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ABSTRACT

After R&D study of 1/3scale 1.5 GHz non-axially symmetricsquashedcell shape
superconducting Nb crab cavities a full scale 508 MHz squashed cell shape superconducting Nb
crab cavityfor KEKB hasbeen designed and fabricatedk&K. The full scale cavity was
fabricated using the same fabrication techniques developed R&Destudies ofthe 1/3scale
model. Atthe samdime test standor this cavity with RF measurement system awettical
cryostat haveenconstructedThefirst cold test of thigavity in 4.2 K vertical cryostat was
carried out and theurfaceelectric peak fiellespcould exceed itsdesignvalue of Esp = 21
MV/m.

INTRODUCTION

KEK B-Factory (KEKB)1, a high luminosity 8 X3.5 GeV asymmetric electron-positron
collider, which is now undeconstructing in TRISTAN tunnel &EK, adopted a finite angle
crossingscheme of 2 x 11 mrad at the interaction point to reducbableground rates and to
simplify beamoptics at interactiomegion. By thisscheme the luminosity reduction due to
geometrical effect and the possibility of beam-beam instability by synchrotron-betatron coupling
resonances will be anticipate@ihe crabcrossingschemeshown in Fig.1 was proposed to
eliminate theseffect2:3. In this scheme electron apdsitron bunches tthe interaction point
are tilted by time-dependent transverse kick in RF deflectors (crab cavities) and head-on collide.
After the collisionthese buncheare kicked back to the original orientations by another crab
cavties.The selected parametds KEKB crab crossingare listed in Table 1. The required
deflecting voltagedor the 3.5 GeV low energy positron rind.ER and 8 GeVhigh energy
electron ring HER are 1.41 and 1.44 MV, respectively.

Figure 2 (a)showsconceptual picture of a crab cavityth damping schemtor all lower
and higher frequency modes. We have adopted non-axially symsuwaiashedtell shapecrab

cavity which was designed and studied extensively at CbfoelCESR-B under KEK-Cornell
collaboration. In this schame the TM110 like crab mode shown in Fig. 2 (b) is used to get time-

RF Deflector(Crab Cavity)

v T~gleewon PGy
Crossing Angle [mrad] 2 x 11
Bx 0.33 0.33
| Berab 20 20
Kick Voltage [MV]] 141 1.44
Fig. 1 Crab crossing scheme for KEKB
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_@; Table 1. Selected Parameters for KEKB

LER HER
Crossing Angle Beam Energy  [GeV\] 3.5 8.0
( 2x11 mrad.) RF Frequency [MHZ] 508.887

Head-on
Collision
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Fig. 2 (a) Conceptual design of a crab cavity with damping for all lower and higher frequency
modes.

(b) Electric and magnetic field patterns of crab mode in squshed cell type cavity

dependent transverse kick for the crab crossing. Unwanted higher and loweramgodesacted
from the cavitythrough alarge aperture beam piped acoaxial beam pipe oboth ends and
absorbed by RF absorbers attached on the beam pipes placed at room temperature.

DESIGN OF KEKB CRAB CAVITY

Figure 3 (a) and (b) shows dimensiontled 508 MHz non-axially symmetricquashedtell
type cavity for KEKB. By this squashed cell tygesign, an unwanteablarized crab mode can
be pushed upward higher enough easy to extract outside of theé.cavity

The RF characteristics of the crab cavity is calculated by computer Mad¢A. The
calculatedresultsareshown inTable 2. Because the ratio of maximwonfaceelectric field to
deflecting voltage Esp/Vkick for the KEKB squashed cell cavity desidd .i4 (MV/m)/MV, the
required maximum surface electric field Esp for the KEKB crab cavity is about 21 MV/m.

The mechanical desigor the 508 MHz KEKB crab cavitywas performing usinghe finite
elementsoftwares ANSYS and MARCIhe required cavity wathickness of more than 4 mm
was determined by this stress analysis under the conditions of external presser 0.13 MPa at room
temperature In this design four ribs for reinforcement are attached to the neck part of the cavity
to reduce the localized stress concentration due to non-axially symmetric squashed cell shape.

Table 2. RF properties of 508 MHz KEKB crab cavity

Without / With Coaxial Coupler
R/ Qo 9l 48.9 / 46.7
r 227 / 220
Esp/Vkick [ MV/m/MV] 13.9 / 14.4
Hsp/Vkick [Oe/MV 384 / 415
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Fig. 3 Dimension of squshed cell type crab cavity for KEKB

FABRICATION OF THE FULL SIZE KEKB CRAB CAVITY

Before fabrication of thés08 MHz full scale Nb crabcavity, we have designed and

fabricated three 1.5 GH®3 scalesquasheaell modelcavitie$ to establish the fabrication and
surface treatment techniques for non-axially symmetric Nb cavity. One of these deastEen
carried out the coldests in1.8 K vertical cryostat. The maximumsurfaceelectric field of 43

MV/m was attained bythis 1/3 scale modetavity. The 508 MHz full scale KEKB Nb crab
cavity was made by usintpje same fabrication methods aswface treatments developed at the
R&D studies of the 1/3 scale model.

The fabrication and surface treatment procedure o5@8ViHz full scaleKEKB crab cavity
Is summarized in Fig. 4. The half-cells of the Nb cavity were hydro-formed out of 5 mm thick Nb
sheet withRRR=190 supplied fronthe Tokyo Denkai. Inner surface diie halfcell were buff-
polished to remove the scars on the surface. After the equator and the iris parts were trimmed

Nb Sheet t=5mm RRR = 180

Tokyo Denkai Co.,Ltd |Grinding olf Welding Part(Equator)l
|Ha|f C:eII Hydro-forming | | Barrel Polishing 100 um |
| Mechanical Polishing | | EIectro-PIoIishing 100 pm |
| Trimm'ing of Half Cell | [Beam Pipes | HF + H2S04 1:10 in Vol.
T

| | Water Rinsing |
I

| Electron Beam Welding | | Annealing at 700 °C x3 hour |
|
High Pressure Rinsing

| 80 kg/cm2, 45 min.
RF Cold Test at 4.2 K
Fig. 4 Fabrication and surface treatment of KEKB crab cavity
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Fig. 5 508 MHz RF measurement system for KEKB crab cavity

mechanically, theell and beampipes were assembled intacavity by electron beamwelding.
The electron beamwvelded equator pamvas ground byspecially designed grinding machine.

Inner surface of the cavity especially equator part was barrel poliabedt 100m and then the
inner surface ofthe cavity was electropolished about 1Qfh by horizontal rotational

electopolishing system developed and used for TRISTAN superconducting cafiigy rinsing

by ultra pure water the cavity is annealed in vacuum furnace atz7fi about 3hours. Before

the cavitywasassembled into vacuume sytéon the coldtest,inner surface othe cavity was
rinsed by 8MPa high pressure ultra pure water for about 45 mimutes.

Fig. 6 KEKB crab cavity just before ths% Anstallation into the virtical cryostat for cold test
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RF MEASUREMENT AT 4.2 K VERTICAL CRYOSTAT

For the cold test aothe 508 MHz full scaleKEKB crab cavity we have constructed its test
stand with a RF measurement system amdrtcal cryostat. Figure 5 showthie 508 MHz RF
measuremensystem. In thismeasurement system wese the phasedetector and the dual
frequency converter which were designed and extensisag in TRISTAN RF system for the
phase lock system. The RF measurements of the crab cavity and its disptarformedvith a
Labview languag@rogram. A highperformance large varticalryostat withl.1m in diameter
and 3.5m irheighthasbeen constructefbr the cooling of thec08 MHz full scaleKEKB crab
cavity. This cryostatwas constructed beside the existing cdiox of the large helium
refrigeration system with 8kW coolingapacity at4.4K which was used foicooling of

TRISTAN superconductingcceleratiorcavitied. Liquid helium of more thabs000L required
for the cold test of the crab cavity was fed directly fro2®00 Lliquid helium Dewar. Figure 6
shows the picture dhe crab cavityust beforethe installation into the verticaryostat forcold
test.
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Fig. 7 Cold test results of 508 MHz KEKB crab cavity
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Fig. 8 Cold test results of 508 MHz KEKB crab cavity after helium processing
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We have carried out the cotdsts of 508VIHz KEKB crab cavity in the4.2 K vertical
cryostat. Figure 7, 8 show the results of the cold tests. In the first RF test Qo values degraded at
around Esp = 13MV/m as shown in Fig.7,this wasovercome byshort duration othe RF
processing andeached maximumaalues of about 20MV/m with field emmission loading but
unfortunately at this field level we could not continue thefRécessing byhe limitation of the
x-ray radiation due tgoor radiationshield. Wecarried out heliumprocessing forabout 20
minutes. By this processirthe maximumEsp exceeddesignvalue of 21MV/m and reached
about 23 MV/m as shown in Fig.8. This value was limited by the capacity of RF power source.

SUMMARY

We have designed and constructesl08 MHz full scaleKEKB Nb crab cavity and at the
sametime we have completed its testand with a RF measurement system angeréical
cryostat. Weare now ready for the regularprocessings antheasurements of th&08 MHz
KEKB crab cavity for extensive study of it.

We could exceed the design surface peak field of Esp = 21 MV/m but if we take into account
the degradation of thsuperconductingcavity during installation into the horizontal cryostat
required Esp at the vertical test must be aroung80m. We need morefforts to improve the
performance of the cavity.

In the surface treatments dfie KEKB crab cavity weskipped high pressure rinsing just
after the electropolishing. We consider this causedni@ximumEsp. Inthe nextstep we want
to carry out slight electropolishing of this cavity followed by high pressure rinsing to improve the
performance of the cavity.
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