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Abstiact

Five 1300MHz superconductingiobiumcavities areto
be usedfor the injector of Cornell ERL prototype. The
beampower requirement(100 kW eachcavity CW) and
the needto minimize emittancedilution dueto the cavity
structurehave importantimpactsto thedesignandfabrica-
tion of thesecavities. We planto useCon at stainless-steel
anges brazedto niobium tubes. Two copperprototype
cavities have beenbuilt and measured.Partsfor the rst
niobium cavity have beenmanufctured.In this report,we
will presenthe progresf the prototypingcopperaswell
ashiobiumcavities.

INTRODUCTION

A 5GeV, 100mA (CW) ERL light sourcefor X-ray sci-
encess beingexploredat CornellUniversity[1]. Boththe
mainlinac andtheinjector RF systemarebasedon the su-
perconductindRF (SRF)technology The rst stageof the
Cornell ERL projectis a 100 MeV, 100 mA (CW) proto-
type machineto studyenegy recovery with high current,
low emittancebeamq?2]. NSFhasfundedthe construction
of the prototypeinjector, which consistsof a500keV DC
gun, a normalconductingcopperbunchercavity, and ve
superconducting-cell cavities.

Figurel: Cavity layoutfor CornellERL prototypeinjector.

The injector SRF cavities acceleratdounchesfrom 500
keV to 5 MeV with minimal emittancegrowth. Five 2-cell
niobium cavities are tted into onecryomodulg[3]. Each
cavity providesl MV voltage,correspondindo anaccel-
eratinggradientof 5 MV/m in CW operation.Injectorcav-
ities will alsobe operatedat 15 MV/m at a reducedbeam
currentof 30 mA. Eachcavity hastwo symmetricRF input
couplersto cancelkicks dueto coupler elds. Eachcou-
pler delivers50 kW power to the beam. Beam-lineHOM
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absorbersare tted betweencavities to dampHOM's. A
sketchlayout of the ve injector cavities, symmetrictwin
input couplersandHOM absorberss shavnin Fig. 1.

RF PARAMETERS

The 2-cell cavity is optimizedto allow HOM's caused
by beam-caity interactionto propagatento ferrite-lined
beamtubeg[4]. Tablel liststhecavity parameterandFig.
2 shawsthe cavity geometry

Tablel: RF parametersf 2-cell niobiumcavity.

Parameter Value Unit
Frequeng 1300 MHz

R/Q 218

Epk/Eacc 1.94 -

Hpk/Eacc 42.8 Oe/(MV/m)
Cell-cellcoupling 0.7% -

Input coupler

Acceleratingvoltage  1(3) MV
Acceleratinggradient 5(15) MV/m

UnloadedQ at2 K -
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Figure2: 2-cell cavity with twin RFinputcouplers.

CONSTRUCTION CONSIDERATIONS
Niobium

As showvn in Table 1, the requiredgradientis modest,
correspondingo a peaksurfacemagneticeld of 650
Oe. Prematurghermalquenchis unlikely to be a problem
as a resultof the reducedsurface RF current. High pu-
rity niobium of RRR 250-300(1/8 inch thicknesssheets)
is usedto build the cells of the cavity. Post-puri cation



by 1400 C annealingwill not be applied. Annealingat
600-800 C remainsanoptionfor the purposeof reducing
hydrogencontentin niobiumandavoidanceof Q-disease.

Stainless-Sted&lon at Flange

Waiving 1400 C treatmentopensup the possibility of
usingstainless-ste€lon at angesfor beamtubesandRF
ports.316LN stainless-steés brazedto niobiumin avac-
uumfurnaceby usingthe purecopperwire asthe ller ma-
terial [5]. The316LN stainless-stealisk material(West-
ernForge& FlangeCo.) hasa0.12%nitrogencontent.The
materialhardnesss in therangeof 160-180on the Brinell
scaleandremains 140 after the furnacebrazeprocess,
whichis adequatdor sealingcoppergaslets. Thereliabil-
ity of SS-Nb ange hasbeenshovn by LEP 350MHz SRF
cavities at CERN with no single problemreportedduring
life-time acceleratoservice. ANL SS-Nb angesin low-
betaSRF cavities also shav excellentreliability. Several
brazedangeswith amaximumd4 inch diametertave been
fabricatedall leaktight after repeatedhermalcycling be-
tweenLN temperatur@ndroomtemperatureAn alterna-
tive methodunderevaluationfor making SS-Nb ange is
to machineexplosion-bonde&S-Nbcompositematerial.

Fig. 3 showvs abrazedSS-Nb ange anda ange fabri-
catedfrom explosion-bonded&S-Nbh Both anges have a
4 inchdiameter

Figure3: Con at anges for 2-cell niobium cavity. Left:
vacuumfurnacebraze;Right: explosionbonding.

GapBetweerBeamTubeFlange Surfaces

The regular Con at joint has small gapsof extended
depthbetweenmating anges. Shortbunchescan excite
dangerousvake- elds in thegapspaceof beam-lineange
joints. Over-heatingand arcing are concerns. The tradi-
tional RF nger contactis effective in shieldingthe gap
from the wake- elds. Unfortunately particle measure-
mentsshaw thatit is notsuitablefor usein conjunctionwith
highgradientiobiumcavities. Contactngers whenunder

Figure4: Coppemarticlesgeneratedrom RF ngers.

compressiogeneratexcessie amountof copperparticles
asshawn in Fig. 4. Particulatecontaminationin niobium
cavity is a known sourceof eld emissionandshouldbe
avoided.

Figure5: New designof the Con at ange for the 2-cell
injector cavity.

A modi ed Con at ange design(Fig. 5) hasareduced
diameterandataperedange surface. The spacebetween
the ange andgaslet surfaceshasa reduceddepthandan
increasedvidth. A lower lossfactorand surfaceelectric
eld areachieveddueto this modi cation. RF nger con-
tactis eliminated.A joint by a pair of new Con at anges
is testedto beleaktight afterrepeatedhermalcyclesfrom
roomtemperatureo super uid liquid helium.

Input CouplerBlock

Thestrongcoupling( ) of theRFinputcou-
plerwith the2-cell cavity entailsasmallclearancéetween
the couplerportsandtheadjacentell. Precisionrmanufc-
turingis necessario achieve thetight toleranceneededor
minimizing bunch disturbancedue to coupler elds. We
chooseto machinethe couplerblock from 4 inch thick
solid niobiumwith a high purity (RRR 200). RF eld in
thecouplerblock regionis still relatively high. A high nio-



bium purity providesthe bestguardagainstpossiblether
mal quenchdue to coupler elds. Mechanicalanalyses
shav a maximumstressof 3.4 MPa whenit is subjected
to theloadof oneatmospheripressureTheRRR200nio-
bium hasayield strengthof 40 MPa.

Medanical Axisand Electrical Axis

The beamemittanceis vulnerablein the injector asthe
beamenepy is still relatively low. Deviation of the cavity
electricalaxisfrom its mechanicabxis mustbeundercon-
trol. Thisis insuredby precisionmanufctureof trimmed
half-cells and tight control of weld shrinkageuniformity.
Thegoaltolerancds 0.1 mm for the stampedtell contour
The goaltoleranceis 0.25 mm for the cup axis offsetand
0.25 mradthe cup axis tilt. The goal tolerancefor weld
shrinkagevariationis 0.1 mm. Initial measurementwith
coppercavity partsshav that the achieved tolerancesare
closeto the goalvalues.A CMM hasbeenpurchaseand
will beusedfor furtherprecisionmeasurements.

COPPERPROTOTYPE CAVITY

Two copperprototypecavities have beenfabricated The
end half-cell is differentfrom the centerhalf-cell by de-
sign. Threesetsof forming diesarebuilt for deepdraving
cavity cupsandthe beamtube transition. Stainless-steel
angesarejoinedto coppertubeshy vacuumfurnacebraz-
ing. Cavity partsarejoined by electronbeamwelding to
exercisethe jigging xtures which areto be usedfor nio-
bium cavity fabrication.Fig. 6 shovs a completedcopper
cavity.

RFmeasurementsf the rst coppercavity shavsagood
eld atnessof 90%ashuilt. A 5MHz errorabovethegoal
frequeng is revealed. The major contritutor is a mistale
in the trim dimensionat the equatorweld prep. The sec-
ond coppercavity with the correctedtrim dimensionhas
a frequeng error of 1 MHz, well within the manufcture
statistics.

Figure6: 2-cellinjector prototypecoppercavity.

Selectve HOM'sarealsomeasuredavith thesecondtop-
percavity in theabsencef RF input couplers.Thelowest
dipole mode(TE11) hasafrequeng of 1677.08MHz, 20
MHz above the TE11 modecut-off frequeng of the 106
mm diameterbeampipe. The achieved safetymaigin for
propagatinghe dangeroudrans\ersemodeinto the beam
pipeagreesvell with the calculationresults.

An existing set-uphasbeenadaptedfor tuning the 2-
cell cavity. Furtherpost-tuningmeasurementsf the eld
atness, frequenciesof the fundamentamodeaswell as
HOM's arereportedn [6].

NIOBIUM CAVITY

Cups for the rst niobium 2-cell cavity have been
stamped. The niobium coupler block has beencut by
wire EDM. Beamtubeswith brazedstainless-steeCon at
angesarebeingfabricated A new weld preparations be-
ing studiedfor producinga at surfaceon the RF sideby
full penetratiorfrom out-sideweld. Testweldswith sam-
ple niobiumpiecesaswell asmockupniobiumdumb-bells
areon-goingto determinethe weld shrinkageandits vari-
ationtolerance.

CONCLUSION

Prototypingof 2-cell cavities for CornellERL injectoris
progressingTwo coppercavities have beenfabricated We
gainedcon dencein achieving the goal fabricationtoler-
ance. The goal fundamentamodefrequeng is achieved.
A 20 MHz safetymamin in the frequeng of the lowest
dipole-modeis achiesed to insurethe propagationof the
dangerou$lOM'sinto thebeamtube.4 inch diametemio-
bium beamtubesare successfullybrazecdto stainless-steel
anges. The RF nger contactis found to be a massie
sourceof copperparticles. Its usein 2-cell niobium cav-
ity is eliminated.A modi ed Con at ange designis con-
ceivedandtested.The rst niobiumcavity is underfabrica-
tion andits cold testin anexisting dewar is beingplanned.
Five 2-cell niobiumcavities with integratedheliumvessels
will befabricated.
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