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ELFE at CERN

H. Burkhardt, SL Division, CERN, Geneva, Switzerland

Abstract e 25GeV top energy

100pA quasi continuous electron beam on target,
with the possibility of a substantial degree of polar-
ization

A conceptual design for a recirculating electron accelera- ¢
tor with a maximum energy of 25GeV and a continuous
beam current of 0.1 mA on target has been prepared by X
a study group at CERN. The machine makes use of the ® rele}tlve energy spregde/E <0.1%.

super-conducting RF system and other components that® emittance (& Gaussian)x 100nm

will become available after the decommissioning of LEPIhe present RF system in LEP and its performance is de-
The beam will be accelerated in seven passes througl‘ﬁglbed in other contributions to this conference [10] Fol-
linac with an energy gain of 3.5GeV per pass. The statlgwing the recent experience in LEP, we are confident that

of the study and the main design features will be presente® gain of 3.5GeV can be obtained in a single pass through
the 72 superconducting RF-modules. An energy close to

1 INTRODUCTION 25 Ge\( i§ optained by seven passages throu.gh the linac.
The injection energy into the main ELFE ring was cho-
The European nuclear physics community has recentiyen to be 0.8 GeV. This appeared to be a good compromise
published a report about future options for nucleabetween the cost for the injector agdbeating from the
physics [1]. One of the recommendations for future reenergy mismatch between injection and top energy in the
search facilities is an electron accelerator providing a quasiain ELFE linac. The optics is matched for the injection
continuous electron beam with an energy of about 25 Ge¥nergy at constant wavelength, as shown in Figure 1. The
ELFE, anElectronLaboratoryFor Europe. Two designs maximumg increases from about 85 m in pass 1 to 375m
for such a machine have already been published. The fiigtpass 7, as can be seen in Figure 2.
design consisted of a new machine on a “green site” [2]. The basic choice for the injector was a racetrack mi-
The second design was an appendix to the linéarecol-  crotron similar to MAMI in Mainz [11], see Figure 3.
lider study TESLA at DESY in Hamburg, Germany [3].  An alternative solution as injector, using cavities similar
The scheduled shutdown of the LEP collider at CERNo those developed for the TESLA test facility [12], has
offers a new opportunity to realize the ELFE project. Theiso been investigated.
superconducting RF-cavities and other equipment will be- The overall dimensions of the machine are mainly con-
come available after the year 2000. Several uses of the LERained by the length of the RF modules from LEP for
cavities have been proposed: the linac (1081 m total) and the requirements on the en-
ergy spread and emittance. The latter could be met with
2. Superconducting proton linac as PS injector [6] a bending radius. of 60m fpr the arc di.poles. IncIl_Jding
3. 2GeV superconducting linac as a proton driver fo§preader/recomb|nerand Wlt'h. conservative assumptions on
muon beams [7] extrg space needed for transitions, eq'wpment'and matching
4. ELFE at CERN [8, 9] sections, the overall length of the straight sections becomes
. ' . 1491 m. Together with two arcs of 482 m each, the full turn
The LEP cavities have been designed to accelerate uItrar%hgth adds up td, — 3946 m. Itis in fact possible to fit

ativistic 3 = 1 electrons in LEP. A 2 GeV superconductings ch a machine on land owned by CERN, connected to the
proton linac could reuse about half of the LEP modules al ERN north area '

would in addition require new cavities matched to lower A schematic view of the machine is shown in Figure 4. A

eaﬁlk: Zéssgse‘:%c;n%ugltg% (T)O? dUItE:eS rg"";g dfoqtrhga;”;i}preader is used to separate the beams of different energies
ii t', f Vit t'l u lati uI tWI u I or the arcs. A schematic drawing of the spreader is given
cations for a continuous, recirculating €lectron acceleray, Fig. 5. A recombiner (the mirror image of the spreader)

tor. This makes the option of reusing the LEP cavities foét the end of the second arc combines the beams for their

ELSFLIIE Efggﬁtcjilfglt?nattrriitixilators have in fact been thréeXt passage through the linac.
P 9 We have also looked into an alternative design with

choice for the continuous electron machine (CEBAF) OPinacs on either side. This allows to reduce the overall di-

erating at the Jgffgrson Laboratory and for the 93 pmpos?r?ensions. There is then no need for six separate return
of a new machine in Europe [2].

lines. On the other hand, the number of spreaders and
recombiners is doubled. It also implies some loss in per-

1. Free Electron Laser [4, 5]

2 MACHINE DESIGN formance (1.75 GeV top energy and an increase in vertical
The design for ELFE at CERN has been based on the fggmittance by a factor of two). The saving in overall cost is
lowing beam parameter specification: rather marginal.
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Figure 1: Optical functiong, in red and3, in blue during
pass No. 1 through the linac.
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Figure 2: Optical functiong,, in red andg, in blue during
pass No. 7 through the linac
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Figure 5: Schematic view of the spreader.

Two experimental areas are foreseen. One 55 m diameter
hall allowing for a large spectrometer and a 30 m hall suited
for a large solid angle detector.

The total capital investment cost to build ELFE using
the superconducting cavities from LEP on ground owned
by CERN was estimated to be close to 400 MCHF (about
260 million US—dollar) at 1999 prices.

3 PERFORMANCE

The bunches are accelerated at the crest of the sine wave.
The bunch length of, = 3 mm introduces a relative en-
ergy spread of:

7

(w is the angular RF frequency, c the speed of light).
Another source of energy variation from bunch to bunch
comes from power and phase errors of the RF power deliv-
ered to the cavities. There is good experience with a fast
RF vector sum feedback in LEP. In addition, in order to
minimize the energy spread introduced by the RF system,

1

wo,

2
0B = ) =34-107*

10MeV linac, and two racetrack microtrons with 120 and* féedback on beam energy is planned.

800 MeV top energy.

FRAO005

Table 1 summarizes the results for the synchrotron radia-

tion lossed/ and the contribution of the synchrotron radi-
ation losses to the relative RMS momentum sprezitl/ £
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Table 1: Final energy;, contributions of the passes to the energy loss due to synchrotron radigti@nd to the
relative momentum spreaef®/E, and to the mean momentum offs&p/p, accumulated relative RMS momentum

spreatr. /E, and transverse emittancesande, for the seven passes. Baffp/p ando,/E include the contribution of
the bunch lengtla, = 3 mm.

Pass E//GeV UyiMeV  o:R/E Ap/p o./E e /nm e,/nm

1 4.3 1.28 3.365E-5 -4.916E-04 2.780E-04 0.0032 0.723
2 7.8 8.29 7.605E-5 -1.171E-03 3.161E-04 0.0891 2.965
3 11.3 30.59 1.484E-4 -2.783E-03 3.555E-04 0.722 4.337
4 14.8 82.92 2571E-4 -5.660E-03 4.292E-04 3.247 6.806
5 18.3 185.14 4.144E-4 -1.016E-02 5.733E-04 10.58 10.33
6 21.8 362.46 6.194E-4 -1.666E-02 8.035E-04 27.84 14.44
7 25.3 2251 1.717E-4 -9.233E-04 7.354E-04 23.96 18.83

for each of the seven passes. Table 1 also shows the me#] Electron Laboratory for Europe, Accelerator technical
momentum offsetAp/p, the accumulated relative RMS proposal, "Blue book”, J.-M. De Conto (Ed.), Institut des
momentum spread./E, and the transverse emittances Sciences Nuelaires de Grenoble, RMEO2 (October 1993).
€z ande,, that can be deduced from the particle coordi-[3] R. Brinkmannet al, “The Machine Project for ELFE at
nates in six-dimensional phase space, for all seven passes. DESY,” Nucl. PhysA622 (1997) 187c—224c.
Both Ap/p ando./E include the contribution of the bunch 4
lengtho, = 3 mm. The energy spread and emittances are
well within the beam specification. We recall that the goa
of this study has been to demonstrate the feasibility of th
project and to provide a cost estimate for the beam param-
eter§ as agreed initially with the physics group. The beal 6] D. Boussarcst al, “Report of the study group on a
quality in terms of energy spread and emittance could b ' . e ”

. . . - . superconducting proton linac as a PS injector,”.
further increased by scaling (increased bending radius) and

P . CERN-PS-98-063-RF-HP.
optimization if this would be of importance. . .
B. Autin (Ed.), A. Blondel (Ed.), and J. Ellis (Ed.),
“Prospective study of muon storage rings at CERN,”".

4 STATUS CERN-99-02.

A joint CERN—NUPECC study group prepared the detailed8] G. Geschonke and E. Keil, “A Recirculating Electrqn

technical design report, demonstrating the feasibility of the ~ AAccelerator (ELFE) using the LEP Super-Conducting RF

project. The report is very close to completion and is ex- Cavities,”. CERN-SL-98-060-RF-

pected to go into print before the end of the year. The study®] H. Burkhardt (Ed.), “ELFE at CERN.” to appear as “CERN

group included accelerator specialists from several labs in ~ Yellow report” CERN 99-10.

Europe and a physics working group with about 30 nucledt0] G. Geschonke and others, these proceedings.

physicists. [11] H.Herminghaus, A. Feder, K. H. Kaiser, W. Manz, and
Starting from the initial “green light”, the total duration H. V. D. Schmitt, “THE DESIGN OF A CASCADED

of the civil-engineering design and work implementation  800-MeV NORMAL CONDUCTING CW RACETRACK

have been estimated at 6.5 years. This includes the time MICROTRON,”Nucl. Instrum. Meth138(1976) 1.

needed for authorization, tendering and contract-awardingp] M. Pekeler, “Experience with superconducting cavity

procedures. operation in the TESLA Test Facility,”. Given at IEEE
CERN provides the superconducting RF and other hard-  Particle Accelerator Conference (PAC 99), New York, NY,

ware that will become available from LEP, its expertise and 29 Mar - 2 Apr 1999.

the ground to build ELFE. It is now mainly the task of the

nuclear and hadronic physics community as represented by

NUPECC, to assign the necessary priorities and to find the

extra resources in funding and manpower needed to realize

the project.

R. Corsini and A. Hofmann, “A possible FEL based on
LEP superconducting cavities,”. CERN-PS-96-031.

I45] R. Corsini and A. Hofmann, “Consideration on a FEL
based on LEP superconducting cavities,”.
CERN-SL-96-07-AP.

[7
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