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THE SUPERCONDUCTING CAVITY SYSTEM FOR KEKB

T. Tajimd, K. Akai, E. Ezura, T. Furuya, K. Hosoyama, S. Mitsunobu
KEK, Tsukuba, Ibaraki, 305-0801, Japan

Abstract

The superconducting cavity (SCC) for KEKB is 508 MHz Table 1: Parameters of SCC module

single-cell cavity that has large beam pipes (22armh 30
cm i.d.) so thahigher-order modes propagateit of the Frequency 208.887 MHz
cavity and beabsorbed by dossy material. The input |-Saplength 243 mm
coupler is the TRISTAN-type coaxial one with some| R/Q 93Q
modifications such that dc bias voltagen be applied to | Geometrical factor 251Q
avoid multipactoring during beam operation, fins to | Esp /Eacc 1.84
efficiently cool the outer conductor and a heateretmove Hsp/Eacc 40.3 Gauss/(MV/m)
condensed gases. The higher-order mode absorbeadis Loaded Q 6-8 x 10
of ferrite directly sinter-bonded ate innersurface of the Cryostat LHe volume 290 liter
copperpipe using atechnique calledHot Isostatic Press
(HIP). One prototype cavity wassted up td.57 A at Waveguide , input coupler .
TRISTAN Accumulation Ring (AR) in 1996. Thefour o Total length: 3.7 m
cavitieswere constructefor KEKB. One of the cavities HOM Absorber LHe Transfer Line HOM Absorber
achieved an accelerating field of MV/m at a test in a (SBP) Tuner (LBP)
vertical cryostat; thisfield is the world record atthis
frequency toour knowledge. Nalegradation otthe field
afterassembly into horizontal cryostats welsserved up LHe
to the available power of 300 kW thedrresponds to ~12
MV/m. These four cavitiesvere installed in KEKB . :
tunnel and are expected to supply 6 MV in total voltage to > O
the 1.1 Aelectron beam inhigh energyring (HER). i =T U e e
Since beam commissioningtarted in Dec. 1998, the ; — — /
system hasbeen supplying 6 MV and working very 300 L/s | |
smoothly without any trouble. The maximum current has lon pump |30°n0p'-lfr5np
been ~ 240 mA and power delivered to beam per cavity is TT TT
~200 kW up to the end of Feb., 1999. == f—x
7/
1 INTRODUCTION Figure 1: Superconducting cavity module for KEKB

Based on the successful beam tests at TRISTA
Accumulation Ring (AR) in 1996 [1-4], westarted

construction of four superconducting cavity modules fi
KEKB HER from the beginning of 1997. Thigaper

describes its constructioperformance othe cavities and
some of the first data on the beam operation.

2 CONSTRUCTION

Table 1 gives the parameters of the cavity module. Figu§
1 shows the whole module. It has two 300 liter/s io
pumps connected to thend conesandthe diameter of the
end gate valves is 15 cm. Figure 2 is a picture offabe
modules installed in the Nikko D11 tunnel BEKB.

Each module was installed betweewo quadrupole
magnets. Weamedthe cavities RA, RB, RGand RD

after the names of Klystrons from left to right in therigure 2: A picture of fouSCC modules in Nikko-D11
tunnel. tunnel
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Cavity single test
Initial aft. fully-equipped
Nov. 27, 1998

Jan. 13, 1999

2.1 Fabrication of Cavities

The cavitiesare made of2.5 mm thick niobium with

RRR being ~200. Cavity cellgere spun from sheet
material and electron beamwelded. The procedure of oto
surfacetreatment was as follows: 1) electropolishing 8(J1
um, 2) degassing at 700°C fot.5 hours and 3) QO
electropolishing 15um and rinsing with 3-4 ppm
ozonized water. 1

®e» [0

2.2 Assembly with Cryostat, etc.

After cavity-alone tests in a vertical cryostat, cavitiese ol
chipped-off at flange valveandtransported to alass 100 0 2 4 6 8 10 12 14
clean room, vented with filtered nitrogen gas and Eacc (MV/m)

assembled with extension pipemgmde ofstainless steel at
both ends. Then, they were assembled with cryostats, et
finally end cones thathad been pre-assembledith
dampers and gate valves were mounted at both ends. Qo Iﬁﬁmmmm

3 PERFORMANCE OF THE 109?

CAVITIES

Figure 3 showaunloadedquality factor, Q, of the four
cavities as a function accelerating field. In the figures, 1080
open circles are the results of cavity themselwneasured Eacc (MV/m)
in a vertical cryostat. Opesquares ardghe results of
benchtests after fully equippedwith horizontal cryostat 10" e e L e e o
and other partsbefore installation in the tunnel. Solid
trianglesandsolid circlesarethe resultsmeasured in the Qo SR DO
tunnel on Nov. 27, 1998peforefirst operationand on 1 * el
Jan. 13, 1999, before second operation.

Although the designed voltage for operatiorlis MV
or 6 MV/m per cavity, we set our target at 10 MV/m and
Q,= 1x1® to have enough marginforstableoperationlo8 o o b b b L L
and incase ofthe operation witfewer modules. Cavity 0 2 4 E6 M%// 10 12 14 16
RA could not reachthis target due to a defect on the acc (Mv/m)
equator. Afterthe defect was ground off, the cavity 100
showed nearly 10 MV/m. Cavity RB surpassed i@aord
on vertical tests (15 MV/m) [5]reaching 19MV/m.
Using the numbers given in Table 1, onan obtain
surface peak field of 3¥V/m andmagneticfield of 750 10°
Gauss. To ouknowledge this is the highest valuever
reachedvith 500 MHzrangecavities at 4.2 K.  Cavity
RC degraded during first vertical test due possibly to somi08
damage created by discharge.

As to the resultsafter full assemblyand installation, 0 2 4 Eac?(MV/n%) 10 12 14
the remarkablepoint is thatvery little degradation from
cavity-alone tests occurred compared tdhe results of Figure 3:Unloaded Qvs. accelerating field of all the
TRISTAN cavities [6]. Note that the higheields are Cavities. O.P. stands for operation point.
not marked inFig. 3 since it is difficult to measure Q
Cavity RA got even better in@@or some reason. As for 4 BEAM OPERATION
cavity RB, wedid not try to go much highdrecause the
field is more than enough for operaticend due to

available power. Before cooling down the cavities, we condition thimput
coupler up to 300 kW wittperfect reflection condition,
and up to200 kW with dc bias voltageapplied on the

20

1st test
/

L
Py
O

4.1 Conditioning
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inner conductor up to + XV. Normally, it takes one
day with one operator for each module.

After the LHe vessel is filled up to 90 %, we try tov 204
raise coupler power up t@00 kW in off-resonance g 150
condition, and raise the cavity voltage, Vc, up to about &
MV that corresponds to 1MV/m or till breakdown € 100
occurs. Then, we shift phase of cavity up to + 30° so th 50
the field profile in the coupler changes to condition thed
less conditioned parts of the coupler. When we see some
degradation on the attainable field, we apply pulsadger 1
conditioning. It takes only dew hours at most to
recover. This also takes about one day.

Finally, wemeasure Qat certain cavity voltage®.g.
at 2.0, 2.5 MV, withLHe consumption rate. Thitakes

. 250 Feb. 26,1909 5001800

(——

/
| /

LN R I A | ‘

LT

Cavity P (nTorr)
=y

- y o —

about 6 hoursdepending orhow manydata wewant to == T N

take. i i

Table 2 summarizes the present status ofthemodules. o4l . | 0 1 b

Table 2 : Present performance of the modules . 10p \ T E

_ Mar. 18-19, 1999 E - AR SA: ]

Cavity RA RB RC RD s | TEm—— | = | .

Q@ 2MV (x10) | 2.1 2.0 1.3 1.4 a 1| N \’%

Eacc,max (MV/m)| 12.3 | 13.0| 10.7] 11.3 S — 1

Static loss (W) 31 7| 32 32 o T i
YDue to insufficient insulation vacuum caused by leak 0.1 R M [

3: OO 6:00 9:00 12:00 15:00 18:00

4.2 Vacuum .
Time
Figure 4 shows the time evolution ressure in the Figure 4 : Typical trend of pressure during beam operation
cavitiesand atthe adjacentbeam ducts. Considering the
importance of making the amount of gas flowing into the 25 Data on Feb. 26, 1999 K99030602-5
cavity as small as possible for stable operation, we ~ [T T T T T T T T T T T T
installed five 400 liter/s NEG pumpmndone 300 liter/s
ion pump on the dudbetween eacmodule. Theeffective 2
pumping speed athe neighboringlucts is~77 liter/s-m
[7]. As onecan see irFig. 4, thebase pressure of the —1 5
ducts is normally 0.6 to 0.7 nTorr at present. ltestain 2
that this good vacuum is contributing to the stable&S
operation. o
Figure 5 shows the pressure increase with current. The
pressuregoes up linearly with current. Cavity RD is 0.5
showing relatively higher pressure as seerFig. 5 for
some reason, although the slope is same as others. The o} | = | | = |
extrapolated pressure at 1.1 A is 5.7-6.8 nT@ampared 0 50 100 150 200 250
with the last test in TRISTAN ARwvherethe pressure
went up to ~10 nTorr with 400 mA, this looks
promising. However,taking into accountthat thebeam
loss will be much higher with shorter bunch length and.3 HOM Dampers
pressuremight increase non-linearly, we shouldkeep
watching it very carefully and it will be important find
appropriate indicators on the condition of trips in terms
pressure oamount of gagondensed otthe cold surface,
although it is of course desirabletiferewill be few trips
in the future as it is now.

Cavity RD

\
\

\\\\‘\}

Beam current (mA)
Figure 5 : Pressure at SCC versus beam current.

HOM dampers are made &drrite [8] andtested up to 5
and 7 kw for SBRandLBP, respectively, with a 508
Hz coaxial line, thenbaked at150°C for about one
month toreduceoutgassing rate. Thexpectedrate after
baking is less than 1.5 x 1bTorr-liter/s-cri at room
temperature, whiclcorresponds to #otal outgassingate
of the dampers being 5.2 x4 Torr-liter/s.
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The damperhas 3/8" or 1/2" o.dcoppercooling pipe 1
press-inserted orthe outerlayer made of oxygen free
copper. Each cavity module has its own cooling unit for 08

dampers and its capacity is 11.6 kW at 20°C. The norm
operating condition is 5 liters/min at 23°C. Té&epected
total power to be absorbed at 1.1 A with 5000 bunches i 0.6
about 5 kW. o
Figure 6 shows the power calculated from difference
of inlet and outlet water temperature and the flow rate as
function of beam current. Thidatawas taken when the
beam is coasting iwrder tominimize theinaccuracy due
to delay ofthermal responseompared tothe change of

d(

©
N

Powét abso

o©
(V)

current. The fluctuation of the signal aused by the

ol

SBP

fluctuation of inlet temperature to regulate the
temperature. It relatively widens at lower temperature due
to small temperaturedifference betweeninlet and outlet

100 150
Beam current (mA)

200

250

K99032001-2

water. If one takes the lower envelopeeathcurve, he
can obtain correct values since power should not be
negative atzerocurrent. All thedata areshifted so that
the power becomes zero with no current.

<038

(K

This data was taken with 8 trains of 40 bunches. The3 06l

LBP

bunch separation was 5 RF buckets. If the fastor is
constant, i.e. bunch lengttoes not change,and the
number of bunches isinchanged duringhe coasting,
power should increasguadraticallywith current as shown
in the formula below. Onean seethis dependence in
Fig. 6.

o
~

Power absorb
l\ T ‘ T T T ‘ T T T

o
(V)

Figure 7 shows the loss factor, &alculatedwith the 0

following formula and the measured poweg,P together
with a prediction drawn by a solid line.

[KW]EN , CF [ KHZ]
{lb[mA]} ’

I:)|OSS

k [V/pC] = (1)

0

beam current.

regulated.

where N and f are the number of buncheand the
revolution frequency, respectively. The error bar of the
measuredralue corresponds tahe distribution of all the
four modules. As seen in Fig. 7, theeasured dataere
slightly lower than the calculation at bunch length of 6 & 1.5

mm. Whether itwill stay lower than the calculation or 2

will go higher than that is notlear yet, although the S 1

results of a beam test carried out at TRISTAN showed thaﬁ

it tends to becomdigher than calculation witlshorter & 05

bunches [9]. s+
0

50 100 150
Beam current (mA)

200
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Figure 6 : Powerbsorbed athe dampers Sand L versus
Data of 4 modulege put in the same
figure. Lower envelopes of the curves go@rectvalues.
Fluctuation is due to theemperature ofnlet water being

K99030601-2
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Figure 7 : Loss factor versus bunch length. The solid line
is the sum of ABCI calculation for the cavistructure
with cones withoutabsorberand analytic calculatior{10]

for the absorber. Error bar denoteg difference between

modules
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4.4 Cryogenic System maximum power delivered tobeam is about 200 kW per
cavity.

The system habeen running vergmoothly withvery
few trips so far. As bearurrentgets highemandbunch
length gets shorter, sontedicatedstudies such abeam
related loss and HOM searches will be planned.

We are reusing the cryogenic system constructed for
TRISTAN [11] except that newtransfer lines were
developed to reduce heat loss and to add ritexéility in
connecting with cavity modules. The system haen
running smoothly, thanks to the skilled operators.
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So far, up to the end of Feb., 199Bere have beeanly

two trips since the commissionirgarted inDec. 1998.

These tripswvere caused by breakdown otavity but we
could not identify the cause becausedid not repeat. In
our pastexperiencestrips are strongly related to the
condensedjases on the input coupler or cavitgar the
coupler. Therefore, wewill be watching the behavior of 8 REFERENCES

pressures at the cavity and at the adjacent beam ducts.
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1 2 3 45 6 7 8
Manufacture of 4 caviti%
and cyostats
Bench tests with vertical >

cryostat

Full assembly with other OEE—>

parts

Bench tests with OEE—>

horizontal cryostat
Installation in the tunnel O
LHe transfer line install. <X

6 SUMMARY

We finished constructionand installation of four
superconducting cavity modules for KEKB-HER by the
fall of 1998. Since the beam commissionisgrted in
Dec. 1998, all themodules have beenperated at 1.5
MV(6 MV/m) each or 6 MV intotal. Up to theend of
Feb., 1999, maximuncurrent is about 240 mA and



