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Abstract

ELETTRA is a 2.0 to 2.4GeV third generation
Synchrotron Light Sourceoperating since 1994 in
Trieste. At the end 02004, after the commissioning of
the new full energy injection systermow under
construction, the present 1.2 GeV pre-injector Linac wi

be fully available to drive a high brightness short

wavelengthFEL. The goal of the FERMI project is to
reach 40 to 10 nm in 3 toykears (phase &ndll), with a

further extension down to 1.5 to 1.2 nm after 2 more

years (phase lll). The projectitiaulated along these three
lines of development, allows aual impovement of
systems andonsolidation of technologies. Aoverview
of the project together with the maipgradingphases is
presented.

1INTRODUCTION

Since 1992 a 1.2GeV electron Linac has been in
operation as injector ofhe Storage Ring ELETTRA, a
third generation synchrotron light source in Trieste. F
this purpose the linac use factor is less than 10
Furthermore from the end &f004, when the eheduled

Il) Use of the Lhac with increased beam quality for a
second beamline at 10 nr@ommissioning of the
beamline after 3.5/ears andopen to Users after
4.5 years.

Extension of the Linac to an operatienergy of
3.0 GeV and increased impvement of beam
quality for the production of 1.2 1.5 nm
radiation. All the activities will balone in parallel
with other developmentsCommissioning after
5.5 years and open to Users after 6.5 years.

The FEL scheme we plan tase, at least for the first
two phases (40 to 10 nm), will be eededHGHG (High
Gain Harmonic Generationglseme [2,3]. Thiswill allow
the user to have controlled, potzd and gnchronised
light. The extension of theeeding sheme to the shorter
wavelength of phaskl (1.2 nm) has notbeen studied so
far and wll be part of the detailed desigrhase of the
project. Preliminary SASE based calculatiorsave
however been perfored to veify the feasibility of 1.2
nm generation. Table 1 summarizes the mairamaters

D)
I

%f the three different phases.

Table 1: Electron and photon beam parameters

new full energy ifector will come into operation, it will
be completely fre@andavailable for other uses. On thig

basis, taking into account the rapid growth in interest f

next geneation light sources, it i be used as a hac-
based ultra bright photon source, to the great benefit

the scientific community and to tlgeneral growth of the

facility and associated laboratories. Moreover atethe of

2001 the Italian Ministry ofEducation, Universities and

Research announced a call for oposals for a

“multipurpose, pulsed laser X-ray source”. In this contex

considering also then-house expertise inaccelerators,
insertion devices, beamlines and experimental systems|

well as a very stmg Scientific Community and the

ongoing Storage Ring FEL collaborationEUFELE),
Sincrotrone Trieste, together with INFi&hd other Italian

institutes, has pposed the projedEERMI@ELETTRA

Wavelength (nm) 100/40/10] 1.2
| Beam Energy (GeV) 1.0 3.(
Normal. emittance (mm-mrad) 2.0 20
dpeak current (KA) 0.6 2.9
Pulse length (fs) 250 160
Charge per pulse (nC) 0.38 ]
Energy spread (%) 0.05 0.95
Repetition frequency (Hz) up to 50
LEEL parametep (10°) 4.8/3.2/1. 1.2
Gain length (m) .74/.83/1|13 2.6
ak power at saturation (GW) 2.3/1.8/.75 3.0
Peak flux (ph/s/0.1%BW) (x£6) 2.4/1.1/.24 .2
Peak brightness
(ph/s/mnd/mrad/0.1%BW)(x18°) 1/.28/.94) 55

[1]. The primary objective othe FERMI project is to
provide the UserCommunity in the shortest time

possible a photon source of outstanding characteristics and

to developand impementnew experimental echniques
requiring extraordiary fluxand billiance from the UV to
the X-ray region. The project will bertulated along
three lines of development:

) use of the existing 1.Z5eV Linac with a new
photoinjectorandbunchcompressor(s) t@enerate
high quality beams forhe production of 40 nm
radiation (and if sfficient requested100 nm).
Commissioning of the 40 nrbeamline after 2.5
years (due to osite availability of the Linac) and
open to Users after 3.5 years.

2MACHINE LAYOUT AND
UPGRADINGS

A complete description of the Trieste Lin@an be
found elsewhere [8]. To producebeams with suitable
characteristics to drive &EL in the energy range of
interest it is necessary to ingphent on the existing
machine the following upgrades:
replacement of the present thermionic electron gun
with a high brightness electron source (i.e. a
photocathode gun);

e installation of one or more longitudinal
compression systems to increase fleak current
of the beam;
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If required it will be also possible to increase the
averagebeam cumnt extendinghe beam epetition rate
from the pesent 10 Hzup to 50/100 Hz and/or .
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review of the present RF system, in terms obcheme B:

phaseandamplitude staitity, to meet the project ¢  production of al50 MeV electron beamtilizing
requirements; the same layoutadopted by theLCLS project
installation of an suitable diagnostic system, to (photoinjector +Linac 0);

preserve the high beam quality during thecpss * injection of the beam in the two 3.2 m long
of acceleration. accelerating structures of the present pre-injector
operated off crest to chirp theam engy before
bunch compression;

use of an X-bandtructure to linearize the bunch

modulating the RF pulse with a high repetition rate charge [8];

microbunch beam (i.e. up to 100 MHz). e a magnetic compression stage at 150 MeV (250
To obtain the required values of brilliance, for the fs/0.6 kA);

electron source and the low energy part of the machine we  further acceleration of the beam up to 1.0 GeV.

have considered two psible solutions with twoifferent
compression schemes.

Scheme A:

The implementatin of phaselll will require the
addition of a secondompression stage beten 1.0 and
1.6 GeV to increase thgeak beam cuent up to the 2.5
kA as requestedThe 3.0 GeV energyupgrade Wl be
implemented adding 36 new accelerating sections (i.e. 3 m
long SLAC type) fed with 9additional RF plants,
normalized ernttance less than 2 mm mrdde. equipped with TH2132A klystrons and SLED
adopting the LCLS photoinjector) [6]; compression systems (i.e. 4 sections per klystron).

a compression stage of the electron bunch to theFigure 1 shows a layout of scheme B.

required values (200 fs/0.6 kA) by means of an RF Regarding the RF upgrading plans, as well as the
compression schema:slow-wave RFaccelerating implementation of a pper diagnosticand feeback
structure followedby a third harmonic structure systems, they will be ganized taking intoaccount the
[71; bunch compressh scheme and the erittance
further acceleration of the beam up to 1.0 GeV. preservation.

production of a6-7 MeV electronbeam, with a
peak current ofabout 100 Aand a tansverse
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Figure 1: Photoinjector and magnetic compressor layout.

3 SCHEME B: 1.0 GeV START TO END
SIMULATIONS

A start-to-end simulation using the prograBLEGANT’
[9] has been perfared for sheme B to optimize the
magnetic compression caine [10]. As kown in fig. (1)
the proposedalyout foresees the reygement of the present
gun and bunching elements withLCLS pre-injectomade
up of a 6.7 MeV photoinjectoand a 150 MeV booster

linac. The overall length of the system is a little less than

m and will fit in the space available in the present tunnel.
can be installed before tHiest of the two existing 3.2 m
long accelerating sections.

The full simulation used the phaspase output from a
‘PARMELA’ run for the LCLS photaijector [11], using
0.1 million particles, representing 1 n€harge with a
duration of roughly 10 ps, an initial relatiemergy spread
of 0.4% and an eittance of 0.75 mm mrad. The

distribution was then re-sangal to remove numerical noise

from the time distributionand increased to 0.5 ilion
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particles. A moe conservative emittance was wamsd
doubling the previous value to 1.5 mm mrad. An X-
band section placed before thragnetic compressor is
used to linearise the bunetvoiding non-uniformity of
the charge disibution and enhancement ofoherent
synchrotron radiation effects in the chicane. The
specifications for the X-banstructure are those of the
LCLS. The system, however, is not yet full optimized

nd further studies M be necessary to minimize the
IESR emission @ecially if we have to further
compress the beam with secondmagnetic cliane
(Phase Il1).

The first two sections of the linac will also be used
to stronglyenergy chirplte beam before it enters the
X-band structure. Very little acceleration occurs through
these sections but the beam quality is maintained after
the compressor. A compression factor up to 8 and a
peak current approachirg00 A in 250 fshave been
obtained. The compressiogcurs at roughly 150 MeV
and themagnetic compression daine has an overall
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length of 5 m to educe the effects afoherent synchrotron guided by User requirements on the high peak brilliance
radiation. Voltages and ptess downstream the chicane werelight and on itsapplications inMaterial Science and

optimized to reduce the energy spread.

Technology. The layout pposed and the technical

Optics were matched thmghout the accelerator and solutions adopted W allow to generate light with
extraction line to the surfac&he horizontal beta function controllable polarization and timstructure applicable

is kept to low values at the exit of the compressionacta

also for pump-and-probe techniques in a stable and

to minimise degradation due taoherent synchrotron reproducible mode inconnection with the existing
radiation. Twodoublebendachromats were used to deflect Storage Ring source. Mawver the projechas been
the beam out of the tunnahd bwards theundulators. The strongly polased towards the deest availability of

tracking bok into account dngitudinal wakefields in the
structures, cohererdind nhcoherent synchrotron radiation
effects in all dipoles andecond order cbmatic effects in
the quadrupoles. Transport dlugh dipoles incided non- 1]
linear terms due to curvatuesd theenergydependence was
taken into account to all omde The simulation of RF 2]
effects included the exact sinusoidal dependence. 3]
Beam paameters at the exit of thenlic are shown in

this new kind of infrastructure.
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The main characteristics of theFERMI project at

ELETTRA have been

dlined. The proposal hadeen
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Figure 2: Charge and energy distribution at the exit of the Linac (1.0 GeV).
(Courtesy M. Borland)

645



