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ABSTRACT

Developments on superonduding cavities have been garted in 1997 under the wllaboration with
KEK, to lean many know-hows in this field . We fabricaed a sgle cll L-band cavity, made
suface treament and tested. After several trials, the high gradient of over 30 MVim is obtained on
our cavnty. Inthis paper we W report the resits of the measurement on this cavity and adivities at
Sumitomo heavy indudries,ltd .

1. Introduction
Our dan to egalish the technology necessary for supeconduding cavitiesis & follows.
First gep : fabricaing asingle all L-band cavity, making suface treatment and
testing it to learn many know-hows in this field.
Sewond step:fabricaing multi-cell cavities ty own techncs.
Third dep: deign and fabrication of the ayo-module .
The first d¢ep has ben aimost completed. Besides the general study, the special purposein the
preseit study was to see the diange of the maximum accelerating gradient with increassed suiface
removal by eledropolishing. Wth the taal removal of 150u on the average in the cawty, the
maximum gradient of 32MV/m was &hieved.

2.Fabrication and surface trenernt ,

The dimension of L-band cavties is $1own in Fig.-1. The cawty is made by welding hydroformed
half-cells from 2.5mm thick niobium shed. It consids of two flanges, two half-cells and two beam
tubes. The residual resistance rdio of each patts was 80, 180, I8(suplied by Tokyo Denkai, Itd.) .
As for the surface treatment of Nb cavities, an extensive study is being curied out in KEK, and the
high gradient of over 30 MV/in is obtained repetedly. It is found that the surface removal of about
100 p on the average and the final treament with E.P by about 30 u are necessay to atain the
high aceleraing gradient over 30 MV/im in the cavities made from niobium of RRR=200.
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Sothe following procedues ae candidatesof sandard treatment in KEK.
Barrd polishing (B.P1:100) wth light chemicd polishing:
or heavry Chemicd polishing (CP)
Eledropolishng(EP2:30)
+Annealing(700800deg
High Pressure water Rinang: HPR3.
The doice of two possibility in the first 2ep $ould be ane by taking in to acount costs, mass
productivity, safety problem and soon.
The necessty of heavy removal of upper most suiface and the dependence of the maximum
acaleraing gradients on an amount of removedthickness are tudied by Dr. P.Kneisel using CP.
Although EP is not necessay for heavy removal of the first sep, it is very interesing to repeathe
above experiment by EP and to compare it with CPreaults.
Before EP, light CP of ~20was peformedto prevent contamination of EP lution. Heattreatment
might be not necessay in this experiment , but the cavty was heattreated a 760deg.for 5 hours
(Fig.-2) to seehow Q-dsease by hydrogen absorption appearswith increaing amount of EP. EP
was peformedwith a 2ep of 30and followed by HPR.Then the cawty wasassembled with an input
coupler and a momitor coupler in a class 10clean r@m. The cvity was evacuted by turbo
moleaular pump and ion pump to 10 torr with light baking(about 90deg). for one to two days.

3. Measurenent(vertical test)
In cold teds, we measued residual resistance (Res) by fitting the temperdure depadence of
sufaceresistance (Rs) axdd Q degndence on Eacc at bBout 1.8 K. The resuts are shown in Fig.-3
(@),(b),(c) and summarized as follows.
Asttry:(total removedthickness : 50 )

Chemistry:

CP(D)amealing(760 dedr)EP(D)HPR(75 kd/cm?).

X-ray was observed from about 3 MV/m. After 1st. measurement, we inspected inner surface of the
cawuty, and found out alot of irregularities like pits (see K. 4). We think that diemical residue
might be in thesepits, reaulting in suwch aheavy field emisgon.
.2nd try : (total removedthickness : 80 )

After 1&. try , adde EP(D)HPR
Thesepits did not vanish from the surface ¥2nd. chemistry. The aceeleraing gradent was limited
at 18.3 MV/m by thermal breakdwn.
.3rdtry : (total removedthickness : 110)

After 2nd. try , added EP@HPR
The pits gill remained but the acelerating gadient of 223MV/m was @&hieved after RF
procesing. At the maximum gradient, the cavty showed if-pulsing .
. 4th. try : (total removedthickness : 140 )

After 3d. try, added EP(30)HPR
After EP, wefound out the etched sufaceon our cavty due tobad EP condition. We were very
interesed in the cavty performance. But unfortunately we culd not measurel the cavty, because
of vacuum leakae in liquid helium..
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. 5th. try : (total removedthickness : 150 )

After 4th. try , the cawty was exposedon air in aclass 10clean. Three months later ,the cavty was
treated with EP(10) and HPR.
The suface was looked like extremely smoaoth. On the aher hand, the pits on the suface became
bigger and more than before (we dd not expect good perfformance ). The cavty showed the
performance of high gradient over 30MV/m. X-ray wasobseaved from 16 MV/m, same as 3rd .
From the plot of X-ray intensity vs. Epex , it Seemsthat it must be field emisson.

5. Immary

We have leaned a fabricaion method and charaterization method of niobium cavities . The
cauty has many pits always in the experiments. However the maximum gradient of 32MV/m has
been achieved by the suface emoval of 150m on the average.The necesty of heavy removal has
been demonstrated in the cas of EP dso (Fg.-3 (b)), and the supeiority of EP has been confirmed.
Although the cavwty was not intentionally kept a dangerous temperdure for hydrogen Q_deseas,
saiously Q_deseas wasnot obsenvedeven after BP of 130 m(Fig_3 (c)).
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Fig. 2. Annealing condition of cavity.
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Fig.3 Measurement results

A) cavity performance Qo vs Eacc.
B) Maximum Eacc vs. Polishing thickness
C) Residual surface resistance vs.Polighiickness
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BEAD WELD

VIEW

Fig 4 Inspection of pits of our cavity
This pit is most biggest comparde with others. The shape was ellipse and major dimension was albmut 600
At first inspection.
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