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Abstract made a shorinner conductor made of Nb. The inner

For the Resarch and Developmenf the crabcavity —conductor was attached to the cavity beam pipe, and
for KEKB, we have fabricatl two prototype cavities. cavity performance was tested in a vertical cryostat [6,7].
The crab cavity is a beam-deflecting cavity excited witfhe inner conductor caed the “Hdrogen Q-
the 5@ MHz, TM110-like mode. To extract unwanteddegradation”, however, quick cool-down procedure
paragtic modes, the cavity has a squashed cell shape apeevented this degradation, and we achieved required kick
a coaxial coupler along thbeam pipe. The prototype Voltage [8].
cavities were tested in a vertical cryostat with/without the At the first RF exitation of the cavity with the coaxial
coaxial coupler. We observed multipacting at the first RFoupler, we observed multipacting event for about an
excitation. To study this event in detail, we measure@our. To study this evénin ddail, we measured
temperatures of the coupler and cavity during RF test§mperatures of the inner conductor and the beam pipe of
Temperature measurement showed that multipactiﬁbe coaxial structure. Heat creations at several positions
occurred at the tip of coaxial coupler at low RF fields, anwere observed during multipacting processing. We also
then along the coaxial line. These events were processdiferved heatcreations near the iris. Heat creations
in an hour. We observed another type of temperature ridgpended on the RF fields and disappeared at high fields.
around the iris. Temperature rise began at low fieldd0 identify the heating position, we measured
continued to rise up to a surface peak field of 18 Mv/ni€mperatures of the cavity cell, especially around iris, and
and then, disappeared above 20 MV/m. The excitatidiPserved heatreations at several RF fields. Contrary to
mode of the crab cavity has a maximum magnetic fieldthe accelerating cavities, the maximum surface magnetic
and zero electric field on the same iris positionfie|d lies on the iris at the short axis of the cavity cell,
Temperature rise near this region suggests thehile the electric field is zero at this position. Heat
multipacting events. A model simulation shows a stabléreation near this position suggests multipacting.
two-point multipacting can exist at this position. We will It is not soeasy to simulate multipacting in the crab
present temperature measurement results and discu€aVity, because there is no reliable method to calculate

multipacting near the iris. suface fields in three-dimensional, non-axially-
symmetricalcavities. Therefore we consider a model that
INTRODUCTION simulates milipacting near iris. The model shows that

The crab cavity is a beam-deflecting cavity for thiwo-point multipacting can occur in the crab cavity near
h

electron-positron collider accelerator with a finite angl e ums.
beam crossing. Purpose of tluavity is to kick the beam

bunch and to make head-onlliston at the interaction VERTICAL COLD TESTSAND THE

region (crab crossing [1,2]). We started the R&D for a
KEKB superconducting crab in 1994. This cavity has TEMPERATURE MEASUREMENT

several unique chaacteristics [3]. The cavity has a SYSTEM

squashed cell struceiwith a racetrack cross-section. The The prototype cavity was installed in a vertical cryostat
excitation mode is the TMDtlike mode (crab mode, 508 and cooled down with satueal liquid helium at 4.2 K.

MHz) that has mgnetic fields perpendicular to the beamrjg. 1 shows a schematic figure of the cavity with
direction. To extract fundamental mode (TMO10, 414dimensions in mm unit. Thehortinner conductor was
MHz) and parasitic higher order modes, a coaxial couplgftached to the small beam pipe (SBP). Inner pipe of the
structue is employed at the beam pipe. The cut-of§hort condctor was terminated a distance of 65 mm
frequency of the coupler was chosen to be 600 MHz, $@&m the conductor tip. A acuum port, an input coupler
the fundamental mode andgher order dipole modes canand a transmission coupler were set to the large beam
travel to downstream of the coupler, and then aigipe (LBP). These cavities were barrel-polished (>200
apsorbgd by a RF a.bsorber. The cavity is.required to hayRn), electro-polisied (100um), heat-treated at 708 for

high fields. Required kick voltage is 1.44 MV 3 nayrs, and rinsed with high-pressure ultra-pure water.
corresponding to the surface peak field of 21 MV/m. T@eiled description of surface treatments is found in Ref.
establish fabrication and surface treatment techniques igr

the crab cavity, we have fabricated prototype cavities Temperature sensors are (51 1/8W Allen-Bradley
[4,5]. To test annfluence of the coaxial coupler, we havecarhm resstors. These resisters are sustained on
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Figurel: Crabcavity with coaxial coupler.
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Figure2: Temperatureneasurement system: (a) senso
and suspension, (b) voltage measurement system.

MEASUREMENT RESULTS

Prototype Cavity with the Coaxial Coupler

polyethylene terephthalate (PET) plates 0.5 mm thick. Probtype #lcavity was tested with the coaxial coupler.
The PET plate has tension at 4.2 K so that the sensors &fe observe multipacting around coaxial coupler, 144
connected on the cavity surface. A FRP plate hold§mperature sensors were attached surrounding SBP (5
sensors and PET plate suspenders. Temperature senk®f€rs) and at the tip of mer conductor (Fig. 3). SBP
for the inner conductor tip ardirectly conected to FRP layers had the same angular distribution.

rod of dianeter 2 mm. Fig. 2a shows a schematic figure The cavity was excited with pulsed RF signal.

of temperature sensors attached to the cavity surface. T
sensor is conected to the 10V D®oltage source with a
1MQ resbter, and to DVM with multiplexer for sensor
voltage neasurement. Voltage measurement system
shown in Fg. 2b. Temperatures wecalibrated at the end
of each vertical cold test. The cryostat was evacuatt
from atmospheric pressure corresponding to saturat
liquid helium temperatures from 4.2K to 4.0 K
Temperature T is given form the sensor resistance R
following fitting formula,

1/T=a+bInR,
where a and b are fitting parameters. Temperature rise

the cavity surface during RF test is given by extrapolatir
the fitting formula.
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Figure 4. Reflected and transmitted signals during E W0} ,_..:;3; ]
multipacting and corresponding temperature maps. = . ==
Transmitted and reflected signals showed typical form
multipacting (Fig. 4a). Tempemate map is sbwn in Fig. 05 5 T R T T B Y
4b. Numbers in the map denote each SBP lays Surface peak field (MV/m)
Temperature rise at the tip of inner conductor was abc ©

10 mK, while temperatures around SBP showed I gigyre 5: Tempeature rise during RF excitation: (a)
significant rise. Asthis multipacting event was being Qo curve, (b) tmperture map at 12 MV/m, (c) mean
processed (Fig. 4c), temperature rise around SBP beg temperatures of each layer as a function of Esp.

Severalheat spots appeared at the tip and around the S Nymbers denoteeach SBP layer @ahC denotes the
(Fig 4d). Afte an hair, the transitted RF signal showed  ¢oaxial layer.

an end of multipacting (Fig. 4e), and SBP layers show 1
temperature rise (Fig. 4f). However, temperature rise
the tip still remained. a 24Qplayer, aml a 30@ layer (red circles) anda flat

We also masured temperature rise during RFAegion layer (blue circles). The first, second, and SBP
performance test. Qourve as a function of surface peaklayers have the same angular distribution. The LBP half-
field (Esp) is showrin Fig. 5a. Fig 5b and Fig. 5c show cell has a LBP is layer (red circles) and a flat region
temperature map at 12 MV/m and mean temperatures lajer (blue circles). The cold-tested cavity is the prototype
each layer as a function of Esp, respectively. Temperatu#@ without the inner conductor. Fig. 7a shows a Qo curve
rise at tle tip was oberved below 1MV/m, while the at the first RF excitation. Fig. 7b is a temperature map at
first layer showedtemperature rise between 12 and 192 MV/m. There were several heat spots in the LBP half-
MV/m. Mean temperatres from the first to fifth layers cell at low fields (black circles in Fig. 7b). These spots
showeda temperature gradient. This gradient indicatedere procesed at 16 MV/nand neer reappeared. As the

that the heat creation occurred around the SBP iris. RF field was raised, temperature rise around SBP iris
. . . began. This rise continued up to 12 MV/m, and then
Prototype Cavity without Coaxial Coupler disappeared above 15 MV/m. Fig. 7c shows the typical

Above temprature measurement results suggest tiemperature curves at the 2#Qayer. Line colours
multipacting occurs around SBP iris at several RF fieldsepregnt temperatures at the position with the same
We attackd 264 temperature sensors to cover around thelour circles in Fig 7bX-ray radiation began at 15
SBP and LBP irises. Sensor layas shown in Fig. 6. The MV/m and Qogradually deceased. At 26 MV/m, X-ray
SBP half-cell has first layer, send layer, a SBP iris layer, radiation intensity decreased, and the RF fields reached
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Figure 6: Tempeature sensolayout. Red dots denote

layers near the iris and blue dots denote flat region 25| ]

layers. 200 1
X

33 MV/m. The rdiation intensity was detected by severa f« 15F ]
<

Pindiodes atiched on the cavity surface. Finally the RF
field reached to 34 MV/m. The field limitation was due tc
the RF power source. As the RF field decrease

temperature rise around SBP iris reappeared at 18 MV/ R S TR T
There were twaypes of heat creatis aromd SBPiris. Surface peak field (Mv/m)

One is leat creation at 12 MV/m, and the other is at 1

MV/m. ©

Qo curve dumg the second RF excitation are shown il
Fig. 8a. Fig.8b shovg a temprature map at Esp of 18
MV/m. Heat spts in the LBP hailtell disgppeared as
shown in Fg. 8b. Fig. 8c shows ftepemture curves at the
240p layer. Tempeature rise around SBP iris continuec
up to 18 MV/m, then disappeared above 20 MV/m. N
temperature rise was observed as the RF field decreaseding ths method, magnetic surface fields Bs were
Once heatreation at 18 MV/m was activated, it alwayscalculated from the SBP iris to the ZHyer. The peak

Figure 7: Tempeature rise durig the first RF
excitation: (a) Qo curve, (b) temperature map at 13
MV/m, (c) temperatre curves as a function of Esp.
Line colorsdenote positions in (b).

appeared in the RF excitations. magnetic feld in the SBP half-cell lies on the iris at the
short axs and the surface fields largely change from the
MODEL SIMULATION iris to the 24@ layer. At tre peak electric field of 12

MV/m, calculated surface magnetic fields range from 138

To identify these heat creations with multipacting i :
numerical simlation is needed. However, there is not 0 250 G. These fields are comparable with the resonant

reliable calculation method to give surface fields of thti:';d for the —onepoint multipacting of first-order.
crab cavity. Therefore we estimated surface fields arou onant &ld B isgiven by,

the iris using MAFIA computer code. Calculated fields B="¢t—w,

near cavity surface usually halerge erros depading on n e

the mesh assignments. Several calculated fields near thieere n is the order of multipacting, m is the electron
suface boundary are neglected. Surface fields were givewass, e ishe electron chargey is RFfrequency ande is

by extapolating calculated fields to the cavity boundaryarond 0.64 for pillbox-type cavities [10]. Product of
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Figure 8: Tempeature rise during the second R emitted normal to the surface with 2 eV. The constant

excitation; (a) QO curve, (b) tempera‘[ure map at 18magnetic feld is 360 G, that iS, the resonant field of the
MV/m, (c) temperatre curves as a function of Esp. two point multipacting of first order (n=1/2). Fig. 10
Line colorsdenote positions in (b). shows electron imgct energy as a function of constant
magnetic feld. The electric field gradient is 76 MVIm
Below 300 G, or above 380 G, impact energy becomes
wm/e gives magnetic field of 180 G. Heat creation at 1200 small (< 20 eV) for secondary electron emission. The
MV/m Suggests the One_point mu|tipacting of first Ordergradient of atctric field is an important parameter. The
On the other hand, calculated surface magnetic fieldg@adient should be in the range from 65 to 85 Mi/m
range from 208 to 375 G at the peak field of 18 Mv/mElectric field calculation near the iris at the short axis
The fields are above the resonant field with n=1. Twdesuls the feld gradient about 80 MV/fthat is within
point multipacting should be considered. the range for the stable trajectory. This model suggests
Although three-dimensional numerical simulation irfhe two-point multipacting of first order near the iris at 18
the crab cavity is difficult, one can consider a twoMV/m.
dimensional model that reproduces two-point The surface field calculation indicates that the LBP iris
multipacting near iris. We assumed constant magneti@s the same condition for the tow-point multipacting as
field over tte flat surfwe and electric @ld with uniform ~ for the SBP iis. It is very natural that the LBP iris has
gradient. A stabléwo-point multipacting trajectory exists heat creations by this type of multipacting. However, we
in this field configuration. Fig. 9 shows an example ofbserved no significant heateaions around this region.
stable trajectory. We assumed that the incident electron
energy is 2 eV [11,12], and only one secondary electron is
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CONCLUSION

We have measured temperatures of the prototype
cavities during RF tests. Multipacting event was observed
at the first RF excitation. Multipacting at the tip of inner
conductor began first. As this multipacting was being
processed, multipacting alotige coaxial line began. This
event was processed in &our and multipacting along
the coaxial line was not observed after the processing.
The tip of inner conductor showed heat creations below
the peak field of 10 MV/m.

We observed heatreations near the iris. There were
two types of heat creation. One is at 12 MV/m and the
other is at 18 MV/m. Surface field estimation suggests the
one-poirt multipacting of first order at 12 MV/m. A
modd simulation, which assumes a flat surface, constant
magnetic feld, and electric field with uniform gradient,
suggests th two-point multipacting of first order (n=1/2)
at 18 MV/m. This type of heat creation did not always
appear during RF tests, however, once activated, it always
appeared. Further studies are needed to definitely identify
heat creations at several fields with multipacting event.

Finally, these heat creations do not limit the cavity
performance and disapar above 20 MV/m.
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