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Abstract

The PEP-I1 High Energy Ringisa 9 GeV eectron storage ring
currently under construction at SLAC. It is one of the two rings
of the PEP-11 B-Factory, an asymmetric high-luminosity et —e~
collider. The ring will be housed in the existing PEP tunndl.
Main challenges to the design of the ring arise from the high
beam current of nominally 1 A. In this paper, overall design and
recent progress are presented.

|. INTRODUCTION

The PEP-11[1] storage rings—the 9 GeV High Energy Ring
(HER) and the 3.1 GeV Low Energy Ring (LER)—will be
housed on top of each other in the existing PEP tunnel (Fig. 1).
In order to reach the design luminosity of 3 x 1033 at amoderate
beam-beam tune shift of 0.03 rel atively large circul ating currents
of about 1 A and 2.1 A will be accumulated in the HER and the
LER, respectively. Thebunchlengthisabout 1 cmtotake advan-
tage of small valuesof 3*; thefocusing required to achieve these
short bunchesis provided by a14 MV rf system at 476 MHz.

Figurel. First cell of HER underneath LER mockup

Il. THE HER MAGNET LATTICE

The geometric layout of the HER lattice fits into the exist-
ing PEP tunnel; this determines the sixfold symmetry. A FODO
lattice with 60° phase advance/cell and 32 cellgarc has been
adopted with three-cell dispersion suppressors to match into
dispersion-free straight sections. The beam emittance is set by
controllingthe dispersion functionin the arcs at anominal value
of 487 mm-mrad. A layout of thering is shown in Fig. 2. A
modulation in the 5 functionsisintroduced in the arcs adjacent
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Figure2. HER Layout

to the interaction region; in thisway a semi-local correction of
the chromatic aberrations introduced in the final focusing quads
is achieved, improving the linearity of the lattice.

The straight sections have different numbers and structure of
focusing cells depending on the functions. Rf systems are lo-
cated in Regions 8 and 12 with 20 cells each. Injection takes
place in Region 10 in a high-5 region; 8 cells provide the re-
quired lattice functions. The machine tune is controlled with
phase trombones in regions 4 and 6. The Interaction Point (IP)
isat the center of region 2. Whilethenomina 5* is 1.5 cm, with
the semi-local chromaticity correction valuesaslow as 1 cm can
be achieved. Figure 3 shows the acceptance of the ring in the
presence of misalignmentsand field errors but absence of thede-
tector solenoid. A detailed discussion of the HER lattice can be
found in Ref. [2].

1. THE HER TECHNICAL SYSTEMS
A. Magnets

The HER uses most of the existing PEP magnets, in particu-
lar all 192 dipole magnets and all quadrupole magnets with the
exception of some of the final focusing quadrupoles. However,
since the HER has more focusing cells than PEP had, additional
quadrupolesare being built. The additional 560 mm coils needed
are being manufactured by BINP, Novosibirsk, under an Inter-
[aboratory Agreement.
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Figure 3. Dynamic aperture of the HER lattice

All existing and converted PEP magnets are being refurbished
and tested before acceptance. Dipoles undergo electrica tests,
water pressure test and amechanical straightnessinspection be-
fore magnetic measurements are being performed. Quadrupoles
are being tested el ectrically and for LCW leaks before magnetic
measurements.

The Dipole refurbishment and measure-
ment program has been completed early thisyear. The magnets
have passed thetestsand fulfill the magnetic measurement criter-
ion: o(A [ BAL/I)/(f BdL/I) < 10~2. Thedipoleswill be
sorted in three ranges according to their value of [ BdL/I and
deployed in a H-L-M— M—-H-L pattern (H=high, M=medium,
L=low) to reduce horizontal orbit errorsdueto dipolevariations.

The quadrupol e refurbi shment and measurement program are
underway. Measurement data are very close to the values mea-
sured during construction of PEP. Since there are many differ-
ent quadrupole current loops, the quadrupoles will be sorted to
reduce the spread in the excitation function for quadrupol es ex-
cited by one current loop.

Corrector magnets for the HER are being built in industry. In
order to control stray fields on the LER axis these magnets will
be of “H” design.

B. Vacuum System

The vacuum system isdesigned for 3 A beam current to pro-
vide margins and an upgrade path. At 3 A beam current, syn-
chrotron radiation power is about 10.5 MW. For beam stability,
the impedance presented to the beam is strictly controlled and
care is being taken to avoid the possibility of mode trapping in
discontinuities of the vacuum chamber.[3]

The arc vacuum system uses octogona Cu extrusions with
cooling channels e-beam welded onto the outside to remove the
up to 100 W/cm radiation power.[4] Flanges and bellows are
protected from direct hit by synchrotron radiation by masks or
chamber offsets[5] Distributed ion pumps (DIP) are located in
each dipole, augmented by lumped ion pumps which aso act as
holding pumps in the event the main dipoles are turned off. A
screen between the DIP and the beam chamber protectsthe DIP
from synchrotron radiation and TEM modes generated by the

beam and the beam from particles emanating from the DIP. Pro-
totypes of the DIP and screen are currently under test.[6] Cham-
ber extrusions are starting to arrive and the e-beam welder is
scheduled to arrive in June.

The vacuum system in the straight sections uses LCW cooled
stainless sted chambers.[7] Here the maximum power dissipa-
tionismuch less, between 30 W/cm and 5 W/cm, but LCW cool -
ing is till required throughout the straights.

C. Rf System

The RF system for the high energy ring consists of 5 RF sta-
tions providing a RF acceleration voltage of 14 MV with are-
sultant bunch length of 1.15 cm. Each RF station consists of
four single-cell cavities, one 1.2 MW klystron and the neces-
sary power splitting waveguide network and an isolating circu-
lator.[8] A low-level RF system provides control of amplitude,
phase and tuning of the cavity and includes an elaborate fast
feedback system to stabilize the interaction of the cavity with
the beam to dampen multi-bunch oscillations.[9] The cavitiesare
norma conducting, reentrant copper cavities with three waveg-
uides for higher order mode damping attached. The HOM |oad-
ing waveguides arelocated to achieve optimal damping of longi-
tudinal and transverse resonant modesin the cavity withoutload-
ing the fundamental accelerating mode. A prototype cavity[10]
i590% complete and will betested to 150 kW wall dissipationin
summer thisyear. A 10 inch Aluminadisk window in a wave-
guide[11] serves as vacuum barrier to the rf and is designed to
transmit up to 500 kW of rf power to cavity and beam. Two pro-
totype windows are under test and show promising results. A
prototype klystron with 3 MHz bandwidth and < 150 nsec de-
lay required by thefast feedback loopswas constructed at SLAC
and isawaiting test to 1.2 MW power.[12]

D. Feedback Systems

TheHER rdieson bunch-by-bunchfeedback systemsfor both
longitudinal and transverse stability. State-of-the-art digital sig-
nal processing is used to accomplish the filtering required for
loop stability.

D.1 Longitudinal feedback

The longitudina feedback system uses a dedicated BPM to
pick up the beam phase information, which is processed at the
sixth harmonic. Down sampled and digitized it is distributed to
afarm of 128 DSP modulesfor signal processing, delay and fil-
tering at 2238 MHz combined rate. The DSP output streams are
read into a holding buffer and delivered to an 8-bit DAC. Com-
mercia power amps (2 kW) and modulatorswill be used todrive
the longitudinal kicker at 1.012 GHz. For low-frequency modes
the kicker will not have sufficient amplitude and the correction
signal isbeing fed tothelow-leve rf system, for themain rf cav-
ity to act as longitudinal kicker.

Prototypes of most components of the system have been built
and have been successfully tested at the ALS at LBL.

D.2 Transverse feedback

Thetransversefeedback systemissimilar inconcept, although
somewhat more straightforward in implementation. The system
is implemented as a one-turn delay system with digital delay



buffer. Two dedicated BPM buttons will provide signals with
roughly 90° betatron-phase difference that are processed again
a the sixth harmonic. After low-pass filtering and phase ad-
justment the signal is converted to digital form and delivered to
a dual-bank hold buffer. The delayed signal drives base-band
kickers.

E. BeamInjection

Vertical injection into the HER takes advantage of the small
emittance of the damped SLAC beam (¢ < 10~ *rnm-rad). Four
slow orbit bump magnets steer the HER orbit to within 8 ¢ to-
wards the edge of the septum. Two fast kickers, 180° apart in
betatron phase, kick the closed orbit such that theinjecting beam
entersthe ring at about 8.5 ¢ of the fully coupled beam. In this
way, the circulating beam can be topped off without significant
scraping-off of thecircul ating beam. 60 Hz operationisforeseen
with the possibility of upgradingto 120 Hz. Every bucket in the
HER is accessible by suitable programming of the system; al-
lowing to equalize the charges of different bunches. The HER
beam has a 5% ion clearing gap; this gap will also be used for
“training pulses’ to tune up the injection before an attempt to
top-off the circulating bunches is made. The system is capable
of supporting on-axisinjection, which will be an important com-
missioning tool and also alow for beam-based alignment of the
ring.

F. Beam Diagnostics

Several diagnostic systems are being prepared for commis-
sioningthe PEP-1I HER in 1997. An extensive network of beam-
position monitors, one set of four 15-mm-diameter buttons at
each quadrupole, will track the beam centroid; the buttonsignals
will be combined to provide = or y readout at each focusing or
defocusing quadrupole, respectively. Memory in the front-end
processors will maintain a 1000-turn history.

Tunes will be measured by driving the beam with a swept-
frequency sinusoid while monitoring the beam'’s spectrum; a
phase-locked loop will be added |ater. Thisdrive signal will be
added to the low-level signal for transverse feedback, to share
the amplifiers and strip lines.

A DC current transformer will precisely measure the time-
average current. Therelative chargein each of the3492 individ-
ual buckets (of which typically 1658 will befilled to a charge of
3 x 10%° eectrons) will be determined from the sum signal of a
set of four buttons.

Visibleand near-UV synchrotron radiation will be imaged to
profile the beam at two pointsin the lattice, with low and high
dispersion. At each of theselocations, thetransverse profilewill
be recorded in the tunnel using CCD cameras, the light from
one locationwill a so be transported to a surface building for de-
tailed stresk-camera measurements. To study the beam’s trans-
verse tails, movable collimators will be used as scrapers.

Beam losses will be monitored by a linear distributed ion
chamber (“PLIC Cable”) around the tunnel for both HER and
LER together. In addition, PIN-diode beam-loss monitors will
be distributed around the ring to be able to localize | osses.

V. CONCLUSION

Construction of the HER ison track for afirst commissioning
run beginning March 1997. At that time, two rf stations (8 cav-
ities) will be available and we expect to be able to commission
the ring injection system, store and accumulate beam and per-
form first tests of the feedback systems.
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