.A. Zavadtsev  cavity electrodynamical and thermal simula-

(Introscan) tion results are presented. The devices are

designed to feed the superconducting cavity

with up to 500 kW RF power in continuous wave regime at 1.3 GHz operating frequency. The cavity external quality

factor adjustment is provided. The heat load to the cryogenic system was lowered to a tolerable level by coupler
design optimization.

A Project of a High-power FEL Driven by an SC ERL at KAERI

A project of a high-power FEL at Korea

A.V. Bondarenko, S.V. Miginsky (BINP SB RAS) Y.H. Han, Y.U. Atomic Energy Research Institute is de-
Jeong, B.C. Lee, S. H. Park (KAERI) scribed. The FEL is driven by a supercon-
ducting energy recovery linac. The future

ERL will be connected to the existing machine without any modification. It consists of two 180-degree bents and two
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straight sections: one is for the FEL, another for a Compton X-rays source. One can choose the regime controlling
the lenses. The total ERL is isochronous to avoid any problems with longitudinal beam instability. The total relative
emittance degradation through the whole machine is ? 1.5. The FEL will be based on a 2 m helical in-vacuum
undulator made of permanent magnets. One mirror of the optical cavity is blind and made of copper; the other one,
the outcoupler, is semi-transparent and made of CVD diamond. The expected average power is a few kW and the
tuning range 35...70 ?m.

Layout of an Accumulator and Decelerator Ring for FAIR

Antiproton physics and experiments with

rare isotope beams are major research fields | P. Beller, K. Beckert, C. Dimopoulou, A. Dolinskii, F. Nolden, M.
at FAIR. Antiproton physics requires the | Steck,]. Yang (GSI)

accumulation of high intensity antiproton

beams. The accumulation of up to 10'! antiprotons at 3 GeV is foreseen. This will be accomplished by the combina-
tion of the collector ring CR for stochastic precooling and the specialized accumulator ring RESR. The accumulation
scheme in the RESR is based on the usage of a stochastic cooling system. The requirements of this cooling system
strongly affect the magnetic structure of the RESR. For experiments with short-lived rare isotope beams the RESR
serves the task of fast deceleration. Precooled rare isotope beams will be injected at 740 MeV /u and then decelerated
to energies between 100 and 400 MeV /u in less than 1 s. This contribution presents the ring design and lattice studies
relevant for both tasks of the ring as well as a description of the antiproton accumulation scheme.

Internal Target Effects in the ESR Storage Ring with Cooling

The accurate description of beam-target ef-

fects is important for the prediction of oper- | V. Gostishchev, K. Beckert, P. Beller, C. Dimopoulou, A. Dolinskii,
ation conditions in terms of high luminosity | E Nolden, M. Steck (GSI) I.N. Meshkov, A.O. Sidorin, A.V. Smirnov,
and beam quality in the FAIR facility at GSI. | G.V. Trubnikov (JINR)

Numerical models have been developed to

evaluate beam dynamics in ion storage rings, where strong cooling in combination with a dense target is applied.
First systematic benchmarking experiments were carried out at the existing ESR storage ring at GSI. The influence of
the internal target on the beam parameters is demonstrated. Comparison of experimental results with simple models
describing the energy loss of the beam particles in the target as well as with more sophisticated simulations with the
BETACOOL code will be given.

Baseline Design for the Facility for Antiproton and Ion Research (FAIR) Finalized

The baseline design for the future interna-

tional facility FAIR has been worked out. The | D. Kramer (GSI)

unique accelerator complex will provide high

intensity ion beams ranging from antiprotons to uranium for nuclear matter and hadron physics studies. Radioactive
beams are generated for nuclear structure and astrophysics experiments. Phase space compression utilizing stochastic
and electron cooling allow for fundamental tests at highest precision. Centered around two fast ramping supercon-
ducting synchrotrons, ions are accelerated to a beam rigidity of up to 100 Tm and 300 Tm, respectively. Two dedicated
storage rings serve for beam accumulation and cooling, providing unprecedented beam quality for experiments in
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the NESR and HESR storage rings. An overview of the layout of the accelerator complex and beam delivery systems
is given. Ongoing R&D activities are reported; project status and international participation will be presented.

The Collector Ring CR of the FAIR Project

The Collector Ring is a storage ring in the

E. Nolden, K. Beckert, P. Beller, U. Blell, C. Dimopoulou, A. Dolin-  framework of the FAIR project. It has the

skii, U. Laier, G. Moritz, C. Muehle, I. Nesmiyan, C. Peschke, M.  purpose of stochastic precooling of both rare

Steck (GSI) isotope and antiproton beams and of measu-

rung nuclear masses in an isochronous set-

ting. The paper discusses progress in the development of magnet systems, rf systems, injection/extraction strategies

and stochastic cooling systems. Finally it is discussed how to confirm the predicted performance of the slotline
electrodes developed recently for stochastic cooling.

Simulation of Dynamic Vacuum Induced Beam Loss

In synchrotrons, operated with intermedi-
C. Omet, PJ. Spiller, J. Stadlmann (GSI) ate charge state, heavy ion beams, intensity
dependent beam losses have been observed.
The origin of these losses is the change in charge state of the beam ions at collisions with residual gas atoms or
molecules. The resulting A /Z deviation from the reference beam ion leads to modified trajectories in dispersive ele-
ments, which finally results in beam loss. At the impact positions, secondary particles are produced by ion stimulated
desorption and increase the vacuum pressure locally. In turn, this pressure rise will enhance the charge change™ and
particle loss process and finally cause significant beam loss within a very short time (a few turns). A program package
has been developed, which links the described beam loss mechanisms to the residual gas status and determines the
vacuum dynamics. Core of the program is an ion optics tracking routine, in which the atomic physics and vacuum
effects are embedded.

Ion Optical Design of the Heavy Ion Synchrotron SIS100

We present the ion optical design of SIS100,
J. Stadlmann, K. Blasche, B. Franczak, C. Omet, N. Pyka, PJ. Spiller ~ which is the main synchrotron of the FAIR
(GSI) A.D. Kovalenko (JINR) project. The purpose of SIS100 is the acceler-
ation of high intensity heavy ion and proton
beams and the generation of short compressed single bunches for the production of secondary beams. Since ionization
in the residual gas is the main loss mechanism, a new lattice design concept had to be developed, especially for the
operation with intermediate charge state heavy ions. The lattice was optimized to generate a peaked loss distribution
in charge separator like lattice cells. Thereby it enables the control of generated desorption gases in special catchers.
For bunch compression, the lattice provides dispersion free straight sections and a low dispersion in the arcs. A
special difficulty is the optical design for fast and slow extraction, and the emergency dumping of the high rigidity
ions within the same short straight section.
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Design of the NESR Storage Ring for Operation with Ions and Antiprotons

The New Experimental Storage Ring (NESR)

of the FAIR project has two major modes of | M. Steck, K. Beckert, P. Beller, C. Dimopoulou, A. Dolinskii, F.
operation. These are storage of heavy ion | Nolden, J. Yang (GSI)

beams for internal experiments and deceler-

ation of highly charged ions and antiprotons before transfer into a low energy experimental area. The heavy ion
beams can be either stable highly charged ions or rare isotope beams at an energy of 740 MeV /u selected in a mag-
netic separator. The antiprotons come with an energy of 3 GeV from the production target, they are pre-cooled and
accumulated in a storage ring complex. The magnetic structure of the NESR has been optimized for large transverse
and longitudinal acceptance by detailed dynamic aperture calculations. This will allow storage of multi-component
beams with a large spread of charge to mass ratio, corresponding to a large spread in magnetic rigidity. Highest phase
space density of the stored beams is provided by an electron cooling system, which for ions covers the full energy
range and for antiprotons allows intermediate cooling during the deceleration process. For experiments with short-
lived isotopes the cooling time and the time of deceleration will be optimized to a few seconds.

FLAIR: a Facility for Low-energy Antiproton and Ion Research

To exploit the unique possibilities that will

become available at the Facility for Antipro- | C.P. Welsch, C.P. Welsch (CERN) H. Danared (MSL)

ton and Ion Research (FAIR), a collaboration

of about 50 institutes from 15 countries was formed to efficiently enable an innovative research program towards
low-energy antimatter-physics. In the Facility for Low-energy Antiproton and lon Research (FLAIR) antiprotons and
heavy ions are slowed down from 30 MeV to energies as low as 20 keV by a magnetic and an electrostatic storage ring.
In this contribution, the facility and the research program covered are described with an emphasis on the accelerator
chain and the expected particle numbers. An overview of the novel beam handling, cooling and imaging techniques
as they will be required across the facility is given.

Design Study for an Antiproton Polarizer Ring (APR)

In the framework of the FAIR* project, the

PAX collaboration has suggested a new ex- | A. Garishvili, A. Lehrach, B. Lorentz, S.A. Martin, F. Rathmann
periments using polarized antiprotons**, in | (EZ]) P. Lenisa (INFN-Ferrara) E. Steffens (Erlangen University)
particular the study of the transverse spin

structure of the proton. To polarize antiprotons the spin filtering method is proposed. The PAX collaboration is going
to design the Antiproton Polarizer Ring (APR). In this contribution the design of this storage ring is described. The
basic parameters of the APR are antiproton beam energy of 250 MeV and emittance in both planes of 250 pi mm
mrad. The APR consists of two 180 degree arcs and two straight sections. One straight section houses the injection/
extraction and the polarized internal target cell, in the other straight section, the electron cooler and a Siberian snake
are located. Different optical conditions have to be fulfilled in the straight sections: (1) The target cell requires a beta
function of less than 0.3 m. (2) The beam has to be circular and upright in the phase space ellipse at the target, the
electron cooler, and the snake. (3) The antiproton beam should have a size of 10 mm for an emittance of 250 pi mm
mrad. (4) The momentum dispersion has to be zero in both straight sections.

*Conceptual Design Report for an International Accelerator Facility for Research with Ions and Antiprotons, available
from www.gsi.de/GSI-Future/cdr.**PAX Technical Proposal, available from www.fz-juelich.de/IKP/pax.
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From COSY to HESR

The High Energy Storage Ring (HESR) at the

D. Prasuhn, . Dietrich, A. Lehrach, B. Lorentz, R. Maier, H. Stock-  proposed Facility for Antiproton and Ion Re-

horst (FZJ) search (FAIR) puts strong demands on qual-

ity and intensity of the stored antiproton

beam in the presence of thick internal targets. The existing synchrotron and storage ring COSY in Juelich can

be seen as a smaller model of the HESR. In this paper we will discuss possible benchmarking experiments at COSY,

involving effects like beam cooling, target heating, intra-beam scattering, etc. The aim of these experiments is to
support the design work for the HESR and ensure that the specified beam conditions can be achieved.

Pickup Structures for the HESR Stochastic Cooling System

The design of the High-Energy Storage Ring

R. Stassen, P.B. Brittner, G. Schug, H.S. Singer (FZ]) (HESR) of the future International Facility for

Antiproton and Ion Research (FAIR) at the

GSI in Darmstadt includes electron and stochastic cooling. Simulations have shown that the bandwidth of a 2-4 GHz

stochastic cooling system is sufficient to achieve the requested beam parameter at the internal target. New 2-4 GHz

pickup structures have been developed and tested. First results of the low impedance, printed loop structures will be
presented.

Stochastic Cooling for the HESR at the GSI-FAIR Complex

The High-Energy Storage Ring (HESR) of the
H. Stockhorst, B. Lorentz, R. Maier, D. Prasuhn (FZ]) T. Katayama  future International Facility for Antiproton
(CNS) and Ion Research (FAIR) at the GSI in Darm-
stadt is planned as an anti-proton cooler ring
in the momentum range from 1.5 to 15 GeV/c. An important and challenging feature of the new facility is the combi-
nation of phase space cooled beams with internal targets. The required beam parameters and intensities are prepared
in two operation modes: the high luminosity mode with beam intensities up to 10! and the high reso-lution mode
with 100 anti-protons cooled down to a relative momentum spread of only a few 10-5. In addition to electron cooling,
transverse and longitudinal stochastic cooling are envisaged to accomplish these goals. It is shown how the great
benefit of the stochastic cooling system to adjust the cooling force in all phase planes independently is utilized to
achieve the requested beam spot and the high momentum resolution at the internal target within reasonable cooling
down times for both HESR modes even in the presence of intra-beam scattering. A numerical and analytical approach
to the Fokker-Planck equation for longitudinal filter cooling has been carried out.

Quasi-adiabatic Transition Crossing in the Hybrid Synchrotron

Non-adiabatic features around the transition

Y. Shimosaki, K. Takayama, K. Torikai (KEK) energy are well-known to be one of most im-
portant beam physics issues in most of cir-

cular hadron accelerators. A novel technique to avoid them by the adiabatic motion, a quasi-adiabatic focusing-
free transition crossing (QAFFTC), was proposed. In a longitudinally separated function-type accelerator*, in which
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particles are confined by an rf voltage or burrier voltages and accelerated by a step voltage, the confinement voltage
can be arbitrarily manipulated as long as the particles do not diffuse, while a strict acceleration voltage is necessary for
the orbit of a charged particle to be balanced in the radial direction. The introduction of QAFFTC is most suitable for
the longitudinally separated function-type accelerator. This new method was examined in this type of accelerator**,
both theoretically and experimentally. This was a first and significant application of the hybrid synchrotron. The
results will be presented.

*K. Takayama and J. Kishiro, Nucl. Inst. Meth. A 451, 304 (2000).**K. Takayama et al. Phys. Rev. Lett. 94, 144801
(2005).

Ion Cooler Storage Ring, S-LSR

Ion cooler and storage ring, S-LSR has been

constructed. Its beam commissioning has | A. Noda, S. Fujimoto, M. Ikegami, T. Shirai, H. Souda, M. Tanabe,
been successfully performed since October, | H. Tongu (Kyoto ICR) H. Fadil, M. Grieser (MPI-K) T. Fujimoto, S.1.
2005 and electron beam cooling for 7 MeV | Iwata, S. Shibuya (AEC) I.N. Meshkov, L. A. Seleznev, A.V. Smirnov,
proton beam has been performed with both | E. Syresin (JINR) K. Noda (NIRS)

flat and hollow spatial distributions. Effect

of relative velocity sweep between electron and ion beams on the cooling time* has been confirmed. Based on the
success to create the peaks in the energy spectrum of laser-produced ions, injection of laser-produced ions into S-
LSR after rotation in the longitudinal phase space by an RF cavity synchronized to the pulse laser is under planning
in order to apply electron cooling for such real laser produced hot ions. Three dimensional laser cooling satisfying
the condition of "tapered cooling’ is also under investigation. 24Mg+ ions are to be laser-cooled only in the "Wien
Filter” in order to be cooled down to the appropriate energy according to their horizontal positions**. In parallel with
the computer simulation, construction of the laser cooling system with use of ring dye laser accompanied with the
second harmonics generator is now underway.

*H. Fadil et al. Nucl. Instr. & Meth. in Phys. Res. A517, 1-8 (2004).**A. Noda and M. Grieser, Beam Science and
Technology, 9, 12-15 (2005).

Basic Aspects of the SIS100 Correction System Design

The basic concept and the main design fea-

tures of the superconducting SIS100 correc- | V.A. Mikhaylov, A.V. Alfeev, A.V. Butenko, A.V. Eliseev, H.G.
tion system are presented. The system com- | Khodzhibagiyan, A.D. Kovalenko, O.S. Kozlov, V.V. Seleznev, A.Y.
prises 84 steerer magnets consisting of two | Starikov, V. Volkov (JINR) E. Fischer, PJ. Spiller, J. Stadlmann (GSI)
orthogonal dipole windings each for correc-

tion of the beam close orbit in vertical and horizontal planes, 48 normal sextupole windings connected in two families
with opposite polarities for chromaticity correction and 12 units containing skew quadrupoles, normal and skew
sextupoles and octupoles as well. The correction system should operate in a pulse mode corresponding to the ac-
celerator cycle, i.e., up to 1 Hz. The main magnetic, geometrical and electrical parameters of the corrector magnets
were specified. They are based on the beam dynamic analysis within the frames of the DF-type SIS100 lattice at
different betatron tune numbers and tolerable alignment and manufacturing errors of the main lattice dipole and
quadrupole magnets. The problem of reasonable unification of the corrector modules is discussed also, including
their geometrical sizes, maximum supply current and cooling at 4.5 K. The concept of the SIS100 corrector magnets
is based on the pulsed correctors designed for the Nuclotron.
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ITEP-TWAC Status Report

Three years of successful operation the ITEP-
N.N. Alexeev, D.G. Koshkarev, B.Y. Sharkov (ITEP) TWAC facility delivers proton and ion beams
in several modes of acceleration and accumu-
lation of by using the multiple charge exchange injection technique®*. Substantial progress is achieved in output ion
beam current intensity of the linear injector I3, in intensity of the buster synchrotron UK, in efficiency increasing of ion
beam stacking and longitudinal compression in the storage ring U10. The machine status analysis and current results
of activities aiming at subsequent improvement of beam parameters for extending beam technology applications are
presented.
*N. Alexeev et al. Laser and Particle Beams (2002) V 20, N3, 385-392.

An Alternative Nonlinear Collimation System for the LHC

The optics design of an alternative nonlinear

J. Resta-Lopez, R.W. Assmann, S. Redaelli, J. Resta-Lopez, G.  collimation system for the LHC is presented.

Robert-Demolaize, D. Schulte, F. Zimmermann (CERN) A. Faus-  We discuss an optics scheme based on a sin-

Golfe (IFIC) gle spoiler located in between a pair of skew

sextupoles for betatron collimation. The non-

linear system allows opening up the collimator gaps and, thereby reduces the collimator impedance, which presently

limits the LHC beam intensity. After placing secondary absorbers at optimum locations behind the spoiler, we analyze

the beam losses and calculate the cleaning efficiency from tracking studies. The results are compared with those of
the conventional linear collimation system.

CRYRING Machine Studies for FLAIR

At the FLAIR facility (Facility for Low-en-
H. Danared, A. Killberg, A. Simonsson (MSL) ergy Antiproton and Ion Research) at FAIR,
antiprotons and heavy ions will be deceler-
ated to very low energies and ultimately to rest. One step in this deceleration is made in the magnetic storage ring LSR
(Low-Energy Storage Ring). CRYRING at the Manne Siegbahn Laboratory in Stockholm will be closed down within
the next few years, and since CRYRING has an energy range quite similar to the proposed LSR, is equipped with
beam cooling, and has several other features required for a deceleration ring, plans are being made for the transfer
of CRYRING to FAIR and for its use as the LSR ring. This paper describes some of the characteristics of CRYRING
relevant for its new role, modifications that need to be made, and test that have been performed at CRYRING with, e.g.,
deceleration of protons from 30 MeV to 300 keV kinetic energy, which is the proposed energy range for antiprotons
at LSR.
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Design of the Double Electrostatic Storage Ring DESIREE

A double electrostatic storage ring named

DESIREE is under construction at the Manne | P. Lofgren, G. Andler, L. Bagge, M. Blom, H. Danared, A. Kallberg,
Siegbahn Laboratory and Stockholm Univer- | S. Leontein, L. Liljeby, A. Paal, K.-G. Rensfelt, A. Simonsson (MSL)
sity. The two rings will have the same cir- | H. Cederquist, M. Larsson, S. Rosén, H.T. Schmidt, K. Schmidt
cumference, 9.2 m, and a common straight | (FYSIKUM, AlbaNova, Stockholm University)

section where merged beam experiments

with ions of opposite signs will be performed. The whole structure will be contained in a single vacuum vessel
resulting in a very compact design. In addition to its unique double ring structure it will be possible to cool DESIREE
down to 10-20K using cryogenerators. This will reduce the internal vibrational and rotational excitations of stored
molecules. A cold system will also result in excellent vacuum conditions where longer lifetimes of the stored beams
can be expected. While the ion optical calculations have entered a final phase much of the work is now devoted to
solve many of the mechanical and cryogenic challenges of DESIREE. In order to test the mechanical and cryogenic
properties of for example insulators, vacuum seals, and laser viewports a small test system has been built. The test
system is expected to provide valuable information for the final design of DESIREE.

Low-intensity Beams for LHC Commissioning from the CERN PS-booster

A variety of low-intensity beams will be re-

quired for LHC commissioning. In contrast | M. Benedikt, J. Tan (CERN)

to the nominal LHC physics beam, these sin-

gle-bunch beams are produced without longitudinal bunch splitting in the injector chain. Consequently, not only the
transverse but also the longitudinal beam characteristics have already to be established in the CERN PS-Booster. The
required intensities extend down to four orders of magnitude below the typical PS-Booster working range and the
transverse emittances must be adjustable to vary the beam brightness over a large range. The different beam variants
are briefly summarized and the specific techniques developed for their production, like low-voltage rf capture, and
transverse and longitudinal shaving, are described. In particular, the choice of harmonic number and its consequences
for operation and beam reproducibility are discussed. Finally, the performance achieved for the different beams is
summarized.

Performance of Nominal and Ultimate LHC Beams in the CERN PS-booster

The requirements for nominal and ultimate

LHC beams in the CERN PS-Booster were | M. Benedikt, M. Chanel, K. Hanke (CERN)

specified in 1993 and served as input for the

definition of the "PS conversion for LHC" project. Already during the upgrade project and also after its completion
in 2000, the beam intensities to be provided from the PS Booster were increased in order to compensate for changes
on the LHC machine, the beam production scheme in the PS and for non-anticipated beam losses along the injector
chain. In order to improve the beam brightness, to be compatible with the increased requirements, extensive machine
studies have taken place on the PS-Booster. The working point was changed to reduce the influence of systematic
resonances and the injection line optics was re-matched to improve the injection efficiency. The paper summarizes
briefly the evolution of the performance requirements. The various measures undertaken to improve the LHC beam
quality are outlined and the present performance achieved in the PS-Booster is presented.
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LEIR Lattice

The Low Energy lon Ring (LEIR) is a low

J. Pasternak, P. Beloshitsky, C. Carli, M. Chanel (CERN) energy ion cooling and accumulation ring

and serves to compress long ion pulses from

Linac 3 into high density bunches suitable for LHC ion operation. Issues of the LEIR lattice are to fulfil all constraints

with a small number of quadrupoles and compensations of perturbations due to an electron cooler and gradients seen

by the beam in the bending magnets during the ramp. Furthermore, experimental investigations via orbit reponse
measurements will be reported.

CERN Proton Synchrotron Working Point Control Using an Improved Version of the Pole-
face-windings and Figure-of-eight Loop Powering

The working point of the CERN Proton Syn-
R.R. Steerenberg, |.-P. Burnet, M. Giovannozzi, O. Michels, E. Mé-  chrotron, which is equipped with combined
tral, B. Vandorpe (CERN) function magnets, is controlled using pole-
face-windings. Each main magnet consists
of one focusing and one de-focusing half-unit on which four pole-face-winding plates are mounted containing two
separate coils each, called narrow and wide. At present they are connected in series, but can be powered indepen-
dently. In addition, a winding called the figure-of-eight loop, contours the pole faces and crosses between the two
half units, generating opposite fields in each half-unit. The four optical parameters, horizontal and vertical tune and
chromaticity, are adjusted by acting on the pole-face-winding currents in both half units and in the figure-of-eight
loop, leaving one physical quantity free. The power supply consolidation project opened the opportunity to use five
independent power supplies, to adjust the four parameters plus an additional degree of freedom. This paper presents
the results of the measurements that have been made in the five-current mode together with the influence of the
magnetic nonlinearities, due to the unbalance in the narrow and wide winding currents, on the beam dynamics.

LHC@FNAL: A Remote Access Center for the LHC at Fermilab

A facility is being designed at Fermilab to
E.S. McCrory, K.B. Biery, E.G. Gottschalk, S.G. Gysin, E.R. Harms,  help people contribute to the Large Hadron
S.K. Kunori, M.J. Lamm, KM. Maeshima, PM. McBride, A.J.  Collider (LHC) effort at CERN. This facil-
Slaughter, A.D. Thomas (Fermilab) M. Lamont (CERN) ity is called LHC@FNAL. The purpose of
LHC@FNAL is to permit members of the
LHC community in North America contribute their expertise to LHC activities at CERN, and to assist CERN with
the commissioning and operation of the LHC accelerator and CMS experiment. As a facility, LHC@FNAL has three
primary functions: 1) To provide access to information in a manner that is similar to what is available in control
rooms at CERN, and to enable members of the LHC community to participate remotely in LHC and CMS activities.
2) To serve as a (bidirectional) communications conduit between CERN and members of the LHC community located
in North America. 3. To allow visitors to Fermilab to see firsthand how research is progressing at the LHC. Visitors
will be able to see current LHC activities, and will be able to see how future international projects in particle physics
can benefit from active participation in projects at remote locations. LHC@FNAL is expected to contribute to a wide
range of activities for the CMS experiment and for the LHC accelerator.
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Performance and Capabilities of the NASA Space Radiation Laboratory at BNL

The NASA Space Radiation Laboratory

(NSRL) at BNL has been in operation since | K.A.Brown, L. Ahrens, I.-H. Chiang, C.]. Gardner, D.M. Gassner, L.
2003. The first commissioning of the facility | Hammons, M. Harvey, J. Morris, A. Rusek, P. Sampson, M. Sivertz,
took place beginning in October 2002 and the | N. Tsoupas, K. Zeno (BNL)

facility became operational in July 2003. The

facility was constructed in collaboration with NASA for the purpose of performing radiation effect studies for the
NASA space program. The NSRL is capable of making use of protons and heavy ions in the range of 0.05 to 3 GeV/n
slow extracted from BNL's AGS Booster. It is also capable of making use of protons and heavy ions fast extracted from
the AGS Booster. Many different beam conditions have been produced for experiments at NSRL, including very low
intensity In this report we will describe the facility and its” performance over the eight experimental run periods that
have taken place since it became operational. We will also describe the current and future capabilities of the NSRL.

Polarized Proton Acceleration in the AGS with Two Helical Partial Snakes

Acceleration of polarized protons in the en-

ergy range of 5 to 25 GeV is particularly diffi- | H. Huang, L. Ahrens, M. Bai, A. Bravar, K.A. Brown, E.D. Courant,
cult: the depolarizing resonances are strong | CJ. Gardner, J. Glenn, A.U. Luccio, W.W. MacKay, V. Ptitsyn, T.
enough to cause significant depolarization | Roser, S. Tepikian, N. Tsoupas, J. Wood, K. Yip, A. Zelenski, K.
but full Siberian snakes cause intolerably | Zeno (BNL) E. Lin (IUCF) M. Okamura, J. Takano (RIKEN)

large orbit excursions and it is not feasible

in the AGS since straight sections are too short. Recently, two helical partial snakes with double pitch design have
been built and installed in the AGS. With careful setup of optics at injection and along the ramp, this combination can
eliminate intrinsic and imperfection depolarizing resonances encountered during acceleration. This paper presents
the accelerator setup and preliminary results. The effect of horizontal intrinsic resonances in the presence of two
partial snakes are also discussed.

On the Feasibility of a Spin Decoherence Measurement

In this paper, we study the feasibility of mak-

ing a turn-by-turn spin measurement to ex- | W.W. MacKay (BNL)

tract the spin tune of a synchrotron from a

polarized beam injected perpendicular to the stable spin direction. For the ideal case of a zero-emittance beam with
no spin-tune spread, there would be no spin decoherence and a measurement of the spin tune could easily be made
by collecting turn-indexed polarization data of several million turns. However, in a real beam there is a momentum
spread which provides a tune spread. With a coasting beam the tune spread will cause decoherence of the spins
resulting in a fast depolarization of the beam in a thousand turns. With synchrotron oscillations the decoherence
time can be greatly increased, so that a measurement becomes feasible with summation of the turn-by-turn data from
a reasonable number of bunches (100 or fewer). Both the cases of a single Siberian snake and a pair of Siberian snakes
are considered.
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A Straight Section Design in RHIC to Allow Heavy Ion Electron Cooling

The Relativistic Heavy Ion Collider (RHIC)

D. Trbojevic, ]. Kewisch, W.W. MacKay, T. Roser, S. Tepikian (BNL)  has been continuously producing exciting re-

sults. One of the major luminosity limita-

tions of the present collider is the intra beam scattering. A path towards the higher luminosities requires cooling of

the heavy ion beams. Two projects in parallel electron and stochastic cooling are progressing very well. To allow

interaction between electrons and the RHIC beams it is necessary to redesign one of the existing interaction regions

in RHIC to allow for the longer straight section with fixed and large values of the betatron functions. We present a
new design of the interaction region for the electron cooling in RHIC.

SPIRAL2 RFQ Prototype — First Results

The SPIRAL2 RFQ has been designed to ac-
R. Ferdinand, R. Beunard, V. Desmezieres, M. Di Giacomo, P. Ro-  celerate a 5 mA deuteron beam (Q/A=1/2)
billard (GANIL) A.C. Caruso (INEN/LNS) S. Cazaux, M. Desmons,  or a 1 mA particle beam with q/A=1/3 up to
A. France, D. Leboeuf, O. Piquet, ].-C. Toussaint (CEA) M. Fruneau, 0.75 MeV/A at 88MHz. It is a CW machine
Y. Gémez-Martinez (LPSC) which has to show stable operation, provide
the required availability and reduce losses to
a minimum in order to minimize the activation constraints. Extensive modelisation was done to ensure a good vane
position under RF. The prototype of this 4-vane RFQ has been built and tested in INFN-LNS Catania and then in
IN2P3-LPSC Grenoble. It allowed us to measure the vacuum quality, the RF field by X-ray measurements, the cavity
displacement and the real vane displacement during the RF injection. Different techniques were used, including an
innovative and effective CCD measurement with a 0.6 ym precision. This paper outlines the different results.

A New RF Tuning Method for the End Regions of the IPHI 4-vane RFQ

The 3-MeV High Intensity Proton Injector
O. Delferriere, M. Desmons, A. France (CEA) R. Ferdinand (IPHI) RFQ is constituted by the assembly
(GANIL) of three 2-m-long segments. The tuning of
the end regions of such an accelerator with
respect to the quadrupole mode is generally made by machining the thickness of the end plates. The dipole modes are
moved away from the accelerator mode frequency by adding dipole rods and adjusting their length. In the case of the
last IPHI RFQ segment, the tuning range given by possible plate thickness was not sufficient to adjust the frequency
at 352 Mhz without modifying the notch depth, leading to serious engineering problems for the cooling, new thermo-
mechanical simulations and drawings. To avoid these difficulties, a new way has been investigated by replacing the
end plate thickness adjustment by a "quadrupole rod" length adjustment. These rods are situated between the beam
axis and the dipole rods, and the tuning range is largely increased. The paper will describe this method applied to
the IPHI RFQ and some experimental results obtained on the cold model.
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An Innovative Method to Observe RFQ Vanes Motion with Full-scale RF Power and Water
Cooling

The design of high current RFQs is heav-

ily strained by thermo-mechanical consider- | A. France, O. Piquet (CEA) R. Ferdinand (GANIL)

ations, which eventually have an impact on

machining costs, cooling systems, etc. A 1-meter long copper prototype of the SPIRAL2 RFQ has been specifically
built to corroborate design options. An innovative method has been developed, allowing real-time observation of
mechanical deformations of RFQ vanes, with full-scale RF power and water cooling. Digital images are acquired by a
CCD camera, and processed by a dedicated software. Processing includes contrast stretching, low-pass filtering, and
block-correlation followed by interpolation. Sub-pixel relative motions of RFQ electrode ends are clearly detected and
measured, with RMS errors of the order of 0.6 microns.

Tuning Procedure of the 6 Meter IPHI RFQ

In the framework of the IPHI project (High

Intensity Proton Injector), the RFQ cavity is | O. Piquet, M. Desmons, A. France (CEA)

divided into 6 sections of 1 meter each, and

assembled in 3 segments separated by coupling plates. We will present the tuning procedure of the aluminium RFQ
cold model to set the accelerating mode frequency, a flat voltage profile and to minimize the dipole components of
the accelerating voltage. This tuning procedure can be divided in three steps. First, dipole mode frequencies are
adjusted with rods for the 3 separated segments. Second, RFQ end cells and coupling cells are tuned by mechanical
machining of tuning plates. Third, using a fully automated bead-pull for the measurement of the field distribution
inside every RFQ quadrants, the RFQ is tuned with 96 plungers in a small number of iterations. Tuning this 6-meter
long cold model is a comprehensive training in view of the future tuning of the copper RFQ with the variable voltage
profile.

Error Study of LINAC 4

Within the framework of the Joint Research

Activity HIPPI (High Intensity Pulsed Proton | M.A. Baylac, J.-M. De Conto, E. Froidefond (LPSC) E.Zh. Sargsyan
Injector) of the CARE program, the concep- | (CERN)

tion study of the LINAC 4 accelerator which

aims to intensify the proton flux available for the CERN injection line is pursued. The linac, operating in pulsed
mode at 352 MHz, is designed to accelerate a 65 mA beam of H™ ions up to an energy of 160 MeV. The requirements
on acceptable beam emittance growth and particle loss are extremely tight. In order to determine the Drift Tube
Linac tolerances, we examined the sensitivity of the LINAC 4 DTL to errors on the accelerating field and the focus-
ing quadrupoles. Simulations were performed with the transport code TRACEWIN (CEA-Saclay, France). We will
present results on individual sensitivities to a single error as well as the global impact of alignment and RF errors
on the beam quality. Similarly, accelerating structures following the DTL in the LINAC4 design (CCDTL, SCL) have
been studied.
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Design Studies on a Novel Stellarator Type High Current Ion Storage Ring

A high current storage ring for the accumula-

M. Droba, N.S. Joshi, O. Meusel, P. Nonn, U. Ratzinger (IAP) tion of ion beams provided by a new 150 kV

terminal is under consideration at the Frank-

furt University. The configuration based on a toroidal magnetic field seems promising for the storage of intense low

energy ion beams, especially when concerning the various potential concepts for space charge compensation. The

theory of plasma confinement on magnetic surface is transformed to numerical simulations on circulating ion beams.

The space charge effects and stability conditions are studied and will be presented. Various injection techniques based

on crossed field-drifts are investigated. Accordingly test experiments are prepared based on two 30 degree toroidal
sectors at a major radius of 1.3m with a maximum toroidal magnetic field of 0.6T on axis.

A Fast Beam Chopper for the RAL Front End Test Stand

The FETS project at RAL will test a fast

M_.A. Clarke-Gayther (CCLRC/RAL/ASTeC) G. Bellodi, F. Gerigk  beam chopper, designed to address the re-

(CERN) quirements of high power proton drivers

for next generation pulsed spallation sources

and neutrino factories. A description is given of the novel RAL ‘Fast - Slow” chopping scheme, and of candidate
optical designs for the 3.0 MeV, 60 mA, H™ Medium Energy Beam Transport (MEBT) line.

The RAL Front End Test Stand

High power proton accelerators (HPPAs)
A.P. Letchford, M.A. Clarke-Gayther, D.C. Faircloth, D.C. Plostinar,  with beam powers in the megawatt range
J.K. Pozimski (CCLRC/RAL) J.J. Back (University of Warwick) Y.A.  have many possible applications including
Cheng, S. Jolly, A. Kurup, P. Savage (Imperial College of Science  drivers for spallation neutron sources, neu-
and Technology, Department of Physics) trino factories, waste transmuters and tritium
production facilities. These applications typ-
ically propose beam powers of 5 MW or more compared to the highest beam power achieved from a pulsed proton
accelerator in routine operation of 0.16 MW at ISIS. The UK’s commitment to the development of the next generation
of HPPAs is demonstrated by a test stand being constructed in collaboration between RAL, Imperial College London
and the University of Warwick. The aim of the RAL Front End Test Stand is to demonstrate that chopped low energy
beams of high quality can be produced and is intended to allow generic experiments exploring a variety of operational
regimes. This paper describes the status of the RAL Front End Test Stand which consists of five main components:
a 60 mA H™ ion source, a low energy beam transport, a 324 MHz Radio Frequency Quadrupole accelerator, a high
speed beam chopper and a comprehensive suite of diagnostics. The aim is to demonstrate production of a 60 mA, 2
ms, 50 pps, chopped H™ beam at 3 MeV.
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Re-bunching RF Cavities and Hybrid Quadrupoles for the RAL Front-end Test Stand
(FETS)

The proposed FETS project at RAL will test a

fast beam chopper ina 3.0 MeV H™ Medium | D.C.Plostinar (CCLRC/RAL/ASTeC) M.A. Clarke-Gayther (CCLRC/
Energy Beam Transport (MEBT) line. Space | RAL/ISIS)

restrictions in the MEBT line place con-

straints on component length and drive the requirement to identify compact component configurations. A description
is given of candidate re-bunching RF cavities and hybrid quadrupole designs. The cavity options considered are the
space efficient Drift Tube Linac type cavity (DTL) with integrated quadrupoles, and the high shunt impedance Cou-
pled Cavity Linac type cavity (CCL) with external quadrupoles. The advantages and disadvantages of both structures
are discussed and a comprehensive comparison between the two is made enabling the best cavity geometry choice.
The compact hybrid quadrupole configurations considered are the ‘tandem’ combination of permanent magnet (PMQ)
and electro-magnetic (EMQ) types, and the concentric combination of PMQ and laminar conductor (Lambertson)
EMQ types.

Progress on Dual Harmonic Acceleration on the ISIS Synchrotron

The ISIS facility at the Rutherford Appleton

Laboratory in the UK is currently the mostin- | A. Seville, D.]. Adams, D. Bayley, N.E. Farthing, 1.5.K. Gardner,
tense pulsed, spallation, neutron source. The | M.G. Glover, A. Morris, B.G. Pine, ] W.G. Thomason, C.M. Warsop
accelerator consists of a 70 MeV H™ Linac | (CCLRC/RAL/ISIS)

and an 800 MeV, 50 Hz, rapid cycling, proton

Synchrotron. The synchrotron beam intensity is 2.5-10°° protons per pulse, corresponding to a mean current of
200 pA. The synchrotron beam is accelerated using six, ferrite loaded, RF cavities with harmonic number 2. Four
additional, harmonic number 4, cavities have been installed to increase the beam bunching factor with the potential
of raising the operating current to 300 uA. As ISIS has a busy user schedule the time available for dual harmonic
work has been limited. However, much progress has been made in the last year and encouraging results have been
obtained. This paper reports on the hardware commissioning and beam tests with dual harmonic acceleration.

013

Transverse Space Charge Studies for the ISIS Synchrotron

The ISIS Facility at the Rutherford Appleton

Laboratory in the UK produces intense neu- | C.M. Warsop (CCLRC/RAL/ISIS)

tron and muon beams for condensed matter

research. It is based on a 50 Hz proton synchrotron which, once the commissioning of a new dual harmonic RF system
is complete, will accelerate about 3.5-10'2 protons per pulse from 70 to 800 MeV, corresponding to mean beam powers
of 0.2 MW. Following this upgrade, transverse space charge is expected to be one of the main intensity limitations,
and is also a key factor for further machine upgrades. A programme of R&D on transverse space charge is now
under way, aiming not only to improve the ISIS ring but also to exploit it as an experimental tool for testing theory
and codes. This paper summarises work so far, outlining calculations for coherent envelope modes on ISIS, using
numerical solutions of the envelope equation to show the expected behaviour near half integer resonance. Progress
on work linking these predictions with more realistic beam models in space charge codes, and extending calculations
to images, coupling and non linear resonances will be described. Plans and preparations for experiments, along with
initial results, will also be presented.
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Electromagnetic Design of a Radio Frequency Quadrupole for the Front End Test Stand at
RAL

The goal of the RAL front end test stand is

A. Kurup (Imperial College of Science and Technology, Department  to demonstrate cleanly chopped bunches of

of Physics) A.P. Letchford (CCLRC/RAL/ISIS) a 60mA H™ ion beam at 3MeV. The accelera-

tion of the H™ ions from 65keV to 3MeV will

be done using a radio frequency quadrupole (RFQ) operating at a resonant frequency of 324MHz. The two types of

RFQ considered were a 4-vane and a 4-rod. The 4-vane has a higher Q-value but the post-production adjustment

is limited. The 4-rod design is easier to manufacture but requires complicated cooling at 324MHz. The results of
electromagnetic simulations using CST Microwave Studio are presented for the 4-vane type and 4-rod type RFQ.

Mechanical Design and RF Measurement on RFQ for Front-end Test Stand at RAL

This paper will present the mechanical de-

P. Savage, Y.A. Cheng (Imperial College of Science and Technol-  sign and preliminary results of a RF measure-

ogy, Department of Physics) A.P. Letchford (CCLRC/RAL/ISIS)  ment system for the cold model of a 324MHz

J.K. Pozimski (CCLRC/RAL) 4-vane RFQ, which is part of the develop-

ment of a proton driver front end test stand

at the Rutherford Appleton Laboratory (RAL) in the UK. The design concepts will be discussed and some issues in

manufacturing of the RFQ will be pointed out, and specific modifications will be explained. Furthermore, results

of thermal simulations of the RFQ will be presented together with RF simulations of the resonant frequency, the Q-
value and the longitudinal field distribution.

Wideband Low-output-impedance RF System for the Second Harmonic Cavity in the ISIS
Synchrotron

Wideband low-output-impedance RF system
Y. Irie (JAEA /J-PARC) D. Bayley, G.M. Cross, 1.5.K. Gardner, M.G.  for the second harmonic cavity in the ISIS
Glover, D. Jenkins, A. Morris, A. Seville, S.P. Stoneham, ]JW.G.  synchrotron has been developed by the col-
Thomason, T. Western (CCLRC/RAL/ISIS) J.C. Dooling, D. Ho-  laboration between Argonne National Labo-
ran, R. Kustom, M.E. Middendorf, G. Pile (ANL) S. Fukumoto, M.  ratory, US, KEK, Japan and Rutherford Ap-
Muto, T. Oki, A. Takagi, S. Takano (KEK) pleton Laboratory, UK. Low output imped-
ance is realized by the feedback from plate
output to grid input of the final triode amplifier, resulting in less than 30 ohms over the frequency range of 2.7 - 6.2
MHz which is required for the second harmonic cavity. The vacuum tubes in the driver and final stages are both
operated in class A, and a grid bias switching system is used on each tube to avoid unnecessary plate dissipations
during a non-acceleration cycle. High power test was performed with a ferrite-loaded second harmonic cavity, where
the bias current was swept at 50 Hz repetition rate. The maximum voltage of 12kV peak per accelerating gap was ob-
tained stably at earlier period of an acceleration cycle. A beam test with this system is planned at the ISIS synchrotron
in order to investigate how the low impedance system works under heavy beam loading conditions, and is capable of
mitigating the space charge detuning at the RF trapping stage.
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Present Status of the Induction Synchrotron Experiment in the KEK PS

A concept of the induction synchrotron,

which was proposed by Takayama and | K. Takayama, Y. Arakida, T. Iwashita, T. Kono, E. Nakamura, Y.
Kishiro in 2000, has been demonstrated by | Shimosaki, M.]J. Shirakata, T. Sueno, K. Torikai (KEK) K. Otsuka
using the KEK PS since 2004. A protonbunch | (Nippon Advanced Technology Co. Ltd.)

trapped in the RF bucket was accelerated

with the induction acceleration devices from 500 MeV to 8 GeV*, which was energized with the newly developed
switching power supply. This form of the KEK PS is something like a hybrid synchrotron. In addition, the injected
proton bunch was confined by the step barrier-voltages at the injection energy of 500MeV**, which were generated
with the same induction acceleration device. Then a concept of the induction synchrotron that a proton bunch was
captured by the barrier bucket and accelerated with the induction voltage is to be fully demonstrated.

*K. Takayama et al. "Observation of the Acceleration of a Single Bunch by Using the Induction Device in the KEK
Proton Synchrotron", Phys. Rev. Lett., 94, 144801 (2005).**K. Torikai et al. "Acceleration and Confinement of a Proton
Bunch with the Induction Acceleration System in the KEK Proton Synchrotron”, submitted to Phys. Rev. ST-AB
(2005), KEK-Preprint 2005-80 A, December 2005.

Ground Motion Study and the Related Effects on the J-PARC

The power spectrum density, coherence and

cross-spectrum density of the ground mo- | S. Takeda, N. Yamamoto, M. Yoshioka (KEK) Y. Nakayama
tion in the J-PARC site are studied to get the | (JPOWER)

guideline of the beam control systems. ]J-

PARC consists of a 600 MeV linac, a 3 GeV Rapid-cycling synchrotron (RCS) and a 50 GeV synchrotron (MR). MR
provides a beam current of 15 micro-A with a period of 3 sec to either the nuclear physics experimental area or the
neutrino production target. MR is a very high beam power machine, so its optimum beam loss must be kept fewer
than 0.01% of an accelerated beam in order to decrease the radiation damage of accelerator components and to get
easy accessibilty to them. From the point of view of beam loss, we give some detailed discussion about the relation
between the MR operation and the ground motion using the observed data.

Ground Motion Measurement at J-PARC

In the next generation accelerator, construc-

tion of the machine on the stable ground | ¥. Nakayama, K. Tada (JPOWER) S. Takeda, M. Yoshioka (KEK)

is preferable for accelerator beam operation.

We have measured ground motion at the J-PARC site under construction, where the ground is very close to the Pacific
Ocean. In this paper, some of the observed results are shown, comparing the results of the previous observation at
some accelerator facilities and next generation accelerator candidate sites in Japan.
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Realistic Beam Loss Estimation from the Nuclear Scattering at the RCS Charge-exchange
Foil

We have developed simulation tools for

P.K. Saha, H. Hotchi, Y. Irie, F. Noda (JAEA/J-PARC) H. Harada  the realistic beam loss estimation at

(Hiroshima University) the RCS(rapid cycling synchrotron) of J-

PARC(Japan Proton Accelerator Research

Complex). The present simulation concerns an accurate estimation of the beam loss caused by the nuclear scattering

at the charge-exchange foil during the multi turn injection period. It can also figure out the loss point in the ring,

so would become very useful for the maintenance and optimization as well. The simulation code GEANT together

with the SAD(Strategic Accelerator Design) have been used for the present purpose. In this paper, detail simulation
method including the result will be discussed.

Energy Deposition in Adjacent LHC Superconducting Magnets from Beam Loss at LHC
Transfer Line Collimators

Injection intensities for the LHC are over

V. Kain, S. Beavan, Y. Kadi (CERN) an order of magnitude above the damage

threshold. The collimation system in the two

transfer lines is designed to dilute the beam sufficiently to avoid damage in case of accidental beam loss or mis-steered

beam. To maximise the protection for the LHC most of the collimators are located in the last 300 m upstream of the

injection point where the transfer lines approach the LHC machine. To study the issue of possible quenches following

beam loss at the collimators the entire collimation section in one of the lines, TI 8, together with the adjacent part of

the LHC has been modeled in FLUKA. The simulated energy deposition in the LHC for worst-case accidental losses
as well as for losses expected during a normal filling is presented. The operational implications are discussed.

Accelerator Research on the Rapid Cycling Synchrotron at IPNS

The Intense Pulsed Neutron Source (IPNS)
G.E. McMichael, ER. Brumwell, L. Donley, ].C. Dooling, W. Guo,  at Argonne National Laboratory is a national
K.C. Harkay, Q.B. Hasse, D. Horan, R. Kustom, M.K. Lien, M.E.  user facility for neutron scattering. Neutrons
Middendorf, M.R. Moser, S. Wang (ANL) are produced by 70 ns pulses of protons (~3x
1012 protons per pulse) impacting a depleted-
uranium target at a pulse repetition rate of 30 Hz. Three accelerators in series (a 750 keV Cockcroft-Walton, 50 MeV
Alvarez linac accelerating H™ ions, and a 450 MeV rapid-cycling proton synchrotron) provide the beam that is
directed to the target. New diagnostics and a third rf cavity that can be operated at either the fundamental or second
harmonic of the ring frequency have recently been installed and an experimental program established to try to gain
understanding of an instability that limits the charge-per-bunch in the RCS. This program will be described, and
preliminary results presented.
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SNS Warm Linac Commissioning Results

The Spallation Neutron Source accelerator

systems will delivera1.0 GeV, 1.4 MW proton | A.V. Aleksandrov, S. Assadi, W. Blokland, P. Chu, S.M. Cousineau,
beam to a liquid mercury target for neutron | V.V. Danilov, C. Deibele, J. Galambos, S. Henderson, D.-O. Jeon,
scattering research. The accelerator complex | M.A. Plum, A.P. Shishlo (ORNL)

consists of an H™ injector, capable of produc-

ing one-ms-long pulses at 60Hz repetition rate with 38 mA peak current, a 1 GeV linear accelerator, an accumulator
ring and associated transport lines. The 2.5MeV beam from the Front End is accelerated to 86 MeV in the Drift Tube
Linac, then to 185 MeV in a Coupled-Cavity Linac and finally to 1 GeV in the Superconducting Linac. The staged
beam commissioning of the accelerator complex is proceeding as component installation progresses. Current results
of the beam commissioning program of the warm linac will be presented including transverse emittance evolution
along the linac, longitudinal bunch profile measurements at the beginning and end of the linac, and beam loss study.

Status of the SNS Beam Power Upgrade Project

The baseline Spallation Neutron Source

(SNS) accelerator complex, consisting of an | S. Henderson, A.V. Aleksandrov, D.E. Anderson, S. Assadi, LE.
H™ injector, a 1 GeV linear accelerator, an | Campisi, F. Casagrande, M.S. Champion, R.I. Cutler, V.V. Danilov,
accumulator ring and associated transport | G.W. Dodson, D.A. Everitt, ]. Galambos, ].R. Haines, ].A. Holmes,
lines, will provide a 1 GeV, 1.44 MW proton | N. Holtkamp, T. Hunter, D.-O. Jeon, S.-H. Kim, D.C. Lousteau, T.L.
beam to a liquid mercury target for neutron | Mann, M.P. McCarthy, T. McManamy, G.R. Murdoch, M.A. Plum,
production. Upgrades to the SNS accelera- | B.R. Riemer, M.P. Stockli, D. Stout, R.E. Welton (ORNL)

tor and target systems to increase the beam

power to at least 2 MW, with a design goal of 3 MW, are in the planning stages. The increased SNS beam power
can be achieved primarily by increasing the peak H™ ion source current from 38 mA to 59 mA, installing additional
superconducting cryomodules to increase the final linac beam energy to 1.3 GeV, and modifying injection and ex-
traction hardware in the ring to handle the increased beam energy. The mercury target power handling capability
will be increased to 2 MW or greater by i) mitigating cavitation damage to the target container through improved
materials/surface treatments, and introducing a fine dispersion of gas bubbles in the mercury, and ii) upgrading the
proton beam window;, inner reflector plug and moderators. The upgrade beam parameters will be presented and the
required hardware modifications will be described.

Simulations for SNS Ring Commissioning

In preparation for SNS ring commissioning, a

number of operational issues have been stud- | J.A. Holmes, S.M. Cousineau, S. Henderson, M.A. Plum (ORNL)
ied using ORBIT Code simulations. These

include beam injection without the use of time-dependent painting, beam accumulation and transport to the ex-
traction dump and to the target, optimal painting schemes for various beam intensities, detailed tracking through
the extraction septum with fully correct geometry, quadrupole current constraints in the ring-to-target transfer line
(RTBT), and detailed modeling of H minus carbon foil stripping at injection. All these studies incorporated detailed
physics including beam-foil interactions, symplectic single particle tracking, space charge and impedances, and losses
due to apertures and collimation.
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SNS Ring Commissioning Results

The Spallation Neutron Source (SNS) com-
M.A. Plum, A.V. Aleksandrov, S. Assadi, W. Blokland, LE. Campisi,  prises a 1.5-MW, 60-Hz, 1-GeV linac, an ac-
P. Chu, S.M. Cousineau, V.V. Danilov, C. Deibele, G.W. Dodson, J].  cumulator ring, associated beam lines, and a
Galambos, M. Giannella, S. Henderson, J.A. Holmes, D.-O. Jeon, spallation neutron target. Construction be-
S.-H. Kim, C.D. Long, T.A. Pelaia, T.J. Shea, A.P. Shishlo, Y. Zhang  gan in 1999 and the project is on track to be
(ORNL) completed in June 2006. By September 2005
the facility was commissioned up through
the end of the superconducting linac, and in January 2006 commissioning began on the High Energy Beam Transport
beam line, the accumulator ring, and the Ring to Target Beam Transport beam line up to the Extraction Beam Dump.
In this paper we will discuss early results from ring commissioning including a comparison of achieved vs. design
beam machine parameters and the maximum beam intensity achieved to date.

Coupled Maps for Electron and Ion Clouds

Contemporary electron cloud models and

U. Iriso (CELLS) S. Peggs (BNL) simulations reproduce second order phase

transitions, in which electron clouds grow

smoothly beyond a threshold from "off" to "on". In contrast, some locations in the Relativistic Heavy Ion Collider

(RHIC) exhibit first order phase transition behaviour, in which electron cloud related outgassing rates turn "on" or

"off" precipitously. This paper presents a global framework with a high level of abstraction in which additional

physics can be introduced in order to reproduce first (and second) order phase transitions. It does so by introducing

maps that model the bunch-to-bunch evolution of coupled electron and ion clouds. This results in simulations that

run several orders of magnitude faster, reproduce first order phase transitions, and show hysteresis effects. Coupled
maps also suggest that additional dynamical phases (like period doubling, or chaos) could be observed.

An Analytic Calculation of the Electron Cloud Linear Map Coefficient

The evolution of the electron density during

U. Iriso (CELLS) S. Peggs (BNL) multibunch electron cloud formation can of-

ten be reproduced using a bunch-to-bunch

iterative map formalism. The coefficients that parameterize the map function are readily obtained by fitting to results

from compute-intensive electron cloud simulations. This paper derives an analytic expression for the linear map

coefficient that governs weak cloud behaviour from first principles. Good agreement is found when analytical results

are compared with linear coefficient values obtained from numerical simulations. This analysis is useful in predicting

thresholds beyond which electron cloud formation occurs, and thus in determining safety regions in parameter space

where an accelerator can be operated without creating electron clouds. The formalism explicitly shows that the
multipacting resonance condition is not a sine qua non for electron cloud formation.
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Electron-impact Desorption at the RHIC Beam Pipes

The electron induced molecular desorption

coefficient of a material provides the number | U.Iriso, U. Iriso (CELLS) W. Fischer (BNL)

of molecules released when an electron hits

its surface. This coefficient changes as a function of the material, energy of the electrons, surface status, etc. In this
paper, this coefficient is inferred analyzing electron detector and pressure gauge signals during electron clouds at
the Relativistic Heavy Ion Collider (RHIC) beam pipes. The evolution of the electron-impact desorption coefficient
after weeks of electron bombardment is followed for both baked and unbaked stainless steel chambers, evaluating the
feasibility of the scrubbing effect. Measurements of an energy spectrum during multipacting conditions are shown,
and the final results are compared with laboratory simulations.

Benchmarking Electron Cloud Data with Computer Simulation Codes

Saturated electron flux and time decay of the

electron cloud are experimentally inferred | U.Iriso (CELLS) G. Rumolo (CERN)

using many electron detector datasets at the

Relativistic Heavy Ion Collider (RHIC). These results are compared with simulation results using two independent
electron cloud computer codes, CSEC and ECLOUD. Simulation results are obtained over a range of different values
for 1) the maximum Secondary Electron Yield (SEY), and 2) the electron reflection probability at zero energy. These
results are used to validate parameterization models of the SEY as a function of the electron energy.

China Spallation Neutron Source Accelerators: Design, Research, and Development

The Beijing Spallation Neutron Source

(BSNS) is a newly approved high power ac- | J. Wei (BNL) S.X. Fang, S. Fu (IHEP Beijing)

celerator project based on a H™ linear accel-

erator and a rapid cycling synchrotron. During the past year, several major revisions were made to the design including
the type of the front end, linac frequency, transport layout, ring lattice, and type of ring components. Possible upgrade
paths were also laid out: based on an extension of the warm linac, the ring injection energy and the beam current
could be raised doubling the beam power on target to reach 200 kW; an extension with a superconducting RF linac
of similar length could raise the beam power near 0.5 MW. Based on these considerations, research and development
activities are started. In this paper, we discuss the rationale of design revisions and summarize the recent work.

An Anti-symmetric Lattice for High Intensity Rapid-cycling Synchrotrons

Rapid cycling synchrotrons are used in many

high power facilities like spallation neutron | J. Wei, Y.Y. Lee, S. Tepikian (BNL) S.X. Fang, Q. Qin, J. Tang, S.
sources and proton drivers. In such acceler- | Wang (IHEP Beijing) S. Machida, C.R. Prior, G. Rees (CCLRC/
ators, beam collimation plays a crucial role | RAL/ASTeC)

in reducing the uncontrolled beam loss. Fur-

thermore, the injection and extraction section needs to reside in dispersion-free region to avoid couplings; a significant
amount of drift space is needed to house the RF accelerating cavities; orbit, tune, and chromatic corrections are needed;
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long, uninterrupted straights are desired to ease injection tuning and to raise collimation efficiency. Finally, the ma-
chine circumference needs to be small to reduce construction costs. In this paper, we present a lattice designed to
satisfy these needs. The lattice contains a drift created by a missing dipole near the peak dispersion to facilitate
longitudinal collimation. The compact FODO arc allows easy orbit, tune, coupling, and chromatic correction. The
doublet straight provides long uninterrupted straights. The four-fold lattice symmetry separates injection, extraction,
and collimation to different straights. This lattice is chosen for the Beijing Spallation Neutron Source synchrotron.

Choice of Proton Driver Parameters for a Neutrino Factory

A Neutrino Factory typically comprises the
W.-T. Weng, |.S. Berg, R.C. Fernow, J.C. Gallardo, H.G. Kirk, N.  following subsystems: proton driver; target;
Simos (BNL) S.J. Brooks (CCLRC/RAL/ASTeC) muon collection and conditioning( bunch-
ing, phase rotation, and cooling); muon ac-
celeration; and muon decay ring. It takes great effort to design each subsystem properly, such that it can mesh with
all other subsystems to optimize the overall facility performance. This optimization is presently being studied as part
of the International Scoping Study of a Future Neutrino Factory and Superbeam Facility. This paper will evaluate the
implications of other subsystems on the parameters of a proton driver for a Neutrino Factory. At the desired power
of 4 MW, the impacts of the choice of the proton energy, bunch length, bunch intensity, and repetition rate on other
subsystems are assessed to identify a proper range of operation for each parameter. A suitable "design phase space"
of proton driver parameters is defined. Given possible choices of design parameters for proton driver, we compare
the performance of a linac, a synchrotron, and an FFAG accelerator. The relative merits of existing proton driver
proposals will also be examined.

Results and Experience with Single Cavity Tests of Medium Beta Superconducting Quar-
ter Wave Resonators at TRIUMF

A heavy ion superconducting linac is be-

V. Zviagintsev, K. Fong, M.P. Laverty, R.E. Laxdal, AK. Mitra, T.C.  ing installed at ISAC/TRIUME. A first stage

Ries, I. Sekachev (TRIUMF) of the ISAC-II upgrade will see the installa-

tion of 20 quarter wave bulk niobium cavities

(Beta0=0.057,0.071). The cavities operate CW at 106MHz with design peak fields of Ep=30MV /m, Bp=60mT while

delivering an accelerating voltage of 1.08MV at <7W power consumption. All cavities have been tested in a single

cavity test stand with twenty of twenty-one meeting ISAC-II specifications. The cavity test results will be presented.

In particular we will discuss our experience with BCP vs. EP surface treatments and with Q-disease. In addition the
tuning plates of two of the cavities were modified to provide a unique compensation to the resonant frequency.

Compensation of Lorentz Force Detuning of a TTF 9-cell Cavity with a New Integrated
Piezo Tuner

The high gradient operation of supercon-

G. Devanz, P. Bosland, M. Desmons, E. Jacques, M. Luong, B.  ducting elliptical multicells in pulsed mode
Visentin (CEA) isrequired for linear colliders or free-electron
lasers based on the superconducting technol-

ogy. Such an operation is limited by dynamic Lorentz force detuning if no compensation for this effect is attempted.
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The RF power headroom required for accelerating field amplitude and phase stabilisation by low-level RF control
techniques solely would be too costly. A new active tuner with integrated piezo actuators has been developped in
the framework of the european CARE/SRF program solve this issue. The design is based on the lever-arm concept
of the Saclay tuner already installed on running TTF cavities. We have carried out integrated tests of the 9-cell cavity
equipped with the piezo tuner and power coupler in the CryHoLab horizontal test cryostat. Characterisation of
the electromechanical system consisting of the cavity and piezo-tuner assembly and full power pulsed tests will be
presented.

Fast Argon-Baking Process for Mass Production of Niobium Superconducting RF Cavities

Baking is a necessary stage to reach high gra-

dients with niobium superconducting cavi- | B. Visentin, J.-P. Charrier, Y. Gasser, S. Regnaud (CEA)

ties. In the standard process, so called "in-

situ UHV baking", Nb cavity is baked at 110°C, during 2 days. During this treatment the inner part of the cavity is
pumped out under Ultra High Vacuum conditions. In order to save time, "fast UHV baking" at 145 °C during 3 hours,
under UHV pumping, has been successfully demonstrated* with similar improvements for cavity performances com-
pare to the standard treatment. With the same simplification concern, we report here about an alternative method
to avoid restrictive UHV requirements. Experiments have been carried out to perform "fast baking" in oxygen-free
atmosphere, because bad performances have been observed with "fast baking" in air. These degradations are closely
connected with a strong oxygen penetration in bulk analysed by Secondary Ion Mass Spectroscopyon on Nb samples

*Proceedings of SRF Workshop — Ithaca (July 2005) — TuP05.

Commissioning of the SOLEIL RF Systems

The 352 MHz RF accelerating systems for the

SOLEIL Booster (BO) and Storage Ring (SR) | P. Marchand, H.D. Dias, M.D. Diop, M.E. El Ajjouri, J.L. La-
are being commissioned. In the BO a 5-cell | belle, R.L. Lopes, M. Louvet, C.M. Monnot, J. Polian, F. Ribeiro,
copper cavity of the CERN-LEP type is pow- | I. Ruan, R.S. Sreedharan, K. Tavakoli, C. Thomas-Madec (SOLEIL)
ered with a 35kW solid state amplifier. In the | P. Bosland, P. Bredy (CEA)

SR the required RF accelerating voltage (up

to 4.4MV) will be provided by two cryomodules, each containing a pair of superconducting cavities, specifically
designed for SOLEIL. The parasitic impedances of the high order modes are strongly attenuated by means of four
coaxial couplers, located on the tube connecting the two cavities. The first cryomodule is already installed in the SR
tunnel, while the second one is being constructed by ACCEL (Germany). These cryomodules are supplied in liquid
helium from a single 350W liquefier and each cavity is powered with a 190kW solid state amplifier. The RF system
commissioning and first operation results are reported.
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Electromechanical Characterization of Piezoelectric Actuators Subjected to a Variable Pre-
loading Force at Cryogenic Temperature

Piezoelectric actuators are actually used in
M. Fouaidy, N. Hammoudi, M.S. Saki, H. Saugnac, L. Simonet  Fast Active Cold Tuning Systems (FACTS)
(IPN) for SRF cavities. The characteristics, perfor-
mances and lifetime of these actuators de-
pend on the preloading force applied by the cavity and the FACTS to the piezostacks. Experimental data are needed
for reliable and optimum operation of piezostacks in superconducting protons or electrons linacs. In the frame of the
CARE project supported by EU, we designed and constructed a dedicated apparatus for studying the electromechan-
ical behavior of prototype piezoelectric actuators subjected to variable preloading force at cryogenic temperatures.
This device was successfully used for testing piezoelectric actuators prototypes for T in the range 2K-300K. The di-
electric properties as well as dynamic properties were measured including the actuator characteristics when used as
force sensor. The corresponding data are reported and discussed.

Low Temperature Properties of Piezoelectric Actuators Used in SRF Cavities Cold Tuning
Systems

High accelerating gradients (10 MV/m for
G. Martinet, S. Blivet, E. Chatelet, M. Fouaidy, N. Hammoudi, A.  SNS, 33 MV/m for ILC) at which SRF cavi-
Olivier, H. Saugnac (IPN) ties will be operated in pulsed machines in-
duce frequency shift much higher than the
resonator bandwidth. This so-called Lorentz detuning should be compensated dynamically by means of an active
piezo-tuning system. In the frame of the CARE project activities supported by EU, IPN Orsay participates to the
development of a fast cold tuning system based and piezoelectric technology for SRF cavities operating at tempera-
ture T=2K. The aim of this study is the full characterization of piezoelectric actuators at low temperature including
dielectric properties (capacitance, impedance, dielectric losses), radiation hardness tests (fast neutron tolerance), me-
chanical measurements (maximum displacement, maximum stroke) and thermal properties (heating, heat capacity).
Results obtained in the temperature range from 2K up to 300K will be presented and discussed.

Tests Results of the Beta 0.07 and Beta 0.12 Quarter Wave Resonators for the SPIRAL2 Su-
perconducting Linac

New developments and tests have been

G. Olry, J.-L. Biarrotte, S. Bousson, C. Joly, T. Junquera, J. Lesrel, G.  carried out on low beta (0.07) and high

Martinet, D. Moura, H. Saugnac, P. Szott (IPN) P--E. Bernaudin, P.  beta (0.12) 88 MHz superconducting Quar-

Bosland, G. Devanz (CEA) ter Wave Resonators. These resonators will

be installed in the LINAC driver, respectively

in the low beta section, composed of cryomodules A (developed at CEA-Saclay) and the high beta section composed

of cryomodules B (developed at IPN-Orsay). Both resonators’ types will be equipped with the same power coupler

(developed at LPSC-Grenoble) and designed for a maximum power of 20 kW. RF tests results of the prototype cavities

and power couplers are reported. The fabrication of the two cryomodules prototypes, fully equipped, is in progress
in order to be ready for high power RF tests at 4.2 K at the beginning of 2007.
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Status of the Beta 0.12 Superconducting Cryomodule Development for the Spiral2 Project

SPIRAL2 is a radioactive beams facility, com-

posed of a superconducting linac driver, de- | H. Saugnacg, |.-L. Biarrotte, S. Blivet, S. Bousson, C. Commeaux, C.
livering deuterons with an energy up to 40 | Joly, T. Junquera, J. Lesrel, fl. Lutton, G. Martinet, G. Olry, P. Szott
MeV (5 mA) and heavy ions with an energy | (IPN)

of 14.5 MeV/u (1 mA). This facility is now

fully approved by the French government. IPN Orsay is in charge of the study and manufacture of the beta 0.12
cryomodule of the superconducting LINAC. These cryomodule, designed for an overall cryogenic power of 30 W at
4.2 K, is composed of two quarter wave type 88 MHz rf resonator providing a minimum of 6.5 MV /m with a quality
factor of 1 10 9, two tuning mechanisms controlling the resonator frequency and an alignment system allowing to
adjust the cavity position with a + 1 mm accuracy. Several tests performed on a first resonator prototype fabricated by
the "Ettore Zanon SpA" Company, have validated the cavity and its auxiliary components design. A first cryomodule
fully equipped (cavities, cryostat, tuning and alignment systems), planned to be tested at the beginning of 2007, is
under manufacturing. The details of the cryomodule design and the resonator tests results are discussed in the paper.

Developments in Conditioning Procedures for the TTF-III Power Couplers

Despite extensive experience in many labora-

tories on power conditioning of couplers for | H. Jenhani, T. Garvey, P. Lepercq, M. Omeich, C.P. Prevost, V. Vari-
RF superconducting accelerators, itis stillnot | ola (LAL)

a well understood procedure and can pro-

duce many unpredictable phenomena. There remains considerable interest in reducing the power coupler condi-
tioning time necessary for superconducting linear accelerators. This paper presents studies of optimisation of the
conditioning procedure for the couplers intended for use on the European XFEL project.

First RF Tests in the HoBiCaT Superconducting Test Facility at BESSY

In preparation for the construction of the

BESSY-FEL User Facility, BESSY recently | O. Kugeler, W. Anders, J. Borninkhof, H.G. Hoberg, S. Klauke, J.
completed the installation of the HoBiCaT | Knobloch, M. Martin, G. Mielczarek, A. Neumann, D. Pfliickhahn,
cryogenic test facility for superconducting RF  |'S. Rotterdam, M. Schuster, T. Westphal (BESSY GmbH)

(SRF) TESLA cavity units, including all an-

cillary devices (helium tank, input coupler, tuner, magnetic shielding). It is designed to house two such units in a
configuration similar to that envisaged for the superconducting CW linac of the BESSY FEL. Commissioning of the
facility is now complete and the first TTF-III RF coupler and cavity unit have been tested. In particular, the complete
production, cleaning and assembly of the cavity unit was carried out by industry. These tests thus serve as a first
step at qualifying industrial partners for series production of such systems, which will be essential for the future
construction of SRF based light sources. Results will be presented.
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Microphonics Measurements in a CW-driven TESLA-type Cavity

Superconducting cavities with a high quality

O. Kugeler, W. Anders, J. Knobloch, A. Neumann (BESSY GmbH)  factor exhibit a very low bandwidth in their

resonant frequency, which makes their oper-

ation very sensitive to mechanical oscillations. In CW mode of operation, as is intended for the BESSY-FEL Linac,

microphonics are therefore the dominant error source for field stability. In order to compensate the detuning, it is

necessary to properly characterize amplitude and frequency with respect to all involved mechanical and electrical

components. Such measurements have been performed at the HoBiCaT test facility at BESSY and will be described
in detail.

Characterization of a Piezo-based Microphonics Compensation System at HoBiCaT

In the superconducting driver linac for the

A. Neumann, W. Anders, S. Klauke, J. Knobloch, O. Kugeler, M.  BESSY FEL, piezo actuators will be utilized

Schuster (BESSY GmbH) to rapidly counteract the detuning of the cav-

ity resonance caused by nm mechanical os-

cillations (microphonics). This is of importance to guarantee field stability and lower the power consumption of the

RF system for the superconducting cavities. To design a suitable compensator, mechanical and electro-mechanical

transfer functions, as well as the tuning range of the system under operating conditions have been measured and will
be presented.

Pulsed RF System for the ELBE Superconducting Accelerator

The RF system for the ELBE accelerator was

A. Buechner, EG. Gabriel (FZR/FWFE) H. Buettig, U. Lehnert, P.  originally designed for CW mode. Although

Michel, Ch. Schneider, R. Schurig (FZR) this works problem-free tests have shown

that it is possible to reach higher gradients

in the TESLA cavities with a pulsed RF system. The new RF system will be presented together with measurements of

the achievable gradients. Roughly 30% higher gradients could now be used in pulsed mode. As positive side effects

the radiation by field emission is reduced by the duty cycle and an easy in situ RF conditioning of cavities and coupler
windows is possible.

A Pulsed-RF High-power Processing Effect of Superconducting Niobium Cavities ob-
served at the ELBE Linear Accelerator

The driver LINAC of the ELBE radiation

U. Lehnert, H. Buettig, P. Michel, Ch. Schneider, R. Schurig (FZR)  source is built for cw operation. However,

A. Buechner, E.G. Gabriel (FZR/FWEFE) in some cases a pulsed-mode operation was

desired to extend the otherwise stringent gra-

dient limits. The main restriction results from field emission that decreases the Q of the cavities which was evaluated

from measurements of the liquid helium consumption. After pulsed-mode operation with gradients exceeding the
maximum cw accelerating gradients by 3040
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Peak Field Optimization for the Superconducting CH Structure

The Cross-Bar H-type (CH) cavity is a multi-

gap drift tube structure operated in the H- | H. Liebermann, H. Podlech, U. Ratzinger (IAP)

210 mode which has been developed at the

IAP Frankfurt and in collaboration with GSI. Based on detailed numerical simulations a 19 cell prototype cavity from
massive Nb was realised. For optimization of the magnetic and electric peak fields, detailed numerical simulations
with CST MicroWave Studio have been performed. After successful experiments on the superconducting prototype
cavity calculations about improved drift tube geometries with respect to field emission took place. Additionally, the
stem geometry was further improved by simulations.

Dry-ice Cleaning on SRF Cavities

High pressure rinsing with ultra-pure water

is the well-proven standard cleaning step af- | A. Brinkmann, J.I. Iversen, D. Reschke, J. Ziegler (DESY)

ter chemical or electrochemical surface treat-

ment of SRF cavities. Dry-ice cleaning (DIC) is a powerful additional cleaning option which depends on the subli-
mation-impulse method. Particles and film contaminations, especially hydro-carbons, are removed without residues.
Furthermore DIC offers the possibility of a final horizontal cleaning of a fully equipped cavity because water is not
present in the cleaning process. Horizontal cleaning tests on single-cell cavities showed promising high gradient,
high Q-value performances, but field emission is still the limiting effect. On the basis of these tests a new IR-heater
module is installed to keep a high temperature gradient between the CO2 jet and the cavity surface. New test results
for this optimized cleaning set-up will be presented.

Performance Limitations of Tesla Cavities in the Flash Accelerator and their Relation to
the Assembly Process

Several accelerator modules with supercon-

ducting cavities have been assembled for | L.Lilje (DESY)

TTF. The paper reviews the performance of

these structures and will try to correlate their performance to information about the assembly process. In some cases
a performace degradation could be attributed to problems in this process. The introduction of additional quality
control steps improved accelerator module performance. For example, the more recently assembled modules have
shown the expected acceleration gradients and no vacuum leaks.

Structural Analysis for a Half-reentrant Superconducting Cavity

A half-reentrant cavity (1300 MHz, beta=1.0)

is being developed at Michigan State Uni- | E. Zaplatin (FZJ) T.L. Grimm, W. Hartung, M. J. Johnson, M.S.
versity for use in a superconducting linear | Meidlinger, J. Popielarski (NSCL)

collider and other applications. The electro-

magnetic performance of a half-reentrant cell shape is similar to that of a fully reentrant cavity, but a multi-cell half-
reentrant cavity can be cleaned using traditional techniques. We present the results of structural analyses of the
half-reentrant cavity for the mid-cell, single-cell, and multi-cell cases. The analysis includes the static and dynamic
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response of the cavity. Stiffening options to minimize the resonant RF frequency shift due to pressure and the Lorentz
force are explored.

HIPPI Triple-spoke Cavity Design

In the frames of the European project of High

E. Zaplatin, M. Pap, R. Tolle (FZ]) Intensity Pulsed Proton Injector (HIPPI) the

352 MHz, beta=0.48 triple-spoke cavity is un-

der development and will be built at the research center FZ]J in Juelich. The criteria and results of the cavity RF and
structural analyses are presented.

Coupler Design Considerations for the ILC Crab Cavity

Transverse deflecting cavities, such as the

P. Goudket, C.D. Beard (CCLRC/DL/ASTeC) G. Burt (Microwave ILC crab cavity, commonly operate in the

Research Group, Lancaster University) TM110 dipole mode. This means that in ad-

dition to the higher order modes (HOMs),

that need to be controlled for every cavity, the fundamental TM010 mode and the other polarisation of the dipole

mode also need to be damped. As the resonant frequency of the fundamental mode is much lower than the cut-off

frequency of the beampipe, this mode becomes trapped in the cavity and difficult to extract using conventional HOM

couplers, hence a dedicated coupler is likely to be required. The ILC crab cavities will require excellent damping of
all undesirable modes in order to maintain maximum luminosity at the IP.

A Beam-based High Resolution Phase Imbalance Measurement Method for the ILC Crab
Cavities

A high resolution method of RF phase adjust-
A. Kalinin, L. Ma, R.J. Smith (CCLRC/DL/ASTeC) ment and test is proposed for the Crab Cavity
system of the ILC. The method is based on
beam as ultimate test instrument. To measure phase imbalance in the pair of crab cavities (<0.02deg at 1.3GHz is
required), a low energy (~1GeV) beam is used. A bunch center-of-mass trajectory through the cavities spaced (n+1/
2) RF wavelengths and excited as in the case of the ILC, is a straight line for phase-balanced cavities and gets a kick
when unbalanced. The kick is measured by two spaced BPMs with reference to the initial trajectory angle measured
by two other BPMs. The method is insensitive to a bunch arrival time jitter and RF phase Common Mode jitter. A
prototype of the test bench based on the method, is proposed. Using a 10MeV beam, two simple dipole cavities and
low RF power, the prototype can be utilized for mastering high resolution measurements, for adjustment and tests of
low level electronics of the Crab Cavity system and RF systems of XFEL ERLs as well. The phase resolution of the
prototype is estimated as 0.01deg and the amplitude resolution as 0.01%.
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Development of a Prototype Superconducting CW Cavity and Cryomodule for Energy Re-
covery

Energy Recovery LINAC (ERL) and LINAC-

driven FEL proposals and developments are | P.A. McIntosh, C.D. Beard, D.M. Dykes, B. Todd (CCLRC/DL/
now widespread around the world. Super- | ASTeC)S.A. Belomestnykh (Cornell University, Laboratory for Ele-
conducting RF (SRF) cavity advances made | mentary-Particle Physics) A. Buechner, P. Michel, J. Teichert (FZR)
over the last 10 years for TESLA/TTF at 1.3 | J.M. Byrd, J.N. Corlett, D. Li (LBNL) T. Kimura, T.I. Smith (Stanford
GHz, in reliably achieving accelerating gra- | University) M. Liepe, V. Medjidzade, H. Padamsee, J. Sears, V.D.
dients >20 MV/m, suggest their suitability | Shemelin (Cornell University) D. Proch (DESY)

for these ERL and FEL accelerators. Typi-

cally however, photon fluxes are maximised from the associated insertion devices when the electron bunch repetition
rate is as high as possible, making CW-mode operation at high average current a fundamental requirement for these
light sources. Challenges arise in controlling the substantial HOM power and in minimizing the power dissipated at
cryogenic temperatures during acceleration and energy recovery, requiring novel techniques to be employed. This pa-
per details a collaborative development for an advanced high-Qo cavity and cryomodule system, based on a modified
TESLA cavity, housed in a Stanford /Rossendorf cryomodule. The cavity incorporates a Cornell developed resistive-
wall HOM damping scheme, capable of providing the improved level of HOM damping and reduced thermal load
required.

RF Requirements for the 4GLS Linac Systems

The 4GLS facility at Daresbury will com-

bine energy recovery linac (ERL) and free | P.A. McIntosh, C.D. Beard, D.M. Dykes, A.]. Moss (CCLRC/DL/
electron laser (FEL) technologies to deliver a | ASTeC)

suite of naturally synchronised state-of-the-

art sources of synchrotron radiation and FEL radiation covering the terahertz (THz) to soft X-ray regimes. CW-
mode operation at high acceleration gradients are needed for the various 4GLS accelerator systems and here is where
Superconducting Radio Frequency (SRF) cavities excel. Since resistive losses in the cavity walls increase as the square
of the accelerating voltage, conventional copper cavities become uneconomical when the demand for high CW voltage
grows with particle energy requirements. After accounting for the refrigeration power needed to provide the liquid
helium operating temperature, a net power gain of several hundred remains for SRF over conventional copper cavities.
This paper details the RF requirements for each of the SRF accelerating stages of the 4GLS facility, outlining techniques
necessary to cope with CW-mode operation and HOM power generation.

Analysis of Wakefields in the ILC Crab Cavity

The large crossing angle schemes of the ILC

need a correction of bunch orientation at the | G. Burt, A.C. Dexter (Microwave Research Group, Lancaster Uni-
IP in order to recover a luminosity loss of up | wversity) C.D. Beard, P. Goudket (CCLRC/DL/ASTeC) L. Bellantoni
to 80%. The orientation of bunches can be | (Fermilab) R.M. Jones (UMAN)

changed using a transverse deflecting cavity.

The location of the crab cavity would be close to the final focus, and small deflections caused by wakefields in the
cavities could cause misalignments of the bunches at the IP. Wakefields in the FNAL CKM cavities have been analysed
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and their effects studied in view of use as the ILC crab cavity. Numerical simulations have been performed to analyse
the transverse wakepotentials of up to quadrupole order modes in this cavity and the effect upon bunches passing
through this cavity. Trapped modes within the CKM cavity have been investigated. Perturbation tests of normal
conducting models of this cavity have been launched to verify these results. The effect of the final focus quadrupole
magnets on the deflection given to the bunch have also been calculated and used to calculate luminosity loss due to
wakefields.

Status of the Diamond Storage Ring Radio Frequency System

The installation and commissioning of the

M. Jensen, M. Maddock, S.A. Pande, S. Rains, A. F. Rankin, D.Spink, = Diamond Storage Ring RF system is nearing

A.V. Watkins (Diamond) J. Alex, M. Mueller (Thomson Broadcast completion. Diamond will initially operate

& Multimedia AG) B. A. Aminov (CRE) M. Pekeler (ACCEL) with two RF high power amplifiers and two

cavities. The key components in each RF sys-

tem are a 300 kW amplifier implemented through the combination of four 80 kW IOTs, a 500 MHz superconducting

cavity providing up to 2 MV of accelerating voltage and an advanced analogue IQ Low Level RF (LLRF) system

to control the cavity frequency, voltage and phase. We present here an update on the recent installation and early
commissioning results of the RF systems.

Low- and Intermediate-beta, 352 MHz Superconducting Half-wave Resonators for High
Power Hadron Acceleration

A beta=0.17, 352 MHz superconducting

A. Facco, E Scarpa, D. Zenere (INEN/LNL) R. Losito (CERN) V.  Half-Wave resonator was designed and con-

Zviagintsev (TRIUMEF) structed at INFN-LNL in the framework of

the SPES and EURISOL projects. This cavity,

together with the beta=0.31 HWR of similar design that was previously built in the framework of the SPES project,

allows acceleration of high power hadron beams in the 5?7100 MeV /u energy range, as required in the SPES primary

linac and in the first part of the EURISOL proton driver. Main features of this structure, compared to other ones

developed elsewhere with different geometries for similar applications, are compactness and mechanical stability.
Characteristics and test results will be presented.

Construction, Tuning and Assembly of the Beta=0.12 SC Ladder Resonator at LNL

The Ladder resonator is a 4-gap full Nb cav-

G. Bisoffi, E. Bissiato, A. Palmieri (INFN/LNL) ity suitable for the 0.1< beta <0.2 range of

high current proton linacs. A beta=0.12 Nb

prototype of this cavity has been built by ZANON (Schio, Italy) on the basis of LNL design. In this paper we de-

scribe the construction procedure of such cavity, as well as the tuning steps, aimed at the achievement of the target

frequency of 352.2 MHz and the desired field uniformity along the four gaps. Related results of RF simulations and
room temperature tests are presented. The preparation of the SC test at LNL is at an advanced stage.
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PBG Superconducting Resonant Structures

We have realized normal conducting and su-

perconducting “open resonators” based on | M.R.Masullo (INEN-Napoli) A. Andreone, E. Di Gennaro, F. Fran-
the Photonic Band Gap (PBG) concept. We | comacaro, G. Lamura (Naples University Federico II) V. Palmieri, D.
present the study, the optimisation and the | Tonini (INEN/LNL) M. Panniello, V.G. Vaccaro (Naples University
measurements (from room temperature to | Federico Il and INFN)

1.5 K) of Copper and Niobium PBG accel-

erating cavities operating at two different frequencies, 6 GHz and 16 GHz. All the structures are realised by extruding
a single bulk piece of material, using a new machining method that minimizes the surface losses caused by the
contact between different conducting parts. Measurements on the compact (54 mm external diameter) 16 GHz Nb
structure are very good, showing in the superconducting state a quality factor Q =1.2x105 at the lowest temperature
(1.5 K), limited by radiation losses only. The shunt impedance measured for the 16 GHz prototype is 70 MOhm/m,
underlining the applicability of such resonant structures as accelerating cavities.

Novel Development on Superconducting Niobium Film Deposition for RF Applications

A new deposition technology has been de-

veloped, based on a cathodic arc system | A. Cianchi, L. Catani, D. D. Di Giovenale, J. Lorkiewicz (INEN-
working under UHV conditions, to produce | Roma II) J. Langner, M. S. Sadowski, P. Strzyzewski (The Andrzej
metallic thin films. The technique presents | Soltan Institute for Nuclear Studies, Centre Swierk) V. M. Merlo, M.
several advantages compared to standard | Salvato,S.Tazzari(Universita di Roma Il Tor Vergata) B.R. Ruggiero,
sputtering, mainly: ionized state of the evap- | R. Russo (ICIB)

orated material, absence of gases to sustain

the discharge, higher energy of atoms reaching the substrate surface, possibility to apply bias to the substrate and
to guide the arc plasma using magnetic fields. Recent results on superconducting Niobium films deposited under
several conditions and on sapphire substrate are reported. A cavity deposition system has been developed and the
plasma transport to the cavity cell studied

High Pressure Rinsing Water Jet Characterization

High pressure rinsing is widely used as the

final wet step in the high field superconduct- | D.Sertore, E. Cavaliere, M. Fusetti, P. Michelato, C. Pagani, P. Pierini
ing cavities production. The interaction of | (INEN/LASA)

an high speed ultra pure water jet with the

niobium surface depends on various parameters such as water pressure, water throughput, treatment duration, cavity
rotation speed, etc. In this paper we illustrate a simple technique for the characterization of water jet parameters
based on the momentum transfer between the water jet and a load cell. The jet profile and its dependence on water
pressure as well as the force exerted by the jet on the surface are easily measured. Moreover a portable apparatus
has been set up and the information gathered in different laboratories will be used for a quantitative comparison of
the different HPR systems. These measurements allow to study the correlation of the jet parameters with the effects
(surface status, oxide formation, corrosion, etc) of the water interaction with the niobium surface. Furthermore a new
analysis, based on the luminescence induced on transparent dielectric samples, is used for confirmation of the water
jet structure.
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Experimental and Theoretical Analysis of the Tesla-like SRF Cavity Flanges

In view of the future large SC accelerator,

L. Monaco, P. Michelato, C. Pagani, N. Panzeri (INFN/LASA) an improvement of the reliability and a cost

reduction of the SRF cavities cold flanges is

required. In this paper, a critical analysis of the TESLA-like cold connection flanges at room and at cryogenic

temperature is presented. This analysis is based on experimental characterization of the mechanical properties of the

joint and of the leak rates during the sealing process. A FEM model, that agrees with the experimental data, is also

presented. This model is being used for the optimization of the present SRF flanges and the development of new cold
connections.

ILC Coaxial Blade Tuner

A coaxial (blade) tuner solution has been de-
C. Pagani, A. Bosotti, P. Michelato, N. Panzeri, R. Paparella, P. Pierini  veloped for the compensation of the Lorentz
(INFN/LASA) force detuning of the superconducting cavi-
ties under the high gradient pulsed operation
foreseen for ILC operation. The device is based on prototypes successfully tested at DESY in 2002 both on CHECHIA
and on the superstructures inserted in the TTF string. During both tests the blade tuner performed as expected in
terms of stiffness, frequency sensitivity and tuning capabilities. An improvement of the tuner characteristics has been
designed by the integration of fast tuning capabilities by means of piezo-ceramic element. Two prototipes of the new
INEN coaxial piezo blade tuner have just been manufactured and they will be tested at DESY and BESSY after the
cavity integration. In this paper the blade tuner design and main characteristics are presented, together with the early
interpretation of the cold test results.

Optimization of the BCP Processing of Elliptical Nb SRF Cavities

Bulk niobium (Nb) electropolished SRF cav-
C. Boffo, C. A. Cooper, A.M. Rowe (Fermilab) G. Galasso (Univer- ities performing at or above 35 MV/m is an
sity of Udine) aggressive goal recently put forth by the In-
ternational Linear Collider (ILC) collabora-
tion. Buffered chemical polishing (BCP) is still the most cost effective and least complex processing technique known
today to optimize the surface properties of high gradient single crystal and relatively low gradient polycrystalline
SRF cavities. BCP will be the preferred chemical process in the production of the nine-cell third harmonic 3.9 GHz
cavities at Fermilab. The internal shape of these cavities will result in uneven material removal rates between iris and
equator of the cells. We will describe a thermal-fluid finite element model adopted to simulate the etching process,
and thus revealing the issues at hand. Experimental work, such as flow visualization tests performed to verify the
simulation, will also be discussed. Finally we are presenting results obtained with a novel device, which allows to
homogenize the flow pattern and to resolve the problem.
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High Power Testing RF System Components for the Cornell ERL Injector

There are two high power 1300 MHz RF

systms under development for the Cornell | S.A.Belomestnykh, R.PK. Kaplan, M. Liepe, P. Quigley, ].].R. Reilly,
University ERL Injector. The first system, | C.K. Sinclair, V. Veshcherevich (Cornell University, Laboratory for
based on a 16 kKWCW IOT transmitter, will | Elementary-Particle Physics)

provide RF power to a buncher cavity. The

second system employs five 120 kWCW Kklystrons to feed 2-cell superconducting cavities of the injector cryomodule.
All components of these systems were ordered and some have already been delivered, including the IOT transmitter
(manufactured by Thales-BM), 20 kWCW AFT circulator, 170 kKWCW circulators (Ferrite Co.) and two prototype input
couplers for superconducting cavities. A special LN2 cryostat has been designed and built for testing/processing the
input couplers. The results of the first high-power tests are presented.

A Comparison of Large Grain and Fine Grain Cavities Using Thermometry

An important limitation for SRF niobium

cavities is the ”high field Q-slope.” To in- | G.V. Eremeev, H. Padamsee (Cornell University, Laboratory for
vestigate this phenomenon we compare the | Elementary-Particle Physics)

behavior of large grain and fine grain cavities

using thermometry. Thermometry allows us to distinguish between different problems which occur in cavities, and
to distinguish between different areas showing high field Q-slope. We looked for the difference in heating between
grain boundaries and inside grains. We have found interesting differences between the heating of high field slope
regions and the heating of point-like defects.

Status of HOM Load for the Cornell ERL Injector

The HOM load for the injector of the Energy

Recovery Linac at Cornell University is pro- | V.D. Shemelin, B. Gillett (Cornell University) P. Barnes, M. Liepe,
posed to work at a temperature of 80 K. The | V. Medjidzade, H. Padamsee, G.R. Roy, J. Sears (Cornell University,
anticipated absorbed power of the load isup | Laboratory for Elementary-Particle Physics)

to 200 W. Versions with inner diameter of 78

and 106 mm are under development. Two different kinds of ferrites and a lossy ceramic are chosen as RF absorbers for
the load to cover a wide frequency range. Measurements of electromagnetic properties of absorbing materials have
been performed in a frequency range from 1 to 40 GHz. The engineering design of the load is ready and technological
issues of brazing the absorbing tiles and cooling have been solved. Brazing quality is controlled by IR thermograms.
First warm measurements of a prototype load are expected this summer.
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Tests on MgB2 for Application to SRF Cavities

Magnesium diboride (MgB2) has a transi-

T. Tajima (LANL) LE. Campisi (ORNL) A. Canabal-Rey (NMSU) Y.  tion temperature (Tc) of ~40 K, i.e., about

Iwashita (Kyoto ICR) B. Moeckly (STI) C.D. Nantista, S.G. Tantawi  four times higher than niobium (Nb). The

(SLAC) H.L. Phillips (Jefferson Lab) A.S. Romanenko (Cornell Uni-  studies in the last three years have shown

versity, Laboratory for Elementary-Particle Physics) Y. Zhao (Uni-  that it could have about one order of magni-

versity of Wollongong, Institute of Superconducting and Electronic = tude less RF surface resistance (Rs) than Nb

Materials) and seems much less power dependent com-

pared to high-Tc materials such as YBCO. In

this paper we will present results on the dependence of Rs on surface magnetic fields and possibly the critical RF
surface magnetic field.

Design of a New Electropolishing System for SRF Cavities

Electropolishing (EP) is considered the base-

T. Tajima (LANL) C. Boffo (Fermilab) M.P. Kelly (ANL) J. Mam-  line surface treatment for Superconducting

mosser (Jefferson Lab) RF (SRF) cavities to achieve >35 MV /m ac-

celerating gradient for the International Lin-

ear Collider (ILC). Based on the lessons learned at the forerunners such as KEK/Nomura, DESY and JLAB and on

the recent studies, we have started a new design of the next EP system that will be installed in the US. This paper

presents requirements, specifications, and the detail of the system design as well as the path forward towards the
future industrialization.

1.3 GHz Electrically-controlled Fast Ferroelectric Tuner

A fast, electrically-controlled tuner is de-
V.P. Yakovlev (Omega-P, Inc.) J.L. Hirshfield (Yale University, scribed with parameters suitable for opera-
Physics Department) S. Kazakov (KEK) tion with the 9-cell SC accelerator structure
of ILC. The tuner is based on a magic tee and
two phase shifters that contain ferroelectric rings. The dielectric constant of the ferroelectric ring is altered by applying
a 4.2 kV DC pulse that provides an RF phase shift from 0 deg to 180 deg. This, in turn allows a change of the input
signal amplitude from zero to its maximum value, or a change in phase from 0 deg to 360 deg during the RF pulse. It
is shown that the possibility of changing the cavity coupling to the input line during the RF pulse allows significant
RF power savings, up to 12.5 MW for the 800 GeV ILC option. In addition, fast electrically-tuned amplitude and
phase control with a feed-back system should be useful to compensate for possible phase deviations of the input RF
fields in each cavity of ILC to match the cavity with the feeding transmission line as the beam load varies.
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The JLAB Ampere-class Cryomodule Conceptual Design

For the next generation of compact high-

power FELs a new cryomodule is required | R.A.Rimmer, G. Ciovati, E. Daly, T. Elliott, J. Henry, W.R. Hicks, P.
that is capable of accelerating up to Ampere | Kneisel, S. Manning, R. Manus, J.P. Preble, K. Smith, M. Stirbet, L.
levels of beam current. Challenges include | Turlington, L. Vogel, H. Wang, K. Wilson, G. Wu (Jefferson Lab)
strong HOM damping, high HOM power

and high fundamental-mode power (in operating scenarios without full energy recovery). For efficient use of space
a high real-estate gradient is desirable and for economic operation good fundamental-mode efficiency is important.
The technology must also be robust and should be based on well-proven and reliable technologies. For Ampere-class
levels of beam current both halo interception and beam break-up (BBU) are important considerations. These factors
tend to drive the designs to lower frequencies where the apertures are larger and the transverse impedances are lower.
To achieve these goals we propose to use a compact waveguide-damped multi-cell cavity packaged in an SNS-style
cryomodule.

Plasma Treatment of Bulk Niobium Surfaces for SRF Cavities

Cavity surface preparation has been one of

the major problems in superconducting ra- | L. Vuskovic, S. Popovic, M. Raskovic (ODU) L. Godet, S.B.
dio-frequency (SRF) accelerator technology. | Radovanov (VSEA) H.L. Phillips, A-M. Valente-Feliciano (Jefferson
Accelerator performance depends directlyon | Lab)

the physical and chemical characteristics at

the SRF cavity surface. The primary objective of our work is to explore the effects of various types of electric discharge
plasmas to minimize surface roughness and eliminate or minimize deterioration of cavity properties by oxygen,
hydrogen and other chemical contaminants. To optimize the plasma etching process, samples of bulk Nb are being
exposed to three types of electrical discharge in various experimental set-ups. The surface quality obtained by the
three methods was compared with samples treated with buffer chemical polishing techniques. Surface comparisons
are made using digital imaging (optical) microscopy, scanning electron microscopy, and atomic force microscopy. In
preliminary tests, samples compared with those treated conventionally have shown comparable or superior proper-
ties. Tests have also shown that surface quality varies with plasma conditions and their optimization to obtain the
best SRF cavity surface is a major goal of the ongoing work.

First Cool Down of the Juelich Accelerator Module Based on Superconducting Half-Wave
Resonators

In the context of upgrading the existing pro-

ton and deuteron accelerator facility COSY at | E.M. Esser, B. Laatsch, F.S. Singer, R. Stassen (FZ]) R. Eichhorn (TU
the Forschungszentrum Juelich, an accelera- | Darmstadt)

tor module based on superconducting half

wave resonators is prototyped. Due to beam dynamics, the requirements of cavity operation and a top-loading
design for mounting, the cryostat had to be designed very compact and with a separate vacuum system for beam
and insulation vacuum. These restricted requirements lead to very short cold-warm transitions in beam port region
and to an unconventional design regarding to the shape of the cryostat vessel. This paper will review the design
constraints, gives an overview of the ancillary parts of the module (cavities, tuner, etc.) and will present the results of
the first cool-down experiments. Furthermore the future work will be presented.
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Key Cryogenics Challenges in the Development of the 4GLS

The fourth generation light source (4GLS) isa
R. Bate, R.K. Buckley, A.R. Goulden, C. Hodgkinson, S.M. Pattalwar = uniquely flexible source of ultra-high bright-
(CCLRC/DL/ASTeC) ness continuous and pulsed radiation cover-
ing the IR to XUV range of the spectrum. It
is the first light source in the world that is planned from the outset to be a multi-user, multi-source facility combin-
ing ERL (energy recovery LINAC) and FEL (free electron laser) technology. 4GLS will require six different sets of
superconducting LINACs. Each of the LINAC modules consists of 2 to 7, 1.3 GHz superconducting RF cavities of the
TESLA design operating at 1.8 K. The overall cooling power necessary to cool the cavities is estimated to be around
2.5KW demanding the superfluid liquid helium flow rates in excess of 200g/s. Even though the technology of the
superconducting RF cavities is somewhat well understood, the design and subsequent operation of the cryogenic
system / Cryo modules is an extremely complex task. In this paper we describe the key cryogenic challenges of the
4GLS project and our approach in identifying solutions to meet them.

Calculating the Muon Cooling within a MICE Liquid Absorber

The key elements of the Muon Ionization
M.A. Green, S.P. Virostek (LBNL) S.Q. Yang (OXFORDphysics) Cooling Experiment (MICE) cooling channel
are the absorbers that are a part of the MICE
absorber focus coil modules (AFC modules). The boundaries of room temperature solid absorbers are well defined.
The density of most solid absorber materials is also well understood. The properties of solid absorber are most
certainly understood to 0.3 percent. The MICE liquid absorbers are different in that their dimensions are a function
of the absorber temperature and the fluid pressure within the absorber. The second element in the liquid absorber is
the variability of the liquid density with temperature and pressure. While one can determine the absorber boundary
within 0.3 percent, the determination of the liquid density within 0.3 percent is more difficult (particularly with liquid
helium in the absorber). This report presents a method of calculating absorber boundary and the cooling performance
of the MICE absorbers as a function of fluid temperature and pressure.

Cryomodule Development for Superconducting RF Test Facility (STF) at KEK

Current status of the cryomodule develop-
K. Tsuchiya, H. Hayano, Y. Higashi, H. Hisamatsu, M. Masuzawa, = ment for superconducting RF test facility,
H. Matsumoto, C. Mitsuda, S. Noguchi, N. Ohuchi, T. Okamura, K.  STF, at KEK is presented. The objective of
Saito, A. Terashima, N. Toge (KEK) the STF construction is to have an experience
of 5-m long cryomodule fabrications and to
learn an operational method of superconducting RF cavities. The STF consists of two 5-m long cryomodules, each
housing four 9-cell cavities (one for 35 MV /m and the other for 45 MV /m). In addition to the cavity type, each cavity
has variations in its appendices. Thus, two cryomodules must have different structures for the cavity support and
for the port of the RF input coupler. This paper describes the details of the cryomodule design, the development of
the bimetallic joint for connecting the titanium helium vessel to the stainless steel cooling pipe, and the studies of the
magnetic shielding for high quality cavities.
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Copper Heat Exchanger for the External Auxiliary Bus-bars Routing Line in the LHC In-
sertion Regions

The corrector magnets and the main

quadrupoles of the LHC dispersion sup- | C. Garion, A. Poncet, E. Seyvet, | -P.G. Tock (CERN) M. Sitko, B.
pressors are powered by a special supercon- | Skoczen (CUT)

ducting line (called auxiliary bus-bars line

N), external to the cold mass and housed in a 50 mm diameter stainless steel tube fixed to the cold mass. As the line
is periodically connected to the cold mass, the same gaseous and liquid helium is used for cooling the magnets and
the line. The final sub-cooling process (from 4.5 K down to 1.9 K) consists of the phase transformation from liquid
to superfluid helium. It is slightly delayed with respect to the magnets. To accelerate the process, a special heat
exchanger has been designed. Located in the middle of the dispersion suppressor portion of the line it consists in
creating a local sink of heat extraction, providing two additional lambda fronts that propagate in opposite directions
towards the line extremities. Both the numerical model and the sub-cooling analysis are presented in the paper
for different configurations of the line. Design, manufacturing and integration aspects of the heat exchanger are
described. Finally, the results of the qualification tests and the expected performance of the line are given.

Operation of a Helium Cryogenic System for a Superconducting Cavity in an Electron
Storage Ring

A 500 MHz superconducting cavity main-

taining the energy of electrons in the storage | E. Z. Hsiao, S.-H. Chang, W.-S. Chiou, H.C. Li (NSRRC)

ring of TLS light source started from the year

2005. A helium system dedicated to keep the niobium cavity at 4.5 K has begun its operation since the year 2003.
The cryogenic system provides maximum refrigeration of 469 W or liquefaction rate of 134 1/hr. The constraint from
the superconducting cavity leads to specific features of the cryogenic system. This paper presents the operation of
the cryogenic system as the superconducting cavity at different conditions. The interaction in between the cryogenic
system and the superconducting cavity and the constraints on the starting and shutdown of the cryogenic system are
indicated.

SNS 2.1K Cold Box Turn-down Studies

The Spallation Neutron Source (SNS) at Oak

Ridge National Laboratory is nearing com- | E. Casagrande, P.A. Gurd, D.R. Hatfield, M.P. Howell, W.H. Strong
pletion. The cold section of the Linac con- | (ORNL) D. Arenius, J. Creel, V. Ganni, P. Knudsen (Jefferson Lab)
sists of 81 superconducting radio frequency

cavities cooled to 2.1K by a 2400 watt cryogenic refrigeration system. The 2.1K cold box consists of four stages of
centrifugal compressors with LN2-cooled variable speed electric motors and magnetic bearings. The cryogenic system
successfully supported the Linac beam commissioning at both 4.2K and 2.1K and has been fully operational since
June 2005. This paper describes the control principles utilized and the experimental results obtained for the SNS cold
compressors turn-down capability to about 30% of the design flow, and possible limitation of the frequency dependent
power factor of the cold compressor electric motors, which was measured for the first time during commissioning.
These results helped to support the operation of the Linac over a very broad and stable cold compressor operating
flow range (refrigeration capacity) and pressure. This in turn helped to optimise the cryogenic system operating
parameters, minimizing the utilities and improving the system reliability and availability.
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Studies of the Alignment Tolerance for the Injector System of the IFUSP Microtron

The Instituto de Fmsica da Universidade de

T.F. Silva, M.N. Martins, P.B. Rios (USP/LAL) Sco Paulo (IFUSP) is building a two-stage 38

MeV continuous-wave racetrack microtron.

In this work, we describe the determination of alignment tolerances for the injector system of the IFUSP Microtron.

This system consists of a linear accelerator with input energy of 100 keV and output energy of 1.8 MeV. The work

presented ere involves analysis of our possibilities of alignment, the beam specifications for the acceleration structures

and the strength of the correcting coils. Simulations were made using a method based on rotation matrices that allows

for misalignments in the optical elements. It uses a tolerance parameter, given by the user, which is interpreted as a

standard deviation of the normal misalignment distribution used to shuffle a configuration. A 5% loss of particles is
achieved at a tolerance of 0.25-mm, without the inclusion of correcting coils (steerings) in the simulations.

The LiCAS-RTRS - A Survey System for the ILC

The ILC requires an unprecedented accuracy

A. Reichold, C. Perry (OXFORDphysics) M. Dawson, J. Green, Y.  and speed for the survey and alignment of

Han, M. Jones, G. Moss, B. Ottewell, R. Wastie (JAI) G. Grzelak (War-  its components. The Rapid Tunnel Reference

saw University) D. Kaemtner, J. Prenting, E. Saemann, M. Schloesser ~ Surveyor (RTRS) is a self-propelled train in-

(DESY) tended to automatically survey a reference

network in the ILC tunnels with a design ac-

curacy of 200 microns over distances of 600 m. A prototype RTRS has been built by the LiCAS collaboration. It

will shortly commence operation at DESY. The operation principle of the RTRS will be explained. The status of the

project’s hardware, software and calibrations as well as the principles and performance of the underlying measure-
ment techniques will be described.

Diamond Storage Ring Remote Alignment System

The 24 cell Diamond Storage Ring is 561.6m

L.P.S. Martin, A.L. Bell, A. Gonias, N.P. Hammond, J. Kay, D. Wilson  in circumference and is mounted on 72 sup-

(Diamond) port girders, the largest of which are 6m long

and weigh 17 Tonnes. Each girder can be re-

motely positioned in 5 axes using a system of motorised cams. This system has been designed to enable the future

remote realignment of the Storage Ring using beam based alignment techniques. The system is described in detail

including the mechanical and electrical components of the system as well as a description of the alignment algorithms
employed and how these have been incorporated into the control system.
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Large Scale Beam-beam Simulations for the CERN LHC using Distributed Computing

We report on a large scale simulation of

beam-beam effects for the CERN Large | W.Herr, E. Mclntosh, F. Schmidt (CERN) D. Kaltchev (TRIUMF)
Hadron Collider (LHC). The stability of par-

ticles which experience head-on and long-range beam-beam effects was investigated for different optical configura-
tions and machine imperfections. To cover the interesting parameter space required computing resources not available
at CERN. The necessary resources were available in the LHC@home project, based on the BOINC platform. At present,
this project makes more than 40000 hosts available for distributed computing. We shall discuss our experience using
this system during a simulation campaign of more than six months and describe the tools and procedures necessary
to ensure consistent results. The results from this extended study are presented and future plans are discussed.

The Study of the Machine-induced Background and its Applications at the LHC

We present the recent advances in the analy-

sis of the machine-induced background gen- | V. Talanov, I. Azhgirey, I. Baishev (IHEP Protvino) D. Macina, K.M.
eration and formation at the LHC. Different | Potter, E. Tsesmelis (CERN)

aspects of the study of the machine back-

ground problem at the LHC are reviewed, including the background production at the different stages of the
machine operation, the role and influence on the background from the collimators in the experimental insertions and
the background shielding. The potential use of the machine background for the purposes of detector testing and
alignment is also discussed.

Tertiary Halo and Tertiary Background in the Low Luminosity Experimental Insertion IRS8
of the LHC

In our report we present the results for nu-

merical simulation of tertiary halo and ter- | V. Talanov (IHEP Protvino) R.W. Assmann, D. Macina, K.M. Potter,
tiary background in the LHC. We study the | S.Redaelli, G. Robert-Demolaize, E. Tsesmelis (CERN)

case of the proton losses in the betatron clean-

ing insertion IR7 with the subsequent tertiary halo generation in the downstream experimental insertion IR8. We
analyze the formation of tertiary background in the experimental area of the IR8 and evaluate the performance of
the machine-detector interface shielding with respect to this source of the background. The results obtained are
compared with the previous estimates of the machine-induced background in the low luminosity insertions of the
LHC, and the balance between different sources of the background is discussed.
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Estimation and Analysis of the Machine-induced Background at the TOTEM Roman Pot
Detectors in the IR5 of the LHC

The problem of background generation in

V. Talanov (IHEP Protvino) V. Avati (Helsinki University, Depart-  the experimental insertion IR5 of the LHC

ment of Physics) M. Deile, D. Macina (CERN) during machine operation in the dedicated

TOTEM mode with low intensity beams and

the specially designed beta* = 1540 m optics is discussed. The sources of the machine-induced background in the

IR5 forward physics areas are identified and their relative importance is evaluated. The results of the background

simulation in the IR5 are presented, based on the most recent estimates of the residual gas density for TOTEM beam
conditions. The methods for background analysis and rejection are explained.

A Staged Approach to LHC Commissioning

After a brief reminder of the performance

R. Bailey, O.S. Briining, P. Collier, M. Lamont, R.J. Lauckner, R.  goals of the LHC, the overall strategy pro-

Schmidt (CERN) posed for commissioning the machine with

protons is presented. A thorough commis-

sioning of the LHC hardware systems, presently ongoing, will lead into a staged approach for the first two years of

operation with the beam, allowing both the complexity of the machine operation and the destructive power of the

high intensity beams to be introduced in a controlled, incremental manner. The demands on the annual machine

schedule are discussed, including the need to incorporate dedicated running for ions and proton-proton total cross

section measurements. An important pre-commissioning milestone is the injection of the beam into a sector of the
partially completed LHC; the motivation and tests planned are briefly summarised.

Adaptive RF Transient Reduction for High Intensity Beams with Gaps

When a high-intensity beam with bunch-

J. Tuckmantel, P. Baudrenghien (CERN) trains and gaps passes a cavity with a high-

gain vector feedback enforcing a constant

voltage, large transients appear, stressing the RF high power hardware and increasing the trip rate. By modulat-

ing the cavity voltage with a varying periodic waveform (set-function), the RF power can be made constant while

still preserving the high feedback gain. The average cavity voltage is conserved but bunches have to settle at slightly

shifted positions. A method is derived to obtain this set-function in practice while making no assumptions or mea-

surements of the beam or RF parameters. Adiabatic iterations are made, including the whole machine as an analog
computing device, using all parameters as they are. A computer simulation shows the success of the method.

Monitoring Heavy-ion Beam Losses in the LHC

The LHC beam loss monitor (BLM) system,

R. Bruce, G. Bellodi, H.-H. Braun, S.S. Gilardoni, ]. M. Jowett (CERN)  primarily designed for proton operation, will
survey particle losses and dump the beam if

the loss rate exceeds a threshold expected to induce magnet quenches. Simulations of beam losses in the full magnet
geometry allow us to compare the response of the BLMs to ion and proton losses and establish preliminary loss
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thresholds for quenches. Further simulations of beam losses caused by collimation and electromagnetic interactions
peculiar to heavy ion collisions determine the positions of extra BLMs needed for ion operation in the LHC.

Beam Halo on the LHC TCDQ Diluter System and Thermal Load on the Downstream Su-
perconducting Magnets

The moveable single-jawed graphite TCDQ

diluter must be positioned very close to the | B. Goddard, R.W. Assmann, A. Presland, S. Redaelli, G. Robert-
circulating LHC beam in order to prevent | Demolaize, L. Sarchiapone, Th. Weiler, W.].M. Weterings (CERN)
damage to downstream components in the

event of an unsynchronised beam abort. A two-jawed graphite TCS collimator forms part of the TCDQ system. The
requirement to place the TCDQ and TCS jaws close to the beam means that the system can intercept a substantial
beam halo load. Initial investigations indicated a worryingly high heat load on the Q4 coils. This paper presents the
updated load cases, shielding and simulation geometry, and the results of simulations of the energy deposition in the
TCDQ system and in the downstream superconducting Q4 magnet. The implications for the operation of the LHC
are discussed.

The LHC as a Proton-nucleus Collider

Following its initial operation as a pro-

ton-proton (p-p) and heavy-ion (208Pb%2* - ['J.M. Jowett, C. Carli (CERN)

208Pb%2*) collider, the LHC is expected to

operate as a p-Pb collider. Later it may collide protons with other lighter nuclei such as 40Ar'8* or 160%*. We show
how the existing proton and lead-ion injector chains may be efficiently operated in tandem to provide these hybrid
collisions. The two-in-one magnet design of the LHC main rings imposes different revolution frequencies for the two
beams in part of the magnetic cycle. We discuss and evaluate the consequences for beam dynamics and estimate the
potential performance of the LHC as a proton-nucleus collider.

Measurement of Ion Beam Losses Due to Bound-free Pair Production in RHIC

When the LHC operates as a Pb%2* jon col-

lider, losses of Pb3* ions, created through = J.M. Jowett, S.S. Gilardoni (CERN) R. Bruce (MAX-lab) K.A. Drees,
Bound-free Pair Production (BFPP) at the col- | W. Fischer, S. Tepikian (BNL) S.R. Klein (LBNL)

lision point, and localized in cold magnets,

are expected to be a major luminosity limit. With Au”?* jons at RHIC, this effect is not a limitation because the Au
production rate is low, and the Au”®* beam produced is inside the momentum aperture. When RHIC collided Cu
ions, secondary beam production rates were lower still but the Cu?8* ions produced were predicted to be lost at a well-
defined location, creating the opportunity for the first direct observation of BFPP effects in an ion collider. We report
on measurements of localized beam losses due to BFPP with copper beams in RHIC and comparisons to predictions

from tracking and Monte Carlo simulation.

78+
29+
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Investigations of the Parameter Space for the LHC Luminosity Upgrade

Increasing the LHC luminosity by a factor of
J.-P. Koutchouk (CERN) ten is a major challenge, not so much for the
beam optics but certainly for the beam-beam
long-range interactions and even more for the technology and layout: the quadrupole gradient, its physical aperture
and tolerance to the energy deposition shall be significantly increased; its distance to the crossing point shall be
reduced if the particle detectors can allow it. To help identifying consistent solutions in this multi-dimensional
constrained space, a algorithmic model of an LHC insertion was prepared, based on the present LHC layout, i.e.,
"quadrupole first" and small crossing angle. The model deals with the layout, the beam optics, the beam-beam effect,
the superconductor field margins and the peak heat deposition in the coils. The approach is simplified to allow a large
gain in the design/computation time for optimization. First results have shown the need to use the Nb3Sn technology
(or a material of equivalent performance) to reach the performance goal. In this paper, the model is refined to take into
account the quench levels and temperature margins. The optimal insertions within the framework of this approach
are identified.

The LHC Sector Test

The proposal to inject beam into a sector of

M. Lamont, R. Bailey, H. Burkhardt, B. Goddard, L.K. Jensen, O.R.  the partially completed LHC is presented.

Jones, V. Kain, A. Koschik, R.I. Saban, J.A. Uythoven, ]. Wenninger = The test will provide an important milestone,

(CERN) force preparation of a number of key systems,

and allow a number of critical measurements

with beam. The motivation for the test is discussed, along with the proposed beam studies, the radiation issues and the

potential impact on ongoing installation. The demands on the various accelerator systems implicated are presented
along with the scheduling of the preparatory steps, the test itself and the recovery phase.

The Roman Pot for LHC

The LHC machine will be equipped with Ro-
M. Oriunno, M. Deile, K. Eggert, ].-M. Lacroix, S.J. Mathot, E.LP.  man Pot stations by the TOTEM experiment
Noschis, R. Perret, E.R. Radermacher, G. Ruggiero (CERN) to measure the pp total cross section and to
study the elastic scattering and the diffrac-
tion physics processes. TOTEM needs to bring the pots, equipped with cold micro-strip silicon detectors, as a close
as possible to the high intensity beam of LHC. Because of the special optics required by TOTEM, the beam has a
transversal size of only 80 microns at the Roman pot locations. Safety considerations for the machine protection set
the limit to 10 ?, i.e. 800 ym. Such unprecedented parameters, together with the issues of the Ultra High Vacuum
and the RF compatibility, and the harsh radiation environment, have requested a design for the Roman Pot system,
which is compliant with the LHC requirements and operations. To better meet also the challenging requirements of
TOTEM, a technology development of a thin window has been pursued and a flatness of less than 50 ym has been
obtained by brazing foil of 150 ym thicknesses. A prototype of the Roman Pot and of the thin window box have been
manufactured and tested. We describe the main issues of the final design and the results of the preliminary tests.
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Lifetime Limit from Nuclear Intra-bunch Scattering for High-energy Hadron Beams

We derive an approximate expression for

the nuclear scattering rate inside a bunched [ E. Zimmermann, H.-H. Braun, F. Ruggiero (CERN)

hadron beam. Application to the LHC sug-

gests that the loss rate due to nuclear scattering can be significant in high-energy proton or ion storage rings.

Quality Control Techniques Applied to the Large Scale Production of Superconducting Di-
pole Magnets for LHC

The LHC accelerator, under construction at

CERN, is characterized by the use on a large | E. Savary, M. Bajko, J. Beauquis, G. De Rijk, N. Emelianenko, P. Fes-
scale of high field superconducting dipoles: | sia, P. Flagen, J. Miles, L. Rossi, E. Todesco, J. Vlogaert, C. Vollinger,
the 27-km ring requires 1232 15-m long di- | E.X. Wildner (CERN)

pole magnets designed for a peak field of 9 T.

The coils are wound with Rutherford-type cable based on copper-stabilized Nb-Ti superconductors and will be oper-
ated at 1.9 K in pressurized superfluid helium. The challenge that had to be faced has been an efficient, cost-effective
and reproducible mass production to very tight tolerances: the field quality must be better than 10 and the geometry
of the cold bore tube and magnet controlled to 0.1 mm over the whole length, any deviation being liable to induce
delays and significant cost increase. This paper presents the main methods and tools chosen to face successfully
this challenge: some methods were foreseen in the technical specification, others were implemented based on the
experience gained in several years of fabrication.

LHC IR Upgrade: A Dipole First Option with Local Chromaticity Correction

In the framework of the LHC Luminosity Up-

grade, we develop a new layout of the inter- | R. de Maria, O.S. Briining (CERN) P. Raimondi (INFN /LNF)

action region (IR) with betastar equal to 25cm

in which the combination-separation dipoles come first with respect to the triplet assembly (dipole first) in opposition
of the nominal layout (quadrupole first). The new layout presents several advantages (separate channel for multipole
errors, straightforward crossing angle scheme, early separation of the beam). The payoff is a large beta function in the
triplet, which enhances the chromaticity and other non-linear effects. We investigate options for local chromaticity
correction and their effects on long-term stability.

A Low Gradient Triplet Quadrupole Layout Compatible with NbTi Magnet Technology
and Betastar=0.25m

The paper presents a triplet layout option

with long (ca. 100 m total triplet length), | R.de Maria, O.S. Briining (CERN)

low gradient (45 T/m to 70 T/m) quadru-

pole magnets. Assuming a maximum magnet diameter of 200mm, the peak coil field at the magnet coils still remains
below 7 T which is still compatible with conventional NbTi magnet technology. The peak beta function inside the
triplet magnets reaches 18 km and the configuration therefore requires an additional chromaticity correction scheme
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similar to a dipole first layout option. However, at the same time, the presented solution provides an interesting
alternative to a high gradient triplet layout which requires the new Nb3Ti magnet technology.

High-order Effects and Modeling of the Tevatron

The role and degree of nonlinear contribu-

P. Snopok, M. Berz (MSU) C. Johnstone (Fermilab) tions to machine performance is a controver-

sial topic in current collider operations and

in the design of future colliders. A high-order model has been developed of the Tevatron in COSY, which includes

the strongest sources of nonlinearities. Signatures of nonlinear behavior are studied and compared with performance
data. The observed nonlinear effects are compared before and after implemention of nonlinear correction schemes.

Rad-hard Luminosity Monitoring for the LHC

Luminosity measurements at the high lumi-

A. Ratti, J.-F. Beche, ].M. Byrd, K. Chow, S. De Santis, P. Denes, B.  nosity points of the LHC are very challenging

Ghiorso, H.S. Matis, M. T. Monroy, W.C. Turner (LBNL) E. Bravin  due to the extremely high radiation levels in

(CERN) PE. Manfredi (Pavia University, Engineering faculty) W.  excess of 1 GGy/yr. We have designed an

Vandelli (Pavia University) ionization chamber that uses a flowing gas

mixture and a combination of metals and ce-

ramics. With such a choice, an additonal challenge is achieving the necessary speed to be able to resolve bunch-by-

bunch luminosity data. We present the design, analysis and experimental results of the early demonstration tests of
this device.

Beam Pipe Desorption Rate in RHIC

Increase of beam intensity in RHIC has

H. Huang, W. Fischer, P. He, H.-C. Hseuh, U. Iriso, V. Ptitsyn, D.  caused several decades of pressure rises in

Trbojevic, J. Wei, S.Y. Zhang (BNL) the warm sections during operation. This

has been a major factor limiting the RHIC lu-

minosity. About 250 meters of NEG coated beam pipes have been installed in many warm sections to ameliorate

this problem. Beam ion induced desorption is one possible cause of pressure rises. A series beam studies in RHIC

has been dedicated to estimate the desorption rate of various beam pipes (regular and NEG coated) at various warm

sections. Correctors were used to generate local beam losses and consequently local pressure rises. The experiment
results are presented and analyzed in this paper.

On the Feasibility of Polarized Heavy Ions in RHIC

Heavy nonspherical ions such as uranium

W.W. MacKay (BNL) have been proposed for collisions in RHIC.
When two such ions collide with their long

axes aligned, then the plasma density might be as much as 60% higher. Since the collisions might have any orien-
tation of the two nuclei, the alignment of the nuclei must be inferred from a complicated unfolding of multiplicity
distributions. Instead, if it is possible to polarize the ions and control the orientation in RHIC, then a much better
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sensitivity could be obtained. This paper investigates the manipulation of such polarized ions with highly distorted
shapes in RHIC. Several ion species are considered as possibilities with either full or partial Siberian snakes in RHIC.

Status of Fast IR Orbit Feedback at RHIC

To compensate modulated beam-beam off-
sets caused by mechanical vibrations of IR
triplet quadrupoles at frequencies around 10
Hz, a fast IR orbit feedback system has been

C. Montag, J. Cupolo, J. Glenn, V. Litvinenko, A. Marusic, W. Meng,
R.J. Michnoff, T. Roser, C. Schultheiss, J.E. Tuozzolo (BNL)

developed. We report design considerations and recent status of the system.

RHIC Performance as Polarized Proton Collider in Run-6

The Relativistic Heavy Ion Collider in Run-
6 was operating in polarized proton mode.
With two Siberian Snakes per ring, the po-
larized protons were brought into collisions
at 100 Gev and 31.2 Gev energies. The con-
trol of polarization orientation at STAR and
PHENIX experiments was done using heli-
cal spin rotators. Physics studies were con-
ducted with longitudinal, vertical and radial
beam polarization at collision points. This
paper presents the performance of RHIC as
a polarized proton collider in the Run-6 with
emphasis on beam polarization and luminos-
ity issues.

V. Ptitsyn, L. Ahrens, M. Bai, D.S. Barton, ]. Beebe-Wang, M. Blask-
iewicz, A. Bravar, ].M. Brennan, K.A. Brown, D. Bruno, G. Bunce,
R. Calaga, P. Cameron, R. Connolly, T. D’Ottavio, J. DeLong, K.A.
Drees, A.V. Fedotov, W. Fischer, G. Ganetis, H. Hahn, T. Hayes, H.-
C. Hseuh, H. Huang, P. Ingrassia, D. Kayran, J. Kewisch, R.C. Lee,
V. Litvinenko, A.U. Luccio, Y. Luo, WW. MacKay, Y. Makdisi, N.
Malitsky, G.J. Marr, A. Marusic, R.J. Michnoff, C. Montag, J. Mor-
ris, T. Nicoletti, B. Oerter, F.C. Pilat, PH. Pile, T. Roser, T. Russo,
J. Sandberg, T. Satogata, C. Schultheiss, S. Tepikian, D. Trbojevic,
N. Tsoupas, J.E. Tuozzolo, A. Zaltsman, A. Zelenski, K. Zeno, S.Y.
Zhang (BNL)

Experience in Reducing Electron Cloud and Dynamic Pressure Rise in Warm and Cold Re-

gions in RHIC

Significant improvement has been achieved
for reducing electron cloud and dynamic
pressure rise at RHIC over several years;
however, there remain to be factors limit-
ing luminosity. The large scale application
of non-evaporable getter (NEG) coating in
RHIC has been proven effective in reducing
electron multipacting and dynamic pressure

S.Y. Zhang, L. Ahrens, ]J.G. Alessi, M. Bai, M. Blaskiewicz, P.
Cameron, R. Connolly, K.A. Drees, W. Fischer, ]J. Gullotta, P. He,
H.-C. Hseuh, H. Huang, R.C. Lee, V. Litvinenko, W.W. MacKay,
C. Montag, T. Nicoletti, B. Oerter, F.C. Pilat, V. Ptitsyn, T. Roser,
T. Satogata, L. Smart, L. Snydstrup, S. Tepikian, P. Thieberger, D.
Trbojevic, J. Wei, K. Zeno (BNL)

rise. This will be reported together with the study of the saturated NEG coatings. Since beams with increased intensity
and shorter bunch spacing became possible in operation, the electron cloud effects on beam, such as the emittance
growth,are an increasing concern. Observations and studies are reported. We also report the study results relevant
to the RHIC electron cloud and pressure rise improvement, such as the effect of anti-grazing ridges on electron cloud
in warm sections, and the effect of pre-pumping in cryogenic regions.
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Monitoring of Interaction-point Parameters using the 3-dimensional Luminosity Distribu-
tion Measured at PEP-II

The 3-D luminosity distribution at the IP of
B.F. Viaud (Montreal University) W. Kozanecki (CEA) C. O'Grady, the SLAC B-Factory is monitored using e*
J.M. Thompson, M. Weaver (SLAC) e~ -> e’ e-, mu+ mu- events reconstructed
online in the BaBar detector. The transverse
centroid and spatial orientation of the luminosity ellipsoid provide a reliable monitor of IP orbit drifts. The longitu-
dinal centroid is sensitive to small variations in the average relative RF phase of the beams and provides a detailed
measurement of the phase transient along the bunch train. Relative variations in horizontal luminous size are de-
tectable at the micron level. The longitudinal luminosity distribution depends on the e+ overlap bunch length and
the vertical IP beta-function beta*y. In addition to continuous online monitoring of all the IP parameters above, we
performed detailed studies of their variation along the bunch train to investigate a temporary luminosity degradation.
We also used controlled variations in RF voltage and beam current to extract separate measurements of the e* and
e~ bunch lengths. The time-history of the beta*y measurements, collected over a year of routine high-luminosity
operation, are compared with HER & LER phase-advance data periodically recorded in single-bunch mode.

Beam-beam Simulations for a Single Pass SuperB-factory

A study of beam-beam collisions for an asym-
ML.E. Biagini (INEN/LNF) P. Raimondi, J. Seeman (SLAC) D. metric single pass SuperB-Factory is pre-
Schulte (CERN) sented*. In this scheme an electron and a
positron beam are first stored and damped
in two damping rings, then extracted, compressed and focused to the IP. After collision the two beams are re-injected
in the DR to be damped and extracted for collision again. The explored beam parameters are similar to those used
in the design of the International Linear Collider, except for the beam energies. Very flat beams and round beams
were compared in the simulations, with the GuineaPig code**, in order to optimize both luminosity performances
and beam blow-up after collision. With such approach, luminosities of the order of 103° /(cm? sec) can be achieved.
*http:/ /arxiv.org/abs/physics/0512235.**D. Schulte. “Study of electromagnetic and hadronic background in the
Interaction Region of the TESLA Collider”, PhD Thesis, Hamburg, 1996.
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DAFNE Status Report

The operation of DAFNE, the 1.02 GeV c.m.

e*e™ collider of the Frascati National Lab- | A. Galloe, D. Alesini, M.E. Biagini, C. Biscari, R. Boni, M. Boscolo,
oratory with the KLOE detector, started in | B. Buonomo, A. Clozza, G.O. Delle Monache, E. Di Pasquale, G.
April 2004 has been concluded at the end of | Di Pirro, A. Drago, A. Ghigo, S. Guiducci, M. Incurvati, P. Iorio,
March 2006 with a total delivered luminosity | €. Ligi, F. Marcellini, C. Marchetti, G. Mazzitelli, C. Milardi, L.
of 2 fb-1 on the peak of the Phi resonance, | Pellegrino, M.A. Preger, L. Quintieri, R. Ricci, U. Rotundo, C. Sanelli,
0.2 fb-1 off peak and a high statistics scan | M. Serio, F. Sgamma, B. Spataro, A. Stecchi, A. Stella, S. Tomassini,
of the resonance. The best performances of | €. Vaccarezza, M. Vescovi, M. Zobov (INFN/LNF) G. Benedetti
the collider during this run have been a peak | (CELLS) L. Falbo (INEN-Pisa) J.D. Fox, P. Raimondi, D. Teytelman
luminosity of 1.5 1032 cm-2s-1 and a daily | (SLAC) E. Levichev, S.A. Nikitin, P.A. Piminov, D.N. Shatilov (BINP
delivered luminosity of 10 pb-1. The KLOE | SB RAS)

detector has been removed from one of the

two interaction regions and its low beta section substituted with a standard magnetic structure, allowing for an easy
vertical separation of the beams, while the FINUDA detector has been moved onto the second interaction point. Sev-
eral improvements on the rings have also been implemented and are described together with the results of machine
studies aimed at improving the collider efficiency and testing new operating conditions.

Preliminary Study of a Crab Crossing System for DAFNE

The implementation of a crab crossing

scheme at the Frascati Phi-factory DAFNE | A. Gallo, D. Alesini, E. Marcellini, P. Raimondi, M. Zobov (INEN/
is under consideration, together with several | ENF)

other ideas and upgrades to increase the col-

lider luminosity. The crab crossing is beneficial to the luminosity because it is expected to optimize the geometrical
superposition of the colliding bunches and to weaken the synchro-betatron beam-beam resonances. The basic spec-
ifications of such a system, the expected luminosity increase, a preliminary design of the crab cavities and the
architecture of the dedicated RF system are presented.

Recent Progress of KEKB

We summarize the machine operation of
KEKB during the past one year, focusing on | Y. Funakeshi (KEK)
progress for this period.

Beam Orbit Control System for the KEKB Crab Cavities

KEKB is an electron-positron collider with

an 8 GeV electron ring (HER) and a 3.5 GeV | M. Masuzawa, Y. Funakoshi, T.T. Nakamura, J.-I. Odagiri (KEK)
positron ring (LER). The two beams currently

collide at one interaction point with a finite horizontal crossing angle of 11 mrad. The design luminosity of 10 /nb/sec
was first reached in May 2003 and the peak luminosity exceeded 16 /nb/sec in December 2005. Simulations predict
a luminosity boost if a crab crossing scheme is introduced. The installation of two superconducting crab cavities, one
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in each ring, is scheduled in March 2006 in order to implement the crab crossing scheme. For stable operation, the
horizontal beam position in the crab cavity must be carefully controlled. This is needed to avoid loss of control of the
crabbing mode field due to beam loading. A beam position feedback system at the crab cavity has been prepared and
tested. Its performance will be discussed in this report.

Beam-beam Limit and the Degree of Freedom

Beam-beam limit is caused by chaotic dif-
K. Ohmi, K. Oide (KEK) E. Perevedentsev (BINP SB RAS) fusion due to the strong nonlinear force of
beam-beam interaction. Degree of freedom

in the colliding system is essential for the diffusion. We discuss the diffusion using several models.

Beam-beam Limit and Feedback Noise

Beam-beam interaction is strongly nonlinear,

K. Ohmi, Y. Funakoshi, S. Hiramatsu, K. Oide, M. Tobiyama (KEK)  therefore particles in the beam experience

chaotic motion. A small noise can be en-

hanced by the chaotic nature, with the result that unexpected emittance growth can be observed. We study the noise

of transverse bunch by bunch feedback system and related luminosity degradation. Similar effects caused by crab
cavity noise is also discussed.

Beams Injection System for e*e™ Collider VEPP-2000

Electron-positron collider VEPP-2000 is un-

D.E. Berkaev, V.V. Druzhinin, I. Koop, A.P. Lysenko, EV. Podgorny,  der commissioning at the Budker Institute of

V.P. Prosvetov, P.Yu. Shatunov, Y.M. Shatunov, D.B. Shwartz (BINP  Nuclear Physics. The paper presents the in-

SB RAS) jection system of the collider delivering the

beam from the booster storage ring BEP with

maximum energy 900 MeV. A matching of the beam injection with the storage ring optics is done with respect to a

nonlinear kicker field. Features of beam diagnostic and transfer line magnets including pulse septums (100 mksec;

30 kGs) and fast kickers (20 nsec; 70 kV) are described. Results of the magnetic measurements and their comparison
to calculated data are given.

Beam Energy Calibration in Experiment on Precise Tau Lepton Mass Measurement at
VEPP-4M with KEDR Detector

Experiment on mass measurement of tau
A. Bogomyagkov, V.E. Blinov, S. Karnaev, V. Kiselev, E.V. Kremyan-  lepton requires an absolute energy calibra-
skaya, E. Levichev, O.I. Meshkov, S.I. Mishnev, I. Morozov, N.Yu.  tion. The resonant depolarization technique
Muchnoi, S.A. Nikitin, I.B. Nikolaev, A.G. Shamov, D.N. Shatilov, is used for most accurate (1 keV) but once at
E.A. Simonov, A.N. Skrinsky, V.V. Smaluk, Yu.A. Tikhonov, G.M.  a time energy calibration. The measured en-
Tumaikin, V.N. Zhilich (BINP SB RAS) ergy is used for calibration of the germanium

detector for Compton backscattering energy
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monitoring. The developed Compton backscattering facility allows continuous energy monitoring with accuracy of
50 keV for 10 minutes of data acquisition. The tau lepton threshold is in the vicinity of integer spin resonance, which
minimizes polarization lifetime in the presence of vertical orbit distortions. Therefore, spin matching of the VEPP-
4M is required. The achieved lifetime is sufficient for absolute energy calibration.

Magnet Structure of the VEPP-2000 Electron-positron Collider

Electron-positron collider VEPP-2000 with

beam energy up to 1 GeV is under com- | P.Yu. Shatunov, D.E. Berkaev, A.A. Borisov, I. Koop, N.A. Mezent-
missioning at Budker Institute. This paper | sev, E. Perevedentsev, Y.M. Shatunov, D.B. Shwartz (BINP SB RAS)
presents magnetic elements of the storage | A. Valishev (Fermilab)

ring including 13T focusing superconduct-

ing solenoids in interaction regions. Features of magnet elements design and magnetic measurements results are
given together with comparison to previously calculated data.

MAD-X/PTC Lattice Design for DAFNE at Frascati

In absence of a program that takes as an input

the desired or known location of the magnets | E. Schmidt (CERN) E. Forest (KEK) C. Milardi (INFN/LNE)

in the tunnel, accelerator designers have been

using MADS8/X that looks at a ring as a sequence of magnets without a connection to the tunnel. In many simple
examples that is just fine, but once more complicated structures are treated one is bound to play tricks with MAD.
Here PTC comes to the rescue. It is shown how pieces of this machine that exist in MAD-X format are used in PTC to
create this double ring, as found in the tunnel, with a proper survey in the forward and backward direction. Special
elements have been implemented in MAD-X to allow the full PTC description of the machine. It is discussed how
this real PTC model differs from the fake’ MAD-X model and how well PTC describes the real machine.

Longitudinal Beam Stability for CESR-c

The Cornell Electron-Positron Storage Ring

(CESR) operates at 1.9 GeV per beam for high | R. Holtzapple, J.S. Kern, P].S. Stonaha (Alfred University) B. Cerio
energy physics collisions. To maintain high | (Colgate University) M.A. Palmer (Cornell University, Laboratory
luminosity it is essential for the bunch trains | for Elementary-Particle Physics)

to be longitudinally stable. Measurements of

longitudinal stability with a single, multiple, and colliding trains have been performed using a dual sweep streak
camera and are presented in this paper.
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Studies of the Beam-beam Interaction at CESR

The Cornell Electron Storage Ring facility

J.A. Crittenden (Cornell University, Department of Physics) M.G.  operates 2-GeV multi-bunch electron and

Billing (CESR-LEPP) positron beams in a single beam-pipe. Elec-

trostatic separators are used to separate the

two counter-rotating beams at the parasitic crossings. When the beam energy was lowered from 5 GeV in 2003,

the strength of the beam-beam interaction became a more important factor in beam-current limitations, resulting in

extensive experimental and calculational studies of their characteristics. The CESR lattice design procedure has been

modified recently to account explicitly for their dynamic consequences. We describe our modelling of the beam-beam
interaction, experimental validation techniques, and investigations into compensation strategies.

Luminosity Variations along Bunch Trains in PEP-II

In spring of 2005 after a long shut-down,
E.-J. Decker, M. Boyes, W.S. Colocho, A. Novokhatski, M.K. Sulli-  the luminosity of the B-Factory PEP-II de-
van, J.L. Turner, S.P. Weathersby, U. Wienands, G. Yocky (SLAC) creased along the bunch trains by about 25-
30%. There were many reasons studied
which could have caused this performance degradation, like a bigger phase transient due to an additional RF station
in the Low-Energy-Ring (LER), bad initial vacuum, electron cloud, chromaticity, steering, dispersion in cavities, beam
optics, etc. The initial specific luminosity of 4.2 sloped down to 3.2 and even 2.8 for a long train (typical: 130 of 144),
later in the run with higher currents and shorter trains (65 of 72) the numbers were more like 3.2 down to 2.6. Finally
after steering the interaction region for an unrelated reason (overheated BPM buttons) and the consequential lower
luminosity for two weeks, the luminosity slope problem was mysteriously gone. Several parameters got changed and
there is still some discussion about which one finally fixed the problem. Among others, likely candidates are: the
LER betatron function in x at the interaction point got reduced, making the LER x stronger, dispersion reduction in
the cavities, and finding and fixing a partially shorted magnet.

Achieving a Luminosity of 103*/cm?/s in the PEP-II B-factory

For the PEP-II Operation Staff: PEP-II is an
J. Seeman, J. Browne, Y. Cai, W.S. Colocho, E-J. Decker, M.H. Don-  asymmetric e*e™ collider operating at the
ald, S. Ecklund, R.A. Erickson, A.S. Fisher, |.D. Fox, S.A. Heifets,  Upsilon 4S and has recently set several per-
R.H. Iverson, A. Kulikov, A. Novokhatski, V. Pacak, M.T.E. Pivi,  formance records. The luminosity has ex-
C.H. Rivetta, M.C. Ross, P. Schuh, K.G. Sonnad, M. Stanek, M.K.  ceeded 1x10**/cm?2/s and has delivered an
Sullivan, P. Tenenbaum, D. Teytelman, J.L. Turner, D. Van Winkle, integrated luminosity of 728/pb in one day.
M. Weaver, U. Wienands, W. Wittmer, M. Woodley, Y.T. Yan, G.  PEP-II operates in continuous injection mode
Yocky (SLAC) M.E. Biagini (INFN/LNF) W. Kozanecki (CEA) for both beams, boosting the integrated lu-
minosity. The peak positron current has
reached 2.94 A and 1.74 A of electrons in 1732 bunches. The total integrated luminosity since turn on in 1999
has reached over 333/fb. This paper reviews the present performance issues of PEP-II and also the planned increase
of luminosity in the near future to over 2 x 103*/cm?/s. Upgrade details and plans are discussed.
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Design of an Asymmetric Super-B Factory

Submitted for the High Luminosity Study

Group for an Asymmetric Single-pass Super- | J. Seeman, Y. Cai, A. Novokhatski, A. Seryi, M.K. Sullivan, U. Wien-
B Factory: Parameters are being studied for | ands (SLAC) M.E. Biagini, P. Raimondi (INFN/LNF)

a high luminosity e*e™ collider operating at

the Upsilon 4S that would deliver a luminosity of over 10%®/cm?/s. This collider would use a novel combination of
linear collider and storage ring techniques. In this scheme an electron beam and a positron beam are first stored in
fast-damping and low-emittance damping rings, then extracted, accelerated, compressed and focused to the inter-
action point. After collision the two beams are decelerated and re-injected in the damping rings to be damped and
extracted for collision again. The explored beam parameters are similar to those used in the design of the International
Linear Collider, except for the beam energies. Design parameters for very flat beams and round beams have been
studied.

Doubling the PEP-II Luminosity in Simulations

The PEP-II luminosity reached 1x103*cm-2s-

1in October 2005. The question of how toin- | Y. Cai, J. Seeman, K.G. Sonnad, U. Wienands (SLAC)

crease the luminosity using modest improve-

ments in the PEP-II accelerator in the coming years is the subject of this paper. We found that the parasitic collisions
significantly degrade the simulated luminosity as the beam currents are increased from 3A and 1.7A to 4A and
2.2A in the low and high energy rings, respectively. Using the beam-beam code BBI, we systematically optimized the
luminosity and showed that a luminosity of over 2x1034cm-2s-1 is achievable within the limits of machine parameters.

Anomalous High Radiation Beam Aborts in the PEP-II B-factory

The PEP-II B-factory at SLAC has recently

experienced unexpected beam losses due | M.K. Sullivan, Y. Cai, S. DeBarger, F.-]. Decker, S. Ecklund, A.S.
to anomalously high radiation levels at the | Fisher, S.M. Gierman, S.A. Heifets, R.H. Iverson, A. Kulikov, N.
BaBar detector. The problem was finally | Kurita, S.J. Metcalfe, A. Novokhatski, . Seeman, K.G. Sonnad, D.
traced to the occurrence of very high pressure | Teytelman, J.L. Turner, U. Wienands, D. Wright, Y.T. Yan, G. Yocky
(>100 nTorr) spikes that have a very shortdu- | (SLAC)

ration (few seconds). We describe the events

and show analysis predicting where in the vacuum system the events originated and describe what was discovered
in the vacuum system.

Combined Phase Space Characterization at the PEP-II IP using Single-beam and Lumi-
nous-region Measurements

We present a novel method to characterize

the e + phase space at the IP of the SLAC B- | A.J. Bevan (Queen Mary University of London) Y. Cai, A.S. Fisher,
factory, that combines single-beam measure- | €. O‘Grady, ].M. Thompson, M. Weaver (SLAC) W. Kozanecki
ments with a detailed mapping of luminous- | (CEA) B.E. Viaud (Montreal University)

region observables. Transverse spot sizes are

107

MOPLS047

MOPLS048

MOPLS049

MOPLS050



MOPLSO051

MOPLS052

26-Jun-06 16:00 - 18:00 MOPLS — Poster Session

determined in the two rings with synchrotron-light monitors & extrapolated to the IP using measured lattice functions.
The 3-D luminosity distribution, as well as the spatial dependence of the transverse-boost distribution of the colliding
beams, are measured using e* e~ —> mu+ mu- events reconstructed in the BaBar tracking detectors; they provide
information on the luminous spot size, the e angular divergence & the vertical emittance. The specific luminosity,
which is proportional to the inverse product of the overlap IP beam sizes, is continuously monitored using Bhabha-
scattering events. The combination of these measurements provide constraints on the horizontal & vertical spot sizes,
angular divergences, emittances & beta functions of both beams at the IP during routine high-luminosity operation.
Preliminary results of this combined-spot size analysis are confronted with measurements of IP beta-functions &
overlap IP beam sizes at low beam current.

Tracking Down a Fast Instability in the PEP-II LER

During Run 5, the beam in the PEP-II Low
U. Wienands, R. Akre, S.C. Curry, S. DeBarger, F.-]. Decker, S.  Energy Ring (LER) became affected by a pre-
Ecklund, A.S. Fisher, S.A. Heifets, A. Krasnykh, A. Kulikov, A. No-  dominantly vertical instability with very fast
vokhatski, J. Seeman, M.K. Sullivan, D. Teytelman, D. Van Winkle, = growth rate of 10...60/ms - much faster than
G. Yocky (SLAC) seen in controlled grow-damp experiments -
and varying threshold. The coherent ampli-
tude of the oscillation was limited to approx. 1 mm pk-pk or less and would damp down over a few tens of turns;
however, beam loss set in even as the measured amplitude damped, causing a beam abort. This led to the conclusion
that the beam was actually blowing up. The presence of a 2 nu, line in the spectrum suggested a possible head-tail
nature of the instability, although chromaticity was not effective in raising the threshold. In this paper we will describe
the measurements and data taken to isolate and locate the cause of the instability and, eventually, the discovery and
fix of the root cause.

Luminosity Improvement at PEP-II Based on Optics Model and Beam-beam Simulation

The model independent analysis (MIA) has
Y. Cai, W.S. Colocho, F.-J. Decker, Y. Nosochkov, P. Raimondi, ].  been successfully used at PEP-II to under-
Seeman, K.G. Sonnad, M.K. Sullivan, J.L. Turner, M. Weaver, U.  stand machine optics and improve the lumi-
Wienands, W. Wittmer, M. Woodley, Y.T. Yan, G. Yocky (SLAC) nosity. However, the rate of success was lim-
ited because the improvement of optics does
not necessarily lead to increase of luminosity. Recently, we were able to reconstruct MIA model in a full optics code,
LEGO, and used it to calculate complete lattice and beam parameters. These parameters were fed to the beam-beam
code, BBI, to understand the luminosity histories at PEP-II over the past year. Using these tools, we optimized the
luminosity by varying the beam parameters such as emittance. Finally, we implemented an optimized solution with
a set of asymmetric horizontal orbit bumps into the machines during a delivery shift with a few percentage gain in
luminosity. The solution was retained at PEP-II machines along with the luminosity. Later, these asymmetric bumps
also played a vital role in reaching 1x103#cm-2s-1 as the beam currents increased.
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Beta-beat Correction Using Strong Sextupole Bumps in PEP-II

A method for correcting lattice beta mis-

matches has been developed for the PEP- | G. Yocky (SLAC)

IT collider using orbit offsets in strong sex-

tupoles. The solution is first predicted in the MAD program by modeling closed orbit bumps in the plane of
correction at the sextupoles strongest in that plane. The derived solution is then tested in the machine to confirm the
prediction and finally dialed into the machine under high-current conditions.

On Increasing the HERA Luminosity

The luminosity of the HERA lepton proton

collider is limited in part by the bunch length | Y.A. Kot, F.J. Willeke (DESY)

of the protons of 20cm. This limitation is

expected to be removed by the installation of a new damper system which will control longitudinal coupled bunch
instabilities of the proton beam and avoid the bunch lengthening of a factor of two. This opens the possibility for
increasing the luminosity HERA since the beta functions at IP for both leptons and protons can be lowered by about
20% without noticeable reduction of the corresponding luminosity by the so-called hour-glass effect. The beam spot
size can be further reduced if the beam-beam focusing of the leptons (dynamic beta) at IP is increased by softening the
rigorous beam beam-beta beat compensation which is accomplished by proper phasing of the two IP’s. Unfortunately
the non-linear chromaticity compensation would be weakened as well, which will cause an enhancement of the
synchro-betatron resonances and may lead to poor lifetime and poor background conditions. Therefore, the non-
linear chromaticity needs to be reduced by means of a more complex scheme of chromaticity compensating sextupole
magnets.

A Lepton-proton Collider with LHC

The physics, and a design, of a Large Hadron

Electron Collider (LHeC) are sketched. With | EJ. Willeke (DESY) J.B. Dainton (Cockcroft Institute) M. Klein
high luminosity, 1033cm-2s-1, and high en- = (DESY Zeuthen) P. Newman (Birmingham University) E. Perez
ergy, ?s = 1.4TeV, such a collider can be built | (CEA)

in which a 70GeV electron (positron) beam

in the LHC tunnel is in collision with one of the LHC hadron beams and which operates simultaneously with the
LHC. The LHeC makes possible deep-inelastic lepton-hadron (ep, eD and eA) scattering for momentum transfers Q2
beyond 106GeV2 and for Bjorken x down to the 10-6. New sensitivity to the existence of new states of matter, primarily
in the lepton-quark sector and in dense partonic systems, is achieved. The precision possible with an electron-hadron
experiment brings in addition crucial accuracy in the determination of hadron structure, as described in Quantum
Chromodynamics, and of parton dynamics at the TeV energy scale. The LHeC thus complements the proton-proton
and ion programmes, adds substantial new discovery potential to them, and is important for a full understanding of
physics in the LHC energy range.

Contributed to the Open Symposium on European Strategy for Particle Physics Research, LAL Orsay, France, January
30th to February 1st , 2006. hep-ex/0603016 DESY 06-00Cockcroft-06-05
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QCD Explorer Proposal: E-linac versus E-ring

TeV center of mass energy lepton-hadron col-

H. Karadeniz (TAEK) S. Sultansoy (Gazi University, Faculty of Sci-  lider is necessary both to clarify fundamen-

ence and Arts) tal aspects of strong interactions and for ad-

equate interpretation of the LHC data. Re-

cently proposed QCD Explorer utilizes the energy advantage of the LHC proton and ion beams, which allows the

usage of relatively low energy electron beam. Two options for the LHC based ep collider are possible: construction of

a new electron ring in the LHC tunnel or construction of an e-linac tangentially to the LHC. In the latter case, which

seems more acceptable for a number of reasons, two options are under consideration for electron linac: the CLIC
technology allows shorter linac length, whereas TESLA technology gives higher luminosity.

eRHIC - Future Machine for Experiments on Electron-ion Collisions

The paper presents recent developments for
V. Ptitsyn, J. Beebe-Wang, 1. Ben-Zvi, A.V. Fedotov, W. Fischer, W. the design of the high luminosity electron-
Graves, V. Litvinenko, W.W. MacKay, C. Montag, S. Ozaki, T. Roser,  ion collider, eRHIC, proposed on the basis of
S. Tepikian, D. Trbojevic (BNL) D.P. Barber (DESY) W.A. Franklin, R.  the existing RHIC machine. The goal of eR-
Milner, B. Surrow, C. Tschalaer, E. Tsentalovich, D. Wang, F. Wang,  HIC is to provide collisions of electrons and
A. Zolfaghari, T. Zwart, J. van der Laan (MIT) A.V. Otboev, YM.  positrons on ions and protons in the center-
Shatunov (BINP SB RAS) of-mass energy range from 30 to 100 GeV.
Lepton beams as well as the beam of protons
(and, possibly, light ions) should be polarized. Two independent designs are under development, the so-called "ring-
ring’ and ’linac-ring” options. The 'ring-ring’ option is based on a 10 GeV electron storage ring. The design issues
for the 'ring-ring” option are similar to those at existing B-factories. In the ‘linac-ring” option, the electron beam is
accelerated in a 10 GeV recirculating energy recovery linac. This option may provide higher luminosities (> 1-1033 cm-
2s-1 for e-p collisions), but requires considerable R&D studies for a high current electron polarized source. In order
to maximize the collider luminosity, ion ring upgrades, such as electron cooling and ion beam intensity increase, are
considered.

The Probe Beam Linac in CTF3

The test facility CTF3, presently under con-
A. Mosnier, M. Authier, D. Bogard, A. Curtoni, O. Delferriere, G.  struction at CERN within an international
Dispau, R. Duperrier, W. Farabolini, P. Girardot, M. Jablonka, J.L.  collaboration, is aimed at demonstrating the
Jannin, M. Luong, E. Peauger (CEA) N. Rouviere (IPN) R. Roux key feasibility issues of the multi-TeV lin-
(LAL) ear collider CLIC. The objective of the probe
beam linac is to "mimic" the main beam of
CLIC in order to measure precisely the performances of the 30 GHz CLIC accelerating structures. In order to meet the
required parameters of this 200 MeV probe beam, in terms of emittance, energy spread and bunch-length, the most
advanced techniques have been considered: laser triggered photo-injector, velocity bunching, beam-loading com-
pensation, RF pulse compression ... The final layout is described, and the selection criteria and the beam dynamics
results are reviewed.
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Design of an Interaction Region with Head-on Collisions for the ILC

Aninteraction region with head-on collisions

is considered an alternative to the baseline | J. Payet, O. Napoly, C. Rippon, D. Uriot (CEA) M. Alabau Pons,
configuration of the International Linear Col- | P. Bambade, J. Brossard, X. Dadoun, C. Rimbault (LAL) D.A.-
lider, including two interaction regions with | K. Angal-Kalinin, E. Jackson (CCLRC/DL/ASTeC) R. Appleby
finite crossing-angles (2 and 20 mrad). Al- | (UMAN) L. Keller, Y. Nosochkov, A. Seryi (SLAC)

though more challenging from the point of

view of the beam extraction, the head-on scheme is favoured by the experiments because it allows a more conve-
nient detector configuration, particularly in the forward region. The optics of the head-on extraction is revisited
by separating the e™ and e™ beams horizontally, first by electrostatic separators operated at their LEP nominal field
and then using a defocusing quadrupole of the final focus beam line. In this way the septum magnet is protected
from the beamstrahlung power. Newly optimized final focus and extraction optics are presented, including a first
look at post-collision diagnostics. The influence of parasitic collisions is shown to lead to a region of stable collision
parameters. Beam and beamstrahlung photon losses are calculated along the extraction elements. Issues concerning
the design of the large bore superconducting final focus magnets, common to both incoming and outgoing beam:s,
are considered.

Optimization of the e-e Option for the ILC

The e-e” running mode is one of the inter-

esting physics options for the International | M. Alabau Pons, M. Alabau Pons, A. Faus-Golfe (IFIC) R. Appleby
Linear Collider. The luminosity for e-e™ col- | (UMAN) P. Bambade, X. Dadoun (LAL)

lisions is reduced by mutual defocusing due

to the strong electromagnetic fields that the bunches experience during collisions. The resulting beamstrahlung
energy loss and beam-beam deflection angles as function of the vertical transverse offset are different compared to
the e*e™ collisions. In this paper, the dependence of these observables with the offset for different beam sizes has
been analysed to optimize performances for the e-e™ mode, taking into account the requirements of the beam-beam
deflection based intra-train feedback system. A first study of the implications for the final focus and extraction line
optics is also presented for the cases of the 2mrad and 20mrad ILC base line crossing angle geometries.

Accelerator Component Vibration Studies and Tools

This talk will cover a research program on

accelerator component vibrations. Ground | R.Amirikas, A. Bertolini, W. Bialowons (DESY)

motion and technical noise, such as vacuum

and refrigeration systems, couple to the beam, mainly via quadrupoles, making the design of their supports, especially,
in the case of the superconducting magnets, critical. This program includes investigation of cold mass vibration of
the superconducting quadrupoles inside an accelerating module and sensor performance in the main or fringe field
of a linear collider detector. Seismometer accuracy limitations in correlated ground motion measurements are also
being investigated.
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Measurement of Ground Motion in Various Sites

This presentation will be an overview of a

W. Bialowons, R. Amirikas, A. Bertolini, D. Kruecker (DESY) study program, initiated in DESY, to mea-

sure ground vibration of various sites which

can be used for site characterization for the International Linear Collider (ILC) design. Commercial broadband

seismometers have been used to measure ground motion, correlation and surface wave velocity. The database of

measured ground vibrations is available to the scientific community. A parameterization of the spectra will also be
presented.

An ILC Main Linac Simulation Package Based on Merlin

The preservation of the ultra-small vertical
N.J. Walker, D. Kruecker, F. Poirier (DESY) emittance in the International Linear Col-
lider (ILC) will require the use of beam-based
alignment techniques, the expected performance of which relies heavily on the use of simulation tools. In this report,
we present the newest release of a purpose-built ILC main linac simulation tool, based on the Merlin* C++ class
library. Examples of results from Dispersion Free Steering (DFS) simulations are also be presented.
*http:/ /www.desy.de/~merlin

Direct Measurement of Geometric and Resistive Wakefields in Tapered Collimators for the
International Linear Collider

Precise collimation of the beam halo is re-
N.K. Watson, D. Adey, M.C. Stockton (Birmingham University) quired in the ILC to prevent beam losses near
D.A.-K. Angal-Kalinin, C.D. Beard, J.L. Fernandez-Hernando, E.  the interaction region that could cause un-
Jackson (CCLRC/DL/ASTeC) R. Arnold, R.A. Erickson, C. Hast,  acceptable backgrounds for the physics de-
T.W. Markiewicz, S. Molloy, M.C. Ross, S. Seletskiy, A. Seryi, Z. Sza-  tector. The necessarily small apertures of
lata, P. Tenenbaum, M. Woodley, M. Woods (SLAC) R.J. Barlow, A.  the collimators lead to transverse wakefields
Bungau, R.M. Jones, G.Yu. Kourevlev, A. Mercer (UMAN) D.A.Bur-  that may result in beam deflections and in-
ton, J.D.A. Smith, A. Sopczak, R. Tucker (Lancaster University) C.  creased emittance. A set of collimator wake-
Densham, G. Ellwood, R.J.S. Greenhalgh, J. ODell (CCLRC/RAL) field measurements has previously been per-
Y.K. Kolomensky (UCB) M. Karkkédinen, W.E.O. Miiller, T. Weiland = formed in the ASSET region of the SLAC
(TEMEF) N. Shales (Microwave Research Group, Lancaster Univer-  LINAC. We report on the next phase of this
sity) M. Slater (University of Cambridge) I. Zagorodnov (DESY) E.  programme, which is carried out at the re-
Zimmermann (CERN) cently commissioned End Station A test facil-
ity at SLAC. Measurements of resistive and
geometric wakefields using tapered collimators are compared with model predictions from MAFIA and GdfidL and
with analytic calculations.
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Test Beam Studies at SLAC’s End Station A, for the International Linear Collider

The SLAC Linac can deliver to End Station A
a high-energy test beam with similar beam
parameters as for the International Linear
Collider for bunch charge, bunch length and
bunch energy spread. ESA beam tests run
parasitically with PEP-II with single damped
bunches at 10Hz, beam energy of 28.5 GeV
and bunch charge of (1.5-2.0)-1010 electrons.
A 5-day commissioning run was performed
in January 2006, followed by a 2-week run
in April. We describe the beamline config-
uration and beam setup for these runs, and
give an overview of the tests being carried
out. These tests include studies of collimator
wakefields, prototype energy spectrometers,
prototype beam position monitors for the ILC
Linac, and characterization of beam-induced
electro-magnetic interference along the ESA
beamline.

Beam Impact of the ILC Collimators

Spoilers in the ILC Beam Delivery System
are required to survive a minimum of 1-2
direct impacts from each energetic electron

M. Woods, C. Adolphsen, R. Arnold, G.B. Bowden, G.R. Bower,
R.A. Erickson, H. Fieguth, J.C. Frisch, C. Hast, R.H. Iverson, Z.
Li, TW. Markiewicz, D.]. McCormick, S. Molloy, J. Nelson, M.T.F.
Pivi, M.C. Ross, S. Seletskiy, A. Seryi, S. Smith, Z. Szalata, P. Tenen-
baum (SLAC) D. Adey, M.C. Stockton, N.K. Watson (Birmingham
University) M. Albrecht, M.H. Hildreth (Notre Dame University)
W.W.M. Allison, V. Blackmore, P. Burrows, G.B. Christian, C.C.
Clarke, G. Doucas, A.F. Hartin, B. Ottewell, C. Perry, C. Swin-
son, G.R. White (OXFORDphysics) D.A.-K. Angal-Kalinin, C.D.
Beard, J.L. Fernandez-Hernando, F. Jackson, A. Kalinin (CCLRC/
DL/ASTeC) R.J. Barlow, A. Bungau, G.Yu. Kourevlev, A. Mercer
(UMAN) S.T. Boogert (Royal Holloway, University of London) D.A.
Burton, J.D.A. Smith, R. Tucker (Lancaster University) W.E. Chick-
ering, C.T. Hlaing, O.N. Khainovski, Y.K. Kolomensky, T. Orimoto
(UCB) C. Densham, R.J.S. Greenhalgh (CCLRC/DL) V. Duginov,
S.A. Kostromin, N.A. Morozov (JINR) G. Ellwood, P.G. Huggard, J.
O’Dell (CCLRC/RAL) F. Gournaris, A. Lyapin, B. Maiheu, S. Mal-
ton, D.J. Miller, M.W. Wing (UCL) M.B. Johnston (University of
Oxford, Clarendon Laboratory) M.E. Kimmitt (University of Essex,
Physics Centre) H.J. Schriber, M. Viti (DESY Zeuthen) N. Shales,
A. Sopczak (Microwave Research Group, Lancaster University) N.
Sinev, E.T. Torrence (University of Oregon) M. Slater, M.T. Thomson,
D.R. Ward (University of Cambridge) Y. Sugimoto (KEK) S. Walston
(LLNL) T. Weiland (TEMF) M. Wendt (Fermilab) I. Zagorodnov
(DESY) E. Zimmermann (CERN)

G. Ellwood, R.J.S. Greenhalgh (CCLRC/RAL)

MOPLS067

or positron bunch of charged particles without failure, in addition to maintaining low geometric and resistive wall
wakefields. The transient shock wave resulting from rapid localised beam heating and its implications for spoiler
design are studied using ANSYS. The realistic patterns of energy deposition are taken from FLUKA.The results
presented quantify uncertainties in the predictions and consider possible options for spoiler jaws for the ILC.
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Development of a Superconducting Helical Undulator for the ILC Positron Source

An undulator positron source has been re-

Y. Ivanyushenkov, E. Baynham, T.W. Bradshaw, A.]. Brummitt, ES.  cently selected by the International Linear

Carr, J. Rochford (CCLRC/RAL) LR. Bailey, D.P. Barber, J.A. Clarke,  Collider (ILC) community as a baseline. For

J.B. Dainton, O.B. Malyshev, D.J. Scott, B.J.A. Shepherd (Cockcroft  the ILC a helical undulator capable of pro-

Institute) P. Cooke, L.I. Malysheva (Liverpool University, Science  ducing 10 MeV photons and with a period as

Faculty) G.A. Moortgat-Pick (CERN) close as possible to 10 mm is required. The

HeliCal collaboration in the UK is looking at

the merits of both permanent magnet and superconducting technologies for the design of a helical undulator. For the

superconducting option, several prototypes have been built and tested. This paper details the design, construction
and test results of the first superconducting prototypes.

Numerical Calculations of Collimator Insertions

A series of collimator spoilers have been de-

C.D. Beard (CCLRC/DL/ASTeC) J.D.A. Smith (Cockcroft Institute)  signed and manufactured for testing in the

ESA wakefield tests. The purpose of the tests

is a benchmarking exercise to assist with the understanding into the causes of wakefields due to spoiler profile and

materials. Simulations of the spoiler designs have been used to understand the likely effects that would be observed

with the beam tests. Simulations of these collimator insertions have been carried out in MAFIA and GDFIDL, and a

comparison of the results completed. The wake potential has been measured, and the corresponding loss factor and
kick factors have been calculated. The results from the simulations are discussed in this report.

TDR Measurements in support of ILC Collimator Studies

In this report the outcome of the "wire

C.D. Beard, PA. Corlett, A.J. Moss, ].H.P. Rogers (CCLRC/DL/  method" cold test, experimental results and

ASTeC) R.M. Jones (Cockcroft Institute) their relevance toward the ILC set-up is con-

sidered. A wire is stretched through the cen-

tre of a vessel along the axis that the electron beam would take, and a voltage pulse representing the electron bunch

is passed along the wire. The parasitic mode loss parameter from this voltage can then be measured. The bunch

length for the ILC is 0.3mm, requiring a pulse rise time of ~1ps. The fastest rise time available for a time domain

reflectrometry (TDR) scope is ~10ps. Reference vessels have been examined to evaluate the suitability of the test gear
at comparable bunch structures to the ILC.
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Status of the HeLiCal Contribution to the Polarised Positron Source for the International
Linear Collider

The baseline positron source for the Interna-

tional Linear Collider is a helical undulator- | J.A. Clarke, O.B. Malyshev, D.J. Scott (CCLRC/DL/ASTeC) LR.
based design, which can generate unprece- | Bailey, P. Cooke, J.B. Dainton, L.I. Malysheva (Liverpool University,
dented quantities of polarised positrons. A | Science Faculty) D.P. Barber (DESY) E. Baynham, T.W. Bradshaw,
major thrust of the global design in this area | A.J. Brummitt, ES. Carr, Y. Ivanyushenkov, J. Rochford (CCLRC/
is led by the UK-based HeLiCal collabora- | RAL) G.A. Moortgat-Pick (Durham University)

tion. The collaboration takes responsibility

for the design and prototyping of the helical undulator itself, which is a highly demanding short period device with
very small aperture, and also leads the start to end simulations of the polarised particles to ensure that the high
polarisation levels generated are maintained from the source, right through the beam transport systems and up to
the interaction point itself. This paper will provide an update on the work of the collaboration, focusing on these two
topic areas, and will also discuss future plans.

Shower Simulations, Comparison of Fluka, Geant4 and EGS4

Computer simulations with different pack-

ages (Fluka, Geant4 and EGS4) were run in | L.Fernandez-Hernando (CCLRC/DL/ASTeC)R.]. Barlow (UMAN)
order to determine the energy deposition of | A. Bungau (Cockcroft Institute) L. Keller (SLAC) N.K. Watson
an ILC bunch in a spoiler of specified geom- | (CCLRC/RAL/ASTeC)

etry at various depths. The uncertainty in

these predictions is estimated by comparison of their results. Various candidate spoiler designs (geometry, material)
are studied. These shower simulations can be used as inputs to thermal and mechanical studies using programs such
as ANSYS.

Collimation Optimisation in the Beam Delivery System of the International Linear Col-
lider

The collimation systems of the International

Linear Collider (ILC) beam delivery system | E. Jackson (CCLRC/DL/ASTeC)

(BDS) must perform efficient removal of halo

particles which lie outside the acceptable ranges of energy and spatial spread. An optimisation strategy is developed
to improve the performance of the BDS collimation system. Primary considerations are the phase relationships
between collimation systems and the final focus, and the overall bandwidth of the system.

Progress towards Crab Cavity Solutions for the ILC

In order to achieve acceptable luminosity for

ILC crossing angles greater than a few mrad, | G. Burt, A.C. Dexter (Cockcroft Institute) C.D. Beard, P. Goudket
RF deflection cavities must be used to rotate | (CCLRC/DL/ASTeC) L. Bellantoni (Fermilab)

electron and position bunches leading up to

the IP. A bunch that passes through a deflection cavity at a phase where the deflection averages to zero receives a crab
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kick leading to a finite rotation at the IP. For a beam energy of 500GeV and a crossing angle of 20mrad, the required
crab kick is about 19.5MV at 1.3GHz and 6.5MV at 3.9GHz. Cavities are needed on both beams and are likely to be
positioned about 12m before the IP. Any RF phase error between the bunch and the cavity leads to a deflection of
the bunch in addition to a rotation of the bunch. Any differential phase error between the cavities leads to differing
deflections and consequential loss in luminosity. Collaborative work with FNAL, being undertaken to develop a
variant of their 3.9GHz CKM cavity optimised for an ILC solution, is described. Current analysis favours a solution
with four nine-cell cavities on each beam. It is anticipated that the cavities will be run CW and driven from small
Klystron/s (< 5kW) or solid state amplifiers.*

*We would like to thank Chris Adolphsen, SLAC, for his help in technical discussions, which were greatly appreciated.

The Stimulated Breit-Wheeler Process as a Source of Background e*e™ Pairs at the ILC

Passage of beamstrahlung photons through
AF. Hartin, A E. Hartin (OXFORDphysics) the bunch fields at the interaction point of the
ILC determines background pair production.
The number of background pairs per bunch crossing due to the Breit-Wheeler, Bethe-Heitler and Landau-Lifshitz
processes is well known. However the Breit-Wheeler process also takes place in and is modified by the bunch fields.
A full QED calculation of this Stimulated Breit-Wheeler process reveals cross section resonances due to the virtual
particle reaching the mass shell. The one loop Electron Self energy in the bunch field is also calculated and included
as a radiative correction. The bunch field is considered to be a contant crossed electromagnetic field with associated
bunch field photons. Resonance is found to occur whenever the energy of contributed bunch field photons is equal
to the beamstrahlung photon energy. The Stimulated Breit-Wheeler cross section exceeds the ordinary Breit-Wheeler
cross section by several orders of magnitude and a significantly different pair background may result.

The 2mrad Crossing Angle Interaction Region and Extraction Line

A complete optics design for the 2mrad cross-

R. Appleby (UMAN) D.A -K. Angal-Kalinin (CCLRC/DL/ASTeC)  ing angle interaction region and extraction

P. Bambade, X. Dadoun (LAL) J. Carter (Royal Holloway, University = line was presented at Snowmass 2005. Since

of London) L. Keller, K. C. Moffeit, Y. Nosochkov, A. Seryi, CM. thistime, the design task force has been work-

Spencer (SLAC) O. Napoly (CEA) B. Parker (BNL) ing on developing and improving the perfor-

mance of the extraction line. The work has

focused on optimising the final doublet parameters and on reducing the power losses resulting from the disrupted

beam transport. In this paper, the most recent status of the 2mrad layout and the corresponding performance are
presented.

Benchmarking of Tracking Codes (BDSIM/DIMAD) using the ILC Extraction Lines

The study of beam transport is of central im-

R. Appleby (UMAN) P. Bambade, X. Dadoun (LAL) A. Ferrari (UU/  portance to the design and performance as-
ISV) sessment of modern particle accelerators. In
this work, we benchmark two contemporary

codes - DIMAD and BDSIM, the latter being a relatively new tracking code and built within the framework of
GEANT4. We consider both the 20mrad and 2mrad extraction lines of the International Linear Collider and perform
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disrupted beam tracking studies of heavily disrupted post-collision electron beams. We find that the two codes in
most cases give an equivalent description of the beam transport.

The Charged Beam Dumps for the International Linear Collider

The baseline configuration of the Interna-

tional Linear Collider requires2beam dumps | R. Appleby (UMAN) J.R.J. Bennett, T.A. Broome (CCLRC/RAL/
per interaction region, each rated to 18MW of | ASTeC) C. Densham (CCLRC/DL) H. Vincke (CERN)

beam power, together with additional beam

dumps for tuning purposes and machine protection. The baseline design uses high pressure moving water dumps,
first developed for the SLC and used in the TESLA design, although a gas based dump is also being considered. In
this paper we discuss the progress made by the international community on both physics and engineering studies for
the beam dumps.

A Laser-wire System at the ATF Extraction Line

A new laser-wire system has been installed

at the ATF extraction line at KEK, Tsukuba. S.T. Boogert, G.A. Blair, G.E. Boorman, A. Bosco, L. Deacon, C.
The system aims at a micron-scale laser spot | Driouichi (Royal Holloway, University of London) A. Aryshev, H.
size and employs a mode-locked laser sys- | Hayano, V. Karataev, K. Kubo, N. Terunuma, J. Urakawa (KEK) A.
tem. The purpose-built interaction chamber, | Brachmann, J.C. Frisch, M.C. Ross (SLAC) N. Delerue (JAI) S. Dixit,
light delivery optics, and lens systems are | EB.Foster, G.F. Gannaway, D.E. Howell, Q.M. Qureshi, A. Reichold,
described, and the first results are presented. | R.Senanayake (OXFORDphysics) L.J. Jenner (Cockcroft Institute) T.

Kamps (BESSY GmbH)

A Study of Laser System Requirements for Application in Beam Diagnostics and Po-
larimetry at the ILC

Advanced laser systems will be essential for

a range of diagnostics devices at the ILC. | S. Dixit, N. Delerue, K.J. Peach (JAI) G.A. Blair, S.T. Boogert, G.E.
High average power, excellent stability and | Boorman, A. Bosco, C. Driouichi (Royal Holloway, University of
reliability will be crucial in order to deliver | London) A. Brachmann, J.C. Frisch, M.C. Ross (SLAC) F.B. Foster,
the information required to attain the nec- | D.E Howell, Q.G. Quelch, Q.M. Qureshi, A. Reichold (OXFORD-
essary ILC luminosity. The key parameters | physics) G.J. Hirst, I. N. Ross (CCLRC/RAL) V. Soskov, V. Variola,
are listed together with the R&D required | Z.E Zomer (LAL) J. Urakawa (KEK)

to achieve the necessary laser system perfor-

mance.
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Simulation of the ILC Collimation System Using BDSIM, MARS15 and STRUCT

The simulation codes STRUCT, MARS15 and

J. Carter, I.V. Agapov, G.A. Blair, L. Deacon (Royal Holloway, = BDSIM are used to simulate in detail the col-
University of London) A.l. Drozhdin, N.V. Mokhov (Fermilab) Y.  limation section of the ILC. A comparative
Nosochkov, A. Seryi (SLAC) study of the collimation system performance
is performed, and the key radiation loads are

calculated. Results for the latest ILC designs are presented together with their implications for future design iterations.

Higher Order Mode Study of Superconducting Cavity for ILC Baseline

The superconducting cavity of ILC baseline
K. Watanabe (GUAS/AS) H. Hayano, E. Kako, S. Noguchi, T.  shape is being developed at KEK-STF (Su-
Shishido (KEK) perconducting RF Test Facility). The Higher
Order Mode (HOM) of the cavity is one study
item for the development. The purpose of the HOM study is further optimization of TTF HOM coupler and mea-
surement of the HOM field distribution and the polarization of the main dipole modes. The result will be applied
to HOM readings of beam induced signal for the purpose of cavity offset position and angle of axis measurement
relative to the beam. We tried to improve of TESLA-type HOM coupler for more small size and relaxation of second
stop-band. The cold-model coupler was made, and the RF characteristic was measured. After HOM couplers welded
to the KEK Baseline nine-cell SC cavity, Qext of fundamental mode and each HOM,, field pattern of each HOM and
polarization of dipole modes were measured by the network analyzer. The results of the improved HOM coupler are
presented.

Experimental Comparison at KEK of High Gradient Performance of Different Single Cell
Superconducting Cavity Designs

We have performed a series of vertical tests
E. Furuta, Y. Higashi, T. Higo, L.H. Inoue, S. Kazakov, Y. Kobayashi,  of three different designs of single cell Nio-
H. Matsumoto, Y. Morozumi, R.S. Orr, T. Saeki, K. Saito, K. Ueno,  bium superconducting cavities at 2 degrees
H. Yamaoka (KEK) J.S. Sekutowicz (DESY) Kelvin. These tests aimed at establishing that
an accelerating gradient of 45 MV/m could
be reached in any of the designs, while using the standard KEK surface preparation. The designs tested were the Cor-
nell re-entrant shape (RE), the DESY /KEK low loss shape (LL), and the KEK ICHIRO series. The cavities underwent
surface preparation consisting of centrifugal barrel polishing, light chemical polishing, electropolishing, and finally a
high pressure water rinse. All three kinds of cavities were used in a series of vertical tests to investigate details of the
surface treatment. When using ultra-pure water for the high pressure rinse, the LL cavity reproducibly exceeded a
gradient of 45 MV /m, the RE design reproducibly reached a gradient of between 50 MV /m and 52 MV /m, and three
of the six ICHIRO cavities reached a gradient of between 45 MV/m and 49 MV /m.
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Experience with a Zero Impedance Vacuum Flange at He Super-Leak Temperature for the
ILC

Several tens of thousands of vacuum flanges

will be used in the construction of the ILC.So | H. Matsumoto, F. Furuta, I.H. Inoue, K. Saito, S.N. Sakamoto, K.
the reliability and large scale reproducibility | Ueno (KEK)

of these elements are important issue. To

arrive at a standardized vacuum flange, a new design of a unisex flange has been developed. This important
component has to serve in two roles at He-super-leak temperature; both as an rf seal and as a vacuum seal. We
chose the unisex type with a 90-degree sharp edge forming the seal. The design is a modification of the DESY
S-band rectangular waveguide flange. The variation in flatness between the flange and gasket along the inside wall is
within 50 micrometer. This should present zero impedance for a bunched beam and for rf power. The He-super-leak
performance was measured using the "build up method", i.e.the test was carried out for three hours at 2 degrees
Kelvin. The measured He leak rate was below 11013 Atm*cc/sec for a test flange after three successive tests. We
describe the design concept and the operational experience at various rf frequencies. These span the frequency range
corresponding to warm and cold accelerators.

Series Test of High-gradient Single-cell Superconducting Cavity for the Establishment of
KEK Recipe

We have performed a series of vertical tests

of single cell Niobium superconducting cav- | T. Saeki, F. Furuta, Y. Higashi, T. Higo, S. Kazakov, H. Matsumoto,
ities at 2 degrees Kelvin. These tests aimed at | ¥. Morozumi, K. Saito, N. Toge, K. Ueno, H. Yamaoka (KEK) M.Q.
establishing the feasibility of reaching an ac- | Ge (IHEP Beijing) K. Kim (Kyungpook National University) R.S.
celerating gradient of 45 MV /m on a routine | Orr (University of Toronto)

basis. The cavity profiles were all of the KEK

low loss design and were fabricated from deep drawn Niobium half shells using electron beam welding. The cavity
surface preparation followed an established KEK procedure of centrifugal barrel polishing, light chemical polishing,
high temperature annealing, electropolishing, and finally a high pressure water rinse. Of the six cavities tested, three
exceeded 45 MV /m on the first test. This clearly establishes the feasibility of this gradient. In this paper we describe
these tests and our future program for optimising the surface preparation.

Resonant Kicker System for Head-on-collision Option of Linear Collider

The separation of incoming and outgoing

(electron and positron) beams at the interac- | Y. Iwashita (Kyoto ICR)

tion point of a linear collider is investigated

using a resonant kicker system. It should enable head-on-collisions at the interaction point with the use of staggered
passing times for each bunch at certain locations. Magnetic core materials for such a resonant kicker with a frequency
of 6MHz are under investigation. Such a kicker system should minimize the perturbation of the incoming bunch
with a finite bunch length, while it kicks the outgoing bunch by more than 1 millirad. Various arrangements of such
kickers along the beamlines are discussed.
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Design of a Strip-line Extraction Kicker for CTF3 Combiner Ring

The new CLIC test facility (CTF3) is the latest

I. Rodriguez, E. Toral (CIEMAT) L. Garcia-Tabarés (CEDEX) A.  stage to prove the technical feasibility of the

Ghigo, F. Marcellini (INFN/LNF) CLIC project. An extraction kicker is neces-

sary for the combiner ring, and it will be a

strip-line type device due to lower coupling impedances and straightforward fabrication. The field uniformity to-

gether with a correct beam dynamics are the most challenging issues of this design. The main parameters of the

kicker are analytically calculated using standard analytic formulae. The numeric modelling and simulation of several

possible straight sections are reported, and the characteristic impedance is matched with the 50 Q) load. The field

homogeneity, the kick angle and the scattering parameters are calculated in a 3D finite element model. Several
manufacturing issues for the first prototype are also outlined.

First Design of a Post Collision Line for CLIC at 3 TeV

As part of the Post collision diagnostic task

V.G. Ziemann, T. J. C. Ekelof, A. Ferrari (UU/ISV) P. Eliasson  of the ILPS work-package of EurcTeV we dis-

(CERN) cuss a design of the beam line between the in-

teraction point and the beam dump for CLIC

with a center-of-mass energy of 3 TeV. The design is driven by the requirement to transport the beam and all secon-

daries such as beamstrahlung and coherent pairs to the beam dump with minimal losses. Moreover, we discuss the

integration of novel diagnostic methods into the post collision beam line based on the detection of coherent pairs and
monitoring the beam profile of the primary beam.

Efficient Collimation and Machine Protection for the Compact Linear Collider

We present a new approach to machine pro-

R.W. Assmann, F. Zimmermann (CERN) tection and collimation in CLIC, separating

these two functions: If emergency dumps in

the linac protect the downstream beam line against drive-beam failures, the energy collimation only needs to clean
the beam tails and can be compact. Overall, the length of the beam delivery system is significantly reduced.

Commissioning Status of the CTF3 Delay Loop

The CLIC Test Facility CTF3, built at CERN

R. Corsini, S. Doebert, E. Tecker, P. Urschiitz (CERN) D. Alesini, C. by an international collaboration, aims at

Biscari, B. Buonomo, A. Ghigo, F. Marcellini, B. Preger, M. Serio, A.  demonstrating the feasibility of the CLIC

Stella (INFN/LNE) scheme by 2010. In particular, one of the

main goals is to study the generation of high-

current electron pulses by interleaving bunch trains in delay lines and rings using transverse RF deflectors. This will

be done in the 42 m long delay loop, built under the responsibility of INFN/LNF, and in the 84 m long combiner ring

that will be installed in 2006. The delay loop installation was completed, and its commissioning started at the end of
2005. In this paper the commissioning results are presented, including the first tests of beam recombination.
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Luminosity Tuning at the Interaction Point

Minimisation of the emittance in a linear col-

lider is not enough to achieve optimal perfor- | P. Eliasson, M. Korostelev, D. Schulte, R. Tomas, F. Zimmermann
mance. For optimisation of the luminosity, | (CERN)

tuning of collision parameters such as angle,

offset, waist, etc. is needed, and a fast and reliable tuning signal is required. In this paper tuning knobs are presented,
and their optimisation using beamstrahlung as a tuning signal is studied.

Investigations of DC Breakdown Fields

The need for high accelerating gradients for

the future 30 GHz multi-TeV e*e™ Compact | T. Ramsvik, S. Calatroni, A. Reginelli, M. Taborelli (CERN)

Linear Collider (CLIC) at CERN has trig-

gered a comprehensive study of DC breakdown fields of metals in UHV. The experimental setup is based on a
capacitor discharge across a gap junction. The simple design and fully automated computer control enable break-
down fields and dark current of numerous materials to be measured. The study shows that Mo, W and Ti reach
high breakdown fields, and are thus good candidates for the iris material of CLIC structures. For untreated Mo the
breakdown field is higher than Cu but the conditioning speed is slower. Ti, on the other hand, shows acceptable
conditioning speeds, but material erosion makes this solution problematic. Feasible solutions to increase the spark
conditioning speed for the case of Mo are presented together with attempts to prevent Ti erosion. For some of the
materials studied a significant reduction in the saturated breakdown field was observed upon gas exposure during
intensive spark conditioning. As an example, a 50% decrease of the breakdown field of Mo is recorded when spark
conditioning is carried out in an environment of 10 mbar air.

Effects of Wake Fields in the CLIC BDS

The wake fields due to collimators in the

Beam Delivery System of CLIC are modeled | G.Rumeolo, A. Latina, D. Schulte (CERN)

using a conventional approach. According

to the chosen ranges of parameters, differences in the transverse kicks due to both the geometric and resistive wall
components for different regimes are highlighted (inductive or diffractive for the geometric wake fields, short- or
long-range, ac or dc for the resistive wall wake fields). A module for particle tracking along the BDS including the
effect of wake fields has been introduced in PLACET, and the first tracking results are shown.

Progress on the CTF3 Test Beam Line

In CLIC, the RF power to accelerate the main

beam is produced by decelerating a drive | D.Schulte,S. Doebert, G. Rumolo, I. Syratchev (CERN) D. Carrillo
beam. The test beamline (TBL) of the CLIC | (CIEMAT)

test facility (CTF3) is designed to study and

validate the stability of the drive beam during deceleration. This is one of the R&D items required from the Inter-
national Linear Collider Technical Review Committee to demonstrate feasibility of CLIC. It will produce 30 GHz rf
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power in the GW range and allow to benchmark computer codes used for the CLIC decelerator design. Different
options of this experimental beam line are discussed.

Study of an ILC Main Linac that Follows the Earth Curvature

In the base line configuration, the tunnel of

D. Schulte, P. Eliasson, A. Latina (CERN) E. Poirier, N.J. Walker  the ILC will follow the earth curvature. The

(DESY) emittance growth in a curved main linac has

been studied, including static and dynamic

imperfections. These include effects due to current ripples in the power supplies of the steering coils, the impact of
the beam position monitor scale errors.

A Study of Failure Modes in the ILC Main Linac

Failures in the ILC can lead to beam loss or

D. Schulte, P. Eliasson, A. Latina (CERN) Eckhard. Elsen, D. even damage the machine. Also failures that

Kruecker, F. Poirier, N.J. Walker, G.X. Xia (DESY) do not lead to beam loss can affect the lumi-

nosity performance, in particular since some

time is required to recover from them. In the paper a number of different failures is being investigated and the impact
on the machine performance is being studied.

CLIC Final Focus Studies

The design of the CLIC final focus system is

R. Tomas, H.-H. Braun, D. Schulte, F. Zimmermann (CERN) based on the local compensation scheme pro-

posed by P. Raimondi and A. Seryi. However,

there exist important chromatic aberrations that deteriorate the performance of the system. This paper studies the

optimization of the final focus based on the computation of the high orders of these aberrations using MAD-X and

PTC. The use of octupole doublets to reduce the size of the halo in the locations with aperture limitations is also
discussed.

Beam Dynamics and First Operation of the Sub-harmonic Bunching System in the CTF3
Injector

The CLIC Test Facility CTF3, built at CERN

P. Urschiitz, H.-H. Braun, G. Carron, R. Corsini, S. Doebert, T. by an international collaboration, aims at

Lefevre, G. McMonagle, J. Mourier, ].P.H. Sladen, E. Tecker, L.  demonstrating the feasibility of the CLIC

Thorndahl, C.P. Welsch (CERN) scheme by 2010. The CTF3 drive beam gener-

ation scheme relies on the use of a fast phase

switch of a sub-harmonic bunching system in order to phase-code the bunches. The amount of charge in unwanted

satellite bunches is an important quantity, which must be minimized. Beam dynamics simulations have been used

to study the problem, showing the limitation of the present CTF3 design and the gain of potential upgrades. In

this paper the results are discussed and compared with beam measurements taken during the first operation of the
system.
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Beam Dynamic Studies and Emittance Optimization in the CTF3 Linac at CERN

Small transverse beam emittances and well-

known lattice functions are crucial for the 30 | P. Urschiitz, H.-H. Braun, R. Corsini, S. Doebert, F. Tecker (CERN)
GHz power production in the Power Extrac- | A. Ferrari (UU/ISV)

tion and Transfer Structure (PETS), and for

the commissioning of the delay loop of the CLIC Test Facility 3 (CTF3). Following beam-dynamics-simulation results,
two additional solenoids were installed in the CTFE3 injector in order to improve the emittance. During the runs in
2005 and 2006, an intensive measurement campaign to determine Twiss parameters and beam sizes was launched.
The results obtained by means of quadrupole scans for different modes of operation suggest rms emittances well
below the nominal (100 pi mm mrad) and a convincing agreement with PARMELA simulations.

A High-gradient Test of a 30 GHz Molybdenum-iris Structure

The CLIC study is investigating a number

of different materials as part of an effort to | W.Wuensch, C. Achard, H.-H. Braun, G. Carron, R. Corsini, S. Doe-
find ways to increase achievable accelerat- | bert, R. Fandos, A. Grudiey, E. Jensen, T. Ramsvik, J.A. Rodriguez,
ing gradient. So far, a series of rf tests have | J.PH. Sladen, 1. Syratchev, M. Taborelli, E. Tecker, P. Urschiitz, I.
been made with a set of identical-geometry | Wilson (CERN) H. Aksakal (Ankara University, Faculty of Sciences)
structures: a tungsten-iris 30 GHz structure, | O.M. Mete (Ankara University, Faculty of Engineering)

a molybdenumd-iris 30 GHz structure and a

scaled molybdenum-iris X-band structure. A second molybdenume-iris 30 GHz structure of the same geometry has
now been tested in CTF3 with pulse lengths up to 350 ns. The new results are presented and compared to those of the
previous structures to determine dependencies of quantities such as accelerating gradient, material, frequency, pulse
length, power flow, conditioning rate and breakdown rate.

The Progress in Developing Superconducting Third Harmonic Cavity

XFEL and TTF facilities are planning to use

section with a few third harmonic cavities | N. Solyak, H. Edwards, M. Foley, .G. Gonin, E.R. Harms, T.K.
(3.9GHz) upstream of the bunch compressor | Khabiboulline, D.V. Mitchell, D.O. Olis, A.M. Rowe (Fermilab)

to improve beam performances [1-2]. Fermi-

lab is developing superconducting third harmonic section for TTFII upgrade. This section will include four cavities
equiped with couplers and blade tuners, installed in cryostat. Up to now, two cavities are complete and one of them
is under test. The status of the cavity development and preliminary test results are presented in the paper.

Collimators for ILC

We considered two types of collimators for

usage in undulator conversion system of ILC. | A.A. Mikhailichenko (Cornell University, Department of Physics)
In the first, the Pyrolytic graphite is used and

it is installed in front of a target; the second one uses InGa alloy in rotating cylinder. The last one installed in front of
undulator. Collimators allow absorption single train on bunches in ILC and enhace the photon polarization.

123

MOPLS102

MOPLS103

MOPLS104

MOPLS105



MOPLS107 MOPLS106

MOPLS110 MOPLS109 MOPLS108

26-Jun-06 16:00 - 18:00

MOPLS — Poster Session

Independent Operation of Electron/Positron Wings of ILC

A.A. Mikhailichenko (Cornell University, Department of Physics)

Test of SC Undulator for ILC

A.A. Mikhailichenko (Cornell University, Department of Physics)

This undulator can be used in ILC positron conversion system.

Liquid Metal Target for ILC

A.A. Mikhailichenko (Cornell University, Department of Physics)

We represent a concept of fast feedback sys-
tem allowing independent operation of elec-
tron-positron wings of ILC.

We represent details of design and results of
test SC 40cm-long undulator having period
10mm and aperture ~8 mm allowing K=0.7.

We considered the Hg target for gamma/
positron conversion suitable for usage in ILC
project. Positron scheme generation with un-

dulator allows usage thin Hg jet confined in profiled duct with rectangular cross-section.

Operational Experience with Undulator for E-166

A.A. Mikhailichenko (Cornell University, Department of Physics)

production. One peculiarity is in usage of Ferrofluid for cooling.

ILC Linac R&D at SLAC

C. Adolphsen (SLAC)

We represent results of operation of 2.54 mm
period, K=0.2, up to 30 Hz undulator used
in E-166 experiment for polarized positron

Since the ITRP recommendation in 2004 to
use superconducting rf technology for a next
generation linear collider, the former NLC

group at SLAC has been actively pursuing a broad range of R&D for this collider (the ILC). In this paper, we review
the progress of those programs relating to linac technology. These include the development of a Marx-style modulator
(120 kV, 120 A, 1.5 ms, 5 Hz) and a 10 MW sheet-beam klystron, construction of an L-band (1.3 GHz) rf source using
a SNS HVCM modulator and commercial klystrons, fabrication and testing of a five-cell L-band cavity prototype for
the ILC positron capture accelerator, high power tests of cavity coupler components, beam tests of prototype S-band
linac beam position monitors and measurements of the magnetic center stability of an ILC prototype superconducting

quadrupole magnet built by the CIEMAT group in Spain.
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Commissioning of the ALTO 50 MeV Electron Linac

The ALTO 50 MeV electron linac is dedicated

to the production of neutron-rich radioactive | J. Lesrel, J. Arianer, M. Arianer, O. Bajeat, ]-M. Buhour, H. Bzyl,
nuclei using the photo-fission process and | E Carrey, M. Chabot, J.-L. Coacolo, T. Corbin, H. Croizet, ].-M.
the optimisation of the target-ion source sys- | Curaudeau, F. Doizon, M. Ducourtieux, ].-M. Dufour, S. Essabaa, D.
tem for SPIRAL 2 and Eurisol projects. A | Grialou, C. Joly, M. Kaminski, H. Lefort, B. Lesellier, G. Magneney,
description of the accelerator consisting in 3 | L. Mottet, Y. Ollivier, C. Planat, M. Raynaud, Y. Richard, A. Said,
Mev injector (old test station of LAL), LIL ac- | A. Semsoum, F. Taquin, C. Vogel (IPN) G. Bienvenu, J-N. Cayla, M.
celerating structure, RF power plant, beam | Desmons (LAL)

line, control system and diagnostics will be

given. Specified and measured beam parameters will be compared to show the performance for the photo-fission and
eventually other applications.

Construction of the Probe Beam Photo-injector of CTF3

The paper describes the HF and dynamic

beam modelling performed onto the 3 GHz | J. Brossard, M. Desmons, B.M. Mercier, C.P. Prevost, R. Roux (LAL)
/ 2,5 cells photo-injector of the future CTF3

(CLIC Test Facility 3) probe beam linac, whose goal is to demonstrate the feasibility of the 30 GHz accelerating sections
in the framework of the CLIC project. The Probe Beam Photo-Injector (PBPI) conception is inspired from the drive
beam photo-injector already designed by LAL (Orsay, France) and actually tested in our laboratory. However, the
design of PBPI has been simplified with respect to the previous because the charge per bunch is 4 times lower and the
number of bunches several orders of magnitude smaller. The internal geometry and the coupling system of the PBPI
have been designed with 2D (SUPERFISH) and 3D (HFSS, ANSYS) codes. A detailed analysis of the dissymmetry
(induced by the coupling system) of the accelerating field component has been performed. Based on the modified
design, PARMELA simulations showed that the technical specifications are fulfilled. The vacuum issue has been also
carefully investigated, and NEG (Non Evaporated Getter) technology has been adopted in order to reach the 1071
mbar pressure inside the structure.

A Spin Rotator for the ILC

A spin rotator featuring an optic axis with

straight vision is presented. This rotator uti- | P.O. Schmid, N.J. Walker (DESY)

lizes three bends, two solenoid pairs and two

correction devices. These correctors, named reflectors, are mandatory for removing the cross plane coupling intro-
duced by the solenoids. It is shown how the solenoids have to be set up to achieve longitudinal IP polarization
taking into account non-zero crossing angles at the interaction region and a linac following the curvature of the earth.
Furthermore, the stability requirements for mechanical and electrical imperfections are analyzed.
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Status Report on the Harmonic Double-sided Microtron of MAMI C

The Mainz Mikrotron MAMI is a cascade of
A. Jankowiak, K. Aulenbacher, O. Chubarov, M. Dehn, H. Eu-  three racetrack microtrons, delivering since
teneuer, E.E. Fichtner, F. Hagenbuck, R.H. Herr, P. Jennewein, K-H. 1991 a high quality 855MeV, 100muA cw elec-
Kaiser, W.K. Klag, H.J. Kreidel, U.L. Ludwig-Mertin, J.R. Rothgen,  tron beam for nuclear and radiation physics
S.S. Schumann, G.S. Stephan, V. Tioukine (IKP) experiments. An energy upgrade of this ma-
chine to 1.5GeV by adding a Harmonic Dou-
ble-Sided Microtron (HDSM)* as a fourth stage is well under way. Here we give a review of the experiences gained
during fabrication and testing of the main components of the HDSM and report the status of its construction. Initial
operation of the machine is expected for the first half of 2006. After a period of commissioning in diagnostic pulse
mode with low beam power (10ns, high intensity bunch trains with a repetition rate of max. 10kHz), soon the first
nuclear physics experiments will be started.
*A. Jankowiak et al. "Design and Status of the 1.5 GeV-Harmonic Double Sided Microtron for MAMI", Proceedings
EPAC2002, Paris, p. 1085.

Tuning Algorithms for the ILC Beam Delivery System

Emittance preservation is an important as-
J.K. Jones (CCLRC/DL/ASTeC) pect in the design and running of the Inter-
national Linear Collider (ILC) with a direct
consequence on the luminosity of the machine. The Beam Delivery System represents a major problem in this respect
as it produces emittance dilution effects that are difficult to correct and that have a direct effect on the emittance as
seen at the interaction point, and thus upon the luminosity of the machine. Tuning algorithms for this section of the
machine rely on the correction of aberrations through the use of linear and higher order knobs, using corrections
magnets distributed throughout the system. Alternative systems are also discussed. The design and implementation
of these tuning algorithms, and their effectiveness in a variety of cases, are investigated and estimates made for
tolerances on a variety of error sources. Simulations results are also presented for models of the ATF-2 accelerator
under development at KEK, with comparisons made to the ILC design.

Magnetic Modelling of a Short-period Superconducting Helical Undulator for the ILC
Positron Source

A positron source utilising undulators is now
J. Rochford, E. Baynham, T.W. Bradshaw, ES. Carr (CCLRC/RAL/  defined as the baseline option for the Interna-
ASTeC) LR. Bailey, L.I. Malysheva (Cockcroft Institute) D.P. Bar-  tional Linear Collider (ILC). The ILC requires
ber (DESY) A.J. Brummitt, Y. Ivanyushenkov (CCLRC/RAL) J.A.  a short period undulator, as close to 10mm
Clarke, O.B. Malyshev, D.J. Scott (CCLRC/DL/ASTeC) P. Cooke, as possible, that is capable of producing 10
J.B. Dainton (Liverpool University, Science Faculty) G.A. Moortgat- MeV photons. The HeliCal collaboration in
Pick (Durham University) the UK has undertaken a programme to de-
sign, develop and produce a prototype un-
dulator. As part of the programme, the group has used the OPERA software package to perform the magnetic design
of the undulator. The design has addressed several issues, including the effect of magnetic material for the undulator
former, optimal winding geometry, the magnetic flux inside the superconductor and its variation with undulator
period and the winding bore. This paper summarizes the results of both the 2d and the 3d magnetic simulations.
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Mitigation of Emittance Dilution due to Transverse Mode Coupling in the L-band Linacs
of the ILC

The main L-band linacs of the ILC accelerate

2820 bunches from a center of mass of 10 | R.M. Jones, R.M. Jones (UMAN) R.H. Miller (SLAC)

GeV to 500 GeV (and in the proposed later

upgrade, to 1 TeV). The emittance of the vertical plane is approximately 400 times less than that of the horizontal
plane. Provided the vertical and horizontal mode dipole frequencies are degenerate, then the motion in each plane
is not coupled. However, in reality the degeneracy will more than likely be removed with the eigen modes lying
in planes rotated from the x and y planes due to inevitable manufacturing errors introduced in fabricating 20,000
cavities. This gives rise to a transverse coupling in the horizontal-vertical motion and can readily lead to a dilution
in the emittance in the vertical plane. We investigate means to ameliorate this emittance dilution by splitting the
horizontal-vertical tune of the lattice.

The DAFNE Beam Test Facility: from 1 to 10 Milliards of Particles

The DAFNE Beam Test Facility is operat-

ing since 2002, providing electrons, positrons | G. Mazzitelli, B. Buonomo, L. Quintieri (INFN/LNF) P. Valente
and photons from the single particle up to | (INFN-Roma)

1010 particleS per spill and from 20 to 750

MeV. During these years, the facility has hosted tens of high energy test and experiments coming from all Europe,
operating in a wide spread of multiplicity and energy. Operation performance and parameters, tools and diagnostics,
as well as the main results obtained, are presented.

Design of the ILC Prototype FONT4 Digital Intra-train Beam-based Feedback System

We report on the design and initial testing

of the 4th generation Feedback on Nanosec- | P. Burrows (Queen Mary University of London) G.B. Christian, H.
ond Timescales (FONT) prototype intra-train | Dabiri Khah, A.F. Hartin, G.R. White (JAI) C.C. Clarke, C. Perry (OX-
beam-based feedback system for beam con- | FORDphysics) A. Kalinin (CCLRC/DL/ASTeC) D.J. McCormick, S.
trol and luminosity optimisation at the Inter- | Molloy, M.C. Ross (SLAC)

national Linear Collider (ILC). FONT4 com-

prises a fast-analogue front-end BPM signal processor, with an FPGA-based digital feedback processor and a fast-
risetime kicker-driver amplifier. The system is being designed with a total latency budget (including signal propa-
gation delays) of about 140ns. FONT4 will be deployed at the Accelerator Test Facility (ATF) at KEK, where it will
be tested with the electron bunchtrain extracted from the ATF damping ring. The bunches will have a spacing of c.
150ns, chosen to match the ILC design. We report the results of initial beam tests of the system components. We aim
to demonstrate feedback, with delay-loop operation, on this ILC-like bunchtrain.
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Performance of the FONT3 Fast Analogue Intra-train Beam-based Feedback System at ATF

We report on the design and testing of
P. Burrows (Queen Mary University of London) G.B. Christian,  the 3rd generation Feedback On Nanosec-
AF. Hartin, H.D. Khah, G.R. White (JAI) C.C. Clarke, C. Perry (OX-  ond Timescales (FONT) prototype intra-train
FORDphysics) A. Kalinin (CCLRC/DL/ASTeC) D.J. McCormick,S.  beam-based feedback system for beam con-
Molloy, M.C. Ross (SLAC) trol and luminosity optimisation at the Inter-
national Linear Collider (ILC). The all-ana-
logue FONT3 electronics was designed to have an ultra-short latency of c. 10ns. We describe the design of the BPM
signal processor, feedback circuit and kicker-driver amplifier. We report on deployment of FONT3 at the Acceler-
ator Test Facility (ATF) at KEK, where it was tested with the 56ns-long electron bunchtrain extracted from the ATF
damping ring. Feedback, with delay-loop operation, on the beam was demonstrated with a latency close to design.
We comment on the applicability of this technology to ILC, as well as future warm-RF based linear colliders, such as
CLIC.

The KEK Injector Upgrade for the Fast Beam-Mode Switch

The KEK linac is a 600-m-long linear acceler-

M. Satoh (KEK) ator with maximum energy 8-GeV electron

and 3.5-GeV positron, and it is used as an

injector for 4-rings (KEKB e-/ e+, PF, PF-AR). To increase the operation efficiency, we have an injector upgrade plan

for the quasi-simultaneous injection. In this paper, we will present the operation scheme and the construction of a
new beam transport line in detail.

Status of the Fatigue Studies of the CLIC Accelerating Structures

The need for high accelerating gradients for
S.T. Heikkinen, S.T. Heikkinen (HUT) S. Calatroni, H. Neupert, W.  the future Compact Linear Collider imposes
Wauensch (CERN) considerable constraints on the materials of
the accelerating structures. The surfaces ex-
posed to high pulsed RF currents are subjected to cyclic thermal stresses possibly resulting in surface break up by
fatigue. Since no fatigue data exists in the literature up to very large numbers of cycles, a comprehensive study has
been initiated. Low cycle fatigue data (up to 108 cycles) has been collected by means of a pulsed laser surface heating
apparatus. The surface damage has been characterized by SEM observations and roughness measurements. High
cycle fatigue data (up to 10! cycles) at various stress ratios have been collected in high frequency bulk fatigue tests
using an ultrasonic apparatus. It is found that the appearance of surface fatigue damage in the laser experiments,
and of fatigue cracks in the bulk specimen, happen at similar stress levels for similar numbers of cycles. This allows
the two experimental techniques to be connected and to predict the surface damage at a high number of cycles. Up-
to-date fatigue data for selected high conductivity, high strength Cu alloys are presented.
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Integration of the PHIN RF Gun into the CLIC Test Facility

CERN is a collaborator within the European

PHIN project, a joint research activity for | S.Doebert (CERN)

Photo injectors within the CARE program.

The scope of this project is to build an RF Gun equipped with high quantum efficiency Cs2Te cathodes and a laser
to produce the nominal beam for the CLIC Test Facility (CTF3). The nominal beam for CTF3 has an average current
of 3.5 A, 1.5 GHz bunch repetition frequency and a pulse length of 1.5 us (2310 bunches) with quite tight stability
requirements. In addition a phase shift of 90 deg is needed after each train of 140 ns for the special CLIC combination
scheme. This RF Gun will be tested at CERN in fall 2006 and should be integrated as a new injector into the CTF3
linac, replacing the existing injector consisting of a thermionic gun and a subharmonic bunching system. The paper
studies the optimal integration into the machine trying to optimize transverse and longitudinal phase space of the
beam while respecting the numerous constraints of the existing accelerator. The presented scheme uses emittance
compensation and velocity bunching to fulfill the requirements.

Implications of a Curved Tunnel for the Main Linac of CLIC

Preliminary studies of a linac that follows the

earth’s curvature are presented for the CLIC | A. Latina, D. Schulte (CERN) P. Eliasson (Uppsala University)

main linac. The curvature of the tunnel is

modeled in a realistic way by use of geometry changing elements. The emittance preservation is studied for a perfect
machine as well as taking into account imperfections. Results for a curved linac are compared with those for a laser-
straight machine.

Preliminary Studies of Ion Effects in ILC Damping Rings

Ion effects are potentially detrimental to the

performance of the damping rings for the In- | G.X. Xia, Eckhard. Elsen (DESY)

ternational Linear Collider (ILC). In this pa-

pet, the ion effects in the damping rings of ILC are briefly reviewed. Fast beam-ion instability (FBII) is studied in
the linear regime. The growth rates and the beam blowups due to FBII are analytically calculated and compared for
two variants of the ILC damping ring designs (OCS and TESLA) and discussed as a function of the vacuum pressure.
Finally, some detailed simulation results are also presented.

Minimizing Emittance for the CLIC Damping Ring

The CLIC damping rings aim at unprece-

dented small normalized equilibrium emit- | H.-H. Braun, M. Korostelev, D. Schulte, F. Zimmermann (CERN)
tances of 3.3 nm vertical and 550 nm hori- | E.B. Levitchev, PA. Piminov, S.V. Sinyatkin, P. Vobly, K. Zolotarev
zontal, for a bunch charge of 2.6 10° particles | (BINP SB RAS)

and an energy of 2.4 GeV. In this parameter

regime the dominant emittance growth mechanism is intra-beam scattering. Intense synchrotron radiation damping
from wigglers is required to counteract its effect. Here the overall optimization of the wiggler parameters is de-
scribed, taking into account state-of-the-art wiggler technologies, wiggler effects on dynamic aperture, and problems
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of wiggler radiation absorption. Two technical solutions, one based on superconducting magnet technology and the
other on permanent magnets, are presented. Although dynamic aperture and tolerances of this ring design remain
challenging, benefits are obtained from the strong damping. Only bunches for a single machine pulse need to be
stored, making injection/extraction particularly simple and limiting the synchrotron-radiation power. With a 360 m
circumference, the ring remains comparatively small.

Correction of Vertical Dispersion and Betatron Coupling for the CLIC Damping Ring

The sensitivity of the CLIC damping ring to

M. Korostelev, F. Zimmermann (CERN) various kinds of alignment errors have been

studied. Without any correction, fairly small

vertical misalignments of the quadrupoles and, in particular, the sextupoles, introduce unacceptable distortions of

the closed orbit as well as intolerable spurious vertical dispersion and coupling due to the strong focusing optics

of the damping ring. A sophisticated beam-based correction scheme has been developed to bring the design target

emittances and the dynamic aperture back to the ideal value. The correction using dipolar correctors and several

skew quadrupole correctors allows a minimization of the closed-orbit distortion, the cross-talk between vertical and
horizontal closed orbits, the residual vertical dispersion and the betatron coupling.

Ion Effects in the Damping Rings of ILC and CLIC

We discuss ion trapping, rise time of the fast

F. Zimmermann, W. Bruns, D. Schulte (CERN) beam-ion instability, and ion-induced inco-

herent tune shift for various incarnations of

the ILC damping rings and for CLIC, taking into account the different regions of each ring. Analytical calculations
for ion trapping are compared with results from a new simulation code.

Tracking Studies to Determine the Required Wiggler Aperture for the ILC Damping Rings

The injection efficiency of an ILC damping

I. Reichel (LBNL) A. Wolski (Liverpool University, Science Faculty)  ring is closely tied to its acceptance. To max-

imize both, one wants a physical aperture as

large as possible in the wiggler magnets, as these are the limiting physical apertures in the ring. On the other hand,

a small aperture in the wiggler magnets is needed to achieve the required field profile, a high magnetic field that is

very linear over the whole physical aperture of the magnet. Tracking studies were done for all proposed ILC damping

ring lattices to determine their required apertures. Although a half-aperture of 8 or 10 mm had been proposed, our

studies showed that, for most lattices, a 16 mm half-aperture is required. (For some lattices a 12 mm half aperture

might suffice.) We present here the results of our studies, which led to adopting a 16 mm half-aperture in the current
ILC damping ring baseline design.
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Space Charge and Equilibrium Emittances in Damping Rings

The unusual combination of small beam size

and long ring circumference may cause space | M. Venturini (LBNL) K. Oide (KEK) A. Wolski (Liverpool Univer-
charge to have noticeable effects on the beam | sity, Science Faculty)

dynamics of the ILC (International Linear

Collider) damping rings. One possible consequence is a modification of the vertical equilibrium emittance re-
sulting from a non-ideal lattice. One simple way to account for this effect is to model space charge in the linear
approximation within the framework of Oide’s envelope (or Chao’s matrix) formalism, whis is commonly used to
calculate equilibrium emittances in lepton storage rings. However, this model would likely overestimate the effect
as a linear approximation for space charge is accurate only in a small neighborhood of a bunch center. For a more
accurate modelling, we propose to make use of Sacherer’s envelope equations consisting of a closed set of equations
for the second moments of a beam distribution that account for the nonlinear dependence of the space-charge force.
Here we will illustrate how Sacherer’s equations can be combined with Oide’s formalism and apply the result to the
ILC damping rings.

Choosing a Baseline Configuration for the ILC Damping Rings

The damping rings for the International Lin-

ear Collider must be capable of accepting | A.Wolski (Liverpool University, Science Faculty) J. Gao (IHEP Bei-
large beams from the electron and positron | jing) S. Guiducci (INEN/LNEF)

sources, and producing highly damped

beams meeting demanding stability specifications, at the machine repetition rate of 5 Hz. Between March and
November 2005, a program of studies was undertaken by an international collaboration of 50 researchers to compare
a number of configuration options, including ring circumferences between 3 and 17 km. Here, we outline the studies
and discuss the principal considerations in the choices of the baseline and alternative damping ring configurations.

Tuning Algorithms for the ILC Damping Rings

Emittance preservation is an important as-

pect in the design and running of the Inter- | J.K. Jones (CCLRC/DL/ASTeC)

national Linear Collider with a direct conse-

quence on the luminosity of the machine. One major area of concern is in the damping rings, where the extracted
emittances set the effective lower limits for the rest of the machine. Algorithms for tuning this system have been
investigated, and simulations have been performed to understand the design and implementation issues. The differ-
ent algorithms have been applied to the various damping ring designs, and the effectiveness of each algorithm has
been assessed. A preliminary recommendation of tuning algorithm, and its effectiveness under various conditions,
is given.
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The Proposed Conversion of CESR to an ILC Damping Ring Test Facility

In 2008 the Cornell Electron Storage Ring
M.A. Palmer, R.W. Helms, D. L. Rubin, D. Sagan, ].T. Urban (Cornell ~ (CESR) will end nearly three decades of pro-
University, Laboratory for Elementary-Particle Physics) M. Ehrlich-  viding electron-positron collisions for the
man (University of Minnesota) CLEO experiment. At that time it will be
possible to reconfigure CESR as a damping
ring test facility, CesrTF, for the International Linear Collider (ILC) project. With its complement of 12 damping
wigglers, CesrTF will offer horizontal emittances in the few nanometer range and, ideally, vertical emittances ap-
proaching those specified for the ILC damping rings. An important feature of the CesrTF concept is the ability to
operate with positrons or electrons. Positron operation will allow detailed testing of electron cloud issues critical for
the operation of the ILC positron damping rings. Other key features include operation with wigglers that meet or
exceed all ILC damping ring requirements, the ability to operate from 1.5 to 5.5 GeV beam energies, and the provision
of a large insertion region for testing damping ring hardware. We discuss in detail the Cesr'TF machine parameters,
critical conversion issues, and experimental reach for damping ring studies.

Optimization of CESR-c Superferric Wiggler for the International Linear Collider Damp-
ing Rings

We present the results of an optimization of

J.T. Urban, G. Dugan, M. A. Palmer (Cornell University, Laboratory  the Cornell Electron Storage Ring (CESR) su-

for Elementary-Particle Physics) perferric wiggler for the International Linear

Collider (ILC) damping ring. The superferric

CESR wiggler has been shown to have excellent beam dynamics properties in the ILC damping ring. We reduced the

physical size, and hence cost, of the CESR wiggler with minimal degradation of ILC damping ring beam dynamics.

We will provide a description of the optimized superferric wiggler and show the performance of this wiggler in the
ILC baseline damping ring.

Suppression of Secondary Emission in a Magnetic Field using Sawtooth Surface

The effect of surface roughness on the sec-

L. Wang, T.O. Raubenheimer, G.V. Stupakov (SLAC) ondary electron emission from a sawtooth

surface in a magnetic field under electron

bombardment is investigated using a Monte-Carlo method. Some of the secondary electrons emitted from the

sawtooth surface return to the surface within their first few gyrations, resulting in low effective secondary elec-

tron yield. A sawtooth surface in magnetic field can significantly reduce the secondary emission yield below the
multipacting threshold.
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Tevatron Operational Status and Possible Lessons for the LHC

This talk will provide an overview of the

Tevatron Run II luminosity progress and | V.A. Lebedev (Fermilab)

plans, including SC magnet measurements

and modeling of field errors in view of the LHC operation, electron cooling progress and results, slip-stacking and
optimized use of the injectors for antiproton production, and improvements in the antiproton source.

RHIC Operational Status and Upgrade Plans

Since 2000 RHIC has collided, at 8 energies,

4 combinations of ion species, ranging from | W. Fischer (BNL)

gold ions to polarized protons, and including

the collisions of deuterons with gold ions. During that time the heavy ion luminosity increased by 2 orders of
magnitude, and the proton polarization in store reached 46% on average. Planned upgrades include the evolution
to the Enhanced Design parameters by 2008, the construction of an Electron Beam Ion Source (EBIS) by 2009, the
installation of electron cooling for RHIC II, and the implementation of the electron-ion collider eRHIC. We review the
expected operational performance with these upgrades.

LHC Luminosity and Energy Upgrades

LHC upgrade studies are ongoing as part of

the EU CARE-HHH network and in the US- | W. Scandale (CERN)

LARP collaboration. The aim is a ten-fold

increase of the LHC luminosity by about 2014 and a possible upgrade of the injector complex to inject at 1 TeV
and, at a later stage, to raise the collider energy. This talk will provide an overview of the beam dynamics and
technological challenges associated with the LHC upgrade, including magnet R&D plans, electron cloud and beam-
beam limitations, preferred scenarios to maximize the integrated luminosity, and machine experiments on beam-
beam compensation or crystal collimation.
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Femtosecond Bunch Length Measurements

The measurement of ultrashort longitudi-
S.P. Jamison (CCLRC/DL/ASTeC) G. Berden (FOM Rijnhuizen) nal bunch profiles is of growing importance
W.A. Gillespie, PJ. Phillips (University of Dundee) A. MacLeod to accelerator development and operation.
(UAD) B. Steffen (DESY) With requirements of ~10fs time resolution,
and a desire for non-destructive and real time
diagnostics, the challenges for diagnostic development are significant. Alongside more established transverse de-
flecting cavity and CTR measurement techniques, new approaches arriving from the field of ultrafast lasers offer
significant potential; Ultrafast electro-optic detection has now been demonstrated on several accelerators, and in
many distinct forms, although challenges remain in getting to the desired time resolution. Proposed schemes com-
bining ultrafast laser diagnostics with FEL interactions, such as the "optical replica" scheme also have considerable
potential. Here, an overview of the current status of femtosecond scale longitudinal profile diagnostics will be given,
together with an outlook to the future expectations.

High Precision SC Cavity Alignment Diagnostics with HOM Measurements

Experiments at the TTF at DESY have demon-
J.C. Frisch, L. Hendrickson, J. May, D.J. McCormick, S. Molloy,  strated that the Higher Order Modes induced
M.C. Ross, T.J. Smith (SLAC) N. Baboi, O. Hensler, L.M. Petrosyan  in Superconducting Cavities can be used to
(DESY) N.E. Eddy, S. Nagaitsev (Fermilab) O. Napoly, R. Paparella, provide a variety of beam and cavity diag-
C. Simon (CEA) nostics. The centers of the cavities can be
determined from the beam orbit which pro-
duces minimum power in the dipole HOM modes. The phase and amplitude of the dipole modes can be used as a
high resolution beam position monitor, and the phase of the monopole modes to measure the beam phase relative
to the accelerator RF. Beam orbit feedback which minimizes the dipole HOM power in a set of structures has been
demonstrated. For most SC accelerators, the existing HOM couplers provide the necessary signals, and the downmix
and digitizing electronics are straightforward, similar to those for a conventional BPM.

Developments in Beam Instrumentation and New Feedback Systems for the ILC

This presentation will review the challenging
H. Hayano (KEK) beam properties that need to be measured
and controlled and new diagnostic develop-

ments that address these challenges for ILC beam instrumentation.

134 Chair: M.G. Minty (DESY, Hamburg)
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Present Status of the J-PARC Accelerator

The Japan Proton Accelerator Research Com-

plex (J-PARC) is a joint project of High | H.Kobayashi (KEK)

Energy Accelerator Research Organization

(KEK) and Japan Atomic Energy Agency (JAEA), which started on April 1, 2001. The J-PARC accelerator com-
plex is composed of a 400 MeV proton linac, a 3 GeV Rapid-Cycling Synchrotron (RCS), and a 50 GeV Proton
Synchrotron (MR). A 180-MeV beam ( in the first stage) accelerated by the linac is to be injected into the RCS, and
further accelerated there to 3 GeV. The RCS will operate at 25 Hz, and will provide the Materials and Life Science
Facility (MLF) with a 1-MW beam (600 kW during 180 MeV injection). There are two extraction sections in the MR:
fast extraction for neutrino experiment and slow extraction for the Hadron Facility. A linac beam with a peak current
of 30 mA and an energy of 19.7 MeV was successfully accelerated in Sep. 2004 using the first tank of the Drift Tube
Linac in KEK. Now three accelerators are under installation. The beam commissioning of the linac will start in this
December and those of the RCS and the MR will start in Sep. 2007 and May 2008, respectively. Status of installation
and plan for commissioning run will be presented.

ISIS Upgrades — A Status Report

Since 2002 several accelerator upgrades have

been made to the ISIS spallation neutron | D.J.S. Findlay, D.J. Adams, T.A. Broome, M.A. Clarke-Gayther, P.
source at the Rutherford Appleton Labora- | Drumm, D.C. Faircloth, L.S.K. Gardner, P. Gear, M.G. Glover, S.
tory in the UK, and upgrades are currently | Hughes, H.]. Jones, M. Krendler, A.P. Letchford, E.J. McCarron, S.].
continuing in the form of the Second Target | Payne, C.R. Prior, A. Seville, C.M. Warsop (CCLRC/RAL/ISIS)
Station Project. The paper reviews the up-

grade programmes: a new extraction straight, replacement of the Cockcroft-Walton by an RFQ, installation of a
second harmonic RF system, replacement and upgrading of installed equipment, design and installation of improved
diagnostics in conjunction with beam dynamics simulations, the Second Target Station Project, design and construc-
tion of a front end test stand, and the MICE programme. The paper also looks forward to possible future schemes at
ISIS beyond the Second Target Station Project.
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The ERL High Energy Cooler for RHIC

This talk will first briefly review high-energy

I. Ben-Zvi (BNL) electron cooling, including the recent results

from Fermilab. The main empasis will be on

describing the proposed electron-cooling device for RHIC, based on an Energy Recovery Linac. Finally, results from
the prototype ERL will presented.

Crystal Channelling in Accelerators

This presentation will begin with a descrip-

V.M. Biryukov (IHEP Protvino) tion of the channelling of charged particles

through crystals and the use of the chan-

nelling effect in accelerators etc. Results from use of crystals for beam deflection and extraction from synchrotrons in

Russia, USA and CERN will also be given. Following this the potential advantage of crystals for collimation in high-
energy high-intensity machines will be described.

136 Chair: H. Eickhoff (GSI, Darmstadt)
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FFAG Accelerators and their Applications

This talk will give an introduction to the

FFAG concept and review the present devel- | ¥. Mori (KURRI)

opment of FFAG accelerators. It will also

discuss the use of FFAGs for applications such as hadron therapy, neutron generation, BNCT, ADS, and muon
acceleration.

Chair: H. Danared (MSL, Stockholm) 137
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Development for New Carbon Cancer-therapy Facility and Future Plan of HIMAC

The first clinical trial with carbon beams gen-
K. Noda, T. Fujisawa, T. Furukawa, Y. Iwata, T. Kanai, M. Kanazawa, erated from the HIMAC was conducted in
N. Kanematsu, A. Kitagawa, Y. Kobayashi, M. Komori, S. Minohara,  June 1994. The total number of patients
T. Murakami, M. Muramatsu, S. Sato, E. Takada, M. Torikoshi, S.  treated is now in excess of 2500 as of De-
Yamada, K. Yoshida (NIRS) C. Kobayashi, S. Shibuya, O. Takahashi,  cember 2005. Based on our 10 years of expe-
H. Tsubuku (AEC) Y. Sato, M. Tashiro, K. Yusa (Gunma University, rience with the HIMAC, we have proposed
Heavy-lon Medical Research Center) a new carbon-ion therapy facility for wide-
spread use in Japan. The key technologies of
the accelerator and irradiation systems for the new facility have been developed since April 2004. The new carbon-
therapy facility will be constructed at Gunma University from April 2006. As our future plan for the HIMAC, further,
a new treatment facility will be constructed at NIRS from April 2006. The design work has already been initiated
and will lead to the further development of the therapy with the HIMAC. The facility is connected with the HIMAC
accelerator complex and has two treatment rooms with horizontal and a vertical beam-delivery systems and one room
with a rotating gantry. We will report the development for new carbon therapy facility and the design study for new
treatment facility with the HIMAC.

Design of a Treatment Control System for a Proton Therapy Facility

The IUCF Proton Therapy System (PTS)is de-
J.E. Katuin, ].C. Collins, C. Hagen, W. Manwaring, P. Zolnierczuk = signed by Indiana University and operated
(IUCF) by the Midwest Proton Radiotherapy Insti-
tute (MPRI) to deliver proton radiation treat-
ment to patients with solid tumors or other diseases susceptible to radiation. PTS contains three Treatment Systems,
each consisting of four subsystems: Beam Delivery, Dose Delivery, Patient Positioning and Treatments Control. These
systems are implemented using different operating systems, control software, and hardware platforms. Therefore,
IUCF developed an XML network communication protocol so that subsystems could issue commands to and receive
feedback and status from other subsystems over a local area network (LAN). This protocol was also applied to the
MPRI clinical database used to access patient treatment plans. The treatment control system was designed so that a
single user interface could be used to deliver proton therapy. The use of the XML and the LAN allowed the software
of the treatment control system to be designed such that the various systems are treated as objects with properties
and methods. This approach not only simplified the overall design of the treatment control system, it also simplified
the effort required for software validation, testing, and documentation.

138 Chair: H. Danared (MSL, Stockholm)
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Production of MeV Photons by the Laser Compton Scattering Using a Far Infrared Laser at
SPring-8

In order to produce MeV gamma-ray by

the Laser Compton scattering (LCS), a high | H. Ohkuma, M. Shoji, S. Suzuki, K. Tamura, T. Yorita (JASRI/
power optically pumped Far Infrared (FIR) | SPring-8) Y. Arimoto (Osaka University) M. Fujiwara, K. Kawase
laser has been developed at SPring-8. In the | (RCNP) K. Nakayama, S. Okajima (Chubu University)

case of the SPring-8 storage ring, the momen-

tum acceptance is so large (+ 200 MeV) that the scattered electron is re-accelerated, then the stored beam is not lost
by the LCS process. The beam diagnostics beamline is used to inject a FIR laser beam against 8-GeV stored electron
beam and to extract MeV gamma-ray produced by LCS. The FIR laser system, gamma-ray production system, and
measured gamma-ray spectrum will be presented. Future plans will also be introduced. In order to produce higher
intense gamma-ray, we are constructing new gamma-ray production system at another beamline.

Chair: H. Danared (MSL, Stockholm) 139
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Gantry Design for Proton and Carbon Hadrontherapy Facilities

Using an isocentric gantry improves the effi-

U. Weinrich (GSI) ciency and the flexibility of cancer treatments

with ion beams (hadrontherapy). After an

overview of the constraints imposed to these heavy equipments the gantries constructed for both proton and carbon

ion facilities will be described. Finally, the new studies undertaken to decrease the cost of such equipments will
presented.

Latest Developments on Insertion Devices

A review will be carried out of the develop-
P. Elleaume, J. Chavanne (ESRF) ments on Insertion Devices that have taken
place world wide in the last few years. These
include the development of long period electro-magnet undulators, the operational results of a number of Apple-
II undulators, the development of superconducting short period multipole wigglers, as well as the construction
and operation of several in-vacuum undulators. The construction of a large number of competitive middle energy
synchrotron sources in the hard X-ray range means that the need to increase the photon energy in the fundamental
peak of an undulator is becoming a very important issue. Two main development strategies are currently being
investigated. One consists of using superconducting undulator technology, the other of a further refinement of the
in-vacuum undulator permanent magnet technology with cryogenic cooling of the magnetic assembly. The issues
and challenges that are part of each approach will be presented, together with the latest results.

140 Chair: J.-M. Lagniel (GANIL, Caen)
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A Diagnostic Kicker System as a Versatile Tool for Storage Ring Characterisations

For the BESSY II Synchrotron Light Source

two diagnostic kicker systems including cur- | O. Dressler, J. Feikes, J. Kolbe (BESSY GmbH)

rent pulsers were developed, allowing verti-

cal and horizontal deflection of the stored beam. Synchronised with the revolution trigger, simultaneous pulsing
of the systems kicks the stored beam in any transverse direction with a repetition rate of up to 10 Hz allowing a
wide range of storage ring investigations. Examples are dynamic aperture measurements and frequency map mea-
surements. Special efforts were made to assure the demands of high amplitude and time stability for this kind of
experiments. The technical concept of the systems and the controlling of the measurements are described.

Chair: J.-M. Lagniel (GANIL, Caen) 141
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Radiation Measurements vs. Predictions for SNS Linac Commissioning

Detailed predictions for radiation fields, in-
LI. Popova, F. X. Gallmeier, P. L. Gonzalez, D. C. Gregory (ORNL) = duced inside and outside of the accelerator
tunnel, were performed for each of the SNS
accelerator commissioning stages, from the ion source through the entire LINAC. Analyses were performed for nor-
mal commissioning parameters, for worst possible beam accidents, and for beam fault studies, using the Monte Carlo
code MCNPX. Proper temporary shielding was developed and installed in local areas near beam termination points
(beam stops) and some critical locations, such as penetrations, in order to minimize dose rates in general occupied
areas. Areas that are not full-time occupied and have dose rates above a specified limit during beam accident and
fault studies were properly restricted. Radiation monitoring was performed using real time radiation measurement
devices and TLDs to measure absorbed dose and dose equivalent rates. The measured radiation fields were analyzed
and compared with transport simulations. TLD readings vs. calculations are in a good agreement, generally within
a factor of two difference. A large inconsistency among instrument readings is observed, and an effort is underway
to understand the variations.

First Results of SNS Laser Stripping Experiment

Thin carbon foils are used as strippers for

V.V. Danilov, A.V. Aleksandrov, S. Assadi, J. Barhen, Y. Braiman, charge exchange injection into high intensity

D.L. Brown, W. Grice, S. Henderson, J.A. Holmes, Y. Liu, A.P.  protonrings. However, the stripping foils be-

Shishlo (ORNL) come radioactive and produce uncontrolled

beam loss, which is one of the main factors

limiting beam power in high intensity proton rings. Recently, we presented a scheme for laser stripping of an H™

beam for the SNS ring. First, H™ atoms are converted to HO by a magnetic field, then HO atoms are excited from

the ground state to the upper levels by a laser, and the excited states are converted to protons by a magnetic field.

This paper presents first results of the SNS laser stripping proof-of-principle experiment. The experimental setup is
described, and possible explanations of the data are discussed.

RF Cavity with Co-based Amorphous Core

A compact acceleration cavity has been
M. Kanazawa, T. Misu, A. Sugiura (NIRS) K. Katsuki (Toshiba) developed with new Co-based amorphous
cores, which will be used in a dedicated syn-
chrotron for cancer therapy. This core has high permeability that makes the cavity length short, and the cavity with no
tuning system is possible with low Q-value of about 0.5. An acceleration cavity consists of two units that have a single
acceleration gap at the center, and at the both side of the gap there are quarter wave coaxial resonators. Considering
the requirements for easy operation, a transistor power supply was used instead of commonly used tetrode in the
final stage RF amplifier. Each resonator has maximum impedance about 400? at 3MHz, and has been attached with
1:9 impedance transformer. In the frequency range from 0.4 to 8 MHz, the acceleration voltage of more than 4kV can
be obtained with total input RF power of 8kW. With these performances, the cavity length is short as 1.5m. In this
paper the structure of the cavity and their tested high power performances are presented.
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The Final Collimation System for the LHC

The LHC collimation system has been re-de-

signed over the last three yearsin ordertoad- | R.W. Assmann, O. Aberle, G. Bellodi, A. Bertarelli, C.B. Bracco,
dress the unprecedented challenges that are | H.-H. Braun, M. Brugger, S. Calatroni, R. Chamizo, A. Dallocchio,
faced with the 360 MJ beams at 7 TeV. The | B. Dehning, A. Ferrari, P. Gander, A. Grudiev, E.B. Holzer, ].-B.
layout of the LHC has now been fixed and a | Jeanneret, |.M. Jimenez, M. Jonker, Y. Kadi, K. Kershaw, J. Lendaro,
final approach for collimation and cleaning | J. Lettry, R. Losito, M. Magistris, A.M. Masi, M. Mayer, E. Métral,
has been adopted. In total 132 collimator lo- | R. Perret, C. Rathjen, S. Redaelli, G. Robert-Demolaize, S. Roesler,
cations have been reserved in the two LHC | E Ruggiero, M. Santana-Leitner, P. Sievers, M. Sobczak, E. Tsoulou,
rings and can be installed in a phased ap- | V. Vlachoudis, Th. Weiler (CERN) I. Baishev, I.L. Kurochkin (IHEP
proach. Ninety collimators of five different | Protvino)

types will be available for initial beam oper-

ation. The system has been fully optimized for avoiding quenches of super-conducting magnets during beam losses
and for sufficient survival of beamline components against radioactive dose. The phased approach for LHC collima-
tion is described, the various collimators and their functionalities are explained, and the expected system performance
is summarized.

DAFNE Experience with Negative Momentum Compaction

There are several potential advantages for a

collider operation with a lattice having aneg- | M. Zobov, D. Alesini, M.E. Biagini, A. Drago, A. Gallo, C. Milardi,
ative momentum compaction factor (alfa): | P Raimondi, B. Spataro, A. Stella (INFN/LNF)

bunches can be shorter and have a more reg-

ular shape; longitudinal beam-beam effects and synchrobetatron resonances are predicted to be less dangerous;
requirements on sextupole strengths can be relaxed because there is no head-tail instability with the negative chro-
maticity. Since the lattice of the Frascati e*e ™ Phi-factory DAFNE is flexible enough to provide collider operation with
alfa < 0, we have exploited this possibility to study experimentally the beam dynamics. The negative momentum
compaction lattices have been successfully implemented and stable 1 A currents have been stored in both the electron
and positron rings without any problem for RF cavities and feedback systems operation. First collisions have been
tested at low currents. In this paper we describe the experimental results and compare them with expectations and
numerical simulations. Present limitations to DAFNE operation with alfa < 0 are also discussed.

Operational Status of CESR-c

We summarize recent running experience at

the Cornell Electron Storage Ring operating | J.A. Crittenden (Cornell University, Department of Physics)

as a high-statistics production-threshold fac-

tory for mesons containing charm quarks. Since beginning operation at beam energies near 2 GeV in late 2003, CESR
has accumulated world-record samples of D and D; meson decays and has also operated in an energy-scanning
mode, making unique contributions to the presently very active field of charm spectroscopy. CESR lattice design is
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characterized by the versatility provided by the variety of beam-line components applied to the challenges imposed
by the beam-beam interactions at the parasitic crossing points in the pretzel orbits and the necessity of powerful
superconducting wiggler magnets used to tune damping and emittance. We describe the observed tune-plane, beam-
current and luminosity limits, as well as our understanding of their sources and near-term plans for operational
improvements.
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Diagnostics and Timing at the Australian Synchrotron

The 3GeV Australian Synchrotron will begin

operation in March 2007. This paper outlines | M.J. Spencer, S. Banks, M.J]. Boland, M. Clift, R.T. Dowd, R.
the storage ring diagnostics systems and the | Harnsworth, S. Hunt, G. LeBlanc, M. Mallis, B. Mountford, Y.E.
injection timing system. The diagnostics sys- | Tan, A. Walsh, K. Zingre (ASP)

tem includes an optical beamline with streak

camera, an x-ray beamline with pinhole array, a diagnostic straight with fast feedback kicker, stripline, direct current
current transformer, and a four-fingered scraper. Over the 14 sectors there are 98 beam position monitors and 14
movable beam loss monitors. The timing system is based on a static injection system with the storage ring bucket to
be filled targeted by delaying the firing of the electron gun.

Commissioning of the LNLS X-ray BPMs

We present experimental results of the com-

missioning of staggered-pair blade X-Ray | S.R.Marques, P.F. Tavares (LNLS)

beam position monitor (XBPM) recently de-

veloped and installed at the diagnostic beamline of the UVX electron storage ring at the Brazilian Synchrotron Light
Laboratory (LNLS). The results obtained with a prototype XBPM indicate that the short-term and long-term data are
both in agreement with the data from a commercially acquired XBPM installed at the same beamline, as well as with
the data of the electron storage ring RF BPMs. In this paper we present the commissioning results of the LNLS XBPM.

A Wideband Intercepting Probe for the TRIUMF Cyclotron

An intercepting probe for the TRIUMF cy-

clotron capable of measuring the phase and | V.A. Verzilov, D. Cameron, D.T. Gray, S. Kellogg, M. Minato, W.R.
time structure of the circulating beam was | Rawnsley (TRIUMEF)

designed, manufactured, installed into the

tank and tested. A model of the probe head in the form of a 50 Ohm parallel plate transmission line was developed
and simulated to operate up to 2 GHz. Thermal simulations show that the probe can withstand at least 500 nA of
average current for the 500 MeV beam. In laboratory tests the probe demonstrated a bandwidth in excess of 1 GHz.
The probe was mounted on a 3 m long drive and is capable of travelling over 0.5 m at an angle of 27 degree w.r.t.
the cyclotron radius. The signals extracted from the probe are processed by a pair of diplexers, where low frequency
and high frequency components are separated. The low frequency signal is directed to our standard electronics for
processing and provides both dc current and a time of flight signal with a rise time of about 100 ns. At the high
frequency output a signal-to-noise ratio of about 4 at 250 nA average current and 0.1 % duty cycle was measured in
the presence of rf background from the cyclotron resonators. A bunch time structure as short as 1 ns was resolved.
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High Resolution BPM for the Linear Colliders

The beam-based alignment and feedback
C. Simon, S. Chel, M. Luong, O. Napoly, ]. Novo, D. Roudier (CEA)  systems which are essential for the operation
N. Rouviere (IPN) of the future colliders use some high resolu-
tion Beam Position Monitors (BPM). In the
framework of CARE/SRE, the task of CEA/DSM/DAPNIA (Saclay) is the design, the fabrication and the beam test
of a BPM in collaboration with DESY. This system is composed of a RF re-entrant cavity with a beam pipe radius
of 78mm and an analog electronics having several signal processing steps to reject the monopole mode. Thanks to
its high position resolution (better than 1ym) and its high time-resolution (around 10ns), it is a candidate for the X-
FEL at DESY and the ILC. Indeed the chosen coupling allows the bunch to bunch measurement and the separation
between the monopole and dipole modes. Moreover, this BPM is designed to be used in a clean environment, at the
cryogenic and room temperatures.

Behavior of the BPM System During the First Weeks of SOLEIL Commissioning

SOLEIL, a new synchrotron light source built

J.-C. Denard, L. Cassinari, N. Hubert, N.L. Leclercq, D. Pedeau  near Paris in France, is pioneering a new

(SOLEIL) high resolution electron Beam Position Mon-

itor (BPM) system to achieve stability of the

beams at the micron level, as required for the beamlines. The same BPM system allows also measurement of the

beam position in turn-by-turn mode for various machine physics studies. The system combines the high stability

characteristic of multiplexed input channels and the flexibility of a digital system. Instrumentation Technologies

developed the Libera module upon SOLEIL proposals and requirements. The performances of the system evaluated
after the Booster and the storage ring commissioning will be presented.

Beam Measurements and Manipulation of the Electron Beam in the BESSY-II Transferline
for Topping Up Studies

The BESSY-II storage ring based synchrotron

T. Kamps, P. Kuske, D. Lipka (BESSY GmbH) radiation source will be upgraded to allow

for continuous topping up operation. In or-

der to achieve a high injection efficiency between the booster synchrotron and the storage ring, the transferline

will be equipped with novel beam size monitors and collimators. This paper describes the collimator design and

first beam measurements of the transverse emittance. The transverse emittance is measured using the quadrupole

scan technique. The data taking and the analysis procedure is given together with results and comparision with
simulations.
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Profile Measurement by Beam Induced Fluorescence for 60 MeV/u to 750 MeV/u Heavy
Ion Beams

At the planned heavy ion facility FAIR very

intense beams of heavy ions will be trans- | P. Forck, C. Andre, F. Becker, H. Iwase (GSI) D. Hoffmann (TU
ported between various synchrotrons and fo- | Darmstadt)

cused on targets for secondary ion produc-

tions. For the transverse profile determination only non-destructive methods are suited due to the large deposed
beam power. We investigated experimentally the Beam Induced Fluorescence (BIF) method. Due to the atomic colli-
sion by the beam ions the residual gas N2 is excited to fluorescence levels. Single photon detection is performed by
a double MCP image intensifier coupled to a digital CCD camera. Extensive experimental studies (with the today
available lower ion currents) were performed to determine the photon yield and the background contribution for
different ion species and beam energies. The measured profiles show a good correspondence to other methods
as long as the vacuum pressure by a regulated N2 inlet is below 10-1 mbar. Based on the experimental results, the
layout for a BIF profile determination will be discussed.

Innovative Beam Diagnostics for the Challenging FAIR Project

The planned FAIR facility consists of two

heavy ion synchrotrons and four large stor- | P. Forck, A. Peters (GSI)

age rings. The super-conducting synchro-

trons are build for high current operation and secondary ion production. A large variety of low current secondary
beams is stored and cooled in the four storage rings. A complex operation scheme with multiple use of transport
lines is foreseen. This demands an exceptional high dynamic range for the beam instrumentation. Due to the enor-
mous beam power, non-destructive methods are mandatory for high currents. For the low current secondary beams,
non-destructive diagnostics are also preferred due to the low repetition rate. Precise measurements of all beam
parameters and automatic steering or feedback capabilities are required due to the necessary exploitation of the full
ring acceptances. Moreover, online beam-corrections with short response times are mandatory for the fast ramping
super-conducting magnets. Due to the ultra-high vacuum condition and the demanding measurement accuracy,
novel technical solution are foreseen. An overview of the challenges and projected innovative solutions for various
diagnostic installations will be given.

Digital Techniques in BPM Measurements at GSI-ISI

In this paper we describe new approaches

for BPM measurements in hadron accelera- | A.A. Galatis, P. Kowina, K. Lang, A. Peters (GSI)

tors, which have strongly varying beam pa-

rameters such as intensity, accelerating frequency and bunch length. Following signal dynamic adjustment, direct
digitalization and treatment of digitized data, we should reach a BPM resolution of 0.1mm. Interchangeability of this
method between accelerators should be provided, which results in autonomous data treatment algorithms, free of ex-
ternal status and timing signalling. This should ensure the usability of the system in other bunched accelerator rings.
Different operation modes are intended for allowing online storage of beam position data over full acceleration cycles
as well as storage of beam waveforms in regions of acceleration that are of special interest e.g. transition, kicking,
bunch gymnastics. First results of realised hardware/software combinations will be introduced and discussed.
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Numerical Calculations of Position Sensitivity for Linear-cut Beam Position Monitors

In this contribution the results of simulations
P. Kowina, A.A. Galatis, W. Kaufmann, J. Schoelles (GSI) performed for different geometries of linear-
cut Beam Position Monitors (BPMs) are com-
pared for two design types: i)based on metal electrodes and ii)using a metal coated ceramics. The advantage of the
ceramic solution is a compact construction allowing easy positioning. Contrary, the construction based on the metal
electrodes benefits from its simplicity. The main goals in optimization are the sensitivity and linearity of the position
determination. High position sensitivity can be achieved by the reduction of the plate-to-plate cross talks caused by
coupling capacities. For instance, the insertion of an additional guard ring into the gap between the active plates
leads to an increase of the sensitivity by about 30%. This insertion is necessary in case of ceramic solution: The large
ceramics permeability enlarges the coupling capacity by about a factor of four. The careful geometrical arrangement
allows to avoid resonances in the interesting frequency range i.e. from 0.2 to 200MHz. The displayed simulations
are performed using CST Microwave Studio. The investigated BPMs will be used in the FAIR facility presently under
design at GSI.

Machine Protection by Active Current-transmission Control at GSI-UNILAC

Toroidal beam current transformers (BCT)

H. Reeg, J. Glatz, N. Schneider (GSI) H. Walter (Ing.-Buero H. Wal-  are installed at dedicated locations along the
ter) UNILAC accelerator. They provide an out-
put signal with a fixed transimpedance. Ded-

icated signal pairs from consecutive transformers drive differential integrator stations. If preset protection levels are
exceeded due to beam charge loss during the macro-pulse, fast interlock signals are generated. The actual beam pulse
is instantaneously truncated by a fast beam chopper, avoiding any thermal damage or radio-activation of machine
components. <br>A new BCT macro-pulse selector/display is presently under construction, which will provide
time structure observation of multiple UNILAC macro-pulses, as well as long-term data logging. The hardware is
set up with PXI components from National Instruments, running a multi-client/server controller software under
LabViewRT®. Offline-analysis of the accumulated BCT data is expected to improve the protection system’s operation
and reliability. An overview of the system layouts, technical details, and relevant operational results will be presented.

Integrated Beam Diagnostics Systems for HICAT and CNAO

An integrated system for beam diagnostics

A. Reiter, A. Peters, M. Schwickert (GSI) was produced at GSI for the heavy-ion cancer
treatment facility HICAT of the Heidelberg

university clinics. A set of 92 manifold beam diagnostic devices allows automated measurements of the main beam
parameters such as beam current, profile or energy. The beam diagnostic subsystem is completely integrated in the
overall accelerator control system and its timing scheme. This paper reports on the underlying design patterns for
the abstraction of the beam diagnostic devices towards the control system. Event-counting devices, i.e. scintillating
counters and ionization chambers, are presented as examples of the diagnostic devices in the synchrotron and high-
energy beam transport section of HICAT. Additionally, it is shown that the well-defined building blocks of the beam
instrumentation made it possible to prepare almost identical devices including the manual control software, to be
used in the CNAO facility (Centro Nazionale di Adroterapia Oncologica) presently under construction in Pavia, Italy.
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Numerical Simulation of Synchrotron Radiation for Bunch Diagnostics

For the operation of the VUV-FEL at DESY,

Hamburg, the longitudinal charge distribu- | A.Paech, W. Ackermann, T. Weiland (TEMF) O. Grimm (DESY)
tion of the electron bunches that drive the

free electron laser is of high importance. One novel method to measure the bunch shape is to analyze the coherent
far-infrared synchrotron radiation generated at the last dipole magnet of the first bunch compressor. For the correct
interpretation of the results it is mandatory to know how various parameters, like the bunch shape and path, the
vacuum chamber walls, the optical beamline, etc., influence the observed spectrum. The aim of this work is to
calculate the generation of synchrotron radiation inside the bunch compressor with the emphasis of including the
effects of the vertical and horizontal vacuum chamber walls in the vicinity of the last dipole magnet. Challenging
problems for the numerical simulations are the very short wavelength and the broad frequency range of interest. As
a first step, it is shown how the radiation leaving the vacuum chamber, that is generated by a single point charge, can
be calculated with the help of the uniform theory of diffraction (UTD).

Fast Beam Dynamics Investigation Based on an ADC Filling Pattern Measurement

A diagnostic tool to determine the longitudi-

nal particle filling pattern has been installed | J. Kettler, P. Hartmann, R.G. Heine, T. Weis (DELTA)

at the 1.5 GeV electron storage ring DELTA.

The instrument is PC-based using an ADC-conversion at a sampling rate of 2 GS/s and a nominal bandwidth of 1
GHz which is applied to the sumsignal of a single storage ring beam position monitor. By sampling over successive
turns the resolution is enhanced by one order of magnitude allowing an easy access to the longitudinal particle
distribution inside the ring. The data obtained turn-by-turn over hundreds of revolutions can be further analysed by
FFT-techniques allowing a very fast detection (~ 1 s) of longitudinal coupled bunch mode (CBM) instabilities from the
phase modulated spectrum. The application of the FFT to the amplitude modulated particle distribution moreover
allows a "post mortem"-investigation of CBM induced beam loss. The paper will present the layout of the diagnostic
system and will report on filling pattern measurements as well as on investigations of longitudinal CBM-instabilities.

Laser-based Beam Diagnostic for the Front End Test Stand (FETS) at RAL

High power proton accelerators (HPPA) are

required for several future projects like spal- | C. Gabor (IAP) D.A. Lee (Imperial College of Science and Tech-
lation sources or a neutrino factory. Com- | nology, Department of Physics) A.P. Letchford (CCLRC/RAL/ISIS)
pared with existing machines the beam | J.K. Pozimski (CCLRC/RAL)

power therefore has to be increased by a fac-

tor of 30. The Front end test stand at RAL is being built to demonstrate that a chopped Hminus beam of 60 mA at
3 MeV with 50 pps and sufficiently high beam quality, as required for all proposed Proton drivers, can be built. For
the test stand a comprehensive set of beam diagnostics is also required. Due to the high beam energy and power
non destructive diagnostic methods are favorable. Hminus beams offer the possibility to use intense laser light to
detach the additional electron and use the produced particles for beam diagnostics. The principle is appropriate to
determine the transversal beam density distribution as well as the transversal and longitudinal beam emittance in
front and behind the RFQ. A detailed layout of the beam diagnostics including a discussion of the predicted spatial
and temporal resolution and the dynamic range of the proposed devices will be presented.
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Principles of longitudinal beam diagnostics with coherent radiation

The Kramers-Kronig dispersion relation con-
O. Grimm (DESY) nects the real and imaginary part of a re-
sponse function under very general assump-
tions. It is used in the context of accelerator physics for longitudinal bunch diagnostics as a phase retrieval technique:
the modulus of the complex form factor (the Fourier transform of the charge distribution) is accessible experimentally,
and the missing phase then (partially) reconstructed to allow an inversion of the Fourier transform. Contrary to real
and imaginary part, the connection between modulus and phase is not unique anymore due to the possibility of zeros
of the form factor in the complex frequency plane that cannot be measured. This paper gives a mathematically explicit,
step-by-step derivation of the phase reconstruction technique for bunch diagnostics, and it explains the problem of
zeros and their practical effect with some examples. The intention is not utmost mathematical rigour, but a clear,
accessible explanation of all steps involved.

Large Horizontal Aperture BPM for use in Dispersive Sections of Magnetic Chicanes

A beam position monitor with a large hori-

K.E. Hacker, H. Schlarb (DESY) F. Loehl (Uni HH) zontal aperture for use in dispersive sections

of FLASH magnetic chicanes will be installed

in October 2006. It has a horizontal range of 13 cm and a resolution requirement of better than 10 microns. A stripline

design mounted perpendicularly to the the electron beam direction is used to provide broadband electrical pulses

traveling in opposite directions, the phases of which give a measure of the beam position. The phase measurement

will be accomplished through an optical method developed for a beam arrival time monitor. Results from simulation
and recent beam arrival-time measurements will be used to justify expectations for the BPM performance.

Direct Observation of Beam-beam Induced Dynamical Beta Beating at HERA

The Hadron Electron Ring Anlage (HERA) at

G. Kube, EJ. Willeke (DESY) DESY provides collisions between a 920 GeV

proton beam and a 27.5 GeV electron beam

in two interaction regions. The strong beam-beam force, which mainly affects the electrons, induces a tune shift

together with a dynamical beta beat. The latter leads to a modification of the transverse beam profile, which can be

observed in different profile monitors in HERA. The time-like evolution of the electron beam shape during luminosity

tuning and before and after dump of the proton beam, averaged over all bunches, could be studied by means of

a synchrotron radiation profile monitor. Measurements with a wire scanner allowed to see the beam-beam force’s

influence on each individual bunch at the expense of resolution. The observations could be explained qualitatively
in the frame of linear incoherent beam-beam interaction.
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Comparative Study of Bunch Length and Arrival Time Measurements at FLASH

Diagnostic devices to precisely measure the

longitudinal electron beam profile and the | H. Schlarb, A. Azima, S. Dusterer, M. Huening, E.-A. Knabbe,
bunch arrival time require elaborate new in- | M. Roehrs, R. Rybnikov, B. Schmidt, B. Steffen (DESY) M.C. Ross
strumentation techniques. At the VUV-FEL, | (SLAC) P. Schmiiser, A. Winter (Uni HH)

two entirely different methods are used. The

bunch profile can be determined with high precision by a transverse deflecting RF structure. The method is disrup-
tive and does not allow to monitor multiple bunches in a macro-pulse train. Therefore, it is augmented by two non-
disruptive electro-optical devices, called EO and TEO. The EO setup uses a dedicated diagnostic laser synchronized
to the machine RF. The longitudinal electron beam profile is encoded in the intensity profile of a chirped laser pulse
and analyzed by looking at the spectral composition of the pulse. The second setup, TEO, utilizes the TiSa-based laser
system used for pump-probe experiments. Here, the temporal electron shape is encoded into a spatial dimension
of laser pulse by an intersection angle between the laser and the electron beam at the EO-crystal. In this paper, we
present a comparative study of bunch length and arrival time measurements performed simultaneously with all three
experimental techniques.

Precision RF Gun Phase Monitor System for the VUV-FEL

For RF photo-injectors, the properties of the

high brightness beam critically depend on | H.Schlarb, N. Heidbrook, H. Kapitza, F. Ludwig, N. Nagad (DESY)
the synchronization between the RF gun ac-

celeration phase and the photo-cathode laser. At the VUV-FEL, the phase stability is determined by operating the RF
gun close to zero-crossing RF phase. This allows the conversion of phase variations into charge variations which then
is readout by a precision charge measurement system based on toroids. In this paper, we discuss the limitation of this
method. Resolution reduction of the charge measurement system due to electro-magnetic-interference is discussed
in detail.

Single Shot Longitudinal Bunch Profile Measurements at FLASH using Electro-optic Tech-
niques

For the high-gain operation of a SASE FEL,

extremly short electron bunches are essential | B. Steffen, E.-A. Knabbe, B. Schmidt (DESY) G. Berden, A.F.G. van
to generate sufficiently high peak currents. | der Meer (FOM Rijnhuizen) W.A. Gillespie, P.J. Phillips (University
At the superconducting linac of the VUV- | of Dundee)S.P. Jamison, A. MacLeod (UAD) P. Schmiiser (Uni HH)
FEL at DESY, we have installed an electro-

optic experiment with temporal decoding and spectral decoding to probe the time structure of the electric field of
single sub 200fs e-bunches. In this technique, the field-induced birefringence in an electro-optic crystal is encoded
on a chirped ps laser pulse. The longitudinal electric field profile of the electron bunch is then obtained from the
encoded optical pulse by a single-shot cross correlation with a 30 fs laser pulse using a second-harmonic crystal
(temporal decoding) or by a single-shot measurement of its spectrum (spectral decoding). In the temporal decoding
measurements an electro-optic signal of 230fs FWHM was observed, and is limited by the material properties of the
particular electro-optic crystal used. Bunch profile and time jitter measurements were obtained simultaneously with
VUV SASE operation.
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Time Resolved Single-shot Measurements of Transition Radiation at the THz Beamline of
FLASH using Electro-optic Spectral Decoding

Single-shot electro-optic detection was used

B. Steffen, E.-A. Knabbe, B. Schmidt (DESY) G. Berden, A.F.G. van  to measure the temporal profile of coherent

der Meer (FOM Rijnhuizen) W.A. Gillespie, P.J. Phillips (University  transition radiation (CTR) pulses at the VUV-

of Dundee) S.P. Jamison, A. MacLeod (UAD) P. Schmiiser (Uni HH)  FEL at DESY. The CTR was generated from

single bunches kicked to an off-axis screen,

with the radiation transported through a 20m long transfer line imaging the CTR from a radiation screen to an

experimental station outside the accelerator tunnel. Bipolar pulses with a FWHM less than 1ps have been measured
and are consistent with simulations of the propagation of radiation through the transfer line.

Layout of the Optical Synchronization System for FLASH

The present RF synchronization system of
A. Winter, P. Schmiiser, A. Winter (Uni HH) F. Loehl, F. Ludwig, H.  the VUV-FEL can typically stabilize the ar-
Schlarb, B. Schmidt (DESY) rival time of the electron bunches at the un-
dulator to about 200 fs on a timescale of min-
utes and to several picoseconds on a timescale of hours. To improve the machine stability and to ensure optimal
performance for the VUV-FEL user facility, a new ultra-precise timing system is mandatory. The optical synchro-
nization system under construction will satisfy three goals: Firstly, it provides a local oscillator frequency with the
same stability as the existing low-level RF regulation, secondly, it can synchronize the experimental lasers of the
FEL users with a precision in the order of 30 fs, thirdly, it provides an ultra-stable reference for beam arrival time
measurements and enables a feedback on the electron beam to compensate residual drifts and timing jitter. The
optical synchronization system is based on an optical pulse train from a mode-locked laser with a highly stabilized
repetition rate. This paper describes the proposed layout of the optical synchronization system, the integration into
the machine layout and the diagnostic experiments to monitor the performance of the system.

High-precision Laser Master Oscillators for Optical Timing Distribution Systems in Future
Light Sources

X-ray pulses with a pulse duration in the 10 fs
A. Winter, P. Schmiiser, A. Winter (Uni HH) J. Chen, FX. Kaertner  regime or even less are needed for numerous
(MIT) F.O. liday (Bilkent University) F. Ludwig, H. Schlarb (DESY)  experiments planned at next generation free
electron lasers. A synchronization of probe
laser pulses to the x-ray pulses with a stability on the order of the pulse width is highly desirable for these experiments.
This requirement can be fulfilled by distributing an ultra-stable timing signal to various subsystems of the machine
and to the experimental area to provide synchronization at the fs level over distances of several kilometers. Mode-
locked fiber lasers serve as laser master oscillators (LMO), generating the frequencies required in the machine. The
pulse train is distributed through length-stabilized fiber links. This paper focuses on the LMO, devoting special
attention to the phase noise properties of the frequencies to be generated, its reliability to operate in an accelerator
environment, and the residual timing jitter and drifts of the RF feedback for the fiber links. A prototype experimental
system has been constructed and tested in an accelerator environment and its performance characteristics will be
evaluated.
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A Beam Diagnostics System for the Heidelberg Cryogenic Storage Ring CSR

The storage of rotationally non-excited mole-

cules and highly charged ions requires lowest | T. Sieber, H. Fadil, M. Grieser, A. Wolf, R. von Hahn (MPI-K)
temperatures and vacuum pressures. At the

MPI-K Heidelberg a cryogenic storage ring (CSR) for atomic and molecular physics experiments is under develop-
ment. The CSR shall allow operation at temperatures of 2 K and pressures down to 1-1071> mbar. The ring consists
of electrostatic elements and has a circumference of ~35 m. It is housed inside a large cryostat, cooled by a (20W
@ 2K) Helium refrigerator. To reach low UHV pressures already at room temperature the whole machine has to
be bakeable up to 300°C. These boundary conditions, together with the low charge states, low velocities and low
intensities (InA-1muA) of the ions, put strong demands on the beam diagnostics system. Some beam parameters
like profile, position and intensity cannot be measured with “standard” beam diagnostics technology. Here new or
further developments are required. The paper gives a general view of the beam diagnostics concept for the CSR and
shows in more detail possible solutions for measurement of beam position and beam profile.

A New SQUID-based Measurement Tool for Characterization of Superconducting RF Cavi-
ties

In this contribution a LTS-SQUID based mea-

surement tool for characterization of super- | K. Knaack, K. Wittenburg (DESY) R. Neubert, S. Nietzsche, W.
conducting RF cavities for the upcoming X- | Vodel (FESU Jena) A. Peters (GSI)

FEL project at DESY will be presented. The

device makes use of the Cryogenic Current Comparator (CCC) principle and measures the so-called dark current,
generated e.g. by superconducting cavities at high voltage gradients. To achieve the maximum possible energy the
gradients should be pushed near to the physical limit of 50 MV /m. The measurement of the undesired field emission
of electrons (the so-called dark current) in correlation with the gradient will give a proper value to characterize the
performance of the RF cavities. The CCC mainly consists of a high performance LTS-DC SQUID system which is able
to measure extremely low magnetic fields, e.g. caused by the extracted dark current of the RF cavities. Therefore,
a special designed toroidal niobium pick-up coil for the passing electron beam is superconducting connected across
the input coil of the SQUID. The noise limited sensitivity of the CCC as well as new experimental results with the
whole measurement device assembled in a special wide-necked LHe cryostat will be presented.

Precise Measurements of the Vertical Beam Size in the ANKA Storage Ring with an In-air
X-ray Detector

A major part of the X-rays generated in the

ANKA dipole magnets is unused by the ex- | A.-S. Miiller, L. Birkel, E. Huttel, P. Wesolowski (FZK) K.B. Scheidt
perimental beamlines and is, on a number of | (ESRF)

dipoles, absorbed in a conical shaped Cop-

per absorber. The 8 mm thickness that it presents lets a tiny fraction of the hard X-rays above 70KeV enter the free
air space behind it. The transmitted power of only a few uW/mrad hor. is sufficient to be detected, with sub-second
measurement time, by a novel In-Air X-ray detector. This extremely compact and low-cost device is situated just
behind the absorber. The design, developed and in use at the ESREF, is based on a Cadmium Tungstenate (CdWO4)
scintillator converting X-rays into visible light that is collected and focused onto a commercial CCD camera. Since the
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small vertical divergence of the high energy photons and the distance of the detector from the source point are known,
it is possible to derive the vertical electron beam size with a high intrinsic precision. This paper presents results of
beam size measurements as a function of various ANKA machine parameters, that illustrates the great diagnostic
potential of this type of detector for a 2.5GeV medium energy light source like ANKA.

Automated Beam Optimisation and Diagnostics at MAMI

At the Institut fur Kernphysik (IKPH) of
M. Dehn, H. Euteneuer, EE. Fichtner, A. Jankowiak, K.-H. Kaiser, Mainz University the fourth stage of the
W.K. Klag, H.J. Kreidel, S.S. Schumann, G.S. Stephan (IKP) Mainz Microtron (MAMI), a 855MeV to
1500MeV Harmonic Double Sided Microtron
(HDSM), is now on the verge of first operation*. To provide an automated beam optimisation, low-Q-TM010 and
TM110 resonators at each linac of the three cascaded RTMs and the two linacs of the new HDSM are used. These
monitors deliver position, phase and intensity signals of each recirculation turn when modulating the beam inten-
sity with 12ns-pulses (diagnostic pulses, max. rep. rate 10kHz). For operating the HDSM an extended system for
displaying and digitising these signals was developed. High-bandwidth ADCs allow very comfortable to analyse,
calibrate and automatically optimise the beam positions and phases during operation. The system is also used to
adjust the transversal and longitudinal focussing according to the design parameters. Synchrotron radiation monitors,
providing beam sizes and positions out of the bending magnets for each turn and on the entrance and exit of the linac
axis, were a very helpful tool for beam-matching between the RTMs. Therefore a similar system was planned and
constructed for the HDSM.
*A. Jankowiak et al. “Status Report on the Harmonics Double Sided Microtron of MAMI C”, this conference.

Fine Spatial Beam Loss Monitoring for the ISIS Proton Synchrotron

Beam loss detection at the ISIS synchrotron is
S.J. Payne, S.A. Whitehead (CCLRC/RAL/ISIS) achieved using a series of 3 and 4 metre long
argon gas ionisation tubes placed around the
inside track of the main ring and along the injector and extraction sections. Even with this level of diagnostics problems
have occurred, for example, inside a main dipole within the accelerator ring where small concentrated areas of loss
have resulted in severe damage to the RF shield. This type of loss cannot be easily resolved using the conventional
argon gas system due to the length of the detectors and their distance from the vacuum vessel (around 2m). We
report here the development of a compact beam loss monoitoring system which has been installed inside a dipole
between the vacuum vessel and the main body of the dipole. The system comprises of six 150 sq. cm. (BC408)
plastic scintillators connected to photo-multiplier tubes via fibre optic bundles. Measurements taken demonstrate
that the new system can easily resolve complex beam loss patterns along the dipole while remaining robust to the
high radiation environment. We also report here details of our PXI based data collection and display system.

Modelling of Diagnostics for Space Charge Studies on the ISIS Synchrotron

The ISIS Facility at the Rutherford Appleton

B.G. Pine, S.J. Payne, C.M. Warsop (CCLRC/RAL/ISIS) Laboratory in the UK produces intense neu-
tron and muon beams for condensed matter

research. It is based on a 50 Hz proton synchrotron which, once the commissioning of a new dual harmonic RF
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system is complete, will accelerate about 3.5-10'3 protons per pulse from 70 to 800 MeV, corresponding to mean beam

powers of 0.2 MW. Transverse space charge is a key issue for both present and proposed upgrades to the machine, and
is the focus of current R&D studies. Experiments on the ISIS ring are central to this work, therefore understanding
and quantifying limitations in present and proposed diagnostics is essential. This paper presents work studying and
modelling the ISIS residual gas profile monitors, including the effects of non-uniformity in sweep fields, space charge
and images. Progress on related work looking at other important diagnostics, e.g., position and envelope monitoring,
will also be summarised.

Development of Emittance Scanner Software for ISIS

Horizontal and vertical Faraday cup and slit

scanners are used on ISIS, the 800MeV pulsed | €.M. Thomas, D.C. Faircloth (CCLRC/RAL/ISIS)

neutron source at the Rutherford Appleton

Laboratory, to calculate the emittance of the beam. Software has been written in C++ to control the scanners, acquire
and display beam data and compute an emittance value for the beam. The software allows the user more control, and
has the ability to scan over a wider range, than was previously available.

Beam Loss Monitoring and Machine Protection Designs for the Daresbury Laboratory En-
ergy Recovery Linac Prototype

Daresbury Laboratory is currently construct-

ing an energy recovery linac prototype | S.R.Buckley, R.J. Smith (CCLRC/DL/ASTeC)

(ERLP). This is to carry out the necessary

research and development of the technology of photo-cathode electron guns and superconducting linacs so that
a fourth generation light source (4GLS) can be designed and constructed. Beam loss monitoring and machine
protection systems are vital areas for the successful operation of the ERLP. These systems are required, both for
efficient commissioning and for hardware protection during operation. This paper gives an overview of the system
requirements, options available and details of the final design specification.

A Phase Space Tomography Diagnostic for Pitz

The Photo Injector Test Facility at DESY in

Zeuthen (PITZ) is a European collaboration | D.J. Holder, B.D. Muratori (CCLRC/DL/ASTeC) EE. Hannon (Jef-
developing RF photocathode electron guns | ferson Lab) S. Khodyachykh, A. Oppelt (DESY Zeuthen)

for light source and linear collider projects.

As part of the collaborative work being partially funded by the EU’s FP6 programme, CCLRC Daresbury Laboratory
and DESY are designing and building a phase space tomography diagnostic based on a set of multiple quadrupoles
and view screens. In order to measure the beam emittance, four screens with intermediate quadrupole doublets
will be used. The equipment will be installed and tested at PITZ as part of the facility upgrade presently ongoing.
Following simulations of the gun using the ASTRA code at a range of energies, simulations of the electron beam
parameters through the matching and tomography sections must be undertaken in order to specify the optimum
arrangement of magnets and screens.
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Electro-optic Diagnostics on the Daresbury Energy Recovery Linac

An electro-optic longitudinal bunch profile

P.J. Phillips, W.A. Gillespie (University of Dundee) S.P. Jamison = monitor is being implemented on the 4GLS

(CCLRC/DL/ASTeC) A. MacLeod (UAD) prototype energy recovery linac (ERL/p) at

Daresbury Laboratories and will be used

both to characterise the electron bunch and to provide a testbed for electro-optic techniques. The electro-optic

station is located immediately after the bunch compressor, and within the FEL cavity; its location allows it to draw

on nearby beam profile monitors and CTR and CSR diagnostics for calibration and benchmarking. We discuss the
implementation and planned studies on electro-optic diagnostics with this diagnostic station.

The Optical System for a Smith-Purcell Experiment at 45MeV

Smith-Purcell (SP) radiation has been used
V. Blackmore, W.W.M. Allison, G. Doucas, C. Perry (OXFORD- to investigate the longitudinal profile of a
physics) P.G. Huggard (CCLRC/RAL) M.B. Johnston (University = 45MeV, picosecond long bunched beam at
of Oxford, Clarendon Laboratory) B. Redlich, A.F.G. van der Meer  the FELIX facility, FOM Institute. The three
(FOM Rijnhuizen) important optical elements that made this ex-
periment possible were (i) high quality opti-

cal filters, (ii) nonimaging light concentrators, (iii) and a system to rapidly change between gratings.

Observations of the Longitudinal Electron Bunch Profile at 45MeV Using coherent Smith-
Purcell radiation

Coherent Smith-Purcell (SP) radiation has

G. Doucas, V. Blackmore, B. Ottewell, C. Perry (OXFORDphysics)  been used to determine the longitudinal pro-

P.G. Huggard (CCLRC/RAL) M.B. Johnston (University of Oxford, file of the electron bunch at the FELIX facility,

Clarendon Laboratory) M.F. Kimmitt (University of Essex, Physics FOM Institute. Far-infrared radiation was

Centre) B. Redlich, A [E.G. van der Meer (FOM Rijnhuizen) detected using a simple, compact arrange-

ment of 11 pyroelectric detectors. Back-

ground radiation was suppressed through the use of high quality optical filters, and an efficient light collection

system. The measured bunch profile was most closely in agreement with 90% of the particles contained within 5.5ps,
with an approximately triangular temporal profile.

Turn-by-turn Data Acquisition and Post-processing for the Diamond Booster and Storage
Ring

The Diamond booster and storage ring are

R. Bartolini, M.G. Abbott, L.P.S. Martin, G. Rehm, J.H. Rowland  equipped with Libera Electron Beam Posi-
(Diamond) tion Processors with turn-by-turn capabili-
ties. We describe here the turn-by-turn data

acquisition system and the software used for post-processing the beam data. The signals from the Libera boxes are
acquired and controlled with EPICS and then transferred to the MATLAB environment via the MATLAB Channel
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Access. Here they are post-processed using MATLAB capabilities and dedicated software linked to MATLAB. Ex-
amples of data acquired and measurements performed during Diamond booster and storage ring commissioning are
reported.

First Use of Current and Charge Measurement Systems in the Commissioning of Diamond

This paper will discuss the results obtained

from the charge and current measurement | A.E.D. Morgan, M.G. Abbott, G. Rehm (Diamond)

systems installed in Diamond during the

commissioning stage of operation. The charge measurements are gathered from integrating current transformers
and Faraday cups, while the current is measured using a DC current transformer in each ring. The measured beam
parameters will be investigated, as well as how well the devices performed against expectations.

Performance of Global Diagnostics Systems during the Commissioning of Diamond

This paper summarises data acquired with

beam diagnostics systems distributed glob- | G. Rehm, M.G. Abbott (Diamond)

ally through Diamond’s Linac, transfer

paths, booster and storage ring. It shows results from the electron beam position monitors using their capabili-
ties to monitor transient events, the booster ramp as well as stored beam. The performance derived from real beam
measurements is compared to measurements obtained in the lab using signal and pulse generators. Other systems
of widespread use are screens and synchrotron light monitors. Their performance and control system integration
based on IEEE1394 camera technology is presented. Finally, first results from the fast and slow beam loss monitoring
systems are described.

Diamond Optical Diagnostics: First Streak Camera Measurements

We present in this paper a first set of mea-

surements of the six-dimensional phase- | C.A.Thomas, G. Rehm (Diamond)

space of the electron beam in the Diamond

storage ring. We recall the predicted performance and compare it with our first measurements. The two pinhole
cameras measure the beam size, from which we retrieve the energy spread and the emittance of the beam in both
horizontal and vertical directions. We have designed a robust and simple UV-visible beamline, to measure the electron
bunch profile and length with a streak camera, and to measure the beam quality using a state-of-the-art single photon
counting technique.
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A Study of Emittance Measurement at the ILC

The measurement of the ILC emittance in the
G.A. Blair, L.V. Agapoyv, ]. Carter, L. Deacon (Royal Holloway, Uni-  ILC beam delivery system and the linac is
versity of London) D.A.-K. Angal-Kalinin (CCLRC/DL/ASTeC)L.J.  simulated. Estimates of statistical and ma-
Jenner (Cockcroft Institute) M.C. Ross, A. Seryi, M. Woodley (SLAC)  chine-related errors are discussed and impli-
cations for related diagnostics R&D are in-

ferred.

Proposal for a Fast Scanning System Based on Electro-optics for Use at the ILC Laser-wire

Electro-optic devices open the possibility of
A. Bosco, G.A. Blair, S.T. Boogert, G.E. Boorman, L. Deacon, C.  ultra-fast scanning systems for use in intra-
Driouichi, M.T. Price (Royal Holloway, University of London) train scanning at the ILC, where scanning
rates in excess of 100 kHz may be required.

A first study of the possibilities is presented together with the first results from a prototype system.

Beam Profile Measurements with the 2-D Laser-wire

A new laser-wire system has been installed at
G.A. Blair, I.V. Agapov, S.T. Boogert, G.E. Boorman, A. Bosco, ].  the PETRA ring at DESY, Hamburg. The sys-
Carter, C. Driouichi, M.T. Price (Royal Holloway, University of Lon-  tem is set up to scan in two dimensions using
don) K. Balewski, H.-C. Lewin, F. Poirier, S. Schreiber, K. Witten-  piezo-driven mirrors and employs a newly
burg (DESY) N. Delerue, D.F. Howell (OXFORDphysics) T. Kamps = acquired injection seeded Q-switched laser.
(BESSY GmbH) The system is described and first results are
presented.

Turn by Turn Measurements at DAFNE Based on the Libera Beam Position Processor

The BPM detection electronics developed by

A. Stella, M. Serio (INFN/LNF) Instrumentation Techonologies implements

digital receivers technology to measure beam

position from the amplitude of pick-up signals. Besides the closed orbit mode, the Libera module can be operated also

in the Turn-by-Turn mode. Operational experience with Libera at DAFNE, the Frascatie™ e~ collider, has been focused

on this functionality. Data obtained from DAFNE have been processed with well established extraction algorithms to

accurately measure the betatron tunes from a small number of turns, providing instantaneous information on tune

variations occurred also in fast damped decays after a kick. Hardware and software implementation together with
experimental data are reported.
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Bunch Length Characterization Downstream from the Second Bunch Compressor at
FLASH DESY, Hamburg

The characterization of the longitudinal den-

sity profile of picosecond and sub-picosec- | E.Chiadroni (INFN-Roma II)

ond relativistic particle bunches is a funda-

mental requirement in many particle accelerator facilities, since knowledge of the characteristics of the accelerated
beams is of utmost importance for the successful development of the next generation light sources and linear colliders.
The development of non-intercepting beam diagnostics is thus necessary to produce and control such beams. First
experimental evidences of the non-intercepting nature of diffraction radiation diagnostics are given. The longitudinal
bunch distribution downstream of the second bunch compressor of the DESY TTF VUV-FEL has been reconstructed
using a frequency-domain technique based on the autocorrelation of coherent diffraction radiation. Due to the low
and high frequency suppression, introduced by the experimental apparatus, only a portion of the CDR spectrum
participates to the reconstruction of the longitudinal bunch profile. The knowledge of the system frequency response
is then crucial in order to correct the results and extrapolate a bunch shape as close as possible to the real one.

Upgrade of Signal Processing of the BPM System at the SPring-8 Storage Ring

SPring-8 is a third generation synchrotron

light source, which is operated stably with | T. Fujita, S. Sasaki, M. Shoji, T. Takashima (JASRI/SPring-8)

top-up mode and with optics of low emit-

tance mode. Along with stabilization of electron beam orbit in the ring, upgrading of the BPM system has also been
required. We have developed a new signal processing circuit for COD measurement with a target of a few microns
of position resolution at 1 kHz band-width and a few hundreds per second to take beam position of all BPMs. In the
new circuit, a multiplexing method is employed and the IF frequency is directory detected with a 2MSPS 16-bit ADC.
The digitized signal is processed with DSP to obtain beam position. Analog components of the circuit are equipped
in a temperature controlled cabinet in order not to be affected by fluctuation of ambient temperature. In this paper
we report schematics and performance of the new circuit, e.g., dependence of position resolution on measurement
band-width and long time stability, etc. In addition, we briefly describe possibility of fast orbit measurement as a
further application of the circuit.

Beam Phase Measurement of Stored Bunch

We developed a system to measure synchro-

nous phase angles for all bunches stored in | T. Ohshima, A. Yamashita (JASRI/SPring-8) M. Yoshioka (SES)

the storage ring using an oscilloscope with

high sampling rate. Precise phase measurement of specific bunch is required from the synchrotron radiation (SR)
users, especially from the time resolved spectroscopy users. In a pump and probe experiment, the trigger timing for
pumping laser should be precisely adjusted to the probe SR light. The timing of SR light is affected by the accelerating
RF voltages, filling pattern, bunch currents, gap positions of insertion devices and so on. At the SPring-8, the bunch
currents and the synchronous phase angles for all stored bunches can be measured within 30seconds using newly
developed system. The precision of the phase angle is less than 8ps. We are now preparing to deliver the information
of synchronous phase angle to SR users. The detail of the measurement system and achieved performance will be
presented.
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A Simpler Method for SR Interferometer Calibration

Previous methods of performing absolute
J.W. Flanagan, H. Fukuma, S. Hiramatsu, H. Ikeda, T. Mitsuhashi  calibration of the SR interferometer used at
(KEK) KEKB (measuring mirror distortion with a
pinhole mask, virtual beam broadening via
local bumps, physical beam broadening via dispersion bumps) are very time-consuming, and require dedicated ma-
chine time to take the necessary data. We report on a new, simpler method we have developed, wherein we create
small local bumps at the SR source point and observe the resulting shifts in the phase of the interference fringes.
From these data we can calibrate the total magnification of the system, including the effects of mirror distortion. The
calibration data can be taken in a very small amount of time (tens of minutes), and in parallel with physics running,
without stopping the beam-size measurement system or interfering with its use for luminosity tuning. By taking
the calibration data at different beam currents and correlating the magnification at each current with the appro-
priate interference pattern fit parameters, we can also obtain the parameters needed for real-time mirror distortion
correction.

A Diagnostic System for Beam Abort at KEKB

A controlled beam abort system has been
H. Ikeda, K. Akai, ].W. Flanagan, T. Furuya, S. Hiramatsu, M. installed at KEKB for the protection of the
Suetake, Y. Suetsugu, M. Tobiyama, T. Tsuboyama (KEK) S. Stanic  hardware components of the accelerator and
(Tsukuba University) detector from damage by ampere-class beam
currents. In order to identify the reason for
each abort and optimize the abort system to handle each type of problem as well as improve machine operation, a
diagnostic system has been developed. Fast signals, such as beam currents, accelerating voltages of the RF cavities
and beam loss monitor signals from PIN photo-diodes are recorded and analyzed by a data logger system with a high
sampling rate at the moment of each abort. Beam oscillations, radiation dose at the detector and vacuum pressure
are also examined to classify the reasons for beam loss and aborts. Statistics and typical examples of these aborts will
be discussed.

Very Small Beam Size Measurement by Reflective SR Interferometer at KEK-ATF

An SR interferometer with the Herschelian

T. Naito, T. Mitsuhashi (KEK) reflective optics has been developed for the

measurement of several um beam size. The

chromatic aberration of the optical system applied in the SR interferometer limits the resolution of SR interferometer.

We used objective lens of the SR interferometer by a focusing mirror. For the convenience of observation of the

interferogram, we applied Herschelian arrangement of the optics. The measured vertical beam size was less than
5um and the estimated vertical emittance was 1x10-11m at the KEK-ATF damping ring.
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Dual-mode Beam Current Monitor

A new type HEREWARD-transformer is de-

veloped. The original scheme connects | S.Ninomiya, T. Adachi, S. Fukumoto (KEK) S.H. Hatori, T. Kurita
pickup coil to the low impedance input of | (WERC)

the amplifier to increase the time constant of

the transformer. The new scheme employs negative impedance circuit which realizes perfect cancellation of the coil
resistance. Therefore DC component of the beam current can be observed. Since number of winding of the pick up
coil is only 100-turns, therefore by using the original scheme with a fast operational amplifier, the transformer can
be operated at fast CT mode. Thus the dual mode operation can be realized by single core; the first mode is the
slow beam intensity monitor, and the second is a fast response transformer. This operation mode realizes an accurate
observation of the beam injection process. In order to make installation easy, the core is divided into two pieces.
The magnetic shield from bending field is also installed. This monitor is developed at KEK, and installed into the
accelerator at the WAKASA WAN Energy Research Center.

Beam Collimator System in the J-PARC 3-50BT Line

For the J-PARC 50 GeV Main Ring Synchro-

tron (MR), the design beam emittance is 54 | M.J. Shirakata, H. Oki, T. Oogoe, Y. Takeuchi, M. Yoshioka (KEK)
pi mm mrad. On the other hand, the 3 GeV

beam from the Rapid Cycling Booster Synchrotron (RCS) may have a large halo component upto 216 pi mm mrad.
In order to absorb the halo component, a beam collimator system will be installed in the beam transport line called
as the 3-50BT, which connects the RCS and the MR. From the view of the hands-on maintenance, high endurance
structure is adopted. The beam collimator design including the beam optics is reported in this paper.

Installation of Beam Monitor Sensors in the LINAC Section of J-PARC

In the LINAC section of J-PARC, we have sev-

eral type of sensors of monitor, i.e, Beam Po- | S. Sato, H. Ao, T. Tomisawa, A. Ueno (JAEA /LINAC) H. Akikawa
sition Monitor, Beam Profile Monitor, Beam [ (JAEA) Z. Igarashi, S. Lee (KEK)

Size Monitor, Current Monitor, Beam Phase

Monitor, Beam Loss Monitor. Those sensors are being installed currently. The procedures, remarks during the instal-
lation, status are described in this paper. As an examle, the beam postion monitors are one of sensors which are taken
cared intensively for their positioning on their housing quadrupole magnet, then our cares during their installation
are described .

Synchrotron Radiation Diagnostics for the NSLS Booster

We developed an optical diagnostics system

for the NSLS booster-synchrotron utilizing | T.V. Shaftan, I. Pinayev (BNL)

the synchrotron radiation from the dipole

magnet. MATLAB based software allows to study the electron beam properties along the energy ramp. The trajectory,
beam sizes and coupling at the different instants of time are retrieved from the analysis of the electron beam image.
In the paper we present the system layout, as well as experimental results and upgrade plans.
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Novel Method for Beam Dynamics using an Alpha Particle Source

PRISM is a future muon source which would

A. Sato, M. Aoki, Y. Arimoto, L. Itahashi, Y. Kuno, T. Oki, M. Yoshida  provide high intense, monochromatic and

(Osaka University) pure muon beams. In order to achieve such

muon beams we use a technique called Phase

Rotation using an FFAG ring (PRISM-FFAG). The PRISM-FFAG ring is now under construction in Osaka university.

The Commissioning will start in JFY 2007. In order to investigate the dynamical performances of the FFAG before the

actual commissioning, we propose a novel experimental method. The principle of the method and its application to
PRISM-FFAG will be described in this paper.

Beam-based Alignment Strategy for the Group Controlled Magnets System

The beam based alignment of the beam posi-

N. Hayashi (JAEA/J-PARC) S. Lee, T. Toyama (KEK) tion monitor (BPM) becomes an important

tool to reduce the closed orbit distortion

(COD) in the recent accelerator. Normally, it requires the independent control of the quadrupole field. Chang-

ing the current of a quadrupole magnet, one would find the unperturbed position. However, the J]-PARC Rapid-

Cycling Synchrotron (RCS) has seven quadrupole families and only group of each family can be controlled simulta-

neously. There is neither separate power supplies nor auxiliary coil windings on each individual magnet. A similar

alignment procedure is applicable for the coupled-controlled magnet system, but it becomes very complicated. For

the simplest case, three magnets grouped together, four different beam orbits have to be measured at three different
BPM locations. The method and some simulation results for J-PARC/RCS case will be presented in this report.

A Prototype of Residual Gas Ionization Profile Monitor for J-PARC RCS

A prototype of a residual gas ionization pro-

K. Satou, N. Hayashi (JAEA /J-PARC) S. Lee, T. Toyama (KEK) file monitor (IPM) for J-PARC RCS has been

developed. It consists of electrodes produc-

ing electric field to collect ionized ions/electrons, MCP as a signal read-out device, an electron generator to evaluate

the gain balance of MCP channels, and a wiggler type magnet producing guiding field. The monitor has been installed

in KEK-PS main ring and has been examined using proton beam. At the conference, recent preliminary results of
experiments will be reported.

Time-resolved Beam Emittance Measurement of Dragon-I Linear Induction Accelerator

A beam emittance diagnostic system of an

G.J. Yang, S. Chen, X. Jiang, Z. Zhang (CAEP/IFP) intense pulsed electron beam (20MeV, 2.6kA,

80ns) based on optical transition radiation is

developed. A gated CCD camera is used to get time-resolved result. We develop a timing system to avoid the

time jitter, an anti-interference system to avoid the electromagnetic interference, and a C++ code to deal with the

experimental data. The measured emittance is about 2000 D.mm.mrad, which is agree with the result of three
gradient method.
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Development of Beam Profile Monitor for Cyclotron

A beam profile monitor was designed and

fabricated to measure the beam shape of | K.-H. Park, S.-M. Hong, Y.G. Jung, D.E. Kim, H.-G. Lee, W.W.
the cyclotron MC50 beam line at KIRAMS. | Lee (PAL) D.H. An, J.-S. Chai, Y.S. Kim (KIRAMS) B.-K. Kang
The sensor module was made of 13 tungsten | (POSTECH)

wires and they were assembled into an array

type. The sensor wires whose diameter is 1 mm were placed in parallel with the incident beam, while they were
placed in the perpendicular direction to the incident beam in the conventional method. Thus this monitor has a linear
actuator to scan whole beam profile, which moves the sensor module from the dormant to measurement position or
vice versa. The current output of each sensor was amplified using a trans-resistance amplifier which can measure
input current in the range of 1 pA. The amplifier had a resolution of ~ 20 fA, the temperature drift of ~0.5 pA/°C,
and the signal-to-noise ratio greater than 80 dB. Various test results of the amplifier and sensor module assembly are
given in this paper. The measured current profiles of cyclotron beam line at KIRAMS are also given.

Testing the Silicon Photomultiplier for Ionization Profile Monitor

A new kind of photonic device is proposed

to be used in the fast operating mode of the | S.V. Barabin, D.A. Liakin, A.Y. Orlov (ITEP) P. Forck, T. Giacomini
ionization profile monitor. A silicon photo- | (GSI)

multiplier device combines the advantages

of photomultipliers and solid-state photo detectors. It provides high sensitivity, wide optical spectrum response,
high bandwidth and absence of 1/f noise component. Those parameters are critical in the IPM with fast readout
feature, which is developing in GSI in collaboration with ITEP, COOSY, MSU and CRYRING laboratories. Very first
investigations were made to obtain detailed parameters of silicon photomultiplier. A testing layout and resulting
performance data are presented in this publication.

New Generation Streak Camera Design and Investigation

The only method for electron bunch duration

monitoring with a resolution in the order of | A.M. Tron (LPI) T.V. Gorlov, I.G. Merinov (MEPhI)

10 fs and less is the method of photochronog-

raphy of the bunch incoherent radiation in the frequency range, for example, of visible light and at realizing streak
camera with new principles of its operation*. In the paper the streak camera design for measuring both the electron
bunches and x-ray pulses duration with the mentioned temporal resolution is presented. The results of the camera
investigation, with photoelectron dynamics simulation taking into account space-charge effect and impact of the sur-
face roughness of a spherical photocathode of the 20-50 micrometers radius (forming a modulating gap of spherical
configuration) on the camera resolution, are presented and discussed.

*A. M. Tron and I. G. Merinov. Method of bunch radiation photochronography with 10 femtosecond and less
resolution. http://www.physics.ucla.edu/PAHBEB2005/talks/100ct2005/wg2/atron.pdf
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Study of Beam Energy Spread at the VEPP-4M

The knowledge of beam energy spread is
O.I. Meshkov, V. E. Gurko, A.D. Khilchenko, V. Kiselev, N.Yu.  necessary for the experimental program of
Muchnoi, A.N. Selivanov, V.V. Smaluk, A. N. Zhuravlev (BINP SB  the VEPP-4M collider. In this report we dis-
RAS) cuss the application of optical diagnostics for
measurement of this value. The diagnostics
is based on multi-anode photomultiplier and provides information about betatron and betetron frequencies of elec-
tron beam*. The beam energy spread is derived from the spectra of synchrotron oscillation. The results, obtained
with this method, are compared with data, provided by Compton backscattering technique.
*O. I. Meshkov et al. Application of the beam profile monitor for VEPP-4M tuning. Proc. of DIPAC 05, June 6 - 8,
2005, Lyon, France, POMO008.

Fast and Precise Beam Energy Monitor Based on the Compton Backscattering at the VEPP-
4M Collider

Accurate knowledge of the colliding beam

N.Yu. Muchnoi, S.A. Nikitin, V.N. Zhilich (BINP SB RAS) energies is essential for the current experi-

ments with the KEDR detector at the VEPP-

4M collider. Now the experimental activity is focused on the new precise measurement of the tau-lepton mass by

studying the behavior of the tau production cross-section near the reaction threshold. To achieve the desired quality

of the experiment, an on-line beam energy monitoring by the Compton backscattering of laser light was performed.

This approach is found to be a very good supplement to rare energy calibrations by the resonant depolarization

technique, saving the beam time for luminosity runs. The method itself does not require electron beam polarization

and additionally allows one to measure the electron beam energy spread. The achieved accuracy of the method in
the beam energy range 1.7-1.9 GeV is 60 keV.

Dependence of the Electron Beam Polarization Effect in the Intra-beam Scattering Rate on
the Vertical Beam Emittance

Measurement of the Intra-beam scattering
S.A. Nikitin, I.B. Nikolaev (BINP SB RAS) rate is applied in the resonant depolariza-
tion technique to detect beam polarization in
electron/positron storage rings. A depolarization jump in the counting rate of scattering particles occurs at the instant
when the beam becomes unpolarized due to fulfillment of the external spin resonance condition. The magnitude
of the jump depends on polarization quadratically. It also depends on some other beam parameters as well as the
position of counters relative to the beam orbit. A larger jump implies higher accuracy in absolute calibration of
particle energy because the latter is proportional to the spin precession frequency. In contrast to an ordinary one-
dimensional approach, we calculate the magnitude of jump subject to, among other things, the vertical component
of relative velocity in particle collisions inside the beam. For this purpose, the transverse momentum distribution
function is properly modified. Calculations performed for the VEPP-4M storage ring-collider show that the jump may
depend significantly on the ratio between the vertical and radial beam emittance. We present results of our recent
experiments on study of this dependence.
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Beam Phase Measurement in a 200 MeV Cyclotron

New phase measuring equipment is being

planned for the K 200 variable frequency, | J.L. Conradie, A.H. Botha, PJ. Celliers, ].L.G. Delsink, D.T. Fourie,
separated-sector cyclotron at iThemba LABS | PT. Mansfield, P.F. Rohwer, M.J. Van Niekerk (iThemba LABS) J.
near Cape Town. A commercial lock-in am- | Dietrich, I. Mohos (FZ])

plifier is used to measure the beam phase

over the full radial range. Measurements are made at the third and fifth harmonics of the main RF frequency to limit
pick-up from the flat-topping and main dees. Computer-generated signals, with phase and amplitude control, at the
same harmonics, are used to cancel the signals coupled from the dees to the phase probes. In addition the signals
without beam are vectorially subtracted from those with beam to enhance the sensitivity and accuracy. Results of
measurements, using these techniques, on existing phase probes in the cyclotron, will be presented.

BPM Design for the ALBA Synchrotron

ALBA is a 3 GeV, low emittance, 3rd gen-

eration synchrotron light source that is in | F. Pérez, A. Olmos (ALBA) T.E. Giinzel (ESRF)

the construction phase in Cerdanyola, Spain.

Vertical beam sizes down to a few microns will require beam stabilities on the submicron level. The BPM has to be
designed in order to provide reliable and accurate beam position readings. Simulation and computational codes have
been used to optimise, for a given vacuum chamber dimension, the BPM design. The optimisation has taken into
account the usual sensitivity and intrinsic resolution parameters, but as well, the wakefield loss factor of the buttons.
Due to the small vertical vacuum chamber dimension and the high design current, the beam power deposited in the
buttons is becoming a concern due to the thermal deformation effects that can introduce errors at the submicron level.
A compromise between a higher intrinsic resolution from one side, and a low power deposited by the beam in the
buttons from the other, define the final buttons dimensions.

Characterisation of the MAX-II Electron Beam: Beam Size Measurements

Over the last year investigations of the MAX-

IT electron beam characteristics have been | M. Sjostrom, H. Tarawneh, E.J. Wallén (MAX-lab)

made. Examples of investigated parameters

include the beam size, bunch length, vacuum and Touschek lifetimes, and the machine functions. Several upgrades
of the MAX II ring have been performed since the commissioning 1995 like a new 100 MHz RF system with a 500
MHz Landau cavity, exchanged injector, and a variety of insertion devices. There is hence a need to systematically
characterize the present machine. This systematic characterisation is now underway and this article describes details
of the beam size measurements.

Bunched Beam Current Measurements with 100 pA rms Resolution at CRYRING

In CRYRING molecular beams with currents

down to 1 nA are used for experiments. To | A.Paal, A. Simonsson (MSL) J. Dietrich, I. Mohos (EZ])

extend the rms resolution of the bunched

beam current measurements down to 100 pA, a BERGOZ Integrating Current Transformer (ICT) and one of the
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the capacitive pick-up’s sum signal are integrated simultaneously. The absolute calibration of the pick-up integrator
signal is carried out at the end of the acceleration stage, during 20-60 ms. The ion beam current can be measured over
a pulse width range of 100 ns to 15 us with a 20-60% bunch duty cycle. For both detectors, low noise amplifiers and a
differential input double integrator have been designed. A programmable phase shifter allows measurement of the
beam current during the acceleration of the ions, generating a gate signal with proper phase for the integrators in the
30 kHz-3 MHz frequency range. The bandwidth of the integrators used is 100 Hz.

Technical Aspects of the Integration of the Optical Replica Synthesizer for the Diagnostics
of Ultra-short Bunches in FLASH at DESY

In this paper we present an overview of cur-
V.G. Ziemann (UU/ISV) N.X. Javahiraly, P. van der Meulen rent status of the Optical Replica synthesizer
(FYSIKUM, AlbaNova, Stockholm University) M. Larsson (Stock-  at DESY. The method is based on producing
holm University, Department of Physics) E. Saldin, H. Schlarb, E.  an "optical copy" of the electron bunch with
Schneidmiller, A. Winter, M.V. Yurkov (DESY) its subsequent analysis with optical tech-
niques*. To this end, a near-IR laser beam
is superimposed on the electron beam in the first undulator of an optical klystron. In the following dispersive section
the laser-induced energy modulation is transformed into a density modulation . The modulated electron bunch
then produces a strong optical pulse in the second undulator. Analysis of this near-IR pulse (the optical copy) then
provides information about the profile, the slice emittance and the slice energy spread of the electron bunch. We
discuss the implementation of such a measurement set-up at the FLASH facility at DESY and investigate the influence
of various parameters on the performance of the device. Topics we address include the dispersive chicane, as well as
the requirements for the seed laser pulses and the detection and analysis of the near-IR pulse.
*E. Saldin, et al. "A simple method for the determination of the structure of ultrashort relativistic electron bunches,"
Nucl. Inst. and Methods A 539 (2005) 499.

The EuroTeV Confocal Resonator Monitor Task

We describe the progress in the analysis of

V.G. Ziemann, T. J. C. Ekelof, A. Ferrari, M. A. Johnson, E. A. the confocal resonator monitor task which is

Ojefors, A. B. Rydberg (UU/ISV) E. Caspers (CERN) part of the diagnostics workpackage of Eu-

roleV. The initial design was analyzed both

numerically and experimentally and found limitations. We therefore digressed from strict confocality and report the

numerical analysis and S-parameter measurements of a modified design. Furthermore, we discuss the mechanical

design needed for planned tests with beam in CTF3 which requires integration of the monitor into the beam pipe,
damping of trapped modes, and frequency tunability.

Time-resolved Spectrometry on the CLIC Test Facility 3

The high charge (>6microC) electron beam

T. Lefevre, C.B. Bal, H.-H. Braun, E. Bravin, S. Burger, R. Corsini,S.  produced in the CLIC Test Facility 3 (CTF3)
Doebert, C.D. Dutriat, F. Tecker, P. Urschiitz, C.P. Welsch (CERN) is accelerated in fully loaded cavities. To be
able to measure the resulting strong transient

effects, the time evolution of the beam energy and its energy spread must be measured with at least 50MHz bandwidth.
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Three spectrometer lines were installed all along the linac in order to control and tune the beam. The electrons are
deflected by a dipole magnet onto an Optical Transition Radiation (OTR) screen, which is observed by a CCD camera.
The measured beam size is then directly related to the energy spread. In order to provide time-resolved energy
spectra, a fraction of the OTR photons is sent onto a multichannel photomultiplier. The overall set-up is described,
special focus is given to the design of the OTR screen with its synchrotron radiation shielding. The performance of
the time-resolved measurements are discussed in detail. Finally, the limitations of the system, mainly due to radiation
problems, are discussed.

Expected Signal for the TBID and the Ionization Chambers Downstream of the CNGS
Target Station

Downstream the carbon graphite target of

the CNGS (CERN Neutrinos to Gran Sasso) L. Sarchiapone, A. Ferrari, E. Gschwendtner, M. Lorenzo Sentis
facility at CERN it has been decided to install | (CERN)

a secondary emission monitor called TBID

(Target Beam Instrumentation Downstream) monitor to measure the multiplicities and the left/right as well as up/
down asymmetries of secondary particles from target. Calculations show that the titanium windows used to close
off the TBID vacuum tank might not withstand the highest beam intensities with small spot sizes expected at CNGS,
in case the proton beam accidentally misses the 4-5 mm diameter target rods. Therefore it has been suggested to
place two ionisation chambers as a backup for the TBID located left and right of the TBID monitors. Monte Carlo
simulations with the particle transport code FLUKA were performed firstly to obtain the fluence of charged particles
in the region of interest and secondly to estimate the induced radioactivity (noise) in this area. This allows to assess
the actual signal/noise situation and thus to determine the optimal position (lateral displacement with respect to the
beamline) of the ionisation chambers. This document presents the results of these calculations.

Precision Beam Timing Measurement System for CLIC Synchronization

Very precise synchronization between main

and drive beams is required in CLIC to avoid | J.P.H. Sladen, A. Andersson (CERN)

excessive luminosity loss due to energy vari-

ations. One possibility to accomplish this would be to measure and correct the drive beam phase. The timing reference
for the correction could be the beam in the transfer line between the injector complex and the main linac. The timing
of both main and drive beams will have to be measured to a precision in the region of 10 fs. The aim is to achieve
this by means of a beam measurement at 30 GHz with the signal mixed down to an intermediate frequency (IF) for
precise phase detection. The RF and IF electronics are being developed and tests will be carried out in CTF3.

Beam Diagnostics with Schottky Noise in LEIR

The high density Lead ion beams, needed

for LHC, are obtained in the Low Energy Ion | J. Tan, G. Tranquille (CERN)

Ring (LEIR) at CERN by multi-turn injection

followed by electron cooling and stacking. During this injection and stacking phases where the circulating beam is
unbunched, diagnostics with Schottky noise are used for probing essential beam parameters, such as tune, momentum
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spread, emittance and their evolution with time... The hardware facility and first results obtained during the recent
commissioning of LEIR are described.

High Dynamic Range Beam Profile Measurements

In future high intensity, high energy acceler-
C.P. Welsch, E. Bravin, B. Burel, T. Lefevre (CERN) T. Chapman, ators, beam loss has to be minimized to max-
M.]. Pilon (Thermo) imize performance and minimize activation
of accelerator components. It is imperative
to have a clear understanding of the mechanisms that can lead to halo formation and to have the possibility to test
available theoretical models with an adequate experimental setup. Measurements based on optical transition radia-
tion (OTR) provide an interesting opportunity for high resolution measurements of the transverse beam profile. In
order to be applicable for measurements within the beam halo region, it is of utmost importance that a high dynamic
range is covered by the image acquisition system. The existing camera system as it is installed in the CLIC Test Facility
(CTF3) is compared to a step-by-step measurement with a photo multiplier tube (PMT) and measurements with a
cooled charge injection device (CID) camera. The latter acquisition technique provides an innovative and highly
flexible approach to high dynamic range measurements and is presented in some detail.

Investigations of OTR Screen Surfaces and Shapes

Optical transition radiation (OTR) has
C.P. Welsch, E. Bravin, T. Lefevre (CERN) proven to be a flexible and effective tool for
measuring a wide range of beam parameters,
in particular the beam divergence and the transverse beam profile. Itis today an established and widely used diagnos-
tic method providing linear real-time measurements. Measurements in the CLIC Test Facility (CTF3) showed that the
performance of the present profile monitors is limited by the optical acceptance of the imaging system. In this paper,
two methods to improve the systems’ performance are presented and results from measurements are shown. First,
the influence of the surface quality of the OTR screen itself is addressed. Several possible screen materials have been
tested to which different surface treatment techniques were applied. Results from the measured optical characteristics
are given. Second, a parabolic-shaped screen support was investigated with the aim of providing an initial focusing
of the emitted radiation and thus to reduce the problem of aperture limitation. Measured and calculated emission
distributions are presented.

Electron Beam Profile Measurements with Visible and X-ray Synchrotron Radiation at the
Swiss Light Source

Two different methods of beam profile mea-

A. Andersson, M. Rohrer, V. Schlott, A. Streun (PSI) O.V. Chubar  surements using a) visible-to-UV range syn-
(SOLEIL) chrotron radiation b) X-ray synchrotron ra-
diation have been realized in a single diag-

nostics beam line at the Swiss Light Source. While the visible-to-UV part uses a focusing lens to create an image
of the electron beam cross section, the X-ray part makes use of the pinhole camera principle. In the visible-to-UV
case the vertically polarized synchrotron radiation renders an image heavily influenced by inherent emission and
diffraction effects of synchrotron radiation. This turns out to be an advantageous influence in order to determine
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ultra small beam profiles. For each of the two methods practical point-spread function measurements, including
all beam line components, and high-precision wave-optics based calculations (SRW code) of the synchrotron light
characteristics were performed to ensure correct interpretation of the measured profiles. Results from both monitors
will be presented to allow comparison.

Commissioning of a New Digital BPM System for the PSI Proton Accelerators

A new digital beam position monitor

(DBPM) system has been developed and suc- | B. Keil, P-A. Duperrex, M. U. Miiller (PSI)

cessfully tested at the PSI proton accelerators.

The DBPM hardware consists of an analogue RF front-end (RFFE), a VMEbus backplane module (VBM), and the PSI
VME PMC Carrier board (VPC). The RFFE combines the 2nd RF harmonic (101.26 MHz) beam signals of pickup
coils with a 101.31 MHz pilot signal. The RFFE output signals are undersampled and down-converted to base-band
(no analogue mixer) by ADCs and DDCs (Direct Digital Downconverters) on the VBM. The DDCs send the digitised
beam and pilot signal amplitudes to a Virtex2Pro FPGA on the VPC board. The FPGA calculates the beam positions
at different averaging rates, checks interlock limits, and provides triggered storage of beam position waveforms.
Furthermore, the FPGA performs automatic gain control of voltage-controlled amplifiers (VCAs) of RFFE and VBM.
By continuous normalisation of beam to pilot signal, nonlinearities and temperature drifts of the electronics are
eliminated. Compared to the old analogue BPM electronics, the new DBPMs offer an increased dynamic range (0.2
pA to 2 mA instead of 5 uA to 2 mA) and larger bandwidth (10 kHz instead of 10 Hz).

THz Diagnostic for the Femtosecond Bunch Slicing Project at the Swiss Light Source

Interaction of electron bunches with a fem-

tosecond Ti:Sa laser beam along a modulator | V. Schlett, D. Abramsohn, P. Beaud, G. Ingold, P. Lerch (PSI)
wiggler in the Swiss Light Source (SLS) stor-

age ring results in an energy modulation of the electron beam on the length scale of the laser pulse. While high energy
photon pulses (3 18 keV, ~ 100 fs long) are produced by an in-vacuum undulator (radiator) and used for time resolved
experiments within the SLS femtosecond bunch slicing project, coherent synchrotron radiation (CSR) emitted by the
adjacent bending magnet in the THz-regime is used for longitudinal slicing diagnostics and monitoring of slicing
efficiency. This paper describes the simulation and layout of the THz-diagnostic beamline and presents first time
and spectrally resolved measurements with the longitudinal slicing diagnostics, which has been set-up for the SLS
“femto-slicing” project.

Status of Synchrotron Radiation Monitor at TLS

Synchrotron radiation monitor of the Taiwan

Light Source have been upgraded recently. C.H. Kuo, J. Chen, K.-T. Hsu, S.Y. Hsu, KH. Hu, D. Lee, C.-]. Wang
Improvement of optics and modelling was | (NSRRC)

performed to improve accuracy of measure-

ment for small beam size. Synchrotron light interferometer is implemented for complementary measurement. IEEE-
1394 digital CCD camera is used to improve image transmission quality, camera remote control and to extend dynamic
range. Intensify gated camera are included in this upgrade for dynamic property observation of the stored beam.
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Functionality enhancement of image analysis is also supported. Efforts and achievements will be summarized in this
report.

High-intensity Bremsstrahlung Monitoring System for Photonuclear Technologies

The realization of promising photonuclear
V.L. Uvarov, S.P. Karasyov, V.I. Nikiforov, R.I. Pomatsalyuk, V.A.  technologies (a soft technology for medical
Shevchenko, I.N. Shlyakhov, A.Eh. Tenishev, Yu.V. Zhebrovsky isotope production, radioactive waste han-
(NSC/KIPT) dling, activation analysis, etc) calls for the
sources of high-energy (Egamma>10MeV)
and high-intensity (>=10E03W/cm2) photons. These sources may by obtained by converting a beam from a high-
current electron Linac into bremsstrahlung. The method of combined activation of a set of foils that have differ-
ent energy thresholds of the (gamma,n) reactions is proposed to determine the space-energy characteristics of such
radiation. In each energy range the geometrical characteristics of the bremsstrahlung flux are reconstructed from
the foil surface gamma-activity distribution. The last one is determined through one-dimensional scanning of the
foils by a specially designed detecting head that includes a linear matrix of 16 collimated semiconductor detectors
(CdZnTe; 2x2x2,mm). A preliminary analysis of the system geometry and applicability of the method was performed
by computer simulation based on the PENELOPE software. A developed PC based measuring system with CAMAC
interface is described.

Instrumentation and Operation of a Remote Operation Beam Diagnostics Lab at the Cor-
nell Electron-positron Storage Ring

Accelerator beam diagnostics are being mod-

R. Holtzapple, ].S. Kern, PJ.S. Stonaha (Alfred University) B. Cerio  ified at the Laboratory of Elementary Particle

(Colgate University) M.A. Palmer (Cornell University, Laboratory = Physics (LEPP) at Cornell University for re-

for Elementary-Particle Physics) mote operation at nearby Alfred University.

Presently, a streak camera used for longitudi-

nal dynamics measurements on the Cornell Electron-Positron Storage Ring (CESR) is operational and measurements

have been made from Alfred University [1]. In the near future, photomultiplier tube arrays for electron and positron

vertical beam dynamics measurements will be remotely operated as well. In this paper, we describe instrumentation
and operation of the remote beam diagnostics.

Antiproton Momentum Distributions as a Measure of Electron Cooling Force at the Fermi-
lab Recycler

The Fermilab Recycler is a fixed 8GeV kinetic

D.R. Broemmelsiek, S. Nagaitsev (Fermilab) energy storage ring located in the Fermilab

Main Injector tunnel near the ceiling. Elec-

tron cooling of high-energy antiprotons has recently been demonstrated at the Recycler. Antiproton beam Schottky

signals were used to measure the antiproton momentum distribution at equilibrium between a calibrated broadband

diffusion source and electron cooling. The large Recycler momentum aperture, the dependence of the electron cool-

ing force as a function of the antiproton momentum deviation and the calibrated diffusion source combine to give a
unique spectral measurement of the antiproton momentum beam distribution.
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Development of HOM Damped Copper Cavity for the ESRF

At the ESRF, HOM driven longitudinal cou-

pled bunch instabilities are currently avoided | N. Guillotin, J. Jacob, V. Serriere (ESRF)

up to the nominal beam current of 200 mA

by precisely controlling the cavity temperatures and thereby the HOM frequencies of the existing five-cell copper
cavities. A bunch-by-bunch feedback is presently being commissioned in order to increase the maximum stored
current. In parallel, normal conducting strongly HOM damped cavities are under study to possibly replace the five-
cell cavities. The design is based on a scaling of the single cell EU cavity*: a pillbox geometry with nose cones and
three attached ridged waveguides loaded by ferrites for effective HOM damping. We report on the electromagnetic
simulation making use of the 3D codes HFSS and GdfidL. They allowed optimizing the shape of both cavity and
dampers, including electromagnetic absorbing material with frequency dependent parameters.

*E. Weihreter et al. A Ridged Circular Waveguide Ferrite Load for Cavity HOM Damping, this conference.

Fiberoptics-based Instrumentation for Storage Ring Longitudinal Diagnostics

Many beam diagnostic devices in today’s

synchrotron rings make use of the radiation | S.De Santis, ].M. Byrd, A. Ratti, M.S. Zolotorev (LBNL) Y. Yin (Y.Y.
emitted by the circulating particles. Such in- | Labs, Inc.)

struments are placed in close proximity of

the accelerator, where in many instances they cannot be easily accessed for safety consideration, or at the end of a
beamline, which because of its cost, can only move the light port a few meters away from the ring. We present a study
on the coupling of synchrotron light into an optical fiber for all those application where the longitudinal properties
of the beam are measured (i.e., bunch length, phase, intensity, etc.). By choosing an appropriate fiber it is possible
to keep attenuation and dispersion at negligible values over a large bandwidth, so that this method would allow
to have the diagnostic instruments directly in the control room, or wherever convenient, up to several hundred of
meters away from the tunnel. This would make maintaining and replacing instruments, or switching between them,
possible without any access to restricted areas. Additionally, the few components required to be near the ring (lenses
and couplers) in order to couple the light into the fiber are intrinsically radiation-hard.

Modeling of Ultrafast Streak Cameras

We present progress on modeling of streak

camera with application to measurement of | G. Huang, ].M. Byrd, J. Feng, H.A. Padmore, J. Qiang, W. Wan
ultrafast phenomena. Our approach is based | (EBNL)

on treating the streak camera as a photocath-

ode gun and applying modeling tools for beam optics, space charge, and electromagnetic fields. We use these models
to compare with experimental results from a streak camera developed at the Advanced Light Source. Furthermore,
we explore several ideas for achieving sub-100 fsec resolution.

171

TUPCHO099

TUPCH100

TUPCH101



TUPCH103

TUPCH105

TUPCH106

27-Jun-06 16:00 - 18:00 TUPCH — Poster Session

New Developments on Single-shot Fiber Scope

New development has been done to reduce

Y. Yin, X. Che (Y.Y. Labs, Inc.) the noise and improve the stability of the sin-

gle-shot fiber scope, which used an optical

fiber recirculating delay line to regenerate the single-shot very short electrical pulse, so a sampling scope can recover
the original signal. New measurements have been done and will be reported.

Performance of a Nanometer Resolution BPM System

International Linear Collider (ILC) interac-
S. Walston, C.C. Chung, P. Fitsos, ].G. Gronberg (LLNL) S.T. Boogert  tion region beam sizes and component posi-
(Royal Holloway, University of London) J.C. Frisch, J. May, D.J. Mc-  tion stability requirements will be as small as
Cormick, M.C. Ross, S. Smith, TJ. Smith (SLAC) H. Hayano, Y.  a few nanometers. It is important to the ILC
Honda, N. Terunuma, J. Urakawa (KEK) Y.K. Kolomensky, T. Ori-  design effort to demonstrate that these toler-
moto (UCB) A. Lyapin, S. Malton, D.J. Miller (UCL) R. Meller (Cor-  ances can be achieved — ideally using beam-
nell University, Department of Physics) M. Slater, M.T. Thomson,  based stability measurements. It has been
D.R. Ward (University of Cambridge) V.V. Vogel (DESY) G.R. White  estimated that RF cavity beam position moni-
(OXFORDphysics) tors (BPMs) could provide position measure-
ment resolutions of less than one nanometer
and could form the basis of the desired beam-based stability measurement. We have developed a high resolution
RF cavity BPM system. A triplet of these BPMs has been installed in the extraction line of the KEK Accelerator Test
Facility (ATF) for testing with its ultra-low emittance beam. The three BPMs are rigidly mounted inside an alignment
frame on variable-length struts which allow movement in position and angle. We have developed novel methods for
extracting the position and tilt information from the BPM signals including a calibration algorithm which is immune
to beam jitter. To date, we have been able to demonstrate a resolution of approximately 20 nm over a dynamic range
of + 20 microns. We report on the progress of these ongoing tests.

Commissioning the SPEAR3 Diagnostic Beamlines

SPEAR 3 has two diagnostic beam lines: an

W.J. Corbett, C. Limborg-Deprey, W.Y. Mok, A. Ringwall (SLAC) x-ray pinhole camera and a visible/UV lab-

oratory. The pinhole camera images ~8 keV

dipole radiation on a phosphor screen with a remote computer to capture digital profile images. The visible/UV

beam line features an 8 mm high GlidCop ’cold finger’ to remove the x-ray core of the beam. The remaining light

is deflected horizontally onto an optical bench where it is focused via reflective (Cassegrain) or refractive optics.

The visible beam is then split into branch lines for a variety of experimental applications. This paper describes the
experimental arrangement, data processing algorithms and measurements obtained with both systems.
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Characterization of the PEP-II Colliding-beam Phase Space by the Boost Method

We present a novel approach to characterize

the colliding-beam phase space at the inter- | M. Weaver (SLAC) W. Kozanecki (CEA) B.F. Viaud (Montreal Uni-
action point of the energy-asymmetric PEP-II | versity)

B-Factory. The method exploits the fact that

the transverse-boost distribution of e™ e~ —> mu+ mu- events reconstructed in the BaBar tracking system, reflects that
of the colliding electrons & positrons. The average boost direction, when combined with the measured orientation
of the luminous ellipsoid, determines the e*e™ crossing angles. Varying the horizontal direction of one beam with
respect to the other in a controlled fashion allows to estimate the individual e* and e™ horizontal IP beam sizes. The
angular spread of the transverse boost vector provides an accurate measure of the angular spread of the incoming
high-energy beam, confirming the presence of a significant beam-beam induced increase of this angular spread. In
addition, the longitudinal dependence of the angular spread of the boost vector in the y-z plane allows to extract from
the continuously-monitored boost distributions, a weighted average of the vertical IP beta-functions & emittances of
the two beams representative of routine high-luminosity operation.

Ion-related Phenomenon in UVSOR/UVSOR-II Electron Storage Ring

A vertical betatron tune shift depending on

beam current under multibunch condition | A. Mochihashi, K. Hayashi, M. Hosaka, M. Katoh, J. Yamazaki
was observed in the UVSOR storage ring. | (UVSOR) Y. Hori (KEK) Y. Takashima (Nagoya University)

Vertical tune increased as beam current de-

creased, and the slope of the tune shift depended on the condition of the vacuum in the ring. Such a change in vertical
tune was explained by a change in the stability condition of trapped ions*/** with the beam current. Based on a
theoretical model*** that gives density of the trapped ions the experimental results were discussed via analytic and
tracking calculations. Both the effect from the residual gas ions generated by scattering between high energy electrons
and molecules and that from dissociated ions that come from secondary ionization processes have been discussed. In
quest of the ion-related phenomenon in single-bunch condition, precise tune measurement has been also performed
in the UVSOR-II storage ring. The experimental results in the single-bunch condition have been discussed. Precise
measurement of vacuum pressure in the beam duct is a key issue of the ion-related phenomenon. A design of vacuum
pressure measurement system via detecting residual gas fluorescence will be introduced in the presentation.

*R. D. Kohaupt. DESY Internal. Bericht No.H1-71/2 (1971). **Y. Baconnier and G. Brianti. CERN Internal Report
No.CERN/SPS/80-2(DI) (1980). ***A. Mochihashi et al. Jpn. J. Appl. Phys. 44 (2005) 430.

Upgrade of Main RF Cavity in UVSOR-II Electron Storage Ring

The UVSOR electron storage ring, which is

dedicated to a synchrotron radiation (SR) | A. Mochihashi, K. Hayashi, M. Hosaka, M. Katoh, J. Yamazaki
light source especially for VUV and Soft X- [ (UVSOR) H. Suzuki (Toshiba) Y. Takashima (Nagoya University)
ray, has been improved at the beginning of

2003, and transverse emittance in the improved ring (UVSOR-II)* has been decreased from 165nm-rad to 60 and/or
27nm-rad. Users runs have been performed since September 2003 with 60nm-rad mode, and since then high brilliant
SR beams have been supplied routinely for users. The 27nm-rad mode, however, was difficult to introduce to daily
operation initially because Touschek lifetime was insufficient in such small emittance condition. To improve the beam
lifetime and make full use of the SR beams, we have built new main RF cavity. The aim of the improvement was
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to increase momentum acceptance by increasing RF accelerating voltage; the previous cavity generated the voltage
of 55kV, whereas the new one can generate 150kV in maximum without changing RF frequency (90.1MHz) and
transmitter (20kW in maximum). The new cavity has been installed in the UVSOR-II in spring of 2005, and high
power commissioning went on smoothly. Because of the improvement, from spring 2005 the UVSOR-II has switched
the daily users run to 27nm-rad.

*M. Katoh et al., in this conference.

RF System for the Superconducting Linac Downstream from DEINOS Injector

The DEINOS injector will be followed by

P. Balleyguier, J.-L. Lemaire (CEA) an accelerator consisting of a LEP-like cry-

omodule including four 4-cell superconduct-

ing cavities. Each of these cavities will be fed by a solid-state amplifier delivering 20 kW in CW operation at 352

MHz. We will use the technology developed by the "Synchrotron SOLEIL" RF team, consisting of merging the power

of numerous independent 330 W modules. The design of the low level RF system will be based on our experience
with the ELSA accelerator.

Commissioning of the 100 MeV Preinjector HELIOS for the SOLEIL Synchrotron

HELIOS is the 100 MeV electron linac pre-

A.S. Setty, D. Jousse, ].-L. Pastre, F. Rodriguez (THALES) R. Cha-  injector of SOLEIL the new French SR facil-

put, J.-P. Pollina, B. Pottin, M.-A. Tordeux (SOLEIL) A. Sacharidis  ity. It has been supplied by THALES, as a

(EuroMev) turn-key system on the basis of SOLEIL APD

design. The linac was commissioned in Oc-

tober 2005. This paper will remind the main features of the linac, especially on beam-loading compensation, and will

give results obtained during the commissioning tests where a special care has been taken for emittance measurements.
Specified and measured beam parameters will be compared to show the performance of the entire system.

Construction of the ALPHA-X Photo-injector Cavity

We will describe the construction and low

J. Rodier, T. Garvey (LAL) D.A. Jaroszynski, V.M. Pavlov, YM.  power testing of an RF cavity to be used

Saveliev, M. Wiggins (USTRAT/SUPA) M.]. de Loos, S.B. van der  as a photo-injector for the ALPHA-X project

Geer (PP) within the Department of Physics at the Uni-

versity of Strathclyde (UK). The gun is a two

and a half cell S-band cavity, employing a metallic photo-cathode. RF power is coupled to the gun via a co-axial power

coupler. The specification of the gun and the low power measurements made to achieve the correct mode frequency
and field flatness will be presented.
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A Ridged Circular Waveguide Ferrite Load for Cavity HOM Damping

A normal conducting HOM damped 500

MHz prototype cavity has been tested with | E. Weihreter, V. Duerr, F. Marhauser (BESSY GmbH)

three tapered circular double ridged wave-

guide to coaxial transitions as HOM couplers, featuring maximum longitudinal and transverse HOM impedances
below 5 kOhm and 200 kOhm/m respectively. Numerical simulations indicate that these impedance levels can be
further reduced by more than a factor of 3 using homogeneous circular double ridged waveguides for improved cou-
pling to the HOMs. In the present paper the layout of an optimised homogeneous waveguide with "in vacuum" ferrite
tiles is presented, including mechanical and thermal design considerations. Low power reflectrometry measurements
demonstrate good matching of a prototype load, and high power tests of the ferrite absorber elements indicate that
the waveguide load is well suited for the cavity HOM power levels present in state of art 3rd generation SR sources.

Status of the 70 MeV, 70 mA CH Proton-DTL for FAIR

The CH-type cavity shows promising fea-

tures in the low and medium beta range: its | G. Clemente, H. Podlech, U. Ratzinger, R. Tiede (IAP) L. Groening
high accelerator gradient and the high level | (GSI)S. Minaev (ITEP)

of shunt impedance together with the com-

pact transverse dimensions make this new cavity a good candidate for proton acceleration up to 100 MeV. That’s why
GSI has decided to base the new high current proton injector for the new FAIR facility on that structure: the operating
frequency will be 352 MHz with an injection energy of 3 MeV. In order to improve the technical experience on this
new kind of structure, IAP has built a model consisting of 8 equidistant gaps for a total cavity-length of 60 cm. Several
design options with respect to welding, alignement, cooling and RF joints were studied and compared each other.
A new concept for the end-cells geometry will result in the desired flatness of the electric field along the cavity axis
and, at the same time, allow effective integration of internal quadruple lenses. Finally, the electric quadruple content
of CH-structure gaps is listed in dependence on the geometry of the cell.

Waveguide Distribution Systems for the European XFEL

In the European X-ray FEL 32 superconduct-

ing cavities are connected to a 10 MW multi- | V.V. Katalev, S. Choroba (DESY)

beam klystron through a waveguide distrib-

ution system. The basic waveguide system is a linear system. The XFEL tunnel has limited space for the waveguide
system and therefore some new compact high power waveguide components like a motor driven phaseshifter, an
iris tuner and an asymmetric shunt tee have been developed. Also alternative layouts of the waveguide distribution
system which may have certain advantages have been designed. In this report we will present the different layouts
and report on the status of the development of the different new waveguide components.
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Experience with the 208MHz and 52MHz RF Systems for the HERA Proton Accelerator

The RF System for the Hera Proton Ring
R. Wagner, S. Choroba, A. Gamp, T.G. Grevsmuehl, G.M. Moeller = consists of four 208MHz systems and two
(DESY) A.B. Bienkowski (The Andrzej Soltan Institute for Nuclear  52MHz systems. At injection three of the
Studies, Centre Swierk) 208MHz systems are at 70 kV and one Sys-
tem is at 190kV with a phase of 180 degree.
The 52 MHz Systems are at 70kV each. During ramping the RF voltage of all cavities follows a ramp table. At flat
top at 920GeV both 52 MHz systems are at 50kV and three of the 208MHz Systems are at 190kV while the 180 degree
phased system is reduced to 30kV. The typical beam current is 100mA in 180 bunches with a bunch separation of 96
ns. About one year before shutdown of HERA this presentation gives an review of about 14 years operation of the
Proton RF System. It is also an overview of the hardware including the beam loading compensation (fast feedback)
the tuning system and the other components.

Manufacturing and Testing of 2.45 GHz and 4.90 GHz Biperiodic Accelerating Structures
for MAMI C

At the Institut fur Kernphysik (IKPH) of
A. Jankowiak, O. Chubarov, H. Euteneuer (IKP) K. Dunkel, C. Piel, Mainz University the fourth stage of the
H. Vogel, P. vom Stein (ACCEL) Mainz Microtron (MAMI), a 855MeV to
1500MeV Harmonic Double Sided Micro-
tron*, is now on the verge of first operation. For this project ACCEL Instruments GmbH manufactured biperiodic, on
axis coupled, standing wave accelerating structures at the frequencies of 2.45GHz and 4.90GHz. Four resp. eleven
multicell sections were manufactured, low power characterized and after delivery tested at the high power test stand
of IKPH. This paper describes the production and characterization of these structures, presents results of the high
power tests, and compares these data with results gained at IKPH for an in house built 4.90GHz prototype and the
2.45GHz structures built in the 1980s.
*A. Jankowiak et al. "Design and Status of the 1.5 GeV-Harmonic Double Sided Microtron for MAMI", Proceedings
EPAC2002, Paris, p. 1085.

The Diamond Light Source Booster RF System

The Diamond Light Source (DLS) accelera-

C. Christou, V.C. Kempson (Diamond) K. Dunkel (ACCEL) A. Fab-  tor complex can be divided into three major

ris (ELETTRA) components; a 3 GeV 561 m circumference

storage ring, a 158.4 m circumference full-

energy booster synchrotron and a 100 MeV pre-injector linac. This paper describes the design and presents com-

missioning results of the RF system for the booster synchrotron. Booster RF commissioning took place in late 2005

and early 2006 and involved the setting-into-operation of a 60 kW IOT amplifier, supplied by Thales Broadcast and

Multimedia, a 5-cell copper cavity, manufactured by Accel Instruments, and a low-level RF system designed and built
by Sincrotrone Trieste SCpA.
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The IASA Cooling System for the 10 MeV Linac

A de-ionized water cooling system for the

IASA room temperature 10 MeV CW Linac | A. Karabarbounis, D. Baltadoros, T. Garetsos, C.N. Papanicolas, E.
has been constructed and successfully in- | Stiliaris (IASA) A. Zolfaghari (MIT)

stalled. Commissioning is undergoing

achieving resistivity larger to 5SM?cm with a temperature accuracy of for all three linacs. Three ways mixing valves
with a stepping capability of one thousand different mixing steps fulfill independently for each section the required
temperature stability and the appropriate resonance frequency to our cavities. The RF requirements for the three
linacs is 190kW provided by a single high power klystron tube capable to deliver up to 500 kW CW at 2380 MHz.
The klystron is been cooled with a parallel similar cooling system and a third system cools our Aluminum waveguide
complex. In this paper we will present the design, specifications and results of our preliminary tests. A sophisticated
control and interlock system based on EPICS guarantees the proper functioning of the system.

Dipole Stabilizing Rods System for a Four-vane RFQ: Modeling and Measurement on the
TRASCO RFQ Aluminum Model at LNL

The Dipole Stabilizing Rods (DSR’s) are de-

vices used in order to reduce a priori the ef- | F. Grespan, A. Palmieri, A. Pisent (INFN /LNL)

fect of perturbation on the operating mode of

a four-vane RFQ caused by neighboring dipole modes by increasing the frequency spacing between the TE210 mode
and dipole modes, without, in principle, affecting the quadrupole TE210 mode. They have proven to be particularly
useful in the case of coupled RFQ’s whose overall length is significantly greater than the operating wavelength. In this
article we present a circuit model of such DSR’s, that, used in combination with a transmission line model of a four
vane RFQ), has allowed us to predict the dimensioning of the DSR’s in the case of the aluminum model of TRASCO
RFQ. The DSR parameters and, in general, the accuracy of the model have been also confirmed by HFSS simulations
and by RF measurements on the above-mentioned model.

Improvement of Co-based Amorphous Core for Untuned Broadband RF Cavity

We have developed a cobalt-based amor-

phous core as a new magnetic-alloy (MA) A. Sugiura, M. Kanazawa, T. Misu, S. Yamada (NIRS) K. Katsuki,
core for the loaded RF cavity. Because of | T. Kusaka, K. Sato (Toshiba)

its permeability found to be approximately

twice as high as that of FINEMET, this MA core is an excellent candidate for constructing a compact broadband RF
cavity with less power consumption. In this report, we present our recent studies of the Co-based amorphous core’s
physical properties and performance. Improvement of the new core coated by new materials surface of ribbon is also
described.
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Outgassing Rate of Highly Pure Copper Electroplating Applied to RF Cavities

We plan to apply a new copper electroplat-

T. Abe, T. Kageyama, Y. Saito, H. Sakai, Y. Sato, Y. Takeuchi (KEK) ing with a high purity and a high electric

Z. Kabeya, T. Kawasumi (MHI) T. Nakamura, S. Nishihashi, K.  conductivity to normal-conducting RF cavi-

Tsujimoto (Asahi Kinzoku Co., Ltd.) K. Tajiri (Churyo Engineering ties for electron or positron storage rings with

Co., Ltd.) a high current beam. As reported in 2005

Particle Accelerator Conference, our first test

cavity, made of iron, with the electroplated copper surface finished up by electropolishing showed an excellent electric

performance compared with the case of cavities made of oxygen free copper. Our next step is to examine the vacuum

performance. This paper reports results of the outgassing-rate measurements on our second test cavity together with
its fabrication process.

Fine Grooving of Conductor Surfaces of RF Input Coupler to Suppress Multipactoring

An RF input coupler to feed high power into

T. Abe, T. Kageyama, H. Sakai, Y. Takeuchi (KEK) an accelerating cavity with heavy beam load-

ing undergoes many multipactoring zones

due to the wide range of the input RF power. Furthermore, a regular coaxial line is more subject to multipactoring

than a rectangular waveguide because of the uniformity of the electromagnetic field. Grooving the conductor surfaces

of the coaxial line is a promising method to suppress multipactoring under any conditions expected in the above

cases. This paper reports results of our multipactoring simulation study and the high power test of the input coupler
with a grooved coaxial line.

New Cutting Scheme of Magnetic Alloy Cores for J-PARC Synchrotrons

A new cutting method using a grindstone
C. Ohmori, S. Anami, E. Ezura, Y. Funahashi, K. Hara, K. Hasegawa,  was developed to manufacture the magnetic
A. Takagi, M. Toda, K. Ueno, M. Yoshii (KEK) Y. Morita, T. Yoshioka  alloy cores. The problem of local tempera-
(ICEPP) M. Nomura, A. Schnase, F. Tamura, M. Yamamoto (JAEA/  ture rise around the cut surfaces was solved.
J-PARC) Long-term high-power tests have been per-
formed for both J-PARC RCS and MR RF sys-

tems. Mechanism of local heating, new cutting scheme, and manufacturing method are presented.

Conceptual Design of a 3rd Harmonic Cavity System for the LNLS Electron Storage Ring

The installation of a second RF cavity in the

N.P. Abreu, O.R. Bagnato, R.H.A. Farias, M.J. Ferreira, C. Pardine, UVX electron storage ring at the Brazilian
PF. Tavares (LNLS) Synchrotron Light Laboratory (LNLS) at the
end of 2003 brought about longitudinal in-

stabilities driven by one of the HOMs of the new cavity. Even though the operational difficulties related to these
unstable modes were successfully overcome by means of a combination of cavity tuning (using temperature and
plunger adjustments) with phase modulation of the RF fields at the second harmonic of the synchrotron frequency,
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a more appropriate technique to avoid those problems is the use of higher harmonic cavities, which have the impor-
tant advantage of providing damping of the longitudinal modes without increasing the energy spread, i.e., without
compromising the longitudinal emittance. In this work we present the design of a passive higher harmonic cavity
system optimized for operation at the LNLS storage ring. The parameters for a set of cavities as well as the analysis
of some of the effects that they may introduce in the beam dynamics are presented. An overview of the technical
aspects related to the project, construction and installation of the cavities in the storage ring is also presented.

Development of the Feed-forward System for Beam Loading Compensation in the J-PARC
RCS

In the J-PARC Rapid Cycling Synchrotron

(RCS), the heavy beam loading effects due to | F. Tamura, M. Nomura, A. Schnase, M. Yamamoto (JAEA /J-PARC)
the high intensity proton beam must be com- | 5. Anami, E. Ezura, K. Hara, C. Ohmori, A. Takagi, M. Yoshii (KEK)
pensated for stable acceleration. The beam

feedforward technique is used to compensate the beam loading in the RCS. We present the development of the feed-
forward system. We designed and built the full-digital system with modern FPGAs to realize high accuracy, stability
and predictability of the compensation. Because of the low Q value of each accelerating cavity, the wake voltage
consists of not only the accelerating harmonic component but also higher harmonics. Thus, the system is designed to
compensate the beam loading at several harmonics. The system has two parts. In the first part, vector components of
the selected harmonic are detected from the beam signal picked up by a wall current monitor. The compensation RF
signal is generated from the vector components with proper gain and phase in the latter part. The gain and phase are
set individually for each harmonic and each cavity of the twelve cavities. We also present the preliminary test results
of the newly developed modules.

High Power Test of MA Cavity for J-PARC RCS

We have been constructing the RF system for

the J-PARC RCS. Almost all of the power sup- | M. Yamamoto, M. Nomura, A. Schnase, F. Tamura (JAEA /J-PARC)
plies and the tube amplifiers have been con- | S. Anami, E. Ezura, K. Hara, C. Ohmori, A. Takagi, M. Toda, M.
structed, and the cavities are under construc- | Yoshii (KEK) K. Hasegawa (JAEA)

tion. All of them are tested at the experimen-

tal hall before installing into the ]-PARC RCS building. We test the hybrid cavity scheme to realize the optimum cavity
Q-value. The results of the test are described.

Higher Order Mode (HOM) Damper of 500 MHz Damped Cavity for ASP Storage Ring

TOSHIBA has delivered the storage ring

RF system for the Australian Synchrotron | J. Watanabe, K. Nakayama, K. Sato, H. Suzuki (Toshiba) M. Izawa
Project(ASP). Two pairs of the 500MHz [ (KEK) A.Jackson, G. LeBlanc, K. Zingre (ASP) T. Koseki (RIKEN /
Higher Order Mode(HOM) damped cavities | RARE/CC) N. Nakamura, H. Sakai, H. Takaki (ISSP/SRL)

were applied for this system. Two on-cen-

tered and one off-centered dampers were attached for damping the longitudinal HOM impedance down to less than
20kOhm/GHz. In order to reduce the coupling of off-center damper for accelerating mode and improve cooling

179

TUPCH130

TUPCH131

TUPCH132



TUPCH133

TUPCH134

TUPCH135

27-Jun-06 16:00 - 18:00 TUPCH — Poster Session

power of damper, New HOM damper was designed by optimizing SiC absorber structure and damper antenna length
using HFSS code. The design and manufacture of the new HOM damper and the test are described.

Comparison of Measured and Calculated Coupling between a Waveguide and an RF Cav-
ity Using CST Microwave Studio

Accurate predications of RF coupling be-

J. Shi, H. Chen, S. Zheng (TUB) D. Li (LBNL) R.A. Rimmer, H.  tween an RF cavity and ports attached to

Wang (Jefferson Lab) it have been an important study subject for

years for RF coupler and higher order modes

(HOM) damping design. We report recent progress and a method on the RF coupling simulations between waveguide

ports and RF cavities using CST Microwave Studio in time domain (Transit Solver). Comparisons of the measured

and calculated couplings are presented. The simulated couplings and frequencies agree within ~ 10% and ~ 0.1%

with the measurements, respectively. We have simulated couplings with external Qs ranging from ~ 100 to ~ 100,

000, and confirmed with measurements. The method should also work well for higher Qs, and can be easily applied
in RF power coupler designs and HOM damping for normal-conducting and superconducting cavities.

RF Characteristics of the PEFP DTL

A conventional 20 MeV Drift Tube Linac

H. S. Kim, Y.-S. Cho, H.-]. Kwon, K.T. Seol (KAERI) (DTL) for the Proton Engineering Frontier

Project (PEFP) has been developed as a low

energy section of a 100 MeV accelerator. The 20 MeV DTL consists of 4 tanks with 152 cells. The machine has a

unique feature of driving the 4 tanks with a single klystron. Therefore it has several control knobs to compensate the

errors of each tank during operation. To develop the RF control scheme, the variations of the RF parameters of each

tank were measured under various environmental conditions such as wall temperature, cooling water temperature,

and cooling water pressure. In addition, the behaviors of the RF parameters among the tanks were also monitored

during high power operation. In this paper, the measurement results are discussed and the control scheme based on
the results are proposed.

Characteristics of the PEFP 3 MeV RFQ

A four-vane type 3 MeV, 350 MHz RFQ (Ra-

H.-J. Kwon, Y.-S. Cho, J.-H. Jang, H. S. Kim, K.T. Seol (KAERI) diofrequency Quadrupole) has been devel-

oped as a front end part of PEFP (Proton En-

gineering Frontier Project) 100 MeV accelerator. After the completion of field tuning and high power conditioning

at reduced duty, the initial operation of the RFQ with beam was carried out. During the initial test period, several

parameters related with the RF and beam were measured to characterize the performance of the RFQ. Based on these

measurements, several suggestions for further system improvement were proposed. In this paper, the initial test
results are discussed and the suggestions for the system improvement are summarized.
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Phase Measurement and Compensation System in PLS 2.5 GeV Linac for PAL-XFEL

In PAL, We are preparing the 3.7 GeV

PALXFEL project by upgrading the present | W.H. Hwang, J. Choi, Y.J. Han, J.Y. Huang, H.-G. Kim, 5.-C. Kim,
2.5GeV Linac. In present PLS Linac, the | LS. Ko, W.W. Lee (PAL)

specifications of the beam energy spread

and rf phase are 0.6%(peak) and 3.5 degrees(peak) respectively. And the output power of klystron is 80 MW
at the pulse width of 4 ? and the repetition rate of 10 Hz. In XFEL, the specifications of the beam energy spread
and rf phase are 0.03%(rms) and 0.01 degrees(rms) respectively. We developed an analogue and a digital phase
measurement and rf phase compensation system for stable beam quality. This paper describes the microwave
system for the PALXFEL and the rf phase measurement and phase compensation system.

Design of the RF System for 30 MeV Cyclotron

LAD (Lab. of Accelerator Development)

in KIRAMS (Korea Institute of Radiologi- | LS.Jung, D.H. An, J.-S. Chai, H.B. Hong, S.S. Hong, M.G. Hur, H.S.
cal & Medical Sciences) developed 13MeV | Jang, J. Kang, J.H. Kim, Y.-5. Kim, M.Y. Lee, TK. Yang (KIRAMS)
medical cyclotron, named by KIRAMS-13, | K.H. Kwon (SKKU)

for PET (Positron Emission Tomography) in

2001. Now, KIRAMS-13 is widespread in Korea through the national project, "Development of Cyclotron and FDG
Synthesis module." But, there is just one cyclotron for SPECT(Single Photon Emission Computed Tomography) in
Korea, which is made by IBA, Belgium. If some problems are happened, we should shut off the cyclotron until IBA
engineer fixes them. So, we decide to develop a 30MeV cyclotron, named KIRAMS-30, which has high-performance
compared with existing commercial cyclotrons and will install this machine to radioactive isotopes production and
researches in Advanced Radiation Technology Institute. In this paper, we design RF system, such as cavity, power
coupler, and so on. At design of RF components, we consider mechanical stability, RF heating and cooling, arcing
and multipacting, low maintenance. We simulate KIRAMS-30 with MWS (MicroWave Studio) and present simulation
results.

Studies of Thermal Fatigue Caused by Pulsed RF Heating

A future linear collider with a multi-TeV level

of energies of the collided particles in the | S.V. Kuzikov, Yu. Danilov, N.S. Ginzburg, N.Yu. Peskov, M.I.
center of masses is naturally associated with | Petelin, A. Sergeev, A.A. Vikharev, N.I. Zaitsev (IAP/RAS) A.V.
high frequencies and a high power RF level. | Elzhov, A. Kaminsky, O.S. Kozlov, E.A. Perelstein, S. Sedykh, A.P.
One of the interfering factors in thiswayisan | Sergeev (JINR) L. Syratchev (CERN)

effect of copper damage due to multi-pulse

mechanical stress caused by high-power microwaves. In order to get new information about this effect, we started an
experiment with the test cavity fed by 30 GHz FEM oscillator (15-30 MW, 100-200 ns, 0.5 - 1 Hz). Now we finished the
second phase of this experiment where the test cavity was irradiated by 0.1 millions of RF pulses with temperature
rise ~140 C in each pulse. The third phase is the experiment with 1 million pulses. In the next planned experiment
with 36 GHz magnetron (0.1-0.15 MW, 1-2 mks, 0.01 - 1 kHz) we are going to investigate the thermal fatigue in most
interesting for collider application region of temperatures (30-50 C). It is expected that these two experiments will
supply necessary statistical information for the developed theory of the thermal fatigue in order to extrapolate lifetime
numbers to other values of the temperature rise and pulse duration.
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New Developments for the RF System of the ALBA Storage Ring

ALBA is a 3 GeV, 400 mA, 3rd generation
E. Pérez, B. B. Baricevic, D. Einfeld, H. Hassanzadegan, A. Salom,  Synchrotron Light Source that is in the con-
P. Sanchez (ALBA) struction phase in Cerdanyola, Spain. The
RF System will have to provide 3.6 MV of ac-
celerating voltage and restore up to 540 kW of power to the electron beam. For that six RF plants, working at 500 MHz,
are foreseen. The RF plants will include several new developments: 1) DAMPY cavity: the normal conducting HOM
damped cavity developed by BESSY and based in the EU design; six will be installed. 2) CaCo: A cavity combiner
to add the power to two 80 kW IOTs to produce the 160 kW needed for each cavity. 3) WATRAX: A waveguide
transition to coaxial, specially designed to feed the DAMPY cavities due to the geometrical and cooling constrains. 4)
IQ LLRF: The low level RF will be based on the IQ modulation/demodulation technique, both analogue and digital
approach are being pursued. This paper describes the Storage Ring RF System and reports about the status of these
new developments.

Development of a Novel RF Waveguide Vacuum Valve

The development of a novel rf waveguide
A. Grudiev (CERN) vacuum valve is presented. The rf design
is based on the use of TEOn modes of circular
waveguides. In the device, the T-10°! mode at the input is converted into a mixture of several TEOn modes which
provide low-loss rf power transmission across the vacuum valve gap, these modes are then converted back into the
T-10°! mode at the output. There are a number of advantages associated with the absence of surface fields in the
region of the valve: 1)Possibility to use commercially available vacuum valves equipped with two specially designed
mode converter sections. 2)No necessity for an rf contact between these two sections. 3)Increased potential for high
power rf transmission. This technology can be used for all frequencies for which vacuum waveguides are used. The
only drawback is that, in rectangular waveguides, mode converters from the operating mode into the T-10°! mode
and back again are necessary. Experimental results for the 30 GHz valves developed for the CLIC Test Facility 3
(CTF3) are presented showing in particular that the rf power transmission losses are below 1%.

High Gradient Tests of an 88 MHZ RF Cavity for Muon Cooling

The scheme for a Muon Cooling channel de-
C. Rossi, R. Garoby, F. Gerigk, . Marques Balula, M. Vretenar  veloped at CERN in the frame of Neutrino
(CERN) Factory studies foresees the use of 44 and 88
MHz cavities operating at a real-estate gra-
dient as high as 4 MV/m. To assess the feasibility of this scheme, including high-gradient operation at relatively
low frequency and the production and handling of high RF peak powers, a test stand was assembled at CERN. It
included an 88 MHz resonator reconstructed from a 114 MHz cavity previously used for lepton acceleration in the
PS, a 2.5 MW final amplifier made out of an old linac unit improved and down-scaled in frequency, and a PS spare
amplifier used as driver stage. After only 160 hours of conditioning the cavity passed the 4 MV /m level, with local
peak surface field in the gap exceeding 25 MV /m (2.4 times the Kilpatrick limit). The gradient was limited by the
amplifier power, the maximum RF peak output power achieved during the tests being 2.65 MW. This paper presents
the results of the tests, including an analysis of field emission from the test cavity, and compares the results with the
experience in conditioning ion linac RF cavities at CERN.
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Automatic Conditioning of the CTEF3 RF System

The RF system of CTE3 (CLIC Test Facility 3)

includes ten 35 MW to 40 MW 3 GHz kly- | J.P.H.Sladen, S. Deghaye, S. Livesley, ]. Marques Balula, . Mourier,
strons and one 20 MW 1.5 GHz klystron. | J.-M. Nonglaton (CERN) A. Dubrovsky (JINR)

High power RF conditioning of the wave-

guide network and cavities connected to each klystron can be extremely time consuming. Because of this, a fully
automatic conditioning system has been developed within a CERN JINR (Dubna) collaboration. It involves relatively
minor hardware additions, most of the work being in application and front-end software. The system has already
been used very successfully.

The MUCOOL RF Program

Efficient muon cooling requires high RF gra-

dients in the presence of high (~3T) sole- | J. Norem (ANL) A. Bross, A. Moretti, B. Norris, Z. Qian (Fermilab)
noidal fields. The Muon Ionization Cooling | D. Li, S.P. Virostek, M.S. Zisman (LBNL) R.A. Rimmer (Jefferson
Experiment (MICE) also requires that the x- | Eab) R. Sandstrom (DPNC) Y. Torun (IIT)

ray production from these cavities is low, in

order to minimize backgrounds in the particle detectors that must be located near the cavities. These cavities require
thin Be windows to ensure the highest fields on the beam axis. In order to develop these cavities, the MUCOOL
RF Program was started about 6 years ago. Initial measurements were made on a six-cell cavity and a single-cell
pillbox, both operating at 805 MHz. We have now begun measurements of a 201 MHz pillbox cavity. This program
has led to new techniques to look at dark currents, a new model for breakdown and a general model of cavity per-
formance based on surface damage. The experimental program includes studies of thin Be windows, conditioning,
dark current production from different materials, magnetic-field effects and breakdown. We will present results from
measurements at both 805 and 201 MHz.

The Interactions of Surface Damage on RF Cavity Operation

Studies of low frequency RF systems for

muon cooling has led to a variety of new | J. Norem, A. Hassanein, Z. Insepov (ANL) A. Bross, A. Moretti, Z.
techniques for looking at dark currents, a | Qian (Fermilab) D. Li, M.S. Zisman (LBNL) R.A. Rimmer (Jefferson
new model of breakdown, and, ultimately, | Lab) D.N.Seidman, K. Yoon (NU) Y. Torun (IIT)

a model of RF cavity operation based on sur-

face damage. We find that cavity behavior is strongly influenced by the spectrum of enhancement factors on field
emission sites. Three different spectra are involved: one defining the initial state of the cavity, the second determined
by the breakdown events, and the third defining the equilibrium produced as a cavity operates at its maximum
field. We have been able to measure these functions and use them to derive a wide variety of cavity parameters:
conditioning behavior, material, pulse length, temperature, vacuum, magnetic field, pressure, gas dependence. In
addition we can calculate the dependence of breakdown rate on surface field and pulse length. This work correlates
with data from Atom Probe Tomography. We will describe this model and new experimental data.
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High Pressure RF Cavities in Magnetic Fields

A study of RF breakdown in pressurized cav-

P.M. Hanlet, M. Alsharo’a, R. E. Hartline, R.P. Johnson, M. Kuchnir,  ities immersed in strong magnetic fields has

K. Paul (Muons, Inc) C.M. Ankenbrandt, A. Moretti, M. Popovic  begun as part of a program to develop RF

(Fermilab) D.M. Kaplan, K. Yonehara (Illinois Institute of Technol-  cavities filled with dense hydrogen gas to be

ogy) used for muon ionization cooling. A pres-

surized 805 MHz test cell is being used at

Fermilab to compare the conditioning and breakdown behavior of copper, molybdenum, and beryllium electrodes as

functions of hydrogen and helium gas densities and magnetic field strength. These results will be compared to the
predicted or known RF breakdown behavior of these metals in vacuum with and without external magnetic fields.

201 MHz Cavity R&D for MUCOOL and MICE

We describe the design, fabrication and pre-
D. Li, S.P. Virostek, M.S. Zisman (LBNL) A. Bross, A. Moretti, B.  liminary testing of the prototype 201 MHz
Norris (Fermilab) J. Norem (ANL) H.L. Phillips, R.A. Rimmer, M.  copper cavity for a muon ionization cool-
Stirbet (Jefferson Lab) M. Reep, D.J. Summers (UMiss) Y. Torun (IIT)  ing channel. Application of the cavity in-
cludes the Muon Ionization Cooling Experi-
ment (MICE) as well as cooling channels for a neutrino factory or a muon collider. This cavity was developed by the
US MUCOOL collaboration and is being tested in the MUCOOL Test Area (MTA) at Fermilab. In order to achieve
a high accelerating gradient, the cavity beam irises are terminated by a pair of curved, thin beryllium windows.
Several of the fabrication methods developed for this cavity and the windows are novel and offer significant cost
savings compared to conventional construction methods. Cavity thermal and RF performance will be compared to
FEA modeling predictions. RF commissioning results will be presented.

Design of a 10 MHz Heavy Ion RFQ for a RIA Post Accelerator

Design of a 10 MHz heavy ion RFQ for the

S.0O. Schriber, V. Andreev (NSCL) RIA post accelerator is described. Main rf

and mechanical parameters of the proposed

accelerator are given. This 10 MHz RFQ is capable of accelerating beams from an initial energy of 2 keV/u to 8 keV/
u covering a charge to mass ratio from 1/10 to 1/240.

Improved 1.3 GHz Inductive Output Tube for Particle Accelerators

There is an increasing requirement for RF

A.E. Wheelhouse (e2v technologies) power sources in the L-band frequency range

for operation in particle accelerators. Previ-

ously (at PAC 2005), the design, development and initial testing of a new L-band 16kW cw inductive output tube (IOT)

was described. This paper discusses the detailed performance characteristics of the latest EEV IOT116LS embodying

the most recent design improvements and presents data demonstrating its suitability for operation at 1.3GHz in the
next generation of light sources.
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ERLP/4GLS Low Level Radio Frequency System

The Energy Recovery Linac Prototype

(ERLP) being constructed at Daresbury Lab- | A.J. Moss, P.A. Corlett, ].E. Orrett, ].H.P. Rogers (CCLRC/DL/
oratory will use an analog-based low level | ASTeC)

RF (LLRF) control system designed and built

at FZR Rossendorf. Once the machine is operational, the testing and development of a digital LLRF feedback system
will take place using the ERLP as a testbed.

MICE RF Test Stand

The Muon Ionization Cooling Experiment

(MICE) RF test stand is being assembled at | P.A. Corlett, A.J. Moss, ].F. Orrett (CCLRC/DL/ASTeC)

Daresbury Laboratory. This will provide a

test bed for power amplifiers to produce the 2MW 200MHz RF for the MICE experiment RF cavities. Initial design
and proposed layout of the RF system are described.

IOT Testing at the ERLP

The testing of Inductive Output Tubes (IOT)

at 1.3GHz is underway for use on the Energy | J.E. Orrett, S.R. Buckley, P.A. Corlett, A.]. Moss (CCLRC/DL/
Recovery Linac Prototype (ERLP) being con- | ASIeC) S. Rains (Diamond)

structed at Daresbury Laboratory. A 50KV

high voltage power supply (HVPS) has been commissioned and characterised for use as a test RF supply. This will be
used to power the ERLP RF system in both continuous and pulse modes of operation. First results are presented of
the IOTs and the use of the HVPS system.

RF Amplifier for Next Generation Light Sources

This paper describes the design concepts

and development issues around generating | J.S. Przybyla, E. Radcliffe (e2v Technologies)

a compact 16kW 1.3GHz RF amplifier for use

in the next generation of light sources. These amplifiers need to be operated for extended periods to maximise use
of the facility and so high reliability and availability are of key importance. Equally important are the capabilities
to have extensive self-monitoring and fault prediction, autonomous operation, low heat dissipation to air, and easy
maintenance. The design and development of such an RF amplifier based on the latest e2v technologies 1.3GHz
inductive output tube (IOT) will be described. The RF amplifier equipment makes extensive use of commercially
available products and industry collaborations to produce an amplifier that meets all the requirements yet can be
manufactured and operated in a most cost effective manner. Prototype equipment will be shown at EPAC 06.
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2D and 1D Surface Photonic Band Gap Structures for Accelerator Applications

High frequency (26.5GHz to 40GHz), high
I.V. Konoplev, A.W. Cross, W. He, P. Maclnnes, A. Phelps, CW.  power (tens of MW) microwave sources are
Robertson, K. Ronald, C.G. Whyte (USTRAT/SUPA) required for cavity testing and conditioning
applications in accelerators such as CLIC.
The first study of microwave radiation from a co-axial Free-Electron Maser (FEM) based on a two-mirror cavity
formed by a 2D Surface Photonic Band Gap (SPBG) structure (input mirror 10.4cm) and 1D SPBG structure (output
mirror 10cm) is presented. The electron beam source consisted of a magnetically insulated plasma flare emission
carbon cathode. Application of a 450kV voltage pulse of duration ~250ns across the cathode and grounded anode
resulted in the production of a 7.0cm diameter annular electron beam of current ~1500A. The output radiation power
from the FEM was measured using a Ka-band horn with 60dB of attenuation in front of a microwave detector located
at a distance of 1.5m from the output window. By integrating the microwave power measured at the detector over the
radiation pattern a total power of 50 (+10) MW corresponding to an efficiency of ~9% was calculated. The location
of the operating frequency was found to lie between 35GHz and 39GHz, which agrees with theoretically predicted
frequency of 37.2GHz.

Design and Simulation of a Cusp Gun for Gyro-amplifier Application in High Frequency
RF Accelerators

Gyro-amplifiers have potential as the high
D.H. Rowlands, A.W. Cross, W. He, A. Phelps, E.G. Rafferty, CW.  frequency RF drivers for particle accelera-
Robertson, K. Ronald, J. Thomson, C.G. Whyte, A.R. Young (US-  tors. They require relativistic electron beams
TRAT /SUPA) with low velocity spread and with a high
fraction of the electron energy associated
with the cyclotron motion. For harmonic operation and mode control an axis-encircling beam is desirable. The
passage of an electron beam through a non-adiabatic magnetic field reversal (cusp) converts part of the electron
beam’s axial velocity into axis-encircling transverse velocity. A cusp-based electron beam forming system, yielding
a 10MW, 150kV, 70A axis-encircling beam will be presented. This cusp gun is being designed as the electron beam
source for a microwave gyro-amplifier that is relevant for high frequency accelerator applications. The latest results
from numerical simulations and experiments will be presented and compared.

High Power, Solid State RF Amplifiers Development for the EURISOL Proton Driver

A 5 kW solid-state RF amplifier for the SPES

F. Scarpa, A. Facco, D. Zenere (INFN/LNL) and EURISOL projects has been built and ex-

tensively tested. High reliability and low cost

are the main goals for this device, an evolution of a 2.5 kW unit previously developed and presented at EPAC 02.

The description of the amplifier, especially designed for superconducting cavities, its characteristics and test results

will be illustrated and discussed, as well as the design and construction of two new 10 kW amplifier units that have
recently started.
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High Power Waveguide Switching System for SPring-8 Linac

A vacuum waveguide switch has been de-

veloped to build a backup system of an RF | T. Taniuchi, T. Asaka, H. Dewa, H. Hanaki, T. Kobayashi, A.
source for the electron injector system and | Mizuno, S. Suzuki, H. Tomizawa, K. Yanagida (JASRI/SPring-8)
the klystron drive line in the SPring-8 linac. | A. Miura (Nihon Koshuha Co., Ltd.)

A high power test of the waveguide switch

was carried out, and the maximum RF power of 62 MW in peak, 1usecond in pulse width and 10 pps in repetition
rate was achieved without serious problems in RF and vacuum characteristics. The backup system utilizing this
waveguide switch has been installed in the electron injector system.

Novel Conception of Beam Temperature in Accelerator and Applications

In this paper, we will introduce a novel con-
ception of beam temperature in accelerator, | D.Deong (IHEP Beijing)
discuss the calculation method. And finally
the author will show an example on the beam temperature in a klystron.

Operation Results of 1 MW RF Systems for the PEFP 20 MeV Linac

The PEFP 20 MeV linear accelerator is com-

posed of a3MeV RFQ and 20 MeV DTL. Two | K.T. Seol, Y.-S. Cho, H. S. Kim, H.-J. Kwon (KAERI) K.R. Kim (PAL)
sets of IMW, 350MHz RF systems drive the

RFQ and DTL. The RF system can perform a 100% duty operation. The TH2089F klystron is used as an RF source.
During the test operation, only the driving RF signal of the klystron was operated in pulse mode, while the electron
beam was maintained in DC mode. The klystron power supplies and cooling systems were also operated in 100%
duty mode. In this paper, the operation results of 1 MW RF systems including klystron power supply and cooling
system are discussed and propose possible options to improve the operation conditions based on the results.

Status of 30 GHz High Power RF Pulse Compressor for CTF3

A 70 ns 30 GHz pulse compressor with reso-

nant delay lines has been built and installed | I. Syratchev (CERN)

in the CTEF3 test area to obtain the high peak

power of 150 MW necessary to demonstrate the full performance of the new CLIC accelerating structure. This pulse
compressor will be commissioned at high power in 2006. Different methods to provide fast RF phase switching are
discussed. The current status of the CTF3 RF pulse compressor commissioning and first results are presented.

187

TUPCH159

TUPCH162 TUPCH160

TUPCH163



TUPCH164

TUPCH165

TUPCH166

27-Jun-06 16:00 - 18:00 TUPCH — Poster Session

Ka-band Test Facility for High-gradient Accelerator R&D

Achievement of high acceleration gradients
M.A. LaPointe, J.L. Hirshfield, E.V. Kozyrev (Yale University, in room-temperature structures requires ba-
Physics Department) A.A. Bogdashov, A.V. Chirkov, G.G. Denisov,  sic studies of electric and magnetic RF field
A.S. Fix, D.A. Lukovnikov, V.I. Malygin, Yu.V. Rodin, M.Y. Shmelyov = limits at surfaces of conductors and di-
(IAP/RAS) S.V. Kuzikov, A.G. Litvak, O.A. Nezhevenko, M.I. Pe-  electrics. Facilities for such studies at 11.4
telin, A A. Vikharev, V.P. Yakovlev (Omega-P, Inc.) G.V. Serdobint-  GHz have been in use at KEK and SLAC; fa-
sev (BINP SB RAS) S.V. Shchelkunov (Columbia University) cilities for studies at 17.1 GHz are being de-
veloped at MIT and UMd; and studies at 30
GHz are being conducted at CERN using the CLIC drive beam to generate short intense RF pulses. Longer pulse
studies at 34 GHz are to be carried out at a new test facility being established at the Yale Beam Physics Laboratory,
built around the Yale/Omega-P 34-GHz magnicon. This high-power amplifier, together with an available ensemble of
components, should enable tests to be carried at up to about 9 MW in 1 mcs wide pulses at up to four output stations
or, using a power combiner, at up to about 35 MW in 1 mcs wide pulses at a single station. RF pulse compression
is planned to be used to produce 100-200 MW, 100 ns pulses; or GW-level, 1 mcs wide pulses in a resonant ring. A
number of experiments have been prepared to utilize multi-MW 34-GHz power for accelerator R&D, and users for
future experiments are encouraged to express their interest.

Compact Single-channel Ka-band SLED-II Pulse Compressor

Basic studies of factors that limit RF fields
S.V. Kuzikov, S.V. Kuzikov, M.E. Plotkin, A.A. Vikharev (Omega-P, in warm accelerator structures require ex-
Inc.) J.L. Hirshfield (Yale University, Physics Department) periments at RF power levels that can only
be produced from an intense drive beam, as
with CLIC studies, or using pulse compression of output pulses from the RF source. This latter approach is being
implemented to compress output pulses from the Yale/Omega-P 34-GHz magnicon to produce ~100-200 MW, 100
ns pulses. A new approach for passive pulse compression is described that uses a SLED-II-type circuit operating
with axisymmetrical modes of the TEOn type that requires only a single channel instead of the usual double channel
scheme. This allows avoidance of a 3-dB coupler and need for simultaneous fine tuning of two channels. Calculations
show that with this device at 34 GHz one can anticipate a power gain of 3.3:1, and an efficiency of 66% for a 100 ns
wide output pulse, taking into account losses and a realistic 50-ns long 180 degrees phase flip.

Multi-megawatt Harmonic Multiplier for Testing High-gradient Accelerator Structures

Basic studies for determining the RF electric

V.P. Yakovlev (Omega-P, Inc.) J.L. Hirshfield (Yale University, and magnetic field limits on surfaces of ma-
Physics Department) terials suitable for accelerator structures for
a future multi-TeV collider, and for the test-

ing of the accelerator structures and components themselves, require stand-alone high-power RF sources at several
frequencies, from 10 to 45 GHz. A relatively simple and inexpensive two-cavity harmonic multiplier at 22.8, 34.3, or
45.7 GHz is suggested to be the stand-alone multi-MW RF power source for this application. The design is based on
the use of an existing SLAC electron gun, such as the XP3 gun, plus a beam collector as used on the XP3 klystron.
RF drive power would be supplied from an 11.4 GHz, 50 or 75 MW SLAC klystron and modulator, and a second
modulator would be used to power the gun in the multiplier. Preliminary computations show that 64, 55, and 47
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MW, respectively, can be realized in 2nd, 3rd, and 4th harmonic multipliers at 22.8, 34.3, and 45.7 GHz using 75 MW
of X-band drive power.

Modeling and Simulation Results of High-power HOM I10Ts

The inductive output tube (IOT) continues

to be the device-of-choice for terrestrial UHF | E.L. Wright, H.P. Bohlen (CPI)

broadcast applications due to its high effi-

ciency, linearity, compactness, etc.; the same reasons that make this an attractive choice for scientific users. The IOT is
being considered for a growing number of accelerator programs requiring multi-kilowatts of continuous wave power,
at UHF and L-band frequencies. A number of vacuum electron device manufacturers are developing IOTs in support
of these programs. There are an equal number of accelerator programs that operate pulsed, requiring high peak
powers, where the only sources available are klystrons and MBKs. For these applications a higher-order mode IOT
(HOM IOT) shows great promise for the same reasons described above. Modeling and simulation results for devices
built to operate within the UHF and L-band frequency ranges will be shown, at power levels up to 5 MW.

TUPCH167

IOTs: The Next Generation RF Power Sources for Accelerators

A new generation of Inductive Output Tubes

(IOT) have been developed with a focus | ¥Y.Li, H.P. Bohlen, R.N. Tornoe, E.L. Wright (CPI)

on cost reduction, robustness, stability, en-

hanced power, improved gain and efficiency. As demonstrated with our L-band integral cavity 10T, a new family of
IOTs can operate as CW or pulse amplifiers with up to 80 kW CW and 120 kW peak output power. Switching between
the CW and pulse mode is easy and simple. In this paper, we will present our new compact designs and the latest

TUPCH168

performance data.

Calculation, Measurement and Analysis of Vacuum Pressure Data and Related Bremsstrahlung
Levels on Straight Sections of the ESRF

One of the major personal safety issues

of modern synchrotron radiation (SR) light | R.Kersevan, P. Berkvens, P. Colomp (ESRF)

sources is the minimization of the exposure

of beamline staff and users to high-energy bremsstrahlung (BS) radiation generated in the straight sections of the
storage ring and entering the optics hutches of the beamlines. This is particularly important when insertion device
(ID) narrow-gap chambers are installed, nowadays characterized by very low specific conductances. At the ESRE,
this has led to the implementation of systematic measurements of BS levels and vacuum conditioning curves, in
conjunction with the installation of non-evaporable getter (NEG)-coated ID chambers. A dedicated beamline is used
to do on-axis measurements of the BS intensity during the initial conditioning period of newly installed NEG-coated
ID chambers. This paper will show results of measurements and calculations performed throughout the years, and
comment on the suitability from the radiation safety point of view of the installation of NEG-coated chambers in large
numbers around the ring.
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Status Report on the Performance of NEG-coated Chambers at the ESRF

At the ESREF, the use of NEG-coated nar-
R. Kersevan, M. Hahn, i. Parat (ESRF) row gap chambers for insertion device (ID)
straight sections has become the standard
choice for in-air IDs. A total of 25 chambers have been installed at different times in the ring, with 19 being in-
stalled as of Jan 2006, for a total length of 82 m. The vacuum performance has been excellent for all but one of them.
It has been found that the now standard "10mm" design, i.e. a 5 m-long, 57x8 mm? ellipse, is compatible with the
multi-bunch operation at 200 mA. Runs at higher currents, performed in preparation of current upgrades, have gone
smoothly. During 2005, a 3.5 m-long prototype of a chamber suited for installation in the achromat part of the lattice
has been installed in the ring. It was characterized by a much smaller cross-section (30x20 mm?2, HxV) as compared
to a standard chamber (74x33 mm?2, HxV), and by the absence of three lumped pumps, replaced by the NEG-coating.
The data taken during a full run have been extremely encouraging, to the point of considering the adoption of a
similar design for a future upgrade of the storage ring lattice and vacuum system. A status report will be given,
alongside with a discussion of future plans.

Understanding of Ion Induced Desorption Using the ERDA Technique

In heavy ion synchrotrons like SIS18 at GSI
M. Bender, H. Kollmus (GSI) W.A. Assmann (LMU) high energetic ions can impact on the beam
pipe and release gas molecules. This so
called "ion induced desorption" deteriorates the accelerator vacuum and as a consequence the beam life time and
luminosity. To minimize the pressure increase it is necessary to understand the physics of ion induced desorption.
The elastic recoil ion detection analysis (ERDA) can give a time resolved element specific depth profile of a probe
under ion bombardment. A UHV-ERDA setup has been installed at GSI to investigate correlations between desorption
and material properties as well as its dose dependant evolution. Recent experiments have shown the influence of
the surface state of a sample such as the oxide layer on steel as well as the importance of a high-purity bulk such as
in silicon and OFHC copper. We will present the results of gold coated copper in comparison to stainless steel as
applicable materials for accelerators.

Vacuum Issues and Challenges of SIS18 Upgrade at GSI

For the present experiment programm and

H. Kollmus, M.C. Bellachioma, M. Bender, A. Kraemer, J. Kurdal, for the planned FAIR facility the heavy ion

H.R. Sprenger (GSI) synchroton SIS18 at GSI has to reach the

space charge limit for highly and interme-

diate charged heavy ions. For the booster mode of SIS18 the number of 1x10'? ions per second in 4 Hz operation

mode is specified. To achive this requirement a dynamic vacuum in the 10-12 mbar region has to be garanteed. The

poster will present the status of recent R & D work concerning the SIS18 vacuum upgrade, with a focus on the new
GSI NEG coating facility and on ion-induced desorption measurements using advanced ion beam analysis.
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The Vacuum System of FAIR Accelerator Facility

The FAIR accelerator complex consists of

two superconducting synchrotrons (SIS100 | A.Kraemer, M.C. Bellachioma, H. Kollmus, H.R. Sprenger, St. Wil-
and SIS300) with a circumference of 1083.6m | fert (GSI)

each, a high energy beam transport system

(HEBT) with a total length of about 2.5km and four storage rings (CR, RESR, HESR and NESR). Their length varies
between 200m and 550m. For each of the subsystems, different vacuum requirements have to be fulfilled. The vacuum
system of SIS100 and SIS300 consists of cryogenic and bakeable room temperature sections, where a pressure in the
lower 10-12 mbar range is needed. For HEBT, also a combination of cryogenic and room temperature sections, a
vacuum pressure of 10-9 mbar is sufficient. The storage rings will be operated in a pressure range from 10-9 mbar to
10-12 mbar. In the poster a detailed layout of the vacuum systems and technical solutions will be presented.

Measurement of the Sorption Characteristics of NEG Coated Pipes: The Transmission Fac-
tor Method

ZrTiV Non Evaporable Getter (NEG) coat-

ings of vacuum chambers have found appli- | A. Bonucci, A. Conte, P. Manini, S. Raimondi (SAES Getters S.p.A.)
cation in the particle accelerators to lower the

gas pressure, during the operative conditions. For that, the characterization of the actual pumping speed of the NEG
coating is a key issue. Itis carried out by means of the dynamic sorption method according to ASTM F798-82 standard,
conducted "offline" on a sample (coupon), suitably positioned inside the chamber to be coated and recovered after the
process. To evaluate in-situ the sorption characteristics of getter coated chambers, a different measurement technique
(Trasmission Factor Method) is here described. It is based on the measurement of pressures ratio at the inlet and the
outlet of a coated pipe, under a flow of test gas. A calibration curve permits to evaluate sticking probability of the
coated surface from the pressure ratio. The use of reference samples to calibrate the method is quite difficult. A better
approach is a modellistic one, finding the dependency of pressure ratio on the average sticking probability, the pipe
length and the section geometry and dimensions. Preliminary experimental results will be shown.

Deposition of Non Evaporable Getter (NEG) Films on Vacuum Chambers for High Energy
Machines and Synchrotron Radiation Sources

Non Evaporable Getter (NEG) films, sputter

deposited onto the internal surfaces of vac- | P.Manini, A. Bonucci, A. Conte, S. Raimondi (SAES Getters S.p.A.)
uum chambers reduce thermal out-gassing

and provide conductance-free distributed pumping ability, allowing the achievement of very low pressure inside nar-
row and conductance limited chambers, like Insertion Devices. NEG films do show additional interesting features,
like low secondary electron yield and low gas de-sorption rates under ions, electrons and photons bombardment.
They seem therefore ideal to reduce electron multi-pacting and dynamic gas de-sorption induced beam instabilities
in high energy machines. This paper presents SAES getters experience in the NEG coating of chambers of different
geometries and sizes for a variety of projects related to high energy machines and synchrotron radiation facilities.
Examples of applications, as well as most common issues related to chambers preparation, film deposition, charac-
terization and quality control, are given. Areas where further work is still necessary to fully take advantage of NEG
film properties will be also discussed.
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R&D on Copper Beam Ducts with Antechambers and Related Vacuum Components

A beam duct with antechambers is able to
Y. Suetsugu, H. Hisamatsu, K.-I. Kanazawa, K. Shibata, M. Shi-  reduce the effect of photoelectrons and, as a
mamoto, M. Shirai (KEK) result, to suppress the electron cloud effect of
positron or proton beam. It will be adopted
for a future high current positron/proton rings and also a damping ring of a linear collider. Copper beam ducts with
one or two antechambers were manufactured for test and the feasibility was studied. The test chambers were then
installed into the KEK B-factory positron ring and the performance was investigated with a beam current up to 2000
mA. The temperature, the pressure and the electron density in the beam channel were measured during the beam
operation. The photoelectron, for example, was found to be well suppressed as expected compared to that of a simple
circular beam duct. The related vacuum components, such as a connection flange, a bellows chamber and a gate valve
with the same cross section to the beam duct, were also developed and tested together with the beam duct.

Radiation Monitors as a Vacuum Diagnostic in the Room Temperature Parts of the LHC
Straight Sections

In the absence of collisions, inelastic interac-

V. Talanov (IHEP Protvino) V. Baglin, T. Wijnands (CERN) tions between protons and residual gas mol-

ecules are the main source of radiation in the

room temperature parts of the LHC long straight sections. In this case the variations in the radiation levels will reflect

the dynamics of the residual pressure distribution. Based on the background simulations for the long straight section

of the LHC IP5 and on the current understanding of the residual pressure dynamics, we evaluate the possibility to use

the radiation monitors for the purpose of the vacuum diagnostic, and we present the first estimates of the predicted
monitor counts for different scenarios of the machine operation.

H2 Equilibrium Pressure in a NEG-coated Vacuum Chamber as a Function of Temperature
and H2 Concentration

Non Evaporable Getter (NEG) coating is used
A. Rossi (CERN) in the LHC room- temperature sections to en-
sure a low residual gas pressure for its prop-
erties of distributed pumping, low outgassing and desorption under particle bombardment; and to limit or cure
electron cloud build-up due to its low secondary electron emission. In certain regions of the LHC, and in particular
close to the beam collimators, the temperature of the vacuum chamber is expected to rise due to energy deposition
from particle losses. Gas molecules are pumped by the NEG via dissociation on the surface, sorption at the superficial
sites and diffusion into the NEG bulk. In the case of hydrogen, the sorption is thermally reversible, causing the
residual pressure to increase with NEG temperature and amount of H2 pumped. Measurements were carried out on
a stainless steel chamber coated with TiZrV NEG as a function of the H2 concentration and the chamber temperature,
to estimate the residual gas pressure in the collimator regions for various LHC operation scenarios, corresponding
to different particle loss rates and times between NEG regenerations. The results are presented in this paper and
discussed.
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Low Level RF System Development for SOLEIL

The Low Level RF system that is used in the

SOLEIL storage ring consists in fully ana- | P. Marchand, M.D. Diop, F. Ribeiro, R.S. Sreedharan (SOLEIL) M.
log "slow" amplitude, phase and frequency | Luong, O. Piquet (CEA)

loops, complemented with a direct RF feed-

back. A fast digital FPGA-based I/Q feedback, currently under development, will be implemented later on. The
performance of both systems has been evaluated using a Matlab-Simulink-based simulation tool. The computed and
first experimental results are reported.

DSP-based Low Level RF Control as an Integrated Part of DOOCS Control System

The Distributed Object Oriented Control Sys-

tem (DOOCS) has been developed at DESY | V. Ayvazyan, A. Brandt, O. Hensler, G.M. Petrosyan, L.M. Pet-
as a control system for TTF/VUV-FEL. The | rosyan, K. Rehlich, S. Simrock, P. Vetrov (DESY)

DSP based low level RF control system is one

of the main subsystems of the linac. Several DOOCS device servers and client applications have been developed to
integrate low level RF control into the TTF/VUV-FEL control system. The DOOCS approach defines each hardware
device as a separate object and this object is represented in a network by a device server, which handles all device
functions. A client application can have access to the server data using the DOOCS application programming inter-
face. A set of generic and specially devoted programs provide the tools for the operators to control the RF system.
The RF operation at the linac is being automated by the implementation of DOOCS finite state machine servers.

Phase Stability of the Next Generation RF Field Control for VUV- and X-ray Free Electron
Laser

For pump and probe experiments at VUV-

and X-ray free electron lasers the stability of | F. Ludwig, M. Hoffmann, H. Schlarb, S. Simrock (DESY)

the electron beam and timing reference must

be guaranteed in phase for the injector and bunch compression section within a resolution of 0.01 degree (rms) and in
amplitude within 1 10-4 (rms). The performance of the field detection and regulation of the acceleration RF directly
influences the phase and amplitude stability. In this paper we present the phase noise budget for a RF-regulation
system including the noise characterization of all subcomponents, in detail down-converter, ADC sampling, vector-
modulator, master oscillator and klystron. We study the amplitude to phase noise conversion for a detuned cavity.
In addition we investigate the beam jitter induced by these noise sources within the regulation and determine the
optimal controller gain. We acknowledge financial support by DESY Hamburg and the EUROFEL project.

FPGA-based RF Field Control at the Photocathode RF Gun of the DESY VUV-FEL

At the DESY Vacuum Ultraviolet Free Elec-

tron Laser (VUV-FEL) bunch peak current | E. Vogel, W. Koprek, P. Pucyk (DESY)

and the SASE effect are (amongst other para-

meters) sensitive to beam energy and beam phase variations. The electron bunches are created in an rf gun, which
does not have field probes. Variations of the gun rf field cause beam energy and phase variations. They have a
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significant influence on the overall performance of the facility. DSP based rf field control used previously was only
able to stabilize the rf output of the klystron. This was due to the lack of processing power and the over-all loop delay.
The controller was not able to provide satisfactory rf field stability in the gun. Replacing the DSP hardware by the
new FPGA-based hardware Simulation Controller (SimCon), we are able to reduce the latency within the digital part
significantly allowing for higher loop gain. Furthermore SimCon provides sufficient processing power for calculating
a probe signal from the forward and reflected power as input for PI and adaptive feed forward (AFF) control. In this
paper we describe the algorithms implemented and the gun rf field stability obtained.

Universal Controller for Digital RF Control

Digital RF control systems allow to change

S. Simrock (DESY) W. Cichalewski, M.K. Grecki, G.W. Jablonski  the type of controller by programming of the

(TUL-DMCS) W.J. Jalmuzna (Warsaw University of Technology, In-  algorithms executed in FPGAs and /or DSPs.

stitute of Electronic Systems) It is even possible to design a universal con-

troller where the controller mode is selected

by change of parameters. The concept of a universal controller includes the self-excited-loop (SEL) and generator

driven resonator (GDR) concept, the choice of I/Q and amplitude or phase control, and allows for different filters

(including Kalman filter and method of optimal controller synthesis) to be applied. Even time-varying mixtures of

these modes are possible. Presented is the implementation of such a controller and the operational results with a
superconducting cavity.

Considerations for the Choice of the Intermediate Frequency and Sampling Rate for Digi-
tal RF Control

Modern FPGA-based rf control systems em-

S. Simrock, M. Hoffmann, F. Ludwig (DESY) M.K. Grecki, T. Jezyn-  ploy digital field detectors where an inter-

ski (TUL-DMCS) mediate frequency (IF) in the range of 10 to

more than 100 MHz is sampled with a syn-

chronized clock. Present ADC technology with 14-16 bit resolution allows for maximum sampling rates up to 250

MHz. While higher IF’s increase the sensitivity to clock jitter, lower IF frequencies are more susceptible to electro-

magnetic noise. The choice of intermediate frequency and sampling rate should minimize the overall detector noise,

provide high measurement bandwidth and low latency in field detection, and support algorithms for optimal field
estimation.

Low Level RF Control System Modules for J-PARC RCS

After completing the design phase, the VME

A. Schnase, M. Nomura, F. Tamura, M. Yamamoto (JAEA /J-PARC) modules for the Low Level RF Control
S. Anami, E. Ezura, K. Hara, C. Ohmori, A. Takagi, M. Yoshii (KEK)  (LLRF) of the Rapid Cycling Synchrotron of
J-PARC are now in the production and de-

bugging phase. First all modules are tested for basic functionality, for example dual harmonic signal generation.
Then sets of modules are connected together to check higher-level functions and feedback. Finally, the LLRF modules
are interfaced to high voltage components like amplifiers and cavities. We present the results of these tests, the test
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methods and test functions on several levels. This way we simulate beam operation working conditions and gain
experience in controlling all parameters.

Analogue and Digital Low Level RF for the ALBA Synchrotron

ALBA is a 3 GeV, 400 mA, 3rd generation

Synchrotron Light Source that is in the con- | E. Pérez, H. Hassanzadegan, A. Salom (ALBA)

struction phase in Cerdanyola, Spain. The

RF System will have to provide 3.6 MV of accelerating voltage and restore up to 540 kW of power to the electron beam.
Two LLRF prototypes are being developed in parallel, both following the IQ modulation/demodulation technique.
One is fully based on analogue technologies; the other is based on digital FPGA processing. The advantages of the
IQ technique will be summarised and the control loop logic described. The hardware implementation in analogue
as well as in digital format will be presented and first test results shown. The implementation of the same logic with
both technologies will give us a perfect bench to compare, and use the better of them, for the final LLRF of the ALBA
synchrotron.

The LHC Low Level RF

The LHC RF consists in eight 400 MHz su-

perconducting cavities per ring, with each | P.Baudrenghien, G. Hagmann, ].C. Molendijk, R. Olsen, A. Rohleyv,
cavity independently powered by a 300 kW | V. Ressi, D. Stellfeld, D. Valuch, U. Wehrle (CERN)

Klystron, via a circulator. The challenge for

the Low Level is to cope with both very high beam current (more than 1A RF component) and excellent beam lifetime
(emittance growth time in excess of 25 hours). For each cavity we have a Cavity Controller rack with two VME crates
implementing a strong RF Feedback, a Tuner Loop with a new algorithm, a Klystron Ripple Loop and a Conditioning
system. In addition each ring has a Beam Control system (four VME crates) including Frequency Program, Phase
Loop, Radial Loop and Synchronization Loop. A Longitudinal Damper (dipole and quadrupole mode) acting via the
400 MHz cavities is included to reduce emittance blow-up due to filamentation following phase and energy errors at
injection. Finally an RF Synchronization system implements the bunch into bucket transfer from the SPS into each
LHC ring. When fully installed in 2007 the whole system will count over three hundreds home-designed VME cards
of twenty-three different models installed in fourty-five VME crates.

Digital Design of the LHC Low Level RF: the Tuning System for the Superconducting
Cavities

The low level RF systems for the LHC are

based extensively on digital technology, not | J.C. Molendijk, P. Baudrenghien, A. Butterworth, E. Ciapala, R.
only to achieve the required performanceand | Olsen, E. Weierud (CERN) R. Sorokoletov (JINR)

stability but also to provide full remote con-

trol and diagnostics facilities needed in a machine where most of the RF system is inaccessible during operation. The
hardware is based on modular VME but with additional low noise linear power supplies and a specially designed P2
backplane for timing distribution and fast data interchange. Extensive design re-use and the use of graphic FPGA de-
sign tools have streamlined the design process. A milestone was the test of the tuning system for the superconducting
cavities. The tuning control module is based on a 2M gate FPGA with on-board DSP. Its design and functionality are
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described, including features such as automatic measurements of cavity characteristics and transient response of the
tuning system. The tuner control is used as a test bed for LHC standard software components. A full ‘vertical slice’
from remote application down to the hardware has been tested. Work is ongoing on the completion of other modules
and building up the software and diagnostics facilities needed for RF system commissioning.

Low level RF System Development for the Superconducting Cavity in NSRRC

The present low level system in NSRRC is

M.-S. Yeh, L.-H. Chang, F.-T. Chung, K.-T. Hsu, Y.-H. Lin, C. Wang  based on analogy feedback control scheme.

(NSRRC) It provides feedback regulation on EM field,

phase, and resonant frequency of the super-

conducting RF cavity. In order to address the required flexibility and improve diagnostic of the RF control system,

a new digital low-level RF system based on Field Programmable Gate Array (FPGA) is proposed to be develop in

house. The status of current analogy low level RF system and the specification of new digital FPGA based low level
RF system are reposted herein.

Amplitude Linearizers for PEP-II 1.2 MW Klystrons and LLRF Systems

The PEP-II B-factory has aggressive current

D. Van Winkle, |. Browne, ].D. Fox, T. Mastorides, C.H. Rivetta, D.  increases planned for luminosity through

Teytelman (SLAC) 2008. At 22 A (HER) on 4 A (LER) cur-

rents, longitudinal growth rates will exceed

the damping rates achievable in the existing low level RF and longitudinal low mode feedback systems. Klystron

gain non-linearity has been shown to be a key contributor to these increased growth rates through time domain

non-linear modeling and machine measurements. Four prototype klystron amplitude modulation linearizers have

been developed to explore improved linearity in the LLRF system. The linearizers operate at 475 MHz with 15 dB

dynamic range and 1 MHz linear control bandwidth. Results from lab measurements and high current beam tests
are presented. Future development progress and production designs are detailed.
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Enhanced Optical Cooling of Ion Beams for LHC

Enhanced optical cooling (EOC) of fully

stripped lead ions in LHC is investigated. | E.G. Bessonov, M.V. Gorbunkov (LPI) A.A. Mikhailichenko (Cor-
The method of EOC is based on the usage | nell University, Department of Physics)

of pickup and kicker undulators and optical

amplifier. External selectivity is arranged by a moving screen located on the image plane of the optical system, pro-
jecting the emitted undulator radiation there (see physics/0509196). Nonlinear features of cooling and requirements
to the ring lattice, optical and laser systems are discussed. Comparison with classical optical stochastic cooling (OSC)
is represented as well.

Dust Macroparticles in HERA and DORIS

Charged dust macroparticles are considered

as sources of sudden beam lifetime break- | A.Kling (DESY)

downs detected in many electron storage

rings. This phenomenon is still observed in HERA, although the distributed ion pumps, which were previously
identified as dust particle sources, have been removed. We report on the observations of trapped dust during the last
period of electron operation and present a detailed model of dust macroparticle dynamics in the HERA e-ring and in
DORIS with particular emphasis on stability and possible trapping processes.

A Perfect Electrode to Suppress Secondary Electrons inside the Magnets

Electron cloud due to multipacting in the

positron ring of B-factories is one of the lim- | L. Wang, M.T.E. Pivi (SLAC) H. Fukuma, S.-I. Kurokawa (KEK) G.X.
itations on the machine performance. Elec- | Xia (DESY)

tron cloud in the drift region can be sup-

pressed by solenoid. However, solenoid doesn’t work inside a magnet. Numerical studies show that there is strong
multipacting in the dipole magnet of the B-factory positron ring. Electrons also can be trapped inside quadrupole
and sextupole magnets. The electron cloud from the dipole magnet and wiggler in the positron damping ring of
the ILC is a critical limitation on the choice of damping ring circumference, which directly results in a choice of two
6km rings as the baseline for the positron damping ring. Various electrodes have been studied using the program
CLOUDLAND. Our studies show that a wire type of electrode with a few hundred voltages works perfectly to kill
the secondary electrons inside various magnets.
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How Einsteinian Tide Force Affects Beam in a Storage Ring

In this paper, we will introduce Einsteinian

D. Dong (IHEP Beijing) tide force into a storage ring, and discuss the

beam characteristic in a storage ring, we can

see that it is quite different from Newtonian tide force act on beam in a storage ring which we know very well. We
also discuss the method to measure the beam instability in storage ring caused by these two different tide forces.

Preliminary Study of Using "Pipetron"-type Magnets for a Pre-accelerator for the LHC Col-
lider

One of the luminosity limitations of the LHC

G. De Rijk, L. Rossi (CERN) H. Piekarz (Fermilab) is the rather low injection energy (0.45 TeV)

with respect to the collision energy (7 TeV).

The magnetic multipoles in the main dipoles at low field and their dynamic behaviour are considered to limit the

achievable bunch intensity and emittance. We report on a preliminary study to increase the injection energy to 1.5 TeV

using a two beam pre-accelerator (LHCI) in the LHC tunnel. The LHCI is based on "Pipetron" magnets as originally

proposed for the VLHC. The aim of the study is to assess the feasibility and to identify the critical processes or systems
that need to be investigated and developed to render such a machine possible.

Optics of a 1.5 TeV Injector for the LHC

A concept is being developed to install a sec-

J.A. Johnstone (Fermilab) ond ring above the LHC to accelerate protons

from 450 GeV to 1.5 TeV prior to injection into

the LHC. The arc and dispersion suppressor optics of the LHC would be replicated in the injector using combined

function "transmission line” magnets orginally proposed for the VLHC. To avoid costly civil construction, in the

straight sections housing detectors at least, the injector and LHC must share beampipes and some magnets through

the detector portion of the straights. Creating the appropriate optics for these injector-LHC transition regions is very

challenging: In addition to matching to the nominal LHC lattice functions at these locations, the changes in altitude

of 1.1 m between the injector and LHC must be accomplished achromatically to avoid emittance blowup when the
beams are transferred to the LHC.

A new HOM Water Cooled Absorber for the PEP-II B-factory Low Energy Ring

At high currents and small bunch lengths

M. Kosovsky, N. Kurita, A. Novokhatski, |. Seeman, S.P. Weath-  beam line components in the PEP-II B-factory

ersby (SLAC) experience RF induced heating from higher

order RF modes (HOMs) produced by scat-

tered intense beam fields. A design for a passive HOM water cooled absorber for the PEP-II low energy ring is

presented. This device is to be situated near HOM producing beamline components such as collimators and provide

HOM damping for dipole and quadrupole modes while minimizing impedance to the beam. We present a method

of optimizing the impedance characteristics of such devices through the evaluation of loss factors and absorber
effectiveness for specific modes using scattering parameter and wakefield analysis.
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Design and Tests of New Fast Kickers for the DAFNE Collider and the ILC Damping
Rings

In this paper we illustrate the design of

new, fast stripline kickers to inject or ex- | D.Alesini, S. Guiducci, F. Marcellini, P. Raimondi (INFN/LNF)
tractbunches in electron/positron rings. The

kickers have been designed for the injection upgrade of the Phi-factory DAFNE and as injection/extraction devices
for the International Linear Collider (ILC) damping rings. The design is based on tapering the striplines in order to
simultaneously obtain low impedance and an excellent uniformity of the deflecting field. The design has been done
using 2D and 3D electromagnetic codes such as Superfish and HFSS. High voltage test results on prototypes are also
shown.

New Beam Transport Line from LINAC to Photon Factory in KEK

The e+/e™ injector LINAC in KEK usually

injects into four rings which are Low Energy | N. lida, K. Furukawa, M. Ikeda, K. Kakihara, T. Kamitani, M.
Ring (LER) of KEKB (3.5GeV/e+), High En- | Kikuchi, Y. Kobayashi, T. Mitsuhashi, Y. Ogawa, M. Satoh, T.
ergy Ring (HER) of KEKB(8.0GeV/e-), Pho- | Suwada, M. Tawada, K. Yokoyama (KEK)

ton Factory (PF)(2.5GeV/e-) and Advanced

Ring for pulse x-rays (PF-AR)(3.0GeV/e-). While LINAC continuously injects into LER and HER alternately about
every five minutes, both of the KEKB rings usually store almost full operating currents. Time for PF or PF-AR, which
includes switching time, took about 20 minutes several times a day. During this, the storage currents in KEKB rings
decreased, and the optimum points of luminosity tuning had been lost. It had taken more than two hours to recover
the luminosity. It is so useful for KEKB to shorten the time for switch LINAC KEKB to/from PF or PF-AR. In summer
of 2005, the transport line from LINAC to PF were renewed, in which a DC bending magnet only for PF line apportions
electron beam from the end of LINAC to the new line. We succeeded to reduce the occupancy time for PF injection
to about five minutes. In this paper design of the new PF beam transport line and the practical performance achieved
according to the design are described.

The Beam Screen for the LHC Injection Kicker Magnets

The two LHC injection kicker magnet sys-

tems must each produce a kick of 1.2 Tm | M.J. Barnes, E. Caspers, L. Ducimetiere, N. Garrel, T. Kroyer (CERN)
with a flattop duration variable up to 7.86 us,

and rise and fall times of less than 0.9 us and 3 us, respectively. Each system is composed of four 5 () transmission line
kicker magnets with matched terminating resistors and pulse forming networks (PFN). The LHC beam has a high
intensity, hence a beam screen is required in the aperture of the magnets This screen consists of a ceramic tube with
conducting "stripes” on the inner wall. The stripes provide a path for the image current of the beam and screen the
magnet ferrites against Wake fields. The stripes initially used gave adequately low beam impedance however stripe
discharges occured during pulsing of the magnet: hence further development of the beam screen was undertaken.
This paper presents options considered to meet the often conflicting needs for low beam impedance, shielding of the
ferrite, fast field rise time and good electrical and vacuum behaviour.
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Dynamic Stresses in the LHC TCDS Diluter from 7 TeV Beam Loading

In the event of an unsynchronised beam

B. Goddard, A. Presland, W.].M. Weterings (CERN) L. Massidda  abort, the MSD extraction septum of the LHC

(CRS4) beam dumping system is protected from

damage by the TCDS diluter. The simulta-

neous constraints of obtaining sufficient beam dilution while ensuring the survival of the TCDS make the design

difficult, with high thermally induced dynamic stresses occurring in the material needed to attenuate the particle

showers induced by the primary beam impact. In this paper, full 3D simulations are described where the worst-

case beam loading has been used to generate the local temperature rise and to follow the resulting time evolution

of the mechanical stresses. The results and the accompanying design changes for the TCDS, to provide an adequate
performance margin, are detailed.

Protection of the LHC against Unsynchronised Beam Aborts

An unsynchronised beam abort in the LHC
B. Goddard, R.W. Assmann, E. Carlier, ].A. Uythoven, J. Wenninger,  could cause major damage to other down-
W.J.M. Weterings (CERN) stream accelerator components, in particular
the extraction septum magnets, the experi-
mental low-beta triplet magnet apertures and the tertiary collimators. Although the LHC beam dumping system
includes design features to minimise their frequency, such unsynchronised aborts can arise from several sources and
cannot be excluded. A system of protection devices comprising fixed and moveable passive diluters and collimators
will be built to safely protect the downstream LHC aperture from the mis-directed bunches in case of such a failure.
The sources of unsynchronised abort events are described, together with the requirements and design of the protec-
tion devices and their expected performance. The accompanying operational requirements and envisaged solutions
are discussed, in particular the problem of ensuring the local orbit at the protection devices.

Optics Flexibility and Dispersion Matching at Injection into the LHC

The LHC requires very precise matching of

A. Koschik, H. Burkhardt, B. Goddard, Y. Kadi, V. Kain, V. Mertens,  transfer line and LHC optics to minimise

T. Risselada (CERN) emittance blow-up and tail repopulation at

injection. The recent addition of a compre-

hensive transfer line collimation system to improve the protection against beam loss has created additional matching

constraints and consumed a significant part of the flexibility contained in the initial optics design of the transfer

lines. Optical errors, different injection configurations and possible future optics changes require however to preserve

a certain tuning range. Here we present methods of tuning optics parameters at the injection point by using orbit

correctors in the main ring, with the emphasis on dispersion matching. The benefit of alternative measures to enhance
the flexibility is briefly discussed.
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Calibration Measurements of the LHC Beam Dumping System Extraction Kicker Magnets

The LHC beam dumping system must pro-

tect the LHC machine from damage by reli- | J.A. Uythoven, F. Castronuovo, L. Ducimetiere, B. Goddard, G.
ably and safely extracting and absorbing the | Grawer, F. Olivieri, L. Pereira, E. Vossenberg (CERN)

circulating beams when requested. Two sets

of 15 extraction kicker magnets form the main active part of this system. They have been produced, tested and
calibrated by measuring the integrated magnetic field and the magnet current at different beam energies. The cali-
bration data have been analysed, and the critical parameters are compared with the specifications. Implications for
the configuration, control and operation of the beam dumping system are discussed.

Characterization of Crystals for Steering of Protons through Channelling in Hadronic Ac-
celerators

Channeling of relativistic particles through a

crystal may be useful for many applications | V. Guidi, S. Baricordi, M. Fiorini, G. Martinelli, A. Mazzolari, E.
in accelerators, and particularly for collima- | Milan (UNIFE) E. Boscolo Marchi, G. Della Mea, R. Milan, S. Todros,
tion in hadronic colliders. Efficiency proved | A. Vomiero (INFN/LNL) A. Carnera, D. De Salvador, A. Sambo
to be dependent on the state of the crystal | (Univ. degli Studi di Padova) Y.A. Chesnokov (IHEP Protvino)
surface and hence on the method used for | Yu.M. Ivanov (PNPI) W. Scandale (CERN)

preparation. We investigated the morphol-

ogy and structure of the surface of the samples that have been used in accelerators with high efficiency. We found
that crystal fabrication by only mechanical methods (dicing, lapping, and others) leads to a superficial damaged layer,
which is correlated to performance limitation in accelerators. A planar chemical etching was studied and applied
in order to remove the superficial damaged layer. RBS analysis with low-energy protons highlighted better crystal
perfection at surface, as a result of the etching. Finally, measurement with 70-GeV protons at IHEP demonstrated
a superior performance of the chemically cleaned crystals with respect to conventional samples. A protocol for
preparation and characterization of crystal for channelling has been developed, which may be of interest for reliable
operation with crystals in accelerators.

Optics Study for a Possible Crystal-based Collimation System for the LHC

The use of bent crystals as primary collima-

tors has been long proposed as an option to | R.W. Assmann, S. Redaelli, W. Scandale (CERN)

improve the cleaning efficiency of the LHC

betatron and momentum collimation systems. These systems are presently based on two-stage collimation with
amorphous scatterers and absorbers. Crystals are expected to help by channeling and extracting the halo particles
with large angles, resulting in higher cleaning efficiency. Independent of ongoing studies for crystal qualifications
(not reported here), it is important to understand the required deflection angles and the possible locations of absorbers
for the LHC layout. Optics studies have been performed in order to specify the required angles for various LHC
beam energies and possible locations of absorbers for the deflected halo beam. A possible layout for crystal-assisted
collimation at the LHC is discussed, aiming for a solution which would not change the LHC layout but would make
use of the existing collimator location.
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Collimation Efficiency during Commissioning

The design of the LHC collimation sys-

C.B. Bracco, RW. Assmann, A. Ferrari, S. Redaelli, G. Robert-  tem naturally focused on understanding and

Demolaize, M. Santana-Leitner, V. Vlachoudis, Th. Weiler (CERN) maximizing the ultimate performance with

all collimators in place. However, for the

commissioning of the LHC it is important to analyze the collimation efficiency with certain subsets of collimators,

with increased collimation gaps and relaxed set-up tolerances. Special studies on halo tracking and energy deposition

have been performed in order to address this question. The expected cleaning performance and intensity limits are

discussed for various collimation scenarios as they might be used during commissioning and initial operation of the
LHC.

Critical Halo Loss Locations in the LHC

The requirements on cleaning efficiency in
G. Robert-Demolaize, R.W. Assmann, C.B. Bracco, S. Redaelli, Th.  the LHC are two to three orders of magnitude
Weiler (CERN) beyond the needs at existing super-conduct-
ing colliders. The LHC will therefore operate
in unknown territory, which can only be assessed by powerful simulation tools. Such tools have been developed at
CERN over the last years, making it possible to perform detailed simulations of the LHC cleaning processes and
multi-turn loss patterns around the LHC ring. The simulation includes all collimators, diluters and absorbers in
the LHC. Proton loss maps are generated with a 10 cm resolution, which allows performing advanced studies for
quenches of super-conducting magnets along with the analysis of the deposited energy in the machine elements. The
critical locations of beam halo losses are discussed, both for the ideal machine and for various scenarios of closed-
orbit distortion and beta-beating. From these results it can be shown that it is sufficient to use a limited number of
BLM'’s for the setup and optimization of the LHC collimation system.

First Observation of Proton Reflection from Bent Crystals

We recently suggested using short bent crys-
W. Scandale (CERN) V.T. Baranov, V.N. Chepegin, Y.A. Ches- tals as primary collimators in a two-stage
nokov (IHEP Protvino) Yu.A. Gavrikov, Yu.M. Ivanov, L. P. Lapina,  cleaning system for hadron colliders, with
A.A. Petrunin, A.I. Schetkovsky, V. Skorobogatov, A. V. Zhelamkov = the aim of providing larger impact parame-
(PNPI) V. Guidi (UNIFE) A. Vomiero (INFN/LNL) ters in the secondary bulk absorber, through
coherent beam-halo deflection*. Tests with
crystals a few mm long, performed with 70 GeV proton beams at IEHP in Protvino, showed a channeling efficiency
exceeding 85%. We also observed disturbing phenomena such as dechanneling at large impact angle, insufficient
bending induced by volume capture inside the crystal, multiple scattering of non-channeled protons and, for the
first time, a proton flux reflected by the crystalline planes. Indeed, protons with a tangent path to the curved planes
somewhere inside the crystal itself are deflected in the opposite direction with respect to the channeled particles, with
an angle almost twice as large as the critical angle. This effect, up to now only predicted by computer simulations**,
produces a flux of particles in the wrong direction with respect to the absorber, which may hamper the collimation
efficiency if neglected.
*A. Afonin et al. PhysRevLett.87.094802(2001).**A. M. Taratin and S.A.Vorobiev, Phys.Lett. A119(1987)425.
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Experimental Study of Crystal Channeling at CERN-SPS for Beam-halo Cleaning

An efficient and robust collimation system is

mandatory for any superconducting hadron | M. Fiorini, P. Dalpiaz, V. Guidi (UNIFE) G. Ambrosi (INFN-
collider, in particular for the LHC, whichwill | PG) R.W. Assmann, I. Efthymiopoulos, L. Gatignon, W. Scandale
store a beam of unprecedented high intensity | (CERN) C. Biino (INEN-Torino) Y.A. Chesnokov (IHEP Protvino)
and energy. The usage of highly efficient | Yu.M. Ivanov (PNPI) R. Santacesaria (INFN-Roma) A.M. Taratin
and short primary bent-crystal collimators | (JINR) A. Vomiero (INEN/LNL)

might be a possibility for reaching nominal

and ultimate LHC intensity. Over the last years, groups in Russia (St. Petersburg) and Italy (Ferrara) have developed
crystal production methods, which considerably improve the crystal quality. In view of the crystal-collimation
experiments at the Tevatron and of the potential improvement compared with the phas-10! LHC collimation system,
considering the recent progress in crystal technology, we proposed experiments for crystal characterization in the SPS
beam lines. Major objectives will be: 1) qualification of the new crystals to be used in the Tevatron; 2) measuring the
channeling efficiency of long crystals with 1 mrad and/or 8 mrad bending angle; and 3) comparison of loss patterns
around the ring for a crystal with one for amorphous material. In this paper we will report the progress towards the
SPS experiment.

FFAGs as Muon Accelerators for a Neutrino Factory

The FFAG accelerator is a solution for rapid

acceleration of muons because of its large | S.Machida (CCLRC/RAL/ASTeC)

aperture and no need of magnet ramping.

Its particle dynamics is, however, peculiar due to high energy gain per turn and large transverse amplitude, which
has not been seen in other types of circular accelerators. One variation of FFAG, called non-scaling FFAG, employs
quite new scheme, namely, out of bucket acceleration. We studied emittance distortion, coupled motions among 3-D
planes, effects of resonance lines, etc., based on a newly developed tracking code. In this paper, we will emphasize
new regime of particle dynamics as well as a modeling technique of FFAG.

Racetrack Non-scaling FFAG for Muon Acceleration

The non-scaling Fixed-Field Alternating Gra-

dient (FFAG) machines have very strong fo- | D. Trbojevic (BNL)

cusing, large momentum acceptance, and

small dispersion and betatron functions. This report is a study of using a compact non-scaling FFAG in combi-
nation with the superconducting linac to accelerate the muons. The drift space between two kinds of combined
function magnets in the previous non-scaling FFAG is removed. The time of flight in the non-scaling FFAG has a
parabolic dependence on momentum. The large energy acceptance of the machine requires matching between the
linac and the non-scaling FFAG arcs for both the betatron and dispersion functions over the entire energy range.
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A Non-scaling FFAG for Radioactive Beams Acceleration (RIA)

One of the most expensive components of

D. Trbojevic, T. Roser, A.G. Ruggiero (BNL) proposals to accelerate heavy radioactive

beams is the superconducting linac. This is

an attempt to design a non-scaling Fixed-Field Alternating-Gradient (FFAG) lattice to allow acceleration of heavy

radioactive beams in a short time period with an acceptance in momentum of +50%. As it had been previously

reported the non-scaling FFAG has very small orbit offsets, very strong focusing, and large momentum acceptance.
The lattice with small combined function magnets would provide substantial savings in the cost of the RF.

An Irradiation System for Carbon Stripper Foils with 750 keV H™ Beams

Carbon stripper foils of around 300 ug/cm2
A. Takagi, Y. Arakida, Z. Igarashi, K.I. Ikegami, C. Kubota, I. Sugai,  will be used as a stripping of H-ion beam of
Y. Takeda (KEK) S. Dairaku, N. Saito, A. Sato, K. Senzaki (Kyoto  the 3 GeV Rapid Cycling Synchrotron in the
University) Y. Irie (JAEA /J-PARC) J-PARC. The foil should have a long lifetime
with mechanically strong against high tem-
perature of 1800K due to high-energy deposition by high intensity H-ion and circulating bunched proton beam
irradiations. For this purpose, we have installed a new irradiation system using high intensity pulsed and dc H-
beams of the KEK 750keV Cocksfoot-Walton accelerator. By adjusting the peak intensity and the pulse length of the
hydrogen beams appropriately, the energy deposition becomes equivalent to that exerted by the incoming H™ and
the circulating beams at the injection process of the RCS. The new irradiation system and some preliminary results of
the carbon stripper foil will be reported.

Optical Scheme of an Electrostatic Storage Ring

We consider the optical scheme of an electro-
V. Aleksandrov, Yu. Kazarinov, V. Shevtsov (JINR) R. Doerner, H.  static storage ring for low energy heavy ions/
Schmidt-Boecking, K.E. Stiebing (IKF) A. Schempp (IAP) molecules* with special requirements to type
of optical functions. Results of calculation
are presented.
*C. P. Welsch et al. Proc. of PAC’03, 12-16 May 2003, Portland, Oregon, USA, p.1622.

Commissioning of the ISAC-II Heavy Ion Superconducting Linac at TRIUMF

A new heavy ion superconducting linac at

R.E. Laxdal, W. Andersson, K. Fong, M. Marchetto, A. K. Mitra, WR.  TRIUMF is being installed to boost the final

Rawnsley, I. Sekachev, G. Stanford, V.A. Verzilov, V. Zviagintsev  energy of radioactive beams from ISAC from

(TRIUMF) 1.5MeV /u to above the Coulomb barrier. A

first stage of 20MV consisting of five medium

beta cryomodules each with four quarter wave bulk niobium cavities and a superconducting solenoid is being

commissioned in early 2006. The cavities (Beta0=0.057, 0.071) operate cw at 106MHz with design peak fields of

Ep=30MV/m, Bp=60mT while delivering an accelerating voltage of 1.08MV at ~4W power consumption. The report
will summarize the commissioning results and early operating experience.
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Superconducting Driver Linac for the New Spiral 2 Radioactive Ion Beam Facility GANIL

The new Spiral 2 facility will deliver high

intensity rare isotope beams for fundamental | T. Junquera (IPN)

research in nuclear physics, and high neutron

flux for multidisciplinary applications. Based into the ISOL and in-flight isotope production methods this facility
will cover broad areas of the nuclide chart. The driver accelerator must deliver CW beams of deuterons (40 MeV,
5 mA) and heavy ions (q/A=1/3, 15 MeV/A, 1 mA). The injector is composed of two ion sources (deuterons and
heavy ions) and a common RFQ cavity (88 MHz). The Superconducting Linac is composed of two sections of Quarter
Wave Resonators (beta 0.07 and 0.12, frequency 88 MHz) with room temperature focusing devices. After two years
of preliminary study, and following the recent decision to launch the construction phase, a complete design of the
Driver Accelerator is presently completed. Important results have been obtained during the initial R&D phase, in
particular on ion sources, RFQ and superconducting resonators prototypes. Status report on both the design and the
prototype performances will be given in this contribution.

First Stage of a 40 MeV Proton Deuteron Accelerator Commissioning Results

In 2006 the first stage of a 40MeV super-

conducting linear accelerator for protonsand | C. Piel, K. Dunkel, M. Pekeler, H. Vogel, P. vom Stein (ACCEL)
deuterons will be commissioned at SOREQ.

This paper will present commissioning of the ECR source after final assembly. First results of the 1.5MeV /u cw RFQ
are expected, further test results of the beta=0.09 half wave superconducting resonators are presented, and resonator
geometry improvements with respect to electron multipacting behaviour will be discussed. An outlook on the project
with respect to achieve the final energy of 40MeV will be given.

UNILAC Upgrade Programme for the Heavy Element Research at GSI-SHIP

In the field of heavy-element research us-

ing the velocity separator SHIP significant | W. Barth, L.A. Dahl, S. Hofmann, K. Tinschert (GSI) U. Ratzinger
achievements were made at GSI during the | (IAP)

last 30 years. The experiences obtained of ex-

periments clearly show that superheavy-element research was always based on efforts to extend the limits of technical
possibilities - of these the increase of beam intensity is one of the major contributions. This paper provides for techni-
cal information on the already planned upgrades of the present facility, which results in a significant overall increase
of the experimental sensitivity. It is foreseen to investigate and to build a sc 28 GHz-ECR ion source, which should
increase the primary beam intensities. The beam coming from the new ECR source will be delivered to the GSI-High
Charge State Injector by a second LEBT-system. An upgrade program for the rf-amplifiers and the rf-structures is
intended to increase the duty factor from 30 % to 50 %. Besides the ECR-source a new RFQ accelerator and the IH
structure may alternatively serve as an injector for an new advanced stand alone accelerator providing for 100 % duty
factor. Two different linac-layouts will be discussed.

205

TUPLS032

TUPLS033

TUPLS034



TUPLS035

TUPLS036

TUPLS037

27-Jun-06 16:00 - 18:00 TUPLS — Poster Session

The HITRAP Decelerator Project at GSI

The heavy ion trap (HITRAP) at GSI is a
L.A. Dahl, W. Barth, M. Kaiser, O.K. Kester, H.J. Kluge, W. Vinzenz = funded project since 2004. Highly charged
(GSI) B. Hofmann, U. Ratzinger, A.C. Sauer, A. Schempp (IAP) ions up to U2+ provided by the GSI accel-
erator facility will be decelerated and subse-
quently injected into a Penning trap for further cooling almost to rest. A combination of an IH™ and an RFQ-structure
decelerates the ions from 4 MeV/u down to 6 keV/u. In front of the decelerator a double-drift-buncher-system
provides for phase focusing and a final debuncher integrated in the RFQ-tank reduces the energy spread in order to
improve the efficiency for beam capture in the cooler trap. The report gives an overview of the final beam dynamic
design of the entire decelerator. Besides the construction status of the cavities, particular beam diagnostic features
due to the short pulses of 1 us and 108 MHz bunch frequency, and the measures for technical and controls integration
into the existing GSI accelerator complex are presented. Finally the recent time schedule and considerations for
commissioning are shown.

Status of the Linac-commissioning for the Heavy Ion Cancer Therapy Facility HIT

A clinical facility for cancer therapy using en-
M.T. Maier, R. Baer, W. Barth, L.A. Dahl, C. Dorn, T.G. Fleck, L.  ergetic proton and ion beams (C, He and O)
Groening, C.M. Kleffner, C. Miiller, A. Peters, B. Schlitt, M. Schwick-  is under construction and will be installed at
ert, K. Tinschert, H. Vormann (GSI) R. Cee, B. Naas, S. Scheloske, T.  the Radiologische Universitatsklinik in Hei-
Winkelmann (HIT) U. Ratzinger, A. Schempp (IAP) delberg, Germany. It consists of two ECR ion
sources, a 7 MeV/u linac injector and a 6.5
Tm synchrotron to accelerate the ions to final energies of 50-430 MeV /u. The linac comprises a 400 keV /u RFQ and a
7 MeV /u IH-DTL operating at 216.8 MHz. In this contribution the current status of the linear accelerator is reported.
After first tests with 1TH" beam of the RFQ at GSI, the commissioning of the accelerator in Heidelberg has already
started. The commissioning with beam is performed in three steps for the LEBT, the RFQ and the IH-DTL. For this
purpose a versatile beam diagnostic test bench has been designed. It consists of a slit-grid emittance measurement
device, transverse pick-ups providing for time of flight energy measurements, SEM-profile grids and different devices
for beam current measurements. This paper will provide for a status report of the linac-commissioning.

The Frankfurt Funneling Experiment

The goal of the Frankfurt Funneling Experi-

U. Bartz, D. Ficek, N. Mueller, A. Schempp, J. Thibus, M. Vossberg  ment is to multiply beam currents of RFQ ac-

(IAP) celerators at low energies to avoid problems

with space charge. The two beams from the

ion sources are injected into two RFQ channels. The last part of the RFQ electrodes have been replaced to achieve a

3d focus at the crossing point of the two beam axis where the funneling deflector as a central peace of the experiment

is located. The newly designed multi-cell deflector is adapted to the optimised funneling section. It is mechanically
solid, easy to tune in and ready for operation. First measurements will be presented.
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The MAFF TH-RFQ Test Stand at the IAP Frankfurt

The IH-type RFQ for the MAFF project at the

LMU in Munich is presently under construc- | A. Bechtold, D. Habs (LMU) J. Fischbach, U. Ratzinger, ]. Rehberg,
tion and will be integrated into a beam test | M. Reichwein, A. Schempp (IAP) J. Haeuser (NTG Neue Technolo-
stand at the IAP in Frankfurt. Itis the second | gien GmbH & Co KG) O.K. Kester (GSI)

RFQ following the IH resonator concept and

the first one that can be directly compared to a very similar 4-rod type machine, namely the REX-ISOLDE RFQ at
CERN. The MAFF RFQ has been designed to accelerate rare isotope beams (RIBs) with mass to charge ratios up to
6.3 from 3 keV /u to 300 keV /u at an operating frequency of 101.28 MHz with an electrode voltage of 60 kV. First RF-
measurements have already been executed and can be compared to appropriate simulation results. Parts of the test
stand are currently under construction, such as the volume ion source for He™ at an extraction voltage of 12 keV and
an electrostatic quadruplet for injection with an integrated steering system. These tests and accompanying theoretical
investigations will be done with special respect to the applicability of such normal conducting RFQ accelerators to
the EURISOL post accelerator.

Proposal of a Normal Conducting CW-RFQ for the EURISOL Post-accelerator and a Dedi-
cated Beta-beam Linac Concept

A combination of three superconducting

RFQs has been proposed for the EURISOL | A. Bechtold, H. Podlech (IAP)

post accelerator layout. At least the first RFQ

of this triplet could be replaced by a normal conducting continuous wave (c.w.) device. Efficient cooling systems
have already been designed and applied to existing machines at the IAP in Frankfurt. Preliminary electrode and
cavity designs can be presented. Since a parallel use for beta-beam applications was intended, we have optimized the
design not only for heavy ion applications with negligible beam currents at c.w. but also for lighter ions with currents
up to 7.5 mA at pulsed operation. More recent investigations on beta-beams came up with currents around 50 mA,
which then would make a separate linac solution for beta-beams necessary. We worked out some preliminary design
suggestions for such a dedicated 100 MeV /u machine.

Tuning of a 4-rod CW-mode RFQ Accelerator

A four-rod RFQ accelerator has been built

which operates in CW mode with a power | P.Fischer, A. Schempp (IAP)

consumption of 250 kW. The assembly of a

high power RFQ structure requires a precise mechanical alignment and field tuning of the electrode field. The field
distribution must be very flat to enable a proper operation with few losses. Adjusting of the field distribution is
critical in long structures. Simulations and the status of the tuned structure will be discussed.
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The HITRAP RFQ Decelerator at GSI

The HITRAP linac at GSI will decelerate ions

B. Hofmann, A. Schempp (IAP) O.K. Kester (GSI) from 5 MeV/u to 6 keV/u for experiments

with the large GSI Penning trap. The ions,

provided by the GSI accelerator facility, will be decelerated at first in the existing experimental storage ring (ESR)

down to an energy of 5 MeV /u, and injected into a new IH decelerator and decelerated to 500 keV /u. The following

4- Rod type RFQ will decelerate the ion beam from 500 keV to 6 keV /u. The RFQ has been designed and will be built

at the Institute for Applied Physics in Frankfurt. The properties of the RFQ decelerator and the status of the project
will be discussed.

First Cryogenic Tests of the Superconducting CH-structure

The CH-structure is a new multi-cell drift

H. Podlech, C. Commenda, H. Klein, H. Liebermann, U. Ratzinger,  tube structure operated in the TE21-mode

A.C. Sauer (IAP) and is well suited for the acceleration of low

and medium beta ion and proton beams.

Due to the mechanical stiffness room temperature as well as superconducting CH-cavities can be realised. A 19-

cell, beta=0.1 superconducting CH-prototype cavity has been developed and built. First cryogenic tests have been

performed at 4.5 K in Frankfurt successfully. An effective accelerating voltage of 3.6 MV has been achieved so far.

This corresponds to an electric peak field of 23 MV /m. Actual measurements aim on a localisation of possible field
emission centers, afterwards further surface preparation will take place.

Simulations for the Frankfurt Funneling Experiment

Beam simulations for the Frankfurt Funnel-

J. Thibus, A. Schempp (IAP) ing Experiment are done with RFQSim and
FUSIONS. RFQSim is responsible for the

beam transport through an RFQ accelerator. Behind the accelerator the particle dynamic program FUSIONS cal-
culates the macro bunches of both beam lines through an r.f. funneling deflector. A new space charge routine has
now been included. The status of the development of FUSIONS and the results of the simulations will be presented.

The 3D Beam Dynamics with the Space Charge in the Low and Middle Energy Super-con-
ducting Option of HIPPI

For the low and middle energy of the High

N.E. Vasyukhin, R. Maier, Y. Senichev, R. Tolle (FZ]) Intensity Proton Pulse Injector (HIPPI), a su-

perconducting option is considered.The 3D

beam dynamics simulation results in the slot and the finger-slot sections covering the energy range from 3 to 160 MeV

are presented. The optimization aim is the increase of beam current together with the reduction of emittance growth,
beam losses and costs. The slot structure is compared with the conventional spoke structure.
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Completion of the Commissioning of the Superconducting Heavy Ion Injector PIAVE at
INFN-LNL

At INFN-LNL the commissioning of the

injector PIAVE, based on superconducting | G. Bisoffi, G. Bassato, A. Battistella, 1. Boscagli, A. Calore, S.
RFQs, has been completed. All the super- | Canella, D. Carlucci, M. Cavenago, F. Chiurlotto, M. Comunian, M.
conducting cavities (two RFQs and 8 quarter | DeLazzari, A. Facco, E. Fagotti, A. Galata, P. Modanese, M.F. Moisio,
wave resonators - QWR) have shown very | A. Pisent, M. Poggi, A.M. Porcellato, P.A. Posocco, C. Roncolato, E.
satisfactory stability with respect to changes | Sattin, S. Stark (INFN/LNL) N. Schiccheri (CNAO Foundation)

of the liquid helium pressure and micro-

phonics. Beam parameters are very close to the nominal values. The commissioning was completed by accelerating
the pilot beam 1603* with the PIAVE injector and the booster linac ALPI (summer 2005). Since December 2005,
a number of test beams were accelerated (mainly noble gas species) with PIAVE and ALPI and delivered to user
experimental stations. Regular operation will be scheduled from Fall 2006 onwards.

An Analysis of Lumped Circuit Equation for Side Coupled Linac (SCL)

The behaviour of a SCL module is gener-

ally described by resorting to an equation | V.G. Vaccaro, A. D’Elia (Naples University Federico II and INFN)
system borrowed from lumped circuit the- | M.R. Masullo (INFN-Napoli)

ories. This description holds for a narrow

frequency band (mono-modal cavity behaviour). A milestone in this field is represented by the classical analysis
made by Knapp & alii where the equations allow for the resonant frequencies of the cavities and the first and second
order coupling constants. Eigenvalues and eigenvectors (resonant frequencies of the system and relevant current
amplitudes) are also given. We show that the system is not correct in the second and last but one equations for the
case of half cell termination and non zero second order coupling constants. Due to the relevance of this formulation
and of the case treated, we pay a particular attention to find the missing terms in the above mentioned equation. We
suggest a correction term, having in addition a deep meaning from electromagnetic point of view. By means of this
term we may justify the analytical solution given by the authors. Some numerical examples are also given showing
that a discrepancy appears comparing the new equations with the results of the non-correct formulation.

Optimization Design of a Side Coupled Linac (SCL) for Protontherapy: a New Feeding
Solution

It is proposed to use an SCL, starting at

30MeV, up to 230MeV. The linac consists of | V.G. Vaccaro, A. D’Elia (Naples University Federico Il and INFN) T.
25 modules (two tanks each). Twelve, 3GHz | Clauser, A.C. Raino (Bari University, Science Faculty) C. De Marti-
power generators, feed two modules in paral- | nis, D. Giove, M. Mauri (INEN /LASA) S. Lanzone (CERN) M.R. Ma-
lel, with the last power generator feeding the | sullo (INFN-Napoli) R.J. Rush (e2v technologies) V. Variale (INFN-
last module. The SCL is designed, assuming | Bari)

a mean accelerating field in the cavities of

16,5MV /m. The longitudinal and transverse beam dynamics has been studied, assuming that the input parameters
(emittance, energy spread and mean current) are those of commercial 30MeV cyclotrons. The characteristics of the
ejected beam were analysed: the transmittance value is largely sufficient to deliver a correct dose for therapy; the beam
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line activation is kept largely below allowed levels; the output energy spread is sufficiently small. The first prototype
module is under construction and a second one is under design. Contacts with e2v have been established for defining
an agreement, which proposes to use magnetrons as feeders for the acceleration tests. Attention was therefore paid to
phase locking constraints between feeders. Theoretical studies suggest that transmittance stays constant if de-phasing
is kept into values that seem attainable with magnetrons.

A Rationale to Design Side Coupled Linac (SCL): a Faster and More Reliable Tool

A module of an SCL is formed by a cascade
V.G. Vaccaro, A. D’Elia (Naples University Federico Il and INFN)  of two or more tanks, connected by a Bridge
M.R. Masullo (INFN-Napoli) Couplers (BC) with an RF feeder, which re-
alizes a well defined accelerating field con-
figuration in all the coupled cavities. Even resorting to geometrical scaling for the design of the adjacent tanks in
the module it is not possible to reproduce the same e-m parameters. In addition to this the BC’s for each tanks
have a different geometrical design because of phasing constraints. The standard procedure may leads a very slow
convergence of the design to the optimum and it is not in general clear if the optimum is reached. In this paper a
rationale for designing a module of an SCL will be described and it will be presented its application to PALME first
module (30-3???MeV). From a lumped circuit model one may get useful relations between e-m global response of the
system and single cell parameters. Therefore it provides a certain number of tools which are used for the designing
steps in connection with the standard electromagnetic CAD’s, the results of which were used as "measurements".

Development of PEFP 20 MeV Proton Accelerator

A 20 MeV proton accelerator has been devel-
Y.-S. Cho, H.M. Choi, S.-H. Han, L.-S. Hong, J.-H. Jang, H. S. Kim,  oped as a low energy part of PEFP (Proton
K.Y. Kim, Y.-H. Kim, H.-J. Kwon, K.T. Seol, Y.-G. Song (KAERI) Engineering Frontier Project) 100 MeV accel-
erator. The 20 MeV accelerator consists of ion
source, LEBT (Low Energy Beam Transport), 3 MeV RFQ (Radiofrequency Quadrupole) and 20 MeV DTL (Drift Tube
Linac). After the field tuning and high power RF conditioning of the accelerating cavities, the first beam test of the 20
MeV accelerator is underway. During the test, the pulsed proton beam was extracted from the ion source by pulsing
the high voltage power supply. Two 1.1 MW, 350MHz RF systems were used to drive the 20 MeV accelerator. The
current transformers between DTL tanks and Faraday cup at the end of 20 MeV DTL were used to measure the beam
current. In this paper, the development of 20MeV accelerator are summarized and the first beam test results are
discussed.

Beam Dynamics of the PEFP Linac

The PEFP Linac consists of a 50 keV ion

J.-H. Jang, Y.-S. Cho, K.Y. Kim, Y.-H. Kim, H.-J. Kwon (KAERI) source, LEBT, 3 MeV RFQ, 20 MeV DTL
called DTL1, MEBT, and 100 MeV DTL called

DTL2. The MEBT includes two small DTL tanks, which match the 20 MeV proton beams into the DTL2, and a bending
magnet, which extracts the 20 MeV proton beams to the experimental hall. We will present the full beam dynamics
study from the entrance of the DTL1 to the end of DTL2 with the initial beam parameters obtained from a simulation
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study of the RFQ. Our study focuses on the longitudinal beam matching in order to compensate the missing RF effect
between every neighboring DTL tanks as well as the full beam matching between DTL1 and DTL2.

Beam Dynamics of a High Current IH-DTL Structure for the TWAC Injector

A powerful ion injector based on a laser ion

source is needed for an efficient operation of | S. Minaev, T. Kulevoy, B.Y. Sharkov (ITEP) U. Ratzinger, R. Tiede
the Tera Watt Accumulator (TWAC) complex | (IAP)

including a heavy ion synchrotron and a stor-

age ring, which is under progress now at ITEP, Moscow. The Interdigital H-type drift tube linac (IH-DTL) structure
operating at 162 MHz is proposed for the second stage of the injector linac behind of a 81 MHz RFQ. Consisting
of independently driven sections with inter-tank quadrupole triplet focusing, this structure will accelerate highly
stripped ions with charge-to-mass ratios above 1/3 in the energy range from 1.57 MeV /u at the RFQ exit to 7 MeV/
u. Beam currents up to 100 mA are expected for medium ions like Carbon or Aluminum. Since the rf frequency is
duplicated at the entrance of the IH-DTL in order to reduce size as well as power consumption, space charge effects
are dominant at full current. Beam dynamics and structure parameters are discussed in detail.

The Isochronous Mode of the Collector Ring

The isochronous mode of a storage ring is a

special ion-optical setting in which the revo- | S.A. Litvinov, A. Dolinskii, H. Geissel, F. Nolden, M. Steck, H.
lution time of circulating ions of one species | Weick (GSI)

does not depend on their velocity spread. In

this mode the ring can be used for mass measurement of exotic nuclei. The Collector Ring (CR) [1] of the FAIR project
[2] will operate in such mode as time-of-flight spectrometer for short-lived exotic nuclei (T1/2 > 20 us) produced and
selected in flight with the Super-FRS fragment separator [3]. This technique has been developed at the ESR [4]. The
dependence of the revolution time in the isochronous ring from its transverse acceptance, the closed orbit distortion,
and nonlinear imperfection of the magnet field was investigated analytically and with a Monte-Carlo simulation. The

corresponding results will be presented.
References: [1] A. Dolinskii et. al., GSI Annual Report, 2004 [2] W. Henning, Nucl. Phys. A721 (2003)211c [3] H.
Geissel, et. al., Nucl. Instr. Meth. B204 (2003)71 [4] M. Hausmann et. al., Nucl. Instr. Meth. A 446 (2000)569

First Section of a 352 MHz Prototype Alvarez DTL Tank for the CERN SPL

In the Linac4/SPL projects at CERN, 352

MHz 30 mA DTL Alvarez accelerating struc- | S.V. Plotnikov, A.P. Durkin, D. Kashinskiy, V.A. Koshelev, T.
ture will be used to accelerate protons be- | Kulevoy, S. Minaev, V. Pershin, B.Y. Sharkov, V. Skachkov (ITEP)
tween 3 and 40 MeV. The R&D for the devel- | V.E Basmanov, V.A. Demanov, I.D. Goncharov, E.S. Mikhailov, N.I.
opment of a prototype structure for the en- | Moskvin, S.T. Nazarenko, V.S. Pavlov, V.V. Porkhaev, V.T. Punin,
ergy range from 3 to 10 MeV is taking place [ A.V. Telnov, V.N. Yanovsky, N.V. Zavyalov, S.A. Zhelezov (VNIIEF)
jointly at ITEP and VNIIEF. The design of

this 2.7 m Alvarez tank containing 27 drift tubes is described in this document. Results of calculations of the section
parameters are presented. One of the main features of the design is the use of permanent magnets made of SmCo5
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alloy as quadrupole focusing lenses (PMQ) inside the drift tubes. Details of the experimental PMQ-equipped drift
tube are described.

Linac4, a New Injector for the CERN PS Booster

The first bottle-neck towards higher beam
R. Garoby, G. Bellodi, F. Gerigk, K. Hanke, A.M. Lombardi, M.  brightness in the LHC injector chain is due
Pasini, C. Rossi, E.Zh. Sargsyan, M. Vretenar (CERN) to space charge induced tune spread at injec-
tion in the CERN PS Booster (PSB). A new
injector called Linac4 is proposed to remove this limitation. Using RF cavities at 352 and 704 MHz, it will replace the
present 50 MeV proton Linac2, and deliver a 160 MeV, 40 mA H™ beam. The higher injection energy will reduce space
charge effects by a factor of 2, and charge exchange will drastically reduce the beam losses at injection. Operation will
be simplified and the beam brightness required for the LHC ultimate luminosity should be obtained at PS ejection.
Moreover, for the needs of non-LHC physics experiments like ISOLDE, the number of protons per pulse from the PSB
will increase by a significant factor. This new linac constitutes an essential component of any of the envisaged LHC
upgrade scenarios, which can also become the low energy part of a future 3.5 GeV, multi-megawatt superconducting
linac (SPL). The present design has benefited from the support of the French CEA and IN2P3, of the European Union
and of the ISTC (Moscow). The proposed machine and its layout on the CERN site are described.

New Prestripping Section of the MILAC Linear Accelerator Designed for Accelerating a
High Current Beam of Light Ions

In the Kharkov Institute of Physics and Tech-
A.P. Kobets, V.A. Bomko, O.E. Dyachenko, Ye.V. Ivakhno, M.S.  nology, the works on construction of a new
Lesnykh, Z.0. Ptukhina, V.N. Reshetnikov, S.S. Tishkin, V.P. Yashin,  prestripping section of the multicharge ion
A.V. Zabotin, B.V. Zajtsev, V.G. Zhuravlev (NSC/KIPT) linear accelerator (MILAC) is performed.
The task is set to provide acceleration of high
current beams of light ions for research works on radiation material engineering and applied investigations. The
new prestripping section is designed for accelerating ions with A/q=4 up to the energy of 1 MeV /u; after stripping
they will be accelerated in the main section up to the energy of 8.5 MeV /u. Special operational mode will allow to
increase noticeably the repetition rate with the same power consumption. The calculation results on beam dynamics
in the structure with alternating phase focusing in the version with the stepped change of the synchronous phase, and
calculations of electrodynamic characteristics of the accelerating structure of the interdigital type. The peculiarities
of the construction of the accelerating structure are described.

Design of a Low Energy Electron Cooler for the Heidelberg CSR

The electrostatic Cryogenic Storage Ring

H. Fadil, M. Grieser, D. Orlov, A. Wolf (MPI-K) (CSR) is currently being designed at MPI-K
in Heidelberg. This ring will utilize electro-

static deflectors and focusing elements, and will store ions with kinetic energies in the range 20~300 keV (E/Q) to be
mainly utilized in atomic and molecular physics experiments. The CSR will be equipped with a compact magnetic
electron cooler, which will serve the double purpose of phase space compression of the stored ion beam as well as
an electron target for recombination experiments. The cryogenic photocathode source, developed for the Heidelberg
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TSR, will be used to provide extremely cold magnetically guided electron beams. The maximum cooling electron
energy is 165 eV and the usual operation energy for 20 keV protons will be about 10 eV. The cooler will fit in the
2.8 m straight section of the ring. The device will be installed inside the outer vacuum chamber of the CSR, and the
magnetic confinement of the electrons will be provided with high temperature superconducting coils. The design of
the magnets of the CSR electron cooler will be presented in this paper.

Cooling Rates at Ultra-low Energy Storage Rings

Electrostatic low-energy storage rings have

proven to be a highly flexible tool, able to | C.P. Welsch, C.P. Welsch (CERN) A.V. Smirnov (JINR)

cover experiments from a variety of different

fields ranging from atomic, nuclear and molecular physics to biology and chemistry. Future machines will decisively
rely on efficient electron cooling down to electron energies as low as some eV, posing new challenges to the cooler
layout and operation. The BETACOOL code has already been successfully applied for the layout and optimization
of a number of different electron coolers around the world. In this contribution, the results from calculations of the
cooling rates at future low-energy machines equipped with an internal target like the Ultra-low energy Storage Ring
(USR) at the Facility for Low-energy Antiproton and Ion Research (FLAIR) are presented.

Layout of the USR at FLAIR

The Facility for Low-energy Antiproton and

Ion Research (FLAIR) and a large part of the | C.P. Welsch, C.P. Welsch (CERN) M. Grieser, J. Ullrich, A. Wolf
wide physics program decisively rely onnew | (MPI-K)

experimental techniques to cool and slow

down antiprotons to 20 keV, namely on the development of an ultra-low energy electrostatic storage ring (USR).
The whole research program connected with anti-matter/matter interactions is only feasible if such a machine will
be realized For the USR to fulfil its key role in the FLAIR project, the development of novel and challenging methods
and technologies is necessary: the combination of the electrostatic storage mode with a deceleration of the stored ions
from 300 keV to 20 keV, electron cooling at all energies in both longitudinal and transverse phase-space, bunching of
the stored beam to ultra-short pulses in the nanosecond regime and the development of an in-ring reaction microscope
for antiproton-matter rearrangement experiments. In this contribution, the layout and the expected beam parameters
of the USR are presented and its role within FLAIR described. The machine lattice and the cooler parameters are
summarized.

Design and Commissioning of a Compact Electron Cooler for the S-LSR

The ion cooler ring S-LSR has been con-

structed and commissioned in October 2005. | H. Fadil, S. Fujimoto, A. Noda, T. Shirai, H. Souda, H. Tongu (Kyoto
The ring successfully stored a 7 MeV proton | ICR) T. Fujimoto, S.I. Iwata, S. Shibuya (AEC) M. Grieser (MPI-K)
beam. The S-LSR is equipped with a com- | K. Noda (NIRS) L.A. Seleznev, E. Syresin (JINR)

pact-electron cooler which has a cooling so-

lenoid length of 0.8 m, a toroid bending radius of 0.25 m and maximum magnetic field in the cooling section of 0.5
kG. The commissioning of the electron cooler was carried out with successful observation of both longitudinal and
horizontal cooling of the proton beam. By varying the electric potential on the Pierce electrode in the gun, we have
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investigated the possibility of generating a hollow shaped electron beam, and studied its effect on the electron cooling
process. Also the effect of the electrostatic deflector, installed in the toroid section in order to compensate the drift
motion of the secondary electrons, was investigated. The design and results of the commissioning of the compact
electron cooler are presented.

Beam Commissioning of Ion Cooler Ring, S-LSR

S-LSR is a new ion cooler ring constructed
T. Shirai, S. Fujimoto, M. Ikegami, A. Noda, H. Souda, M. Tanabe, in Kyoto University. The circumference is
H. Tongu (Kyoto ICR) H. Fadil (MPI-K) T. Fujimoto, H. Fujiwara, S.I.  22.557 m and the maximum magnetic rigid-
Iwata, S. Shibuya (AEC) LN. Meshkov, L.A. Seleznev, A.V. Smirnov, ity is 1 Tm. The constructiion and the vac-
E. Syresin (JINR) K. Noda (NIRS) uum baking had been finished in September,
2005. The beam commissioning was started
since October, 2005. The injected beam is 7 MeV proton from the existing linac. The beam circulation test and the
electron beam cooling were carried out successfully and the beam information and the characteristics of the ring
were measured. One of the subjects of S-LSR is a realization of the crystalline beams using the electron and laser
cooling. The lattice of S-LSR was designed to suppress the beam heating as much as possible and we also present
such measurement results in this paper.

Peculiarities of Electron Cooler Operation and Construction at Ultra Low Energy in an
Electrostatic Ring

Few projects of electrostatic rings with elec-
E. Syresin (JINR) tron cooler are discussed now. Electron cool-
ing at low electron energy of 10 eV was real-
ized at the KEK electrostatic ring. The electron cooling permits to suppress the ion multi scattering on residual gas
atoms and allows increasing the ion lifetime. Peculiarities of an electron cooler operation and construction at ultra low
energy in an electrostatic ring are considered. The cooler gun operation regime is cardinally changed at a reduction
of the electron energy to a value comparable with a cathode work function. A virtual cathode and ohmic resistance
of cathode emitter give an input in beam formation at ultra low energy. Effective electron cooling of heavy atomic
and bimolecular ions at mass of 100-1000 is reached at a small photocathode diameter of 1 mm and a high magnetic
expansion factor of 10719, The electron cooler construction has traditional design in KEK electrostatic ring. The
cooler construction can be simplified at a small circumference of electrostatic ring. Straight cooler schemes without
toroidal magnets permit to reduce ring space required for electron cooler.

Status of the HESR Electron Cooler Design Work

The electron energy of the HESR electron

D. Reistad, T. Bergmark, O. Bystrom, B. Galnander, S. Johnson,  cooler shall be variable from 450 keV to 4.5

I. Johnson, T. Lofnes, G. Norman, T. Peterson, K. Rathsman, L.  MeV. Furthermore, the design shall not ex-

Westerberg (TSL) H. Danared (MSL) clude a further upgrade to 8 MeV. Operation

of the HESR in a collider mode, which re-

quires electron cooling of both protons and antiprotons traveling in opposite directions, is an interesting option. The
status of the technical design of the HESR electron cooling system will be presented.
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LEIR Electron Cooler Status

The electron cooler for LEIR is the first of

a new generation of coolers being commis- | G. Tranquille, V. Prieto, R. Sautier (CERN) A.V. Bubley, V.V. Park-
sioned for fast phase space cooling of ion | homchuk (BINP SB RAS)

beams in storage rings. It is a state-of-the-

art cooler incorporating all the recent developments in electron cooling technology (adiabatic expansion, electrostatic
bend, variable density electron beam. ..) and is designed to deliver up to 600 mA of electron current for the cooling
and stacking of Pb®** ions in the frame of the ions for LHC project. In this paper we present our experience with
the commissioning of the new device as well as the first results of ion beam cooling with a high-intensity variable-
density electron beam.

Performance of Fermilab’s 4.3 MeV Electron Cooler

A 4.3 MeV DC electron beam is used to cool

longitudinally an antiproton beam in the Fer- | A.V. Shemyakin, A.V. Burov, K. Carlson, M. Hu, TK. Kroc, J.R.
milab’s Recycler ring. The cooling rate is | Leibfritz, S. Nagaitsev, L.R. Prost, S.M. Pruss, G.W. Saewert, C.W.
regulated either by variation of the electron | Schmidt, M. Sutherland, V. Tupikov, A. Warner (Fermilab)

beam current up to 0.5 A or by a vertical sep-

aration of beams in the cooling section. The paper will describe steps that provided a stable operation and present
the status of the cooler.

Chromaticity Control in Linear-field Nonscaling FFAGs by Sextapoles

Because of their high repetition rate and large

apertures, FFAGs are proposed for high-cur- | S.R. Kescielniak (TRIUMF)

rent medical accelerators suitable for cancer

therapy. The linear-field nonscaling FFAG is made from repeating cells containing D and F combined function mag-
nets. The betatron tune profiles decrease with momentum; this leads to the crossing of resonances. We examine how
sextapole magnets may be used to flatten the tune profile; in particular (i) whether it is better to place them at the D or
F; (ii) what strength is required; and (iii) what is their effect on the closed orbits and path length? The orbit geometry
is derived from a thin-element model and the tunes from power series in the quadrupole strength. Chromaticity
is corrected by coupling focusing strength to dispersion, which is far stronger in the F element. The zeros of the
orbit dispersion become the poles of the "sextapole strength to flatten the tune at some particular momentum". We
demonstrate that a weak F sextapole can produce a substantial horizontal tune flattening, and has little impact on
other optical properties. Contrarily, placing the sextapole at the D element may destroy the dynamic aperture and or
vertical focusing.

Minimum Cost Lattices for Nonscaling FFAGs

Previously, linear-field FFAG lattices for

muon acceleration have been optimized un- | S.R. Koscielniak (TRIUMF)

der the condition of minimum path length

variation. For non-relativistic particles, as are employed in the hadron therapy of cancer, that constraint is removed
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allowing a wider range of design choices. We adopt the thin-element kick model for a degenerate FODO cell composed
of D and F combined function magnets. The dipole field components are parametrised in terms of the bending at the
reference momentum and the reverse bend angle. The split between positive and negative bending sets the shape
of the closed orbits. The cost function, based on stored magnetic energy, is explored in terms of the split. Two cost
minima are found, one corresponding to minimum peak magnet field in the F element, and another to minimum
radial aperture in the D element. Analytic formulae are given for the minimization conditions. The minimum field
lattice is similar to existing designs based on minimizing the path length variation, but the minimum aperture lattice
presents a new direction for future detailed design studies.

Nonscaling FFAG with Equal Longitudinal and Transverse Reference Momenta

An unusual feature of linear-field nonscaling
S.R. Koscielniak (TRIUMF) FFAG designs is that the radio-frequency is
not necessarily synchronous with the refer-
ence orbit and momentum chosen for the lattice design. This arises because optics design prefers the reference
geometry to be composed of straight lines and arcs of circles - either at the mean momentum, or at high momen-
tum to centre the orbit in the F element. The asynchronous acceleration proposed for rapid acceleration has strong
requirements to set the longitudinal reference at 1/4 and 3/4 of the momentum range to minimize phase slip. The
usual particle-tracking programs, such as MAD, though sophisticated in the transverse plane, are far cruder in their
longitudinal working and do not allow for a longitudinal reference momentum and RF phase independent of the
transverse values. In the context of a thin-element lattice model, we show how to make the transverse reference
momentum and optic design coincident with the longitudinal reference by adjusting the ratio of positive and negative
bending in the D and F elements, respectively, and retaining a lines and arcs composition for the reference orbit. This
prepares the way for MAD tracking.

Formulae for Linear-field Non-scaling FFAG Accelerator Orbits

Non-scaling FFAG accelerators using con-

M.K. Craddock (UBC & TRIUMF) S.R. Koscielniak (TRIUMF) stant-gradient F and D magnets with their

fields decreasing outwards can compact ion

orbits for a wide range of momentum (e.g., 1:2) into a narrow radial range. Designs to accelerate protons, ions and

muons are currently being studied for proton drivers, cancer therapy facilities and neutrino factories. In this paper,

analytic formulae are reported for some basic orbit properties, helping to make clear their dependence on the various

design parameters and momentum. For the designs tested so far the numerical results are in excellent agreement
with those obtained using lattice codes.

Design of the Flat-top Acceleration Cavity for the LNS Superconducting Cyclotron

A 3rd harmonic Flat-top acceleration system

L.A.C. Piazza, D. Battaglia, L. Calabretta, A.C. Caruso, E. Consoli,  for the K800 Superconducting Cyclotron of
M.M. Maggiore, D. Rifuggiato, A. Sparta (INFN/LNS) the Laboratori Nazionali del Sud (LNS) was
designed to reduce the energy spread of the

accelerated particles and to improve the beam quality and the extraction efficiency. The Flat-top effect is realized
by the superposition of the 3rd harmonic to the fundamental acceleration frequency. The 3rd harmonic frequency
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is produced by an additional resonator, capacitively coupled to the K 800 cavities. The Flat-top cavity was designed
with the 3D electromagnetic codes Ansoft HFSS and CST MicroWaveStudio.

Beam Extraction of 150 MeV FFAG

A beam extraction from FFAG accelerator

was performed for the first time at KEK | M. Aiba, Y. Mori, H. Nakayama, K. Okabe, Y. Sakamoto, A. Takagi
150MeV proton FFAG synchrotron. The pur- | (KEK) R. Taki (GUAS/AS) Y. Yonemura (Kyushu University)

pose of 150MeV FFAG project is to establish

a working prototype for various applications. The beam extraction is thus one of important goals. The extraction is
based on fast extraction methode using kicker and pulse septum working at 100Hz. A rapid cycling is also our focus
to take advantages of FFAG accelerator. Beam extraction experiment was successful under 100Hz operating. The
details of experiment will be presented in this paper.

Development of FFAG-ERIT Ring

An intense neutron source with the emit-

tance recovery internal target (ERIT) using | K. Okabe, M. Muto (KEK) Y. Mori (KURRI)
the FFAG accelerator is under development.

The design of the FFAG storage ring for this purpose will be presented.

Design Studies of the Compact Superconducting Cyclotron for Hadron Therapy

An overview of the current status of the

design of the compact superconducting | ¥.Jongen, W. Beeckman, W.].G.M. Kleeven, D. Vandeplassche, S.E.
isochronous cyclotron C400 able to deliver | Zaremba (IBA) V. Aleksandrov, G.A. Karamysheva, Yu. Kazarinov,
ion beams with a charge to mass ratio of 0.5 | LN.Kian, S.A. Kostromin, N.A. Morozov, E. Samsonov, V. Shevtsov,
is given. This cyclotron is based on the de- | G. Shirkov, E. Syresin (JINR)

sign of the current PT (proton therapy) C230

cyclotron and will be used for radiotherapy with proton, helium or carbon ions. 12C%* and 4He?* ions will be acceler-
ated to 400 MeV /u energy and extracted by electrostatic deflector, H>* ions will be accelerated to the energy 260MeV
and extracted by stripping. Computer modeling results on the axial injection system, magnetic system, inflector and
center design are given. Results of simulations of the ion beam injection, acceleration and extraction are presented.

Hadron Cancer Therapy Complex Employing Non-scaling FFAG Accelerator and Fixed
Field Gantry Design

Non-scaling FFAG rings for cancer hadron

therapy offer reduced physical aperture and | E. Keil (CERN) A. Sessler (LBNL) D. Trbojevic (BNL)

large dynamic aperture as compared with

scaling FFAGs. The variation of tune with energy implies the crossing of resonances during acceleration. Our
design avoids intrinsic resonances, although imperfection resonances must still be crossed. We consider a system of
three non-scaling FFAG rings for cancer therapy with 250 MeV protons and 400 MeV /u carbon ions. Hadrons are
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accelerated in a common RFQ and linear accelerator, and injected into the FFAG rings at v/c=0.1128. The H*/C6+ions
are accelerated in the two smaller/larger rings to 31 and 250 MeV /52.5 and 400 MeV /u kinetic energy, respectively.
The lattices consist of symmetrical triplet cells with a straight section for RF cavities. The gantry with similar triplet
cells accepts the whole required momentum range at fixed field. This unique design uses either High Temperature
super-conductors or super-conducting magnets reducing gantry size and weight. Elements with a variable field at
the beginning and at the end set the extracted beam at the correct position for the specific energy and adapt the beam
to specific requirements during treatment.

The Proposed 2 MeV Electron Cooler for COSY-Juelich

The design, construction and installation of

J. Dietrich (FZ]) V.V. Parkhomchuk (BINP SB RAS) a 2 MeV electron cooling system for COSY-

Juelich is proposed to further boost the lumi-

nosity even with strong heating effects of high-density internal targets. In addition the design of the 2 MeV electron

cooler for COSY is intended to test some new features of the high energy electron cooler for HESR at FAIR/GSL

The design of the 2 MeV electron cooler will be accomplished in cooperation with the Budker Institute of Nuclear

Physics in Novosibirsk, Russia. Starting with the boundary conditions of the existing electron cooler at COSY the
requirements and a first general scheme of the 2 MeV electron cooler are described.

Flat Beams and Application to the Mass Separation of Radioactive Beams

The notion of flat beam is now well estab-

P. Bertrand (GANIL) J.-L. Biarrotte (IPN) D. Uriot (CEA) lished and has been proven theoretically and

experimentally with applications for linear

colliders. In this paper, we propose a new and simple demonstration of the "flat beam theorem", and a possible

application in the frame of radioactive ion beams (RIB) production. It consists in using a magnetized multi-specie

heavy ion beam extracted from a high frequency ECR source, decoupling the transverse phase planes in such a way

to obtain a very small emittance in the horizontal one, and using a dipole to separate the isotopes. A design of such a
transport and separation line will be proposed and commented.

The Frankfurt Neutron Source at the Stern-Gerlach-Zentrum (FRANZ)

About 40ns long proton pulses with an en-

L.P. Chau, O. Meusel, U. Ratzinger, A. Schempp, K. Volk (IAP) M.  ergy of 120keV and currents of up to 200mA
Heil (FZ Karlsruhe) will be produced at the 150kV high current
injector with a rep.rate of up to 250kHz. The

main acceleration will be done by a 175MHz-RFQ. After this section the proton bunches will have an energy of about
1.7MeV. A 4-gap cavity will allow for an energy increase up to 2.2MeV.In order to get Ins short pulses at the Li-
7-Target we propose a buncher-system of the Mobley-Type*, whereby periodic deflection at one focus of a dipole-
magnet guides the bunche train from the linac on different paths to the other focus, where the n-production traget is
located in the time focus.By 7Li(p,n)B-10” reactions low-energy neutron bunches will be produced with an averaged
integrated flux-density of 4*107/(cm2 s) at a distance of 0.4m. The upper limit for the neutron spectra will be 500keV.
The main challange with respect to this buncher is the strong space charge action, which has to be treated by careful
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particle simulations. FRANZ is among other duties well suited for (n,gamma)-cross-sectional measurements with
astrophysical relevance**/***. It is characterised by high n-intensities and by its pulse-structure.
*Phys. Rev. 88(2), 360-361 (1951). **Phys. Rev. C 71, 025803 (2005).***Phys. Rev. Lett. 94, 092504 (2005).

A Low Energy Accumulation Stage for a Beta-beam Facility

The EU supported EURISOL Design Study

encompasses a beta-beam facility for neu- | A.Kallberg, A. Simonsson (MSL) M. Lindroos (CERN)

trino physics. Intense electron (anti-)neu-

trino beams are in such a machine generated through the decay of radioactive ions in a high energy storage ring. The
two main candidate isotopes for the generation of a neutrino and an anti-neutrino beam are 6He?* and 18Ne!’*. The
intensities required are hard to reach, in particular for the neon case. A possible solution to increase the intensity is
to use an accumulator ring with an electron cooler. Critical parameters such as cooling times and current limitations
due to space charge and tune shifts are presently being optimized. We will in this presentation give an overview of
the low energy accumulation stage and review recent work on this option.

Estimation of Decay Losses and Dynamic Vacuum for the Beta-beam Accelerator Chain

The beta-beam is based on the acceleration

and storage of radioactive ions. Due to the | M. Benedikt, A. Fabich (CERN) M. Kirk, C. Omet, PJ. Spiller (GSI)
large number of ions required and their rel-

atively short lifetime, beam losses are a major concern. This paper estimates the decay losses for the part of the
accelerator chain comprising the CERN PS and SPS machines. For illustration purposes, the power deposition in
these accelerators is compared to that expected for nominal CNGS proton operation. The beam losses induced vacuum
dynamics is simulated and the consequences for machine operation are discussed.

Stacking Simulations in the Beta-beam Decay Ring

The so-called beta-beam concept for acceler-

ator-driven neutrino experiments envisages | S. Hancock (CERN) A. Chancé (CEA)

the production of a pure beam of electron

neutrinos (or their antiparticles) through the beta-decay of radioactive ions circulating in a high-energy storage ring.
An unprecedented number of ions must be collected in the decay ring and maintained in a few short bunches.
Stacking is unavoidable to match the available source rates with this demand. A new stacking method makes use of
off-momentum injection into the decay ring to approach the circulating beam without requiring ultra-fast injection
elements, rotation in the longitudinal plane to bring the fresh bunches onto the central orbit and asymmetric merging
to transport these ions into the centre of the large stack. Simulation results are presented for the complete repetitive
stacking process for two candidate ion species of significantly different charge-to-mass ratio.
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Charge Breeding Exploration with the MAXEBIS

The demand of exotic ions prior to their in-
H.Z. Zimmermann (LMU) R. Becker, M.K. Kleinod (IAP) O.K. jection into an accelerator has driven the de-
Kester (GSI) velopment of the charge breeding method.
Existing facilities like REX-ISOLDE or ISAC
at TRIUMEF are already using a charge state booster for the post acceleration of radioactive ions. Planned facilities like
EURISOL for instance have identified the need of a breeding system. In order to be comparable to the efficiency to a
brut force acceleration employing stripper, the efficiency of a charge breeder has to be maximized and the breeding
time has to be shortened comparing the existing breeder systems. Therefore the exploration and optimization of the
charge state breeding is mandatory and supported by the EU. The Frankfurt MAXEBIS has been modified within the
past years towards high current electron beam and external injection of alkaline ions by a surface ionisation source.
The electron gun, the inner electrode structure and the collector of the MAXEBIS have been modified. The system
has been shipped to GSI and re-assembled. The goals of the following experiments will be systematic studies of the
breeding efficiency. The new setup and first experimental results will be presented.

Recent Gains in Polarized Beam Intensities for the Cooler Synchrotron COSY at Jiilich

Since January 1996, the cyclotron JULIC op-
R. Gebel, O. Felden, R. Maier, P. von Rossen (FZ]) erates as the injector of H(-) or D(-) beams
for the cooler synchrotron COSY at the IKP
of the Forschungszentrum Juelich. Routinely about 8 microA of unpolarized or 1 microA of polarized H(-) ions are
delivered for charge-exchange injection into COSY. A polarization in excess of 90 % was measured for protons inside
the synchrotron COSY. Additionally, polarized and unpolarized D(-) ions have been delivered to experiments. A se-
quence of up to eight different polarization states for deuterons has been provided for experiments. By advancing the
components of the polarized ion the number of polarized particles for injection into the cyclotron has been increased
by a factor of three to 5,5)(1012 protons, delivered in a 20 ms pulse with a repetition rate of 2 seconds. This report
sums up the characteristics of the ion sources and the cyclotron in their present mode of operation and describes
the achievements towards higher beam intensities as well as for providing unpolarized and polarized H(-) and D(-)
beams with high reliability.

Energy Distribution of H™ Ions from the ISIS Ion Source

We have used a specially designed retarding

D.C. Faircloth, ] W.G. Thomason (CCLRC/RAL/ISIS) G. Doucas, field energy analyzer with a resolution (A E

M. Haigh, I. Ho-ching Yiu, J. Morrison (OXFORDphysics) /E) of approximately 2 x 10 -4 in order to

measure the energy distribution, under dif-

ferent operating conditions, of the H™ beam of the ISIS ion source. The poster presents the details of the analyzer and
the first results obtained on the Ion Source Test Facility at RAL.
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Pseudospark-sourced Beams of Electrons and Ions

A pseudospark discharge has undergone in-

tensive studies with regard toits unusualand | A.W. Cross, W. He, A. Phelps, K. Ronald, H. Yin (USTRAT /SUPA)
interesting discharge properties during last

fifteen years. The pseudospark attracts significant attention from diverse fields such as pulsed-power switching, elec-
tron beam generation, free electron masers, ion beam generation, extreme-ultraviolet radiation sources, microthrusters
and pseudospark-triggered wakefield acceleration. This paper will present experiments and measurements of pseu-
dospark-sourced electron and ion beams for accelerators. Pulsed electron beams with current intensity over 108
Am-2, high brightness up to 1012A m-2 rad-2 and emittance of tens of mm mrad were produced from a multi-gap
pseudospark discharge. The transportation of the pseudospark electron beams is also investigated in order to produce
high peak current, high quality, short (~100 picosecond) or long duration (2~100ns) high-brightness electron beam
pulses. Recent results from a high current density pseudospark-produced ion beam experimentally investigated with
hydrogen gas will be presented.

LEBT Simulations and Ion Source Beam Measurements for the Front End Test Stand
(FETS)

The Front End Test Stand (FETS) at the

Rutherford Appleton Laboratory (RAL)isin- | S. Jolly, P. Savage (Imperial College of Science and Technology,
tended to demonstrate the early stages of ac- | Department of Physics) J.J. Back (University of Warwick) D.C. Fair-
celeration (0-3MeV) and beam chopping re- | cloth, A.P. Letchford (CCLRC/RAL/ISIS) J.K. Pozimski (CCLRC/
quired for high power proton accelerators, | RAL)

including proton drivers for pulsed neutron

spallation sources and neutrino factories. Optimisation of the beam focussing within the Low Energy Beam Trans-
port (LEBT) is necessary to minimise beam losses upon acceleration within the FETS RadioFrequency Quadrupole
(RFQ). Simulations of the LEBT are currently under way using the General Particle Tracer package (GPT). Previous
envelope calculations suggest weak and strong focussing solutions for the LEBT solenoids. Definitive beam dynamics
simulations in GPT require further measurements of the transverse emittances and beam profile of the ion source
beam, due to the sensitivity of the simulations on the initial beam profile and level of space charge compensation. A
pepperpot emittance/profile measurement system has been designed for use on the ISIS ion source development rig.
Results from this pepperpot system are used to constrain the initial conditions for the GPT simulations.

Implementations on the RF Charge Breeder Device BRIC with Test Measurements

The Radioactive Ion Beam (RIB) production

with ISOL technique should require a charge | V. Variale, A. Boggia, T. Clauser, A.C. Raino, V. Valentino (INFN-
breeder device to increase the ion accelera- | Bari) P.A. Bak, G.I. Kuznetsov, B.A. Skarbo, M.A. Tiunov (BINP SB
tion efficiency and reduce greatly the pro- | RAS)

duction cost. The "charge state breeder"

BRIC (BReeding Ion Charge) is based on an EBIS source and it is designed to accept RIB with charge state +1
and increase their charge state up to +n. BRIC has been developed at the INFN section of Bari (Italy) during these last
3 years with very limited funds and it has been assembled at the LNL (Italy) laboratory. BRIC could be considered
as a solution for the charge state breeder of the SPES project under study also at the LNL. The new feature of BRIC,
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with respect to the classical EBIS, is given by the insertion, in the ion drift chamber, of a Radio Frequency (RF) -
Quadrupole aiming to filtering the unwanted masses and then making a more efficient containment of the wanted
ions. The RF test measurements seem confirm, as foreseen by simulation results* that a selective containment can be
obtained. Most accurate measurements, however, are needed and for that implementations of the system have been
carried out.

*V. Variale and M. Claudione. "BRICTEST: a code for charge breeding simulations in RF quadrupolar field", NIM in
Phys. res. A 543 (2005) 403-414.

AG Acceleration using DPIS

We are investigating high current and high
T. Kanesue, K. Ishibashi (Kyushu University) A. Kondrashev (ITEP)  repetition rate ion production methods for
M. Okamura (RIKEN) K. Sakakibara (RLNR) various heavy ions which can be utilized for
an injector of an FFAG accelerator. Direct
Plasma Injection Scheme (DPIS) is one of the candidates of the ion production methods and to confirm the capability
of the DPIS, we are now preparing for accelerating high intensity Ag!>* ions. The DPIS uses a combination of Laser
Ion Source (LIS) and RFQ linac. The plasma goes into the linac directly without transportation line and the ions
are extracted at RFQ entrance. To determine the specifications of new RFQ electrodes, the plasma properties were
measured. With the Nd-glass laser (3] / 30 ns), we could not obtain high charge state ions. A new Nd-YAG laser (2.3
J / 6 ns) enabled us to observe many high charged ions and the most produced ions were Ag!>*. We completed the
plasma distribution measurements. Based on these results, we designed the new RFQ, which will accommodate Q /
M =1 / 8 particles, supposing Ag*15.

Development of a Permanent Magnet Microwave Ion Source for Medical Accelerators

A permanent magnet microwave ion source
S.Hara, T. Iga, M. Tanaka (Hitachi, Ltd., Power & Industrial Systems = was developed to improve availability of pro-
R&D Laboratory) ton accelerator application systems based on
industrial microwave ion source technolo-
gies. The ion source needs no filament in the discharge chamber, which leads to reliability improvement and
less maintenance time. Because the ion source uses a permanent magnet, the ion source needs no coils, no coil power
and no coil coolant. The hydrogen beam of over 60 mA has been extracted from a single 5mm diameter aperture with
a proton fraction of 85% at a microwave power of 1.3kW. Rise times of the microwave power and beam current to 90
% of the final value were about 30 and 100useconds respectively at a pulse operation mode with 400useconds pulse
width and 20 Hz repetition rate. These performance parameters are equal to the solenoid coil ion source parameters,
making the ion source desirable for accelerator applications like proton therapy systems.
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Recent Progress about DPIS

We have focused on high brightness of in-

duced plasma in Laser Ion Source (LIS) to | M. Okamura, R.A. Jameson (RIKEN) T. Kanesue (Kyushu Univer-
provide intense highly charged ions effi- | sity) H. Kashiwagi (JAEA/ARTC) A. Kondrashev (ITEP) K. Sakak-
ciently. To take the advantage of the intrinsic | ibara (RENR) A. Schempp (IAP) J. Tamura (TIT)

density of the laser plasma, Direct Plasma

Injection Scheme (DPIS) has been developed. The induced laser plasma has initial expanding velocity and can be
delivered directly to the RFQ. Extraction electrodes and focusing devices in LEBT are not needed. Since 2004, a newly
designed RFQ has been used to verify the capability of the new ion production scheme. We succeeded to accelerate
60 m A of Carbon beam and 60 mA of Aluminium beam. We have also tried to understand plasma properties of
various species by measuring charge states distributions and time structures, and are now ready to accelerate heavier
species. Currently Silver 15+ beam is planned to be accelerated. In the conference, design strategies and detailed
techniques for the DPIS will be described based on the measured plasma properties of various elements and new
findings obtained from recent acceleration experiments. The durability and the reproducibility will be also explained.

Strongly Focused He* Beam Source for Alpha Particle Measurement at ITER

A He" beam source for He0 beam probe for

measurement of fusion produced alphas due | K. Shinto, S. Kitajima, A. O. Okamoto, M. Sasao (Tohoku Univer-
to D-T nuclear reaction in a thermonuclear | sity) Y. H. Hirano, S. Kiyama, H. S. Sakakita (AIST) O. Kaneko, M.
fusion plasma has been designed and con- | Nishiura (NIFS) M. Wada (Doshisha University, Graduate School of
structed. The ion source consists of a300mm | Engineering)

diameter and 280 mm length plasma cham-

ber and a beam extraction system which has three concaved electrodes. Helium plasma is confined by line cusp
magnetic fields produced by Sm-Co permanent magnets. The magnetic field strength near the extraction region is
designed to be less than 20 gauss. Through the 100 mm diameter extraction area of the concaved electrodes 300
beamlets are formed with apertures of 4 mm. The focal length of the concaved electrodes is designed to be 750 mm.
The beam quality of the extracted He* beam will be measured by several beam diagnostic apparatuses. The total
beam current, the beam profile and the beam emittance will be measured to design a proper alkali metal vapor cell
for a He™ beam production by a double charge exchange process and a beam transport line to the post accelerator up
to MeV region. In the article, the details of the ion source and the beam diagnostic system will be described.

Application of DPIS to IH Linac

We are now designing a Laser Ion Source

(LIS), which will be operated with an Inter- | J. Tamura, J. Hasegawa, T. Hattori, N. Hayashizaki, T. Ishibashi, T.
digital H (IH) structure linac using the Direct | Ito (Research Laboratory for Nuclear Reactors, Tokyo Institute of
Plasma Injection Scheme (DPIS). The DPIS | Technology) A. Kondrashev (ITEP) M. Okamura (RIKEN)

has been applied to RFQ linacs and has suc-

cessfully achieved very high current with simple structure. The IH structure linac was designed to accept 40 keV
proton beam which could be produced by the DPIS. The combination of the DPIS and IH structure linac will realize
quite compact accelerator complex with intense proton beam. The detailed design study of a plasma production
chamber with a cryogenic cooler is investigated.
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The New 14 GHz Ion Source for the U-400 Heavy Ion Cyclotron

The new 14 GHz ion source DECRIS-4, to be
M. Leporis, V.B. Bekhterev, S.L. Bogomolov, A. Efremov, G. Gul-  used as a second injector of heavy multiply
bekyan, Yu.K. Kostyukhov, N. Lebedev, V.N. Loginov, Yu. Yazvitsky = charged ions for the U-400 cyclotron and, in
(JINR) the future, also as a "charge breeder" (the "1+
-> n+" method) for the second phase of the
DRIBs project, has been designed and constructed at the FLNR. The main feature of the ion source design is the
creation of the extended resonance zone in a comparatively compact ECRIS. For this purpose the axial magnetic field
is formed with a flat minimum by mounting only one additional solenoid coil to the classical CAPRICE magnetic
structure. In this case the superposition of the axial magnetic field and the radial field of the permanent magnet
hexapole, made from NdFeB, allows one to create a larger resonance volume. First results of the ion source tests show
that in this resonance volume electrons are heated very efficiently which allows to produce intense beams of medium
charge state ions with comparatively low level of input microwave power. The basic design features, construction
issues and the first results of ion source tests are presented.

Generation of Highly Charged Ions Using ND-glass Laser

The parameters of ions (charge state distri-
A. Kondrashev (ITEP) T. Kanesue (Kyushu University) M. Okamura  butions, currents and pulse durations) were
(RIKEN) K. Sakakibara (RLNR) measured in laser plasma generated by 3 ]/
30 ns Nd-glass laser for wide range of ele-
ments from 12C to 181Ta and for different laser power densities at the target surface. It is shown that such a laser
can effectively generate highly charged ions for elements from 12C to 56Fe. Registered ion charge states significantly
drops for heavier elements because of recombination losses of highly charged ions during laser produced plasma
expansion into vacuum. Absolute currents and numbers of ions with different charge states were obtained by nor-
malization of charge state distributions summary on total ion currents measured by Faraday cup for 10! W/cm2 and
102 W/cm2 laser power densities at the target surface. The results obtained are very useful for Laser Ion Source (LIS)
development, in particular, for Direct Plasma Injection Scheme (DPIS) study*.
*M. Okamura et al. Laser and Particle Beams, 20, 2002, pp. 451 - 454.

Further Development of a Low Inductance Metal Vapor Vacuum Arc (LIZ-MeVVA) Ion
Source

A Low Impedance Z-Discharge Metal Vapor
B.M. Johnson (APS) E. Garate, R. McWilliams, J.P. Sprunck, A. van  Vacuum Arc (LIZ-MeV) ion source* is being
Drie (University of California Ilrvine) A. Hershcovitch (BNL) explored as an alternate pre-injector for the
Brookhaven Relativistic Heavy Ion Collider
(RHIC). With the vacuum arc operating at tens of kiloamperes and an aluminum electrode, LIZ-MeV has been run
in two regimes: an LC dominated "ringing" arc of period 4.1 microseconds, which decays after about 6 cycles, and a
1-3 microsecond wide "pulsed" arc, where a small series resistance has been added to critically damp ringing. Metal
ions are extracted from the plasma using a two-grid system with a triggered, variable-delay voltage of up to 10 kV.
Time-of-Flight (TOF) measurements are taken using a Faraday cup located at the end of a 15-76 cm drift tube. TOF
measurements from both arc regimes have been obtained suggesting generation of about a billion ions per pulse of
charge states +1 and +2, and occasionally +3 states. TOF results are compared with simple theoretical models.
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*B. M. Johnson, et al. Two approaches to electron beam enhancement of the metal vapor vacuum arc ion source. Laser
and Particle Beams 21, 103 (2003).

Matching of High Intensity Ion Beams to an RFQ: Comparison of PARMTEQ and IGUN
Simulations

The classical way of matching an ion source

to the low energy accelerator RFQ generally | R. Becker, R.A. Jameson (IAP)

is performed by adjusting the matching op-

tics of the LEBT to provide the rms ellipse twiss parameter requirements of the RFQ shaper section. By matching
to the rms parameters (the equivalent rms beam method) the actual shape of the distribution plays a smaller role
according to F. Sacherer. In many cases, however, the matching optics are creating not only aberrations to the ion
beam but also a very non-elliptical shape of the emittance figure, and a more exact match may be required. As a way
out, an ion extraction program (IGUN) has been modified to also take into account the rf-focusing of non-modulated
RFQ vanes in the shaper section. This makes it feasible to use this program for the simulation from the ion source
plasma until the beginning of modulation inside the RFQ, and it can also handle dc fields in the injection region of
the RFQ. In order to demonstrate the differences of both approaches we apply them to well defined experimentally
proved designs of RFQ shaper sections.

Sputter Probes and Vapor Sources for ECR Ion Sources

Sputter probes are a promising method for

injecting controlled quantities of metallic el- | M. Cavenago, A. Galata, M. Sattin (INFN/LNL) T. Kulevoy, S. Pe-
ements inside ECRIS ion source, provided | trenko (ITEP)

that sputter rate can be controlled, so that

high charge states and low sample consumption rate will be attained. Moreover pressure at the probe and inside
source should be different. With a simple differential pumping scheme and a sputter probe at 25 mm from ECRIS
plasma, a 200 nA current of 120Sn'8* was easily obtained. Typical results (for Sn and Ti) of an inductively heated rf
oven are discussed for comparison. Improvements of sputter probe concept and geometry are also described.

Pulsed Bending Magnet of the J-PARC MR

Japan Proton Accelerator Research Complex

(J-PARC) is under construction with a col- | K. Koseki, H. Kobayashi, H. Nakayama, K.O. Okamura, M.]. Shi-
laboration between Japan Atomic Energy | rakata, M. Tawada (KEK)

Agency (JAEA) and High Energy Accelera-

tor Research Organization (KEK). The J-PARC consists of a 180 MeV linac, a 3 GeV rapid-cycle synchrotron (RCS) and
a 50 GeV synchrotron (MR). The bunch trains, which extracted from the RCS, is delivered both to the “Materials and
Life Science Facility” and to the MR, two beam transport lines, 3-NBT and 3-50BT, are constructed. The switching
of bunch trains is performed by a pulsed bending magnet. The field strength of 1.21 Tesla with rise and fall time of
less than 40 msec is required. It was found that an effect induced by eddy current, which flows at thick end-plates,
disturbs the flatness of the magnetic field. A simple compensation circuit has been adopted for a cure. A result from
a field measurement, which shows a sufficient flatness, is presented.
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Operation of the Opposite-Field Septum Magnet for the J-PARC Main-Ring Injection

The opposite field septum magnet system
I. Sakai, Y. Arakaki, K. Fan, Y. Saito, M. Tomizawa, M. Uota (KEK)  has been applied to the injection system of
A K. Kawasaki, H. Mori, A. Tokuchi (NICHICON) Y. Morigaki, A.  the J-PARC 50-GeV proton synchrotron. The
Nishikawa (IHI/ Yokohama) features of the system are a force-free struc-
ture, easy pulse excitation and the possibility
of a large-aperture, thin-septum structure. The septum magnet has the structure of an inside-vacuum to eliminate
the thickness of the vacuum-chamber walls and electric-insulation layer to make the septum thickness as thin as
possible. However the magnet cores and return coils are outside of the vacuum to reduce the out-gassing rate of the
vacuum system. Finally, the larger beam aperture than the full acceptance of the ring and larger separation angle can
be obtained at the septum magnet for low-loss injection. In this paper we will introduce the methods to eliminate the
error fields caused by fabrication errors and eddy current with pulse excitation and stability of high current power
supply of 50 kA.

Realization of Thick Hybrid Type Carbon Stripper Foils with High Durability at 1800K for
RCS of J-PARC

The J-PARC requires thick carbon stripper
I. Sugai, K. Hara, H. Kawakami, M. Oyaizu, A. Takagi, Y. Takeda foils (250-500 ug/cm?) to strip electrons from
(KEK) T. Hattori, K.K. Kawasaki (RLNR) Y. Irie, ]. Kamiya, M. Kin-  the H-beam supplied by the linac before in-
sho (JAEA /J-PARC) jection into a 3 GeV Rapid Cycling Synchro-
tron. The 200 MeV H™ beam from the linac
has a pulse length of 0.5 ms with a repetition rate of 25 Hz and an average beam current of 335 uA. By much energy
deposition of these high-intensity H™ and circulating bunched beams, commercially available best stripper foils (CM)
will break in a very short time and even a diamond foil will rupture at around 1800K by MW class accelerators. We
have realized for first time the hybrid boron doped carbon stripper foils with long life time for J]-PARC. The foils of
250-500 ug/cm? were made by a controlled DC arc-discharge method. The lifetime was tested by using 3.2 MeV Ne*
DC beam of 2.5 uA and 750 keV H™ DC beam of 500 uA, in which a significant amount of energy was deposited in
the foils. The maximum lifetime was extremely long, 120- and 480-times than those of diamond and CM foils. The
foils were also free from any shrinkage, and showed low thickness reduction rate even at high temperature of 1800K
during long time irradiation of 90h.

Present Status of the L3BT for J-PARC

L3BT is a beam transport line from J-PARC

T. Ohkawa (JAEA) M. Ikegami (KEK) J. Qiang (LBNL) (Japan Proton Accelerator Research Com-

plex) linac to the succeeding 3-GeV RCS

(Rapid Cycling Synchrotron). The construction of the L3BT has been almost finished. The beam commissioning

of the L3BT will be started soon. On the other hand we have performed 3D particle simulations with PARMILA and

IMPACT to evaluate the performance of the halo scraping, momentum compaction and beam diagnostics. In this

paper, results of the beam simulation of the L3BT are presented. The construction status of the L3BT is also presented
in brief.
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Measurement of the Extraction Kicker System in J-PARC RCS

Kicker magnet system in the J-PARC RCS

is now under construction at JAEA (Japan | J. Kamiya, M. Kinsho, M. Kuramochi, T. Takayanagi, O. Takeda, T.
Atomic Energy Agency). Their role in RCS | Ueno, M. Watanabe, M. Yoshimoto (JAEA /J-PARC)

is to kick the accelerated 3 GeV proton beam

to the following extraction line at a repetition rate of 25 Hz. There are three kinds of kicker magnets (S, M, L),
distinguished by the difference in the size of their apertures. The specification of 2 % is required on the magnetic field
in terms of homogeneity in time and space from the beam optical point of view. The required flatness of the temporal
uniformity was accomplished by superposing the waveforms of the two kicker magnet*. The required specification
to the special uniformity is also very severe to achieve because our kicker magnet is designed with a large aperture
in order to accept a maximum beam power of 1 MW. We established the search coil as a detector and 3-axes stage to
perform magnetic field mapping. In order to reduce the signal noises and detect the stable output signals, matching
register and integrated circuit were carefully selected. The 3-axes stage was precisely aligned. The distribution of the
magnetic field (By) and integrated BL were systematically measured for the three types of kickers.

*]. Kamiya et al. “Magnetic field measurement of the extraction kicker magnet in J-PARC RCS,” submitted for
publication to the proceedings of the 19th International Conference on Magnet Technology.

Experimental Results of the Shift Bump Magnet in the J-PARC 3-GeV RCS

The shift bump magnet produces a fixed

main bump orbit to merge the injectionbeam | T. Takayanagi, Y. Irie, . Kamiya, M. Kinsho, M. Kuramochi, O.
into the circulating beam. In order to control | Takeda, T. Ueno, M. Watanabe, Y. Yamazaki, M. Yoshimoto (JAEA /
the injection beam for the short injection time | J-PARC)

(500 microseconds) with sufficient accuracy,

the shift bump magnet needs a wide uniform magnetic field and the high speed exciting pattern of the high current.
The magnetic field design and the structural analysis of the shift bump magnets have been performed using three-
dimensional electromagnetic analysis code and mechanical analysis code, respectively. The magnetic field distrib-
utions were measured with a long search coil, thus giving a BL product over a magnet gap area. The temperature
distributions at the various points of the magnet were measured by thermocouples over 24 hours till they saturated.
General trend of these measurements agrees well with calculations.

Present Status of Injection and Extraction System of 3 GeV RCS at J-PARC

The injection and extraction system for 3GeV

RCS (Rapid Cycling Synchrotron) at J-PARC | M. Yoshimoto, Y. Irie, J. Kamiya, M. Kinsho, F. Noda, PK. Saha, T.
(Japan Proton Accelerator Research Com- | Takayanagi, O. Takeda, M. Watanabe (JAEA /J-PARC)

plex) have many challenging issues, in order

to realize MW beam in the RCS ring. The system is consisted in 3 parts, such as the injection line, the dump line,
and the extraction line. And they are constructed from many kinds of components, such as DC and pulse magnets, a
charge exchange system, beam monitors, titanium and ceramic vacuum chamber, a beam dump, and so on. Up to now,
final designs are accomplished and developments and experiments of some components are carried out. In this pre-
sentation, summary of the injection and extraction system, recent status of developments, and beam commissioning
scheme for beam injection and extraction are introduced.
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Designs of Septum Magnet at 3 GeV RCS in J-PARC

GeV RCS (Rapid Cycling Synchrotron) at
M. Yoshimoto, Y. Irie, ]. Kamiya, M. Kinsho, T. Takayanagi, O. J-PARC (Japan Proton Accelerator Research
Takeda, M. Watanabe (JAEA /J-PARC) H. Fujimori, S. Igarashi, H. Complex) consists in many kinds of septum
Nakayama (KEK) magnets. There are two septum magnets to
inject the beam into the ring, three septum
magnets to extract the beam for the users, and two septum magnets to dump the beam which can not be exchanged
its charge at the first foil. In order to reduce the magnetic leakage field from the septum magnets at the beam orbit
in the ring, the silicon steel sheets are set at the outside of the septum magnets for the magnetic shields. However
sufficient spaces to set the thick magnetic shields are not securable at the divergent duct areas. Therefore the vacuum
chambers are made by the magnetic stainless steel and the leakage fields in the chambers can be reduced. As results
of the 3D field calculations by TOSCA, the magnetic leakage field can be suppressed to a few Gauss or less.

An Improvement of Matching Circuit of RF Kicker Electrodes

Beam extraction system at accelerator of The

T. Kurita, S. Fukumoto, S.H. Hatori (WERC) S. Ninomiya (KEK) Wakasa Wan Energy Research Center em-

ploys RF knockout technology. Narrow band

RF noise is applied to the transverse kicker electrodes to increase betatron amplitude of the beam. Recently some

improvements of the beam extraction system are introduced: To improve the shape of the spill, a feedback control

of noise amplitude is introduced. The feedback control system works as an attenuator, therefore it is necessary to

enhance the noise amplitude of the kicker electrodes to obtain agreeable effect on the spill shape. In order to obtain a

higher voltage, we revamp the matching circuit at the electrodes. By introducing the resonating characteristic at the

matching circuit, we obtained 3 times more amplitude at the electrodes. General shape of the spill is improved by
this work, and extraction efficiency at a real operating condition is also improved.

Transverse Phase Space Painting for the CSNS Injection

The CSNS accelerators consist of an 80 MeV

J. Qiu, J. Tang, S. Wang (IHEP Beijing) J. Wei (BNL) proton Linac, and a 1.6 GeV rapid cycling

synchrotron (RCS). The ring accumulates

1.88*1013 protons via H™ stripping injection in the phase CSNS-I. The injected beam is painted into the large transverse

phase space to alleviate space-charge effects. The uniformity of beam emittance is important in reducing the tune

shift/spread due to space charge effect. The paper introduces two parameters to evaluate the uniformity of a distri-

bution. To satisfy the low-loss design criteria, extensive comparison of different painting scenarios has been carried

out by using the simulation code ORBIT. This paper gives detailed studies on painting schemes and the dependence
on the lattice tune, the injection peak current, and also chopping rate.
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Extraction System Design for the CSNS/RCS

The CSNS extraction system takes use one

of the four dispersion-free straight sections. | J. Tang, Y. Chen, Y.L. Chi, Y.L. Jiang, W. Kang, ].B. Pang, Q. Qin, S.
Five vertical kickers and one Lambertson | Wang, W. Wang (IHEP Beijing) J. Wei (BNL)

septum magnet are used for the one-turn ex-

traction. The rise time of less 250 ns and the total kicking angle of 20 mrad are required for the kickers that are
grouped into two tanks. The design for the kicker magnets and the PFN is also given. To reduce the low beam loss in
the extraction channels due to large halo emittance, large apertures are used for both the kickers and septum. Stray
magnetic field inside and at the two ends of the circulating path of the Lambertson magnet and its effect to the beam
has been studied.

Beam Transport Lines for the CSNS

This paper presents the design of two beam

transport lines at the CSNS: one is the injec- | J. Tang, G.H. Wei, C. Zhang (IHEP Beijing) J. Wei (BNL)

tion line from the linac to the RCS and the

other is the target line from the RCS to the target station. In the injection beam line, space charge effects, transverse
halo collimation, momentum tail collimation and debunching are the main concerned topics. A new method of using
triplet cells and stripping foils is used to collimate transverse halo. A long straight section is reserved for the future
upgrading linac and debuncher. In the target beam line, large halo emittance, beam stability at the target due to kicker
failures and beam jitters, shielding of back-scattering neutrons from the target are main concerned topics. Special bi-
gap magnets will be used to reduce beam losses in the collimators in front of the target.

Injection System Design for the CSNS/RCS

The CSNS injection system is designed to

take one uninterrupted long drift in one | J.Tang, Y. Chen, Y.L. Chi, Y.L. Jiang, W. Kang, ].B. Pang, Q. Qin, J.
of the four dispersion-free straight sections | Qiu, L. Shen, S. Wang (IHEP Beijing) ]. Wei (BNL)

to host all the injection devices. Painting

bumper magnets are used for both horizontal and vertical phase space painting. Closed-orbit bumper magnets
are used for facilitating the installation of the injection septa and decreasing proton traversal in the stripping foil.
Even with large beam emittance of about 300 pmm.mrad used, BSNS/RCS still approaches the space charge limit
during the injection/trapping phase for the accumulated particles of 1.9*10'3 and at the low injection energy of 80
MeV. Uniform-like beam distribution by well-designed painting scheme is then obtained to decrease the tune shift/
spread. ORBIT code is used for the 3D simulations. Upgrading to higher injection energy has also been considered.

Design Study of the Axial Injection System of C400 Cyclotron

Computer modeling results on the axial in-

jection system design are given. Results of | V. Shevtsov, V. Aleksandrov, Yu. Kazarinov (JINR) Y. Jongen, D.
simulations of the Carbon, Hydrogen and | Vandeplassche (IBA)

Helium ion beam injection are presented.
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Implementation of the Proposed Multiturn Extraction at the CERN Proton Synchrotron

Following the positive results of the three-
M. Giovannozzi (CERN) year measurement campaign at the CERN
Proton Synchrotron concerning beam split-
ting with stable islands in the transverse phase space, the study of a possible implementation of the proposed multi-
turn extraction was undertaken. The novel approach would allow a substantial reduction of beam losses, with respect
to the present scheme, when delivering the high-intensity proton beams required for the planned CERN Neutrino
to Gran Sasso Project. Major modifications to the ring layout are foreseen, such as a new design of the extraction
bumps including also the installation of three additional kickers to create a closed-bump over the five turns used to
extract the split beam. The ring aperture was reviewed and improvements are proposed to reduce possible beam
losses between beam splitting and extraction. The goal consists of implementing the proposed changes by the end of
the 2007/2008 PS shutdown and to commission the novel extraction during the 2008 physics run.

Design of the LHC Beam Dump Entrance Window

TeV proton beams from the LHC are ejected
R. Veness, B. Goddard, S.J. Mathot, A. Presland (CERN) L. Mas-  through a 600 m long beam dump transfer
sidda (CRS4) line vacuum chamber to a beam dump block.
The dump block is contained within an inert
gas-filled vessel to prevent a possible fire risk. The dump vessel and transfer line are separated by a 600 mm diameter
window, which must withstand both the static pressure load and thermal shock from the passage of the LHC beam.
In a previous paper* the functional requirements and conceptual design of this window were outlined. This paper
describes the analysis leading to the final design of the window. The choice of materials is explained and tests
performed on the prototype window are summarized.
*A. Presland et al. "A large diameter entrance window for the LHC beam dump line". Proc. PAC 2005, 1698-1700.

Spin Transport from AGS to RHIC with Two Partial Snakes in AGS

The stable spin direction in the RHIC rings

W.W. MacKay, A.U. Luccio, N. Tsoupas (BNL) J. Takano (RIKEN) is vertical. With one or two strong helical

Siberian snakes in the AGS, the stable spin

direction at extraction is not vertical. Interleaved vertical and horizontal bends in the transport line between AGS

and the RHIC rings also tend to tip the spin away from the vertical. In order to preserve polarization in RHIC, we

examine several options to improve the matching of the stable spin direction during beam transfer from the AGS to

each of the RHIC rings. While the matching is not perfect, the most economical method appears to be a lowering of
the injection energy by one unit of G*gamma to 45.5.
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Interaction of the CERN Large Hadron Collider (LHC) Beam with Carbon Collimators

The LHC will operate at 7 TeV with a lu-

minosity of 1034 cm-2s-1. Each beam will | N.A.Tahir, D. Hoffmann (GSI) Y. Kadi, R. Schmidt (CERN) R. Piriz
have 2808 bunches, with nominal intensity | (Universidad de Castilla-La Mancha) A. Shutov (IPCP)

per bunch of 1.1x10'! protons. The energy

stored in each beam of 362 MJ. In a previous paper the mechanisms causing equipment damage in case of a failure
of the machine protection system was discussed, assuming that the entire beam is deflected into a copper target.
Another failure scenario is the deflection of beam into carbon material. Carbon collimators and beam absorbers are
installed in many locations around the LHC to diffuse or absorb beam losses. Since their jaws are close to the beam,
it is very likely that they are hit first when the beam is accidentally deflected. Here we present the results of two-
dimensional hydrodynamic simulations of the heating of a solid carbon cylinder irradiated by the LHC beam with
nominal parameters, carried out using the BIG-2 computer code* while the energy loss of the 7 TeV protons in carbon
is calculated using the well known FLUKA code**. Our calculations suggest that the LHC beam may penetrate up to
10 m in solid carbon, resulting in a substantial damage of collimators and beam absorbers.

*V. E. Fortov et al. Nucl. Sci. Eng. 123 (1996) 169. **A. Fasso et al. The physics models of FLUKA: status and recent
development, CHEP 2003, La Jolla, California, 2003.

Permanent Deformation of the LHC Collimator Jaws Induced by Shock Beam Impact: an
Analytical and Numerical Interpretation

Inspections carried out on jaws of the LHC

collimator prototype, which underwent the | A. Bertarelli, O. Aberle, R.W. Assmann, A. Dallocchio, T. Kurtyka,
450 GeV robustness test in CERN TT40 ex- | M. Magistris, M. Mayer, M. Santana-Leitner (CERN)

traction line, revealed no visible damage, ex-

cept a permanent deformation of the jaw metal support of ~300 um. An explanation of this phenomenon is proposed
in this paper. The temperature increase on the metal support induced by the thermal shock, though limited to ~70°C,
led to a sudden expansion of the copper-based support which was partially prevented by the inertia of the material
itself, thus generating compressive stresses exceeding the elastic limit of OFE-copper. An analytical assessment of
the process, followed by a finite-element transient elasto-plastic analysis, is presented. Numerical results are in good
agreement with measured data. In order to confirm this analysis, a special test on series production jaws, where OFE-
copper has been replaced by Dispersion Strengthened Copper (Glidcop®), is scheduled for the second half of 2006.

A New Analytical Method to Evaluate Transient Thermal Stresses in Cylindrical Rods Hit
by Proton Beams

This paper presents an analytical solution

for the thermo-mechanical problem of CNGS | A. Dallocchio, A. Bertarelli, T. Kurtyka (CERN)

target rods rapidly heated by fast extracted

high energy proton beams. The method allows the computation of the dynamic transient elastic stresses induced by a
proton beam hitting off-axis the target. The studies of such dynamic thermo-mechanical problems are usually made
via numerical methods. However, an analytical approach is also needed to quickly provide reference solutions for the
numerical results. An exact solution for the temperature field is first obtained, using Fourier-Bessel series expansion.
Quasi-static thermal stresses are then computed as a function of the calculated temperature distribution, making use
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of the thermoelastic displacement potential for the equivalent isothermal two-dimensional stress problem. Finally,
the contribution of dynamic stresses due to longitudinal and bending stress waves is determined by means of the
modal summation method. This method can be effectively applied to any solid having cylindrical shape, made out
of isotropic elastic material.

EURISOL 100 kW Target Stations Operation and Implications for its Proton Driver Beam

Targets for the next generation radioactive
E. Noah, F. Gerigk, J. Lettry, M. Lindroos, T. Stora (CERN) ion beam (RIB) facilities (RIA, EURISOL) will
be subjected to energy deposition levels that
call for a specific design of the target and ion source assembly to dissipate the deposited heat and to extract and
ionize isotopes of interest efficiently. EURISOL, the next generation European RIB facility, plans to operate four target
stations in parallel, three 100 kW direct targets and one 5 MW spallation neutron source with a GeV proton linac
driver. The nature of the beam sharing has yet to be defined because in practice it will have a direct impact on target
design, operation and lifetime. Splitting the beam in time implies that each target would be subjected to a pulsed
beam, whose pulse width and repetition cycle have to be optimized in view of the RIB production. The 100 kW
targets are expected to have a goal lifetime of three weeks. Target operation from the moment it is installed on a target
station until its exhaustion involves several phases during which the incident proton beam intensity will vary. This
paper discusses challenges for high power targetry at EURISOL, with an emphasis on requirements for the proton
linac parameters.

Comparison between Measured and Simulated Beam Loss Patterns in the CERN SPS

A prototype of an LHC collimator has been

S. Redaelli, G. Arduini, R.W. Assmann, G. Robert-Demolaize tested with proton beams at the CERN SPS.

(CERN) The interaction of the circulating proton

beam with the carbon collimator jaws gen-

erated showers that were lost in the downstream SPS aperture. The measured beam loss patterns are compared

in detail with the results of dedicated loss simulations. The simulation package includes (1) a 6D particle tracking

through the SPS lattice; (2) the scattering interaction of protons with the collimator jaw material; (3) the time-de-

pendent displacement of the collimator jaws with respect to the beam orbit; (4) a detailed aperture model of the full

SPS ring. It is shown that the simulation tools can reliably predict the measured location of losses. This provides an
important assessment of the simulation tools in view of the LHC beam loss studies.

Estimation of the Energy Deposited on the CNGS Magnetic Horn and Reflector

In the CNGS installation two magnetic

L. Sarchiapone, A. Ferrari, M. Lorenzo Sentis (CERN) lenses, namely the horn and the reflector,
focus the secondary beam generated in the

target station. The gap between the horn and reflector is chosen to optimize a wide-band high-energy muon-neu-
trino beam. These two focusing elements are two coaxial lenses similar in length but different in shape: the outer
conductor has a cylindrical shape whereas the inner conductor consists of a sequence of conical shapes to optimize
the focusing capacity. The evaluation of the heat load on the support structures is crucial since modifications in the
elements around the horn and reflector are under way and the support structures can be adapted to the heat load
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found. Furthermore, the heat load in the whole horn area has been evaluated to optimize the cooling-ventilation
system. The FLUKA geometry input of the horn and reflector electrical connections has been notably improved in
order to accommodate the detailed striplines design to the thermal expansion. The energy deposited on the horn and
reflector as well as on their adjacent elements has been estimated using the FLUKA Monte Carlo package and results
are presented in this document.

Material Irradiation Damage Studies for High Power Accelerators

High-performance targets intercepting multi

MW proton beams are the key toward in- | N.Simes, H.G. Kirk, H. Ludewig, L.F. Mausner, ].G. O Conor (BNL)
tense muon or neutrino beams. To achieve | S. Makimura, K. Yoshimura (KEK) K.T. McDonald (PU) L.P. Trung
this goal one must push the envelope of the | (Stony Brook University)

current knowledge on material science and

material endurance and survivability to both short and long proton beam exposure. The demand imposed on the
targets of high power accelerators and the limitations of most materials in playing such pivotal roles have led to an
extensive search and experimentation with new alloys and composites. These new high-performance materials and
composites, which at first glance, appear to possess the right combination of properties satisfying target requirements,
are explored under accelerator target conditions where both shock and irradiation damage are at play. Results of
the on-going, multi-phased experimental effort under way at BNL involving heavy irradiation of candidate materials
using 200 MeV protons at the end of the BNL Linac as well as results on post-irradiation analysis assessing irradiation
damage are presented.

Managing the Quality Assurance Documentation of Accelerator Components Using an
EDMS

Quality assurance (QA) documents are often

collected locally on a per-component basis | L. Hagge, |. Buerger, ]. A. Dammann, J. Kreutzkamp, K. Lappe
by the manufacturing teams, while project | (DESY)

engineers require global evaluations of the

QA documents e.g. for production control or during installation and commissioning of the machine. DESY is using
an Engineering Data Management System (EDMS) for supporting and unifying the QA documentation of different
accelerator components. The EDMS provides dedicated user interfaces which are optimized for the needs of the
specific engineering teams which are working on the components (including industrial manufacturers), and at the
same time integrates the QA documents into a central database for further overall analysis and applications. The poster
introduces the general structure of QA procedures, describes the benefits of using an EDMS for QA documentation
and describes examples from different applications at XFEL and PETRA III.

Technical Infrastructure Monitoring at CERN

The Technical Infrastructure Monitoring sys-

tem (TIM) is used to survey and control | J.Stowisek, T.R. Riesco, A.S. Suwalska (CERN)

CERN’s technical services from the CERN

Control Centre (CCC). The system’s primary function is to provide CCC operators with reliable real-time information
about the state of the laboratory’s extensive and widely distributed technical infrastructure. TIM is also used to
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monitor all general services required for the operation of the accelerator complex and the experiments. A flexible data
acquisition mechanism allows TIM to interface with a wide range of technically diverse installations, using industry
standard protocols wherever possible and custom designed solutions where needed. The complexity of the data
processing logic, including persistence, logging, alarm handling, command execution and the evaluation of data-
driven business rules is encapsulated in the system’s business layer. Users benefit from a suite of advanced graphical
applications adapted to operations (synoptic views, alarm consoles, data analysis tools etc.), system maintenance
and support. Complementary tools for configuration data management and historical data analysis will be available
before the start-up of the LHC in 2007.

Air Temperature Analysis and Improvement for the Technical Zone at TLS

This paper presents the air temperature
J.-C. Chang, ].-R. Chen, Z.-D. Tsai (NSRRC) M. Ke (NTUT) analysis and control improvement for the
technical zone, where many critical instru-
mentations of power supply, rf, vacuum and control apparatuses are located, at the Taiwan Light Source (TLS). The
technical zone with circular shape is located on the core area of the storage ring. The diameter and height of the
technical zone are 28.5m and 3m, respectively. Totally 13 temperature sensors are installed in this zone to online record
the air temperature history. Because of insufficient cooling capacity and poor air circulation of the air-conditioning
(A/C) system, the air temperature may reach to 30 degrees C, and spatial air temperature difference may be more
than 7 degrees C. To cope with those problems, a computational fluid dynamics (CFD) code is applied to simulate the
spatial temperature distribution. The A/C cooling capacity will be increased, and the air exit and exhaust distribution
will be modified according to the simulated results.

Design of the Utility System for the 3 GeV TPS Electron Storage Ring

After 13-year operation of the Taiwan Light

J.-C. Chang, ].-R. Chen, Y.-C. Lin, Y.-H. Liu, Z.-D. Tsai (NSRRC) Source (TLS), National Synchrotron Radi-

ation Research Center (NSRRC), had pro-

posed to construct a new light sourc, Taiwan Photon Source (TPS) in the near future. TPS is preliminarily designed

with 3.0 GeV in energy, 518.4m in circumference and 24 Double-Bend Achromat (DBA). This study designed the

utility system, including the electrical power system, grounding system, de-ionized cooling water (DIW) system and

air conditioning (AC) system for the TPS. Special considerations are focused on the stability of the electrical power

and grounding system and temperature control of the DIW and AC systems. The power and cooling loads had been

estimated according to each subsystem of the accelerator. Layouts of main utility equipment and piping system had
also been preliminarily designed.
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An Overview of the SNS Accelerator Mechanical Engineering

The Spallation Neutron Source (SNS) is an

accelerator-based neutron source currently | G.R.Murdoch, |.J. Error, M.P. Hechler, S. Henderson, M. Holding,
nearing completion at Oak Ridge National | T. Hunter, P. Ladd, T.L. Mann, R. Savino, J.P. Schubert (ORNL) H.-
Laboratory. When completed in 2006, the [ C.Hseuh, H. Ludewig, G.J. Mahler, C. Pai, C. Pearson, J. Rank, J.E.
SNS will provide a 1GeV, 1.44MW proton | Tuozzolo, J. Wei (BNL)

beam to a liquid mercury target for neutron

production. SNS is a collaborative effort between six U.S. Department of Energy national laboratories and offered
a unique opportunity for the mechanical engineers to work with their peers from across the country. This paper
presents an overview of the overall success of the collaboration concentrating on the accelerator ring mechanical en-
gineering along with some discussion regarding the relative merits of such a collaborative approach. Also presented
are a status of the mechanical engineering installation and a review of the associated installation costs.

Measured Residual Radioactivity Induced by U Ions of Energy 500 MeV/u in a Cu Target

Several laboratories in the world have started

or plan to build new powerful ion accelera- | E. Mustafin, H. Iwase, E. Kozlova, D. Schardt (GSI) A. Fertman,
tors. These facilities promise to provide very | A. Golubev (ITEP) R. Hinca, M. Pavlovic, I. Strasik (STU) N.
valuable tools for experiments in fundamen- | Sobolevskiy (RAS/INR)

tal nuclear physics, physics of high energy

density in matter and for medical applications as well. One of the most important problems that have to be solved
during the design stage is the radiation protection of the accelerator. Due to the complexity, it is hardly possible to
obtain reliable radionuclide production data for accelerator structure materials from radiation transport codes. Thus,
the experimental data which can be measured at the presently existing facilities are necessary for the evaluation of
the induced levels of radioactivity around intense heavy ion accelerators. The Uranium beam losses are the most
dangerous ones in the FAIR facility. Results of the measurement of activation induced by U beam with energy of E =
500 MeV /u in the copper target are presented in this paper.
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Latest Developments in Superconducting RF Structures for Beta=1 Particle Acceleration

Superconducting RF technology is since

P. Kneisel (Jefferson Lab) nearly a decade routinely applied to different
kinds of accelerating devices: linear acceler-

ators, storage rings, synchrotron light sources and FEL's. With the technology recommendation for the International
Linear Collider (ILC) a year ago, new emphasis has been placed on improving the performance of accelerating cavities
both in Q-value and in accelerating gradients with the goal to achieve performance levels close to the fundamental
limits given by the material parameters of the choice material, niobium. This paper will summarize the challenges
to SRF technology and will review the latest developments in superconducting structure design. Additionally, it will
give an overview of the newest results and will report on the developments in alternative materials and technologies.

New Developments on RF Power Sources

The classical generation of RF power with

J. Jacob (ESRF) klystrons and tetrodes is evolving and chang-

ing to meet the demands of higher efficiency

and simpler maintenance. Developments of IOT tubes for FEL, Energy Recovery Linacs and Storage Rings, together

with solid state technology approaches and combination techniques for high power generation are opening new

alternatives to the classical ones. An overview of the new concepts, designs and solutions applied to the new acceler-

ators will be presented. Advantages and drawbacks of new versus classical technologies as well as strategies for the
selection will be discussed.

Digital Low Level RF

The demand on high stability and precision

M.-E. Angoletta (CERN) on the RF voltage for modern accelerators, as

well as better diagnostics, maintenance and

flexibility is driving the community to develop Digital Low Level RF systems (DLLRF) for the new linear accelerators,

but also for synchrotrons. An overview of the state of the art in digital technologies applied to DLLRF systems and
an overview of the different designs developed or in development at the different labs will be presented.
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WEYPA — Linear Colliders, Lepton Accelerators and
New Acceleration Techniques

Beam Delivery System in ILC

The presentation will review the challenges

of this key ILC sub-system in terms of beam | G.A. Blair (Royal Holloway, University of London)

performances, machine protection system,

collimation, interaction with the detector and compare them with the achievements in SLC and FFTB. It will then
present the world-wide organization to define and make the necessary R&D for the design, beam simulations and
benchmarking in tests facilities, especially the ATF2 facility under construction at KEK. It will explore the major issues
both from the beam dynamics and the technological point of view, as well as the plans foreseen and the schedule
to address them. It will finally analyze the possible upgrade in energy together with the possible limitations and
associated issues.

Damping Rings towards Ultra-low Emittances

The presentation will review the various de-

signs of Damping Rings to achieve ultra-low | S. Guiducci (INEN/LNF)

emittance beams in Linear Colliders (ILC and

CLIC) pointing ou