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We describe the status of plans to build an Energy-
RecoveryLinac(ERL) X-ray facility atCornellUniversity.
This 5 GeV ERL is an upgradeof the CESR ring that
currently powers the Cornell High Energy Synchrotron
Source(CHESS)[1]. Dueto its very smallelectron-beam
emittances,it would dramaticallyimprove thecapabilities
of the light sourceand result in X-ray beamsordersof
magnitude better than any existing storage-ring light
source. The emittancesare basedupon simulationsfor
currents that are competitive with ring-basedsources
[2, 4]. The ERL designthat is presentedhasto allow for
non-destructive transportof thesesmall emittances.The
designincludesa seriesof X-ray beamlinesfor speci�c
areasof research.As an upgradeof the existing storage
ring, specialattentionis given to reuseof many of the
existing ring components.Bunchcompression,tolerances
for emittancegrowth, simulationsof the beam-breakup
instability andmethodsof increasingits thresholdcurrent
arementioned.This plannedupgradeillustrateshow other
existing storagerings could be upgradedas ERL light
sourceswith vastlyimprovedbeamqualities.

INTRODUCTION

CornellUniversity is currentlyprototypinga DC photo-
emissionelectronsourceanda 10 MeV injector linac for
low emittancebeamsof highCW currents[5]. Thebunches
that this injector is designedto producecould be acceler-
atedin a CW linac to energiesandwith beamcurrentsthat
arecomparableto thoseof storage-ringbasedlight sources.
However, thetransverseemittanceandthebunchlengthat
theendof the linac couldbesigni�cantly smallerthanfor
a ring-basedsource,so that X-ray beamsof higher bril-
liance,highercoherencefraction,smallercross-sectionand
smallerbunchlengthcouldbeproduced.

Sincetodaysring-basedlight sourceshave beamener-
giesof several GeV andbeamcurrentsa sizablefraction
of an Ampere,Cornell is planninga facility that cande-
liver 5 GeV beamsof 100mA.Theproductionof a contin-
uousbeamof this currentandenergy by a one-passlinac
would requiredeliveringa power of theorderof a GW to
the beam. Without recovering this energy after the beam
hasbeenused,sucha linac is impractical.

Theenergy recovery processthat is to beusedworksas
follows: After high-energy electronshave beenusedfor
X-ray productionthey are sentthroughcavities to excite
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Current(mA) 100 10 1
Charge/b(nC) 0.08 0.008 1.0
� x=y (nm) 0.1 0.015 1
Energy (GeV) 5.3 5.3 5.3
Rep.rate(GHz) 1.3 1.3 0.001
Av. �ux ( ph

0:1% s) 9 1015 9 1014 9 1012

Av. brilliance
( ph

0:1% s mm 2 mrad 2 ) 1.61022 3.01022 2.01017

Bunchlength(ps) 2 2 0.1

Table1: Parametersfor an ERL at Cornell University for
threedifferentrunningmodes:for high �ux, for high co-
herenceandfor shortpulses.We show initial targetemit-
tance�gures, simulationssuggestthatlowervaluesmaybe
possible.

�elds, which in turn acceleratenew electronsto high en-
ergy. SuperconductingRF cavities will beusedsincenor-
mal conductingcavities cannotachieve high �elds in CW
operation.

Figure1: An ERL in anextendedCESRtunnel.

DC photo-emissionsourceswith negativeelectronaf�n-
ity cathodeshave been simulated to give less than
0.4� mm mrad for a 100mA beamcurrent in a continu-
ous beamat 1.3 GHz [2]. Contraryto storagerings, the
transverseemittancein a linac can be reducedby using
smallerbunchcharges.Thereforea high coherenceoption
with reducedaveragecurrentis plannedaswell. Further-
morewe planfor a shortpulseoptionwith reducedrepeti-
tion rateandhigherbunchcharge for pumpprobeexperi-
mentswith hightimeresolution.Parametersfor thecurrent
scheme,not containingthesmallestsimulatedemittances,
areshown in Tab. 1. Constructionof a prototypeelectron
sourceand of a 10 MeV superconductinginjection linac
[6, 7, 8] that shouldtogetherprovide suchbeamsis pro-
gressingwell. With this facility we want to verify that the
functionalityof all essentialdevicesandphysicalprocesses
beforeproposingandbuilding anERL baseduserfacility.



OUTLINE

The high energy physicsexperimentsfor which CESR
wasbuilt will bephasedout in 2008. CESRwill beavail-
ablefor CHESSoperationalonewhenCESRstopshighen-
ergy physicsoperation.Thenwe plan to upgradeCHESS
to anERL facility basedon theCESRcomplex.

The designof sucha facility shouldbe madecostef�-
cientby reusingmuchof CESR's infrastructure.Theoper-
atingCHESSX-ray facility shouldbedisruptedaslittle as
possiblewhile building andcommissioningthe ERL and
thereshouldbe a suf�cient numberof X-ray beamlines.
Furthermore,thereshouldbepotentialfor futureupgrades.
While it couldhave turnedout thatreusingCESRimposes
too many constraints,quitecontraryit hasbeenfoundthat
the�e xibility of CESR'smagnetarrangementholdsseveral
advantagesfor anERL design.Firstandsecondorderelec-
tronopticshavebeenfoundfor bunchcompressiondown to
at least100fs with thecodeTAO [9, 10], andnearlyall re-
quiredmagnetstrengthcouldbesupportedby themagnets
thatarein CESRtoday.

In [11] we have reportedon an optimizationwhich ex-
tendstheCESRring to a racetrackshape.Figure1 shows
the CESRtunnelandthe layout of a possiblelinear ERL
extension.Electronsfrom a 10 MeV injector(1) would be
acceleratedto theEastin a2.5GeVlinac(2). A returnloop
(3) wouldsendtheminto asecondlinacwhich is locatedin
the samestraighttunnel(4) andacceleratesto 5 GeV. An
arc (5) injectsthe electronsinto the CESRring (6) where
they travel counterclockwiseuntil anotherarc (7) injects
thembackinto the�rst linac,wherethey aredeceleratedto
2.5 GeV. Thereturnloop leadstheelectronsto thesecond
linac sectionwheredecelerationbackto 10 MeV leadsto
thebeamdump(8) [12].

A returnarc is alsoshown which connectsthe arcs(5)
and(7) so that electronscanreturnto the linacsafter ac-
celerationwithoutpassingthroughCESR.Thisconnection
hasbeenchosenso that the ERL could be built andcom-
missionedwhile CESRis still usedasa storage-ringlight
source.Otheradvantagesof thisupgradeplanarethatall of
theCESRtunnelis reused,which createsspacefor a large
numberof insertiondevices. The straight tunnel houses
two linacs, which reducestunnel cost as well as the re-
quiredlengthof cryogeniclinesandcables.The tunnelis
laid out longerthanrequiredfor the two linacs,so thatan
extensionof the facility by extra undulatorsor by anFEL
is possible.

BEAMLINES

The Southhalf of the CESRtunnelwould containun-
dulatorsandwould reusethe currentfacilities of CHESS.
Additionally, new userareascouldbecreatedin theNorth
sectionof CESR(at the top of Fig. 1) andin straightsec-
tionsof thelinac tunnel.Thelocationof thelinac at a hill-
sideis chosenin suchawaythatnoexistingbuilding foun-
dationsinterfereandthatX-ray beamlineswith easyaccess

Figure2: Thebeamlineconnectingthe linac antheCESR
ring. undulatorbeamlinesareshown, but aCW FEL could
alsobeoperatedin this region.

canbeaddedbetweenthelinacandCESR.Theoutlineand
theopticsfor this sectionis shown in Figs.2 and3.

To limit thecostof cooling,theacceleratinggradientof
theSCcavities shouldnot exceed20MV/m. Thus,250m
of cavities would lead to 5 GeV beamenergy. However,
muchmorespaceis requiredfor thelinac,sincehigheror-
der mode(HOM) dampersand connectingtubeshave to
be placedafter eachcavity and2 quadrupoleshave to be
placedafter eachcryomoduleof ten 7-cell cavities. With
TESLA type cavities anda beampipe of 39 mm, the �ll
factoris about53%.Thetotal linac lengthwould therefore
have to be about500 m. The tunnelextensionshown in
Fig. 1 hasasectionof 250m with two linacssideby side.

In [11] a possibleopticswaspresentedwhich modi�ed
CESRaslittle aspossible. It containsfour undulatorsof
5 m length, two undulatorsof 2 m length and one 25 m
longundulatorin theSouth,andanequivalentarrangement
could be addedin the North. The betafunctionsare1 m,
2.5m and12.5m in thecenterof theseundulatorsrespec-
tively but a�e xible latticecanproducelargerbetafunctions
easily. Currently18 beamlinesandtheir sciencecaseare
beinginvestigated. The undulatorlengthare: 25 m for 2,
5 m for 9, 2 m for 2, 1 m for 1, 2 m for 3 undulatorsin
the2.5GeVloop in theEast,andonediagnosticundulator.
Thesestudiescover theareasof: phaseimagingandtopog-
raphy, coherentdiffraction andXPCSmicroscopy on the
nm scale,nanoscopeandnanoprobeTXM andSTXM to
nmresolution,proteincrystalography, inelasticX-ray scat-
tering, femtosecondtiming, resonantscattering,SAX and
XPCS for mesoscopicscience,and generalmaterialsci-
ence,e.g. at high pressures.The undulatorsat 2.5 GeV
wouldbefor softX-ray studies.

OPTICS

The loop (3) connectingthe two linacs was chosenso
asto produceanacceptableemittanceincreasedueto syn-
chrotronradiation.After appropriatenonlinearcorrection,



thedynamicsdoesnot leadto emittancegrowth for a0.2%
energy spreadbeamthat one obtainsfor 6� off-crest ac-
celeration,asrequiredfor compressinga 2 ps long bunch
to 100 fs after the linac. This loop couldalsobe usedfor
energy spreadreductionby runningthe secondlinac � 6�

off-crestasdiscussedin [13].

Figure3: Betafunctionsanddispersionfor the region be-
tweenlinacandCESR(unitsarem).

Theemittancegrowth for a100mAbeamdueto incoher-
entsynchrotronradiationfor thehigh �ux optionin Tab. 1
is 0:04nmandthereforeacceptable.Theemittancegrowth
dueto coherentsynchrotronradiationascomputedby EL-
EGANT [14] is shown in Fig. 4. The �uctuations aredue
to secondorderdispersion,but thedifferencebetweenthe
two curvesshowsthein�uence of coherentsynchrotronra-
diation. It is approximately0:0004nm andthusnegligible.
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Figure4: CSRemittancegrowth in thereturnloop. Solid:
with CSR,dashed:withoutradiation.Unitsare% of 0.1nm
alongthelinac (in m).

The optics for the linear acceleratoris shown in Fig. 5
in x andy for the acceleratingbeam. The optics for the
deceleratingbeamof the ERL is mirror symmetric. The
betafunctionsarerelatively small.Thethresholdcurrentof
thebeambreakup(BBU) instabilityhasbeencalculatedfor
asimilaroptics.For quitepessimisticassumptions(HOMs
with R/Q of 100 
 and Q = 104) the thresholdcurrent
is about200mA for a HOM frequency randomizationof
1.3 MHz. Whenthe modesarepolarizedandan opticsis

Figure5: Opticsin thetwo linacs(unitsarem).

chosenthat coupleshorizontaloscillationsto the vertical
andviceversa[15], thethresholdcurrentis about650mA.

Emittancegrowth due to coherentsynchrotronradia-
tion is aphenomenonwhich is hardto computeaccurately.
Wearethereforealsoinvestigatingalternatedesignswhich
minimize the total bendangleasin [11]. Which option is
chosenwill be decidedby a mix of the numberof beam
linesavailable,theachievablebeamproperties,andtheto-
tal costof theproject.
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