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Abstract

A conceptualdesignfor a recirculatingelectronacceleratorwith a maxi-
mumenergy of 25GeVandacontinuousbeamcurrentof 0.1mA ontarget
hasbeenpreparedby a studygroupat CERN.Themachinemakesuseof
thesuper-conductingRF systemandothercomponentsthatwill become
availableafterthedecommissioningof LEP. Thebeamwill beaccelerated
in sevenpassesthrougha linac with anenergy gainof 3.5GeV perpass.
Thestatusof thestudyandthemaindesignfeaturesarepresented.
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1 Introduction

The Europeannuclearphysicscommunityhasrecentlypublisheda reportaboutfu-
tureoptionsfor nuclearphysics[1]. Oneof therecommendationsfor futureresearch
facilities is an electronacceleratorproviding a quasicontinuouselectronbeamwith
anenergy of about25GeV, ELFE, anElectronLaboratoryFor Europe.Two designs
for sucha machinehave alreadybeenpublished.Thefirst designconsistedof a new
machineon a “greensite” [2]. Theseconddesignwasanappendixto thelineare

�
e�

colliderstudyTESLA at DESY in Hamburg, Germany [3].
The scheduledshutdown of the LEP collider at CERN offers a new opportunity

to realizethe ELFE project. The superconductingRF-cavities andotherequipment
will becomeavailableaftertheyear2000.Severalusesof theLEP cavities have been
proposed:

1. FreeElectronLaser[4, 5]
2. SuperconductingprotonlinacasPSinjector[6]
3. 2GeVsuperconductinglinac asaprotondriver for muonbeams[7]
4. ELFEatCERN[8, 9]

TheLEP cavities have beendesignedto accelerateultrarelativistic
�����

electronsin
LEP. A 2GeVsuperconductingprotonlinaccouldreuseabouthalf of theLEPmodules
andwould in additionrequirenew cavities matchedto lower

�
.

All 72 superconductingmodules(with four cavities each,288 cavities in total)
couldbereusedwithoutmodificationsfor acontinuous,recirculatingelectronacceler-
ator. This makestheoptionof reusingtheLEP cavities for ELFE particularlyattrac-
tive.

Superconductingrecirculatorshave in factbeenthechoicefor thecontinuouselec-
tron machine(CEBAF) operatingat theJeffersonLaboratoryandfor the’93 proposal
of anew machinein Europe[2].

2 Machine design

Thedesignfor ELFEatCERNhasbeenbasedonthefollowing beamparameterspec-
ification:	

25GeVtopenergy	
100
 A quasicontinuouselectronbeamon target,with thepossibilityof a sub-
stantialdegreeof polarization	
relativeenergy spread����������� ��� .	
emittance(1� Gaussian)� � ��� nm

ThepresentRF systemin LEPandits performanceis describedin othercontributions
to this conference[10]. Following therecentexperiencein LEP, weareconfidentthat
a gain of 3.5GeV canbe obtainedin a singlepassthroughthe 72 superconducting
RF-modules.An energy closeto 25GeV is obtainedby seven passagesthroughthe
linac.
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The injection energy into the main ELFE ring was chosento be 0.8GeV. This
appearedto be a goodcompromisebetweenthe cost for the injector and

�
-beating

from theenergy mismatchbetweeninjectionandtop energy in themainELFE linac.
The optics is matchedfor the injection energy at constantwavelength,asshown in
Figure1. Themaximum

�
increasesfrom about85m in pass1 to 375m in pass7, as

canbeseenin Figure2.
The basicchoicefor the injector wasa racetrackmicrotronsimilar to MAMI in

Mainz [11], seeFigure3.
An alternativesolutionasinjector, usingcavitiessimilar to thosedevelopedfor the

TESLA testfacility [12], hasalsobeeninvestigated.
The overall dimensionsof the machineare mainly constrainedby the length of

the RF modulesfrom LEP for the linac (1081m total) and the requirementson the
energy spreadandemittance.The latter couldbe met with a bendingradiusof 60m
for thearcdipoles.Includingspreader/recombinerandwith conservativeassumptions
on extra spaceneededfor transitions,equipmentandmatchingsections,the overall
lengthof thestraightsectionsbecomes1491m. Togetherwith two arcsof 482m each,
thefull turn lengthaddsup to ���������� m. It is in factpossibleto fit sucha machine
on landownedby CERN,connectedto theCERNnortharea.

A schematicview of the machineis shown in Figure 4. A spreaderis usedto
separatethe beamsof different energies for the arcs. A schematicdrawing of the
spreaderis givenin Fig. 5. A recombiner(themirror imageof thespreader)at theend
of thesecondarccombinesthebeamsfor theirnext passagethroughthelinac.

We have also looked into an alternative designwith linacs on either side. This
allows to reducetheoverall dimensions.Thereis thenno needfor six separatereturn
lines. On theotherhand,thenumberof spreadersandrecombinersis doubled.It also
implies someloss in performance(1.75GeV top energy andan increasein vertical
emittanceby a factorof two). Thesaving in overallcostis rathermarginal.

Two experimentalareasareforeseen.One55m diameterhall allowing for a large
spectrometeranda30m hall suitedfor a largesolidangledetector.

Thetotal capitalinvestmentcostto build ELFEusingthesuperconductingcavities
from LEPon groundownedby CERNwasestimatedto becloseto 400MCHF (about
260million US–dollar)at 1999prices.

3 Performance

Thebunchesareacceleratedat thecrestof thesinewave. Thebunchlengthof �!"�� mm introducesa relativeenergy spreadof:

��������
�
# $ % �!&

'
�(��)�+* � � �-,

(% is theangularRF frequency, c thespeedof light). Anothersourceof energy varia-
tion from bunchto bunchcomesfrom power andphaseerrorsof theRF power deliv-
eredto thecavities. Thereis goodexperiencewith a fastRF vectorsumfeedbackin
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Figure1: Optical functions
�/.

in red and
�/0

in blue during passNo. 1 throughthe
linac.

Figure2: Optical functions
�/.

in red and
�/0

in blue during passNo. 7 throughthe
linac
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Figure3: Microtroninjectorfor ELFE,consistingof a10MeV linac,andtwo racetrack
microtronswith 120and800MeV top energy.

Figure4: Schematicview of theELFEmachine.
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Figure5: Schematicview of thespreader.
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LEP. In addition,in orderto minimizetheenergy spreadintroducedby theRFsystem,
a feedbackonbeamenergy is planned.

Table1 summarizestheresultsfor thesynchrotronradiationlosses798 andthecon-
tribution of the synchrotronradiationlossesto the relative RMS momentumspread�;:=<� ��� for eachof the seven passes.Table1 alsoshows the meanmomentumoff-
set >@?A�B? , the accumulatedrelative RMS momentumspread ������ , and the trans-
verseemittancesC . and C 0 , that canbe deducedfrom theparticlecoordinatesin six-
dimensionalphasespace,for all sevenpasses.Both >@?A��? and ������ includethecon-
tribution of the bunch length �!�� � mm. The energy spreadand emittancesare

Table1: Final energy �ED , contributionsof the passesto the energy lossdueto syn-
chrotronradiation 798 , andto therelative momentumspread�;:=<� ��� , andto themean
momentumoffset >@?A��? , accumulatedrelative RMS momentumspread������ , and
transverseemittancesC . and C 0 for the seven passes.Both >@?A��? and ��B��� include
thecontributionof thebunchlength �!F�(� mm.

Pass �GD /GeV 798 /MeV � :=<� ��� >@?A��? ����-� C . /nm C 0 /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 2.571E-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 22.51 1.717E-4 -9.233E-04 7.354E-04 23.96 18.83

well within the beamspecification.We recall that the goal of this studyhasbeento
demonstratethe feasibility of theprojectandto provide a costestimatefor thebeam
parametersasagreedinitially with the physicsgroup. The beamquality in termsof
energy spreadandemittancecouldbefurtherincreasedby scaling(increasedbending
radius)andoptimizationif this wouldbeof importance.

4 Status

A joint CERN–NuPECCstudy group preparedthe detailedtechnicaldesignreport,
demonstratingthe feasibility of the project. The report is very closeto completion
andis expectedto go into print beforetheendof theyear. Thestudygroupincluded
acceleratorspecialistsfrom several labsin Europeanda physicsworking groupwith
about30 nuclearphysicists.

Startingfrom the initial “green light”, the total durationof the civil-engineering
designandwork implementationhave beenestimatedat 6.5 years.This includesthe
timeneededfor authorization,tenderingandcontract-awardingprocedures.

CERNprovidesthesuperconductingRFandotherhardwarethatwill becomeavail-
ablefrom LEP, its expertiseandthegroundto build ELFE.It is now mainly thetaskof
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thenuclearandhadronicphysicscommunityasrepresentedby NuPECC,to assignthe
necessarypriorities andto find the extra resourcesin fundingandmanpower needed
to realizetheproject.

References
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