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Abstiact

Thestatusof plansfor anEnegy-RecweryLinac (ERL)
x-ray facility at Cornell University aredescribed.Cornell
currently operateshe Cornell High Enegy Synchrotron
Source(CHESS)at the CESRring. The ERL is planned
to beanextensionto thatring by a 5-GeVsuperconducting
c.w. linac. Thevery smallelectron-beanemittancesvould
produceanx-ray sourcethatis considerablyetterthanary
existing storage-rindight source.The ERL designthatis
presentethasto allow for non-destructie transporbf these
smallemittanceslt includesup to 18 x-ray beamlinedor
speci ¢ areasof researclthat are currently beingde ned
by aninternationalcommunity Specialattentionis given
to reuseof mary of the existing ring components.Here
it is describedvhich subjectsaarebeinginvesticatedor will
have to bestudiedat Cornellto preparefor theconstruction
of this new hardx-ray sourceyeferenceso othercontritu-
tions to this conferencg PACO7) demonstratehis effort.
This projectillustrateshow existing storagerings could be
upgradedasERL light sourceswith vastlyimprovedbeam
qualitiesandwith limited dark time for x-ray users. The
presentedist of researchopicsshavs R&D issuedor ary
suchupgradeproject.

INTRODUCTION

Figurel: Theinjectorprototypefor the CornellERL.

The emittancesn electronstoragerings aredetermined
by the opticsof thering and not by the quality of thein-
jectedbeam. This is due to the stochasticnatureof the
emissionof synchrotrorphotonsin every bendof thering,
which randomizeshe motionof electronsover mary turns
and makesthe equilibrium beamdistribution independent
of theinjecteddistribution. Linearacceleratorslo not suf-
fer this emittancedilution and could thus acceleratevery
small emittances Beamswith emittanceghat are smaller
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Figure2: Layoutof theplannedsGeV CornellERL.

thanthosein storageingscouldthenbeusedto producex-
ray beamsf higherspectrabrightnesghanavailablefrom
today's storageaing sources.

Cornell University hasbeenplanningto build a hardx-
ray light sourcebasedon an ERL for sometime [1, 2].
To producethe small emittancesieededn the undulators
of sucha source,a high current, low emittanceinjector
is needed. Cornell University is currently prototyping a
DC photo-emissiorelectronsourceanda 10 MeV injec-
tor linac for low emittancebeamsof high c.w. currents
[3,4,5, 6, 7]. Thelayoutof thisinjectoris shavnin Fig. 1.
To the very right, the electrongunis shavn, the cryomod-
ule accelerateso the left into a setof diagnosticsheam-
lines. A straightbeamlineis usedfor a maximumbeam
currentof 100mA andleadsto a 0.6MW beamdumpthe
top beamlineis for smallercurrentsbut is a prototypeof
the meiger beamlinethat would lead into the main linac
of the x-ray ERL. Critical subjectsto be testedand opti-
mizedwill besuppressionf space-charedrivenemittance
growth, CSRcompensatioin the meger, cathodemateri-
alsandlifetime, possiblywith a cooledcathode.

The preliminary layout of the planned5GeV Cornell
ERL is shawvn in Fig. 2. This designhastwo 2.5GeV
linacswithin onetunnel. An injector at (1) is very simi-
lar to the onethatis currentlybeingprototypedandwould
send100mA of 2pslong bunchesdnto the rst linac. This
accelerategastvard (2) to 2.5GeV anda returnloop (3)
leadsthe beambackto thesecondinac (4) thataccelerates
westward to 5GeV The high enegy beamis thenusedin
anarc (5) with 11 x-ray beamlinesandis subsequentlyn-
jectedinto the CESRtunnel(6) to beusedin 2 morebeam-
lines on the west side. From there, it entersa north arc
(7) with 5 more x-ray beamlines.Subsequentlyhe beam
is injectedbackinto the rst linac, decelerateto 2.5GeV
is again turnedaroundin the easterrturn aroundloop and

nally decelerateto 10MeVto bedumped(8).

Onceac.w. linacis availablefor enegy recovery, one
couldalsouseit in anotenegy-recaveredmodeto produce



veryfastpule,low currentbeams.

R&D ISSUESFOR THE CORNELL ERL

An ERL hasnever beenoperatedat the proposedenegy
andcurrentof 5GeVand100mAthatareneededor ahard
x-ray source.A long list of R&D issuesarethereforead-
dressecht Cornell.

Cryomodule, cavity and RF control: Cornell is build-
ing the cryomodule[8], cavities [7, 9], couplers[10], and
higherordermode(HOM) absorbersor theinjectorproto-
type, mary aspectof which aresimilar to whatis needed
for theERL mainlinac. FurthermoreCornellis involvedin
acollaboratiorwith Dareshiry, FZD Rossendorfl.BL, and
Stanfordto make along-termbreakdavn testof two 7-cell
cavities that are equippedwith input couplersand wave-
guideHOM absorbersf thetypeneededor theERL. Cor-
nell furthermoreplansto designand constructa complete
main-linac cryomoduleand testit with RF, and possibly
with high-currentbeam. In a collaborationwith JLAB it
hasalreadybeenshavn thatamplitudeandphasestabiliza-
tion at aloadedQ of 10° canbe achieved to the required
level.

Optics optimization: The optics of the ERL hasto sat-
isfy various requirementsjncluding: (a) minimal emit-
tancegrowth dueto incoherentand coherentsynchrotron
radiation, (b) suitably small betafunctionsto avoid large
sensitvitiesto error elds, (c) zerodispersiorin all undula-
tors, (d) adjustabldoeamsizesin all undulators{e) achro-
matic optics for the 2.5GeVturn aroundand for the full
5GeVreturnloop, (e) sextupolecorrectionof seconcbrder
dispersiontime of ight, andenegy aperture.

Orbit and optics correction: Becausef the smallbeam-
sizein theERL, thebeampaositionhasto becontrolledvery
accurately Tolerancedor power-supply strengthsandfor
the alignmentof mary componenthave beenspeci ed.
The orbit control hasto take carethat spuriousdispersion
doesnotleadto anapparenemittancancrease.

BPMs for 2 beams: Cornell has developed strip-line
BPMs for the ERL bunch parametersand plansto read
them out at 1.3GHzto obtain the differenceorbit of the
beamin thosesectionsof the ERL wheretwo beamdravel
180 apartin RFphase Shorterstriplinescouldbereadout
at 2.6GHzto obtainthe sum-orbitof thetwo beamswhich
thenallows to reconstrucieachbeams locationindividu-
ally.

Feedbackanalysis: The vertical beamsizén modernex-
isting storageringsis nearlyassmallasthatof the Cornell
ERL. Becausestabilizationto a fraction of thebeamsizas
demonstrateth theserings,Cornellis investigatinghow to
applysimilarfeedbackechniques.

Beam-breakup instability (BBU): The currentlimit due
to recirculatingBBU instability hasbeenanalyzedn detail
for monopole,dipole, and quadrupolemodes[11]. It has
beendeterminechowv muchit canbe increasedyy a cou-
pled opticsandby polarizedHOMs; implicationsfor cav-
ity designhave beenanalyzed.And in collaborationwith

JLAB, experimentshave veried that theoreticalunder

standing.BBU dueto quadrupolenodescanleadto unsta-
ble beam-sizeoscillationsand dampingof all quadrupole
HOMs have beenmadeanimportantconsideratiorfor the

cavity design.

lon removal: The very narrov ERL beamsproducea

very steepelectrostatiqpotentialthat caneasilytrap large

ion densities,which would causedetrimentaloptics er

rors. Low impedanceclearing electrodeswere therefore
designedhatcanreducetheion densityto atolerablelevel

[12]. We nd thatabout200electrodespneat every mini-

mumof theelectronbeams potential,areneededo reduce
theion densityto about10 4. This densityestablishes-

selfasanequilibriumbetweerion creationandion removal

andbarely eliminatesemittancegrowth duringa full ERL

turn.

lon-gap production: An alternatve methodof avoiding

the accumulatiorof ions within the electronbeamwould

be the productionof regular gapsin the beam. The effect

of gapshasbeenstudied,and the technicalfeasibility of

their creationby kickersor by gapsin the gun-lasetbeam
is beinginvesticated.And restrictiongo x-ray experiments
posedby suchgapsalso have to be consideredthey can
complicatetiming measurementand experimentsthat re-

quire pulsecounting.

lon instabilities: Eventhestronglyreducediensityof ions

thatis left after the installationof clearingelectrodesan
drive the fastion instability. It hasbeenfound that the

clearingspeedfrom electrodeds not fastenoughto sup-
pressthis instability. Landaudampingandthe mixing of

ionswhichtravel atdifferentvelocitiesto theclearingelec-
trodesmight Il thatrole.

Energy spread budget: During decelerationthe uncor

relatedenegy spreadof the beamincreasedy the ratio

of high to low enegy, i.e. 500. The toleranceto an in-

creasen enegy spreadin the high enegy sectionof the

ERL is thereforevery small. Longitudinalwake elds are
thereforbeingconsideredrery carefully including rough-
nesswakes,resistive wall wakes,andshortandlong range
wakes of all commonvacuumcomponentsincluding the

narrov chamber®f undulators.

CSR shielding: For very shortbunchesin anERL, CSR

can have detrimentaleffect on the emittanceat various
places: (a) at the memger wherethe 10MeV beamfrom

the injector is sentinto the main linac, (b) at every bend
in the turnaroundat 2.5GeVandin the 5GeV returnloop.

This limits the currentper bunchandthe minimal bunch-
lengththatcanbereachedlf theeffectfrom CSRcouldbe

reducedby shielding elds in a narrav vacuumchambey
shortey moreintensebunchescouldbe provided. The CSR

shieldingeffectis thereforebeinginvesticated.

Coupler kicks: Perturbationgrom the rotationalsymme-
try of cavities leadsto time dependentrans\erseelectric

elds. Thesecanproducea signi cant emittancegrowth.

It wasfound that a cancellationoccurswhenthe coupler
locationalternatesrom beingin front of the cavity to be-

ing behindthe cavity. A symmetrizatiorof the elds in the



couplerregion by astuboppositethe couplerwasdesigned
to furtherreducethe couplerkick. [13].

Distribution of pumps and pressue: The synchrotron
radiation load on the walls of the vacuumchambey to-
getherwith the out-gassingrateandthe placemenbf vac-
uumpumpsdetermineshe pressurero le alongthe ERL.
This pressurepro le hasbeencomputedio determingion
creationratesandgasscatteringates.

Gas scattering and IBS scattering: Becausehe enegy
uncorrelatedrelative enegy spreadincreasesy 500 dur
ing decelerationit wasinvestigatedin how far the enegy
spreadfrom gasscatteringand IBS leadsto beamloss.It
becameclearthata detaileddesignof collimation sections
is essential.

Halo creation: Beamhalo can be createdby scattering
andre ection of light from the gun's laser by scattering
of the photo-electrorbeforeemission,by eld emission,
by darkcurrentin cavities, by scatteringof particleswithin
the beamor therestgas,andby particlemotionin nonlin-
earchageandotherE&M elds. Collimatorsectionshave
to bedesignedhatlimit thedamagdrom loosinghalopar
ticles.

Loss rates, radiation background, and collimator de-
sign: In storagerings, the lifetime is a very sensitve in-
dicatorof slow beamloss. In the ERL, oneneedgo guard
against small but continuousbeamlosswhich can easily
accumulatéo veryrelevantradiationbackgroundandcom-
ponentdamage.A detaileddesignof collimation sections
is neededhatlimits thex-ray radiationload.

Machine protection: A very sensitve andreliable beam
lossmeasuremerandbeamabortstrateyy hasto be devel-
opedfor machineandenvironmentalprotection.

Many accelerator physicsissuesstill have to be inves-
tigated: The longitudinal spacechage instability hasto
be taken into accountfor a relatively long sectionof the
linac. The opticsfor the two beamswithing the linac re-
lies heavily on RF focusingof low mediumenegy beams.
A validation of the accurag of modelsfor that focusing
is needed.The power load on the vacuumchambetrof the
ERL is upto 1.2kW/manda detaileddesignof thevacuum
componentso accommodat¢his loadis neededconsider
ing the strongsensitvity of the ERL beamto longitudinal
wake elds. Diagnosticsfor high enegy, non-destructie
measurementsf the 3D beamdistribution areneededas
well asmeasurementsf spectralbrightnessfor which an
ERL is optimized.

Many R&D items are related to the development of
x-ray beamlines: Relesant items are fast, and precise
x-ray BPMs, feedbackon x-ray beamsand x-ray stabi-
lization, undulatordesignand construction(cryogenically
cooled,superconductingpermanentnagnet shortperiod,
in-vacuum,tolerancesgtc.) X-ray experimentsthat take
full advantageof theimprovedbeamshave to be designed,
andrelatedtechnologyhasto be developed,e.g. high rep
rate pump lasers,new x-ray detectortechnology micro-
beam refractve lenses,transmissionLaue lenses,zone
plates KB mirrors, high power densitymultilayers,andul-

tra high datarate handling. X-ray beam-linecomponents
have to be developedfor ERL parameterse.g. high heat-
load crotch, high power-densitywindows, high coherence
optics,windowlessandopticsfree beamlines.
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