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Abstract

A conceptuabesignfor arecirculatingelectronacceleratorvith a maxi-
mumenepy of 25GeV andacontinuousdeamcurrentof 0.1mA ontarget
hasbeenpreparedyy a studygroupat CERN. The machinemakesuseof
the superconductingRF systemand othercomponentshatwill become
availableafterthedecommissioningf LEP. Thebeamwill beaccelerated
in seven passeshrougha linac with anenegy gainof 3.5GeV per pass.
The statusof the studyandthe maindesignfeaturesarepresented:
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1 Introduction

The Europeamuclearphysicscommunity hasrecentlypublisheda reportaboutfu-
ture optionsfor nuclearphysics[1]. Oneof therecommendationfor future research
facilities is an electronacceleratoproviding a quasicontinuouselectronbeamwith
anenepy of about25GeV, ELFE, anElectronL aboratoryFor Europe. Two designs
for sucha machinehave alreadybeenpublished.The first designconsistecf a new
machineon a “greensite” [2]. The seconddesignwasanappendixto thelineare*e-
collider studyTESLA at DESY in Hamlurg, Germauy [3].

The scheduledshutdavn of the LEP collider at CERN offers a new opportunity
to realizethe ELFE project. The superconductingRF-cavities and other equipment
will becomeavailableaftertheyear2000. Severalusesof the LEP cavities have been
proposed:

1. FreeElectronLaser[4, 5]

2. Superconductingrotonlinac asPSinjector[6]

3. 2GeV superconductingnac asa protondriver for muonbeamg7]
4. ELFE atCERNI8, 9]

The LEP cavities have beendesignedo acceleratailtrarelatvistic 5 =~ 1 electrongn
LEP. A 2GeV superconductingrotonlinac couldreuseabouthalf of theLEP modules
andwouldin additionrequirenew cavities matchedo lower .

All 72 superconductingnodules(with four cavities each,288 cavities in total)
couldbereusedvithout modificationsfor a continuousrecirculatingelectronacceler
ator This makesthe option of reusingthe LEP cavities for ELFE particularlyattrac-
tive.

Superconductingecirculatorshave in factbeenthe choicefor thecontinuouslec-
tron maching({CEBAF) operatingat the JefersonLaboratoryandfor the’93 proposal
of anew machinein Europe[2].

2 Machinedesign

Thedesignfor ELFE at CERNhasbeenbasecdn thefollowing beamparametespec-
ification:

e 25GeVtopenegy

e 1001A quasicontinuouselectronbeamon target, with the possibility of a sub-

stantialdegreeof polarization

e relatveenegy spreadr./F < 0.1 %.

e emittancglo Gaussiank 100 nm
ThepresenRF systemin LEP andits performances describedn othercontributions
to this conferencd10]. Following therecentexperiencen LEP, we areconfidentthat
a gain of 3.5GeV canbe obtainedin a single passthroughthe 72 superconducting
RF-modules.An enegy closeto 25GeV is obtainedby seven passagethroughthe
linac.



The injection enegy into the main ELFE ring was chosento be 0.8GeV. This
appearedo be a good compromisebetweenthe costfor the injector and 3-beating
from the enegy mismatchbetweeninjectionandtop enegy in the main ELFE linac.
The opticsis matchedfor the injection enegy at constantwavelength,as shown in
Figurel. The maximumg increase$rom about85m in passl to 375m in pass7, as
canbeseenin Figure2.

The basicchoicefor the injector was a racetrackmicrotron similar to MAMI in
Mainz[11], seeFigure3.

An alternatve solutionasinjector, usingcavities similar to thosedevelopedfor the
TESLA testfacility [12], hasalsobeeninvestigated.

The overall dimensionsof the machineare mainly constrainedoy the length of
the RF modulesfrom LEP for the linac (1081m total) andthe requirementon the
enegy spreadandemittance.The latter could be metwith a bendingradiusof 60m
for thearcdipoles.Including spreader/recombin@ndwith conserative assumptions
on extra spaceneededor transitions,equipmentand matchingsections the overall
lengthof the straightsectiondbecomed491m. Togethemith two arcsof 482m each,
thefull turnlengthaddsupto L = 3946 m. It is in factpossibleto fit sucha machine
onlandownedby CERN,connectedo the CERNnortharea.

A schematicview of the machineis showvn in Figure4. A spreadeiis usedto
separateghe beamsof different enegies for the arcs. A schematicdrawing of the
spreaders givenin Fig. 5. A recombinei(the mirror imageof the spreaderattheend
of the secondarccombineghe beamdor their next passagéhroughthelinac.

We have alsolooked into an alternatve designwith linacs on either side. This
allows to reducethe overall dimensions.Thereis thenno needfor six separateeturn
lines. Ontheotherhand,the numberof spreaderandrecombinerss doubled.It also
implies somelossin performancg1.75GeV top enegy and an increasein vertical
emittanceby afactorof two). The saving in overall costis rathermaginal.

Two experimentalareasareforeseenOne55m diameterhall allowing for a large
spectrometeanda 30m hall suitedfor alarge solid angledetector

Thetotal capitalinvestmentostto build ELFE usingthe superconductingavities
from LEP on groundownedby CERNwasestimatedo be closeto 400MCHF (about
260million US—dollar)at 1999prices.

3 Performance

The bunchesareaccelerateat the crestof the sinewave. The bunchlengthof o, =
3 mmintroducesarelative enegy spreadf:

1 /wo.\2
oJE = — ) =34-1074
o/ \/5(6)

(w is theangularRF frequeng, c the speedof light). Anothersourceof enepy varia-
tion from bunchto bunchcomesfrom power andphaseerrorsof the RF power deliv-
eredto the cavities. Thereis goodexperiencewith afastRF vectorsumfeedbackn
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Figure1: Optical functions g3, in red and 3, in blue during passNo. 1 throughthe
linac.
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Figure3: Microtroninjectorfor ELFE,consistingof al0MeV linac,andtwo racetrack
microtronswith 120and800MeV top enegy.

Figure4: Schematicziew of the ELFE machine.
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Figure5: Schematioziew of the spreader



LEP In addition,in orderto minimizethe enegy spreadntroducedby the RF system,
afeedbackonbeamenepy is planned.

Tablel summarizesheresultsfor the synchrotrorradiationlossed/,; andthecon-
tribution of the synchrotronradiationlossesto the relatve RMS momentumspread
o°R /E for eachof the seven passes.Table 1 also shavs the meanmomentumoff-
set Ap/p, the accumulatedelatve RMS momentumspreado,./E, and the trans-
verseemittances, ande,, thatcanbe deducedrom the particle coordinatesn six-
dimensionaphasespacefor all sevenpassesBoth Ap/p ando. /E includethe con-
tribution of the bunchlengtho, = 3 mm. The enegy spreadand emittancesare

Table1: Final enegy £, contributionsof the passedo the enegy lossdueto syn-
chrotronradiationU;, andto the relatve momentunmspreads>® / £, andto the mean
momentumoffset Ap/p, accumulatedelatve RMS momentumspreado./E, and
trans\erseemittances:,, ande, for the seven passes.Both Ap/p ando./E include
the contribution of thebunchlengtho, = 3 mm.

Pass FE;/GeV UJMeV  o>R/E Ap/p o./E e /nm ¢,/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 2251 1.717E-4 -9.233E-04 7.354E-04 23.96 18.83

well within the beamspecification.We recall that the goal of this study hasbeento
demonstratéhe feasibility of the projectandto provide a costestimatefor the beam
parameterasagreednitially with the physicsgroup. The beamquality in termsof
enegy spreadandemittancecould be furtherincreasedy scaling(increasedending
radius)andoptimizationif this would be of importance.

4 Status

A joint CERN-NuPECGstudy group preparedhe detailedtechnicaldesignreport,
demonstratinghe feasibility of the project. The reportis very closeto completion
andis expectedto go into print beforethe endof theyear The studygroupincluded
acceleratospecialistdrom severallabsin Europeanda physicsworking groupwith
about30 nucleamphysicists.

Startingfrom the initial “greenlight”, the total durationof the civil-engineering
designandwork implementatiorhave beenestimatedat 6.5 years. This includesthe
time neededor authorizationfenderingandcontract-avardingprocedures.

CERNprovidesthesuperconductinF andotherhardwarethatwill becomeavail-
ablefrom LEP, its expertiseandthegroundto build ELFE. It is now mainly thetaskof
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thenuclearandhadronicphysicscommunityasrepresentetdly NUPECC to assigrthe
necessaryriorities andto find the extra resourcesn fundingandmanpaver needed
to realizethe project.
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