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Abstract
An L-bandsuperconductingcavity hasbeendesignedfor

accelerationof particlestravelling at81%thespeedof light
(b = 0:81). Four single-cellprototypeshave beenbeing
fabricatedandtested. Two of thesecavities wereformed
from standardhigh purity �ne grain niobium sheet. The
restwerefabricatedfrom largegrainniobium.TheRFper-
formanceof thesingle-cellcavities indicatethatthedesign
is suitablefor usein a protonlinac; the highestmeasured
acceleratinggradientwasabout28MV/m. Thefabrication
of two 7-cell cavity prototypesis in progress.

INTRODUCTION
Elliptical cavities with b < 1 are now being usedfor

accelerationof protonsin the SpallationNeutronSource
(SNS) linac at Oak Ridge [1]. A superconductingcavity
similar to the b = 0:81 cavity for the SNSlinac hasbeen
designed.Possibleapplicationsincludea proposed8 GeV
“Proton Driver” linac at Fermilab [2, 3]. The proposed
linacatFermilabwouldemploy 1.3GHzb = 1 cavitiesde-
velopedfor theTeSLA TestFacility (TTF) [4] at thehigh
energy end. The b = 0:81 ProtonDriver cavity was de-
signedto have thesamefrequency (1.3GHz insteadof the
SNSfrequency of 805 MHz) andbeamtubediameter(in
betweentheunequalleft andright beamtubediametersof
ascaledSNSb = 0:81cavity) astheTTF cavity.

Following upon thework atJeffersonLab to investigate
thepotentialof largegrainmaterialfor costsavingsand/or
improvedRF performance[5], two of theb = 0:81 single-
cell prototypecavitieswerefabricatedfrom largegrainnio-
bium (half-cellsmadefrom diskswith < 10 grains). Two
othercavitiesweremadefrom thetraditional�ne grainnio-
bium (grain sizeof � 60 mm). This paperreportson the
fabricationandtestingof thesingle-cellprototypecavities.

CAVITY DESIGN
A drawingof the7-cellcavity isshown in Figure1,along

with theelectric�eld linescalculatedby SUPERFISH[6].
Selectedcavity parametersfrom SUPERFISHaregivenin
Table1. Thecorrespondingvaluesfor theTTF [4] andSNS
[7] cavities arealsoincluded. The wall inclination of the
ProtonDriver cavity is thesameasfor theSNScavity, but
the cell-to-cell coupling is slightly higher, allowing for 7
cells insteadof 6. TheRF parametersof theProtonDriver
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Figure 1. (a) Drawing of 7-cell b = 0:81 ProtonDriver
cavity (blue= Nb; green= Nb-Ti). (b) Electric �eld lines
for theright half of thecavity.

Table 1. Selectedparametersfor the b = 0:81 Proton
Driver cavity andcomparisonwith SNSandTTF cavities;
Ea = acceleratinggradient,Ep = peaksurface�eld, Bp =
peaksurfacemagnetic�eld, c = speedof light, R = shunt
impedance(linacde�nition), andQ = quality factor.

Proton Proton
TTF SNS Driver Driver

Cavity 9-cell 6-cell 7-cell 1-cell

geometricalb 1 0.81 0.81 0.81
wall inclination 13.3� 7� 7� 7�

Ep=Ea 2.0 2.19 2.19 2.18
cBp=Ea 1.28 1.44 1.41 1.58
cell-to-cell
coupling 1.8% 1.5% 1.6% -
R=Q percell 115W 80.8W 79.1W 62.3W
Geometryfactor 270W 233W 227W 229W

cavity aresimilar to the SNScase. More informationon
thecavity designis availablein aseparatereport[8].

CAVITY FABRICATION AND
PREPARATION

SheetNb of thickness2.8 mm was used. Forming of
thehalf-cellsandbeamtubeswasdoneat MSU andin the
local area;electronbeamwelding was doneby industry.
Nb-Ti �angeswith knife edgeswereelectronbeamwelded
to the beamtubes. Partially weldedcavities areshown in
Figure2. Thegrainboundariesof the largegrainhalf-cell
(Figure2b)areclearlyvisible.
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Figure2. (a) Finegrainand(b) largegrainhalf-cellsafter
theiris weld.

FineGrain Cavities
Rolled Nb sheetof RRR � 260 was usedfor the fab-

rication of the �ne grain cavities. Cu gaskets were used
with the knife edgesealon the Nb-Ti �anges for the RF
tests.Neitherthehalf-cellsnor thecompletedcavitieswere
�red in a vacuumfurnace. The cavities wereetchedwith
a bufferedchemicalpolishingsolution(BCP, chilled 1:1:2
mixture) to remove about180 mm after fabrication;30 to
50 mm wasremoved in thecaseof repeatetching.Before
assemblyonto the insert for RF testing,the cavities were
high-pressurerinsedwith ultra-purewater for 45 to 120
minutes. The �rst cavity wastested4 times,with several
additionalcyclesof etchingandrinsing. The secondcav-
ity wastestedtwice, with a bake out undervacuumfor 12
hoursand20minutesat120� C afterthe�rst RF test.

LargeGrain Cavities
For the fabricationof the large grain cavities, Nb sheet

wascutvia wire electricdischargemachining(EDM) from
aningot with RRR� 280andTa content� 800ppm. Af-
ter theiris weld, thehalf-cellsweremechanicallypolished
to smoothoff grain boundaries.Prior to the �rst RF test,
thecavities were�red in vacuumat 600� C for 10 hoursto
eliminatehydrogenfrom thematerial.A 50mm etch(BCP,
unchilled1:1:1mixture)wasdonebeforebefore�ring, and

another50mmetchwasdoneafter�ring. Becauseof issues
thataroseduring theetch,theknife edgesweremachined
off andindium sealswereusedinstead.Thecavities were
high-pressurerinsedwith ultra-purewater for 60 minutes
(HPWR).Eachcavity wastested4 times; the preparation
stepsfor thevarioustestsareindicatedin Table2.

RF TESTING
Fine grain cavities weretestedat MSU andlarge grain

cavities weretestedat JeffersonLab. Figure3 shows one
of the�ne graincavitieson theRF teststand.

FineGrain Cavities
Resultsof thevarioustestson the �rst �ne graincavity

wereall similar, ascanbe seenin Figure4a. The results
of the�rst teston thesecondcavity (Figure4b) werecon-
sistentwith thoseof the �rst cavity, except that the �eld
limit was a bit lower. The vacuumbake-out on the sec-
ondcavity improvedtheBCSQ but did not helpthehigh-
�eld performance(Figure4b). Both�ne graincavitieswere
limited by a hardbarrier(“quench”). Thehighestgradient
reachedwith the �ne grain cavities was Ea = 18 MV/m,
correspondingto Ep = 40MV/m andBp = 96mT.

Little or no x-ray signalswereobserved in theRF tests
(� 600mrem/hourinsidetheradiationshield),exceptin the

Table2. Preparationof thelargegraincavities.
RF Test Preparation

# 1 seetext, noadditionalheattreatment
# 2 vacuumbake-outfor 12hoursat 120� C
# 3 2 hourTi at1250� C, 50 mm etch,HPWR
# 4 vacuumbake-outfor 12hoursat 120� C

(a)
(b)

Figure3. (a) Drawing of single-cellb = 0:81 cavity. (b)
Finegraincavity on insertfor RF test.
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Figure4. (a) RF testresultsat 2 K for the �rst �ne grain
cavity (nothermaltreatment);(b) resultsfor thesecond�ne
graincavity (beforeandafterthe120� C bake-out).

�rst teston the �rst cavity, in which heavy �eld emission
wasobservedandreducedby heliumprocessing.

LargeGrain Cavities
Resultsof the RF testson the large grain cavities are

shown in Figure5. Bothlargegraincavitiesreachedhigher
�elds thanthe �ne grain cavities. High �eld Q-drop was
observed, and was eliminatedby baking under vacuum.
The bake-outalsogenerallyreducedthe BCS surfacere-
sistance,as was the casefor the �ne grain cavities (and
as observed with other cavities). After �ring at 1250� C
with Ti andvacuumbaking,bothcavitiesreachedaslightly
higher �eld and were limited by quenches.The highest
�eld reachedwith the large grain cavities was Ea = 28
MV/m, correspondingto Ep = 62MV/m andBp = 148mT.

Signi�cant �eld emissionwasseenin only onetest(Test
#2 on thesecondlargegraincavity); in this case,the �eld
was limited by high radiationlevels. A soft multipacting
barriernearEa = 15 to 18 MV/m wasseenin someof the
tests,alongwith anincreasein radiationlevels.Thebarrier
waseliminatedaftera few minutesof conditioning. Mea-
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Figure5. RF testresultsat 2 K for (a) the �rst and(b) the
secondlargegraincavities.

suredlow-�eld residualsurfaceresistancesvalueswerebe-
tween8 and14nW, consistentwith the�ne graincavities.

CONCLUSION
ReasonableRF performance,adequatefor usein a pro-

ton linac, wasreachedin all 4 single-cell1.3 GHz b = 1
prototypecavities. Thegradientsreachedin thelargegrain
cavitieswereabout50%higherthanfor the�ne graincav-
ities, althoughthe preparationstepswere also different.
Fabricationof two 7-cell cavities is in progress;one of
the7-cell cavities will bemadefrom �ne grainNb andthe
otherwill bemadefrom largegrainNb.
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