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DESIGN OF S-BAND SPHERICAL-CAVITY-TYPE PULSE COMPRESSOR FOR
SuperKEKB
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Abstract

A pulse compressor operated at S-band frequency for SuperKEKB was designed. The design is originated from the
spherical-cavity-type pulse compressor developed at Tsinghua University. We improved the design mostly aiming at an
operation in a stable operation for long term at higher average power. The prototype system is under construction. We
present the various key design considerations on storage cavity such as the thermal deformation due to full power
operation amounts to 4 um and resulting frequency variation of 90 kHz small enough to cold-startup process, and the
alignment tolerance between two hemispheres to be less than 0.1 mm to make the two degenerate modes to be close
enough in frequency for normal operation.

1. [ZL&Iz E=-Vxry’/ +%VXV><H//“,
T B LA 5 25 < oD I T L L , W
F—T oy T DDAV TOBR, RN HIRSR H=Voxry 4+ VxVxry:
720Di% SLAC IZBW\T 2 fADI Y —ROZEMEM v,
W2V AT WTHDH[1], KEK BT BB T AR Tl ., cosme
KEKB DT —HD 7= I [fkDY 27 1% E,mp=rw’=Jn(u,,p)P;"(cose){. } :TE
W VAT SR A 1990 SEARAIEELD TN CE T, ¢ sinmg )

FHUERL TR AR DB DL D L7128 | BT A

I cosme
. A = “=J W —)P" 0 ITM
e A TN wp = TV =1y, ) B (cos ){ }

sinmg

H1D, mETOZENE, IR L, BESDORIR
EBRUICERGE,  BARLL CERIB 2R A5 H 9%, A
FRClX, 2B XA~ % SCPC (Spherical Cavity Pulse
Compressor) & &5+, SCPC I3 4], X /SR T SLAC
? LCLS MICZBHFESHERML TV D5[3], TORIFEK
FT S ANURTHRFESN[A]L AT A DHIEREL
= A Al Box OB BAZIZI- T, ER. 2L BEER
FHZ DT> THEMO R 2 FEMIAT VN, L EMED M) L
RREMRAT I H S BUETEO i b, m\VWEE IS
XIS T Hm AN =R o) b e S TRAmAR B EEIZ T T
TOETFEOHE ., 728 OB O GEI2EDT, AT

LRIND, LIRO BT BRIZ 2N BE TESL O
TR N B LR D RMEDDIRED

u,,

’

u,,
TE : k,,,= P ™ : k,,,=— 3)

a
EMT Do B thy, tyy” 1X2UTENDER~ L EESEL
DEIRTHD,

Table 1: Electrical Design Parameters

I RSB EICOVWTRARB L IC, RERERLED Project KEKB  SuperKEKB
I B FEORIE RISV THRET 2, Frequency [MHz] 2856 2856
=n= Coupling 6.4 6.4
2 EKEQE_I_ RF Pul idth 4 4
t
AV AITEAGSHT, BULEIEH 0 SuperKEKB ASt ulse width [s]
ZLHZFHWTWAY AT A2k | E5 Compressed pulse width [us] 1 1
(33 11ZRL72 KEKB /il SLED L5l T, REOW gep rate [Hz) 50 50
BINRIDNT EWITE RO L LU IR ED I
RE—F, KOZEROETHD, Cavity shape Cylinder Spherical
fﬁkﬁf?/ﬁ%ﬁéﬁﬁ jﬂé‘f‘:&)\ FQE‘Té%_F Liﬁkﬂé% Number of cavities 2 1
RBUCKHIE T HE— R IEChD, HIPZRE—FO®E 5 5
BSNE_IMVRT % L% VLT Qo 1x10 1x10
Mode TEois TEi2
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Figure 1: Resonant frequencies of the spherical cavity with
a radius of 127.9 mm. Suffixes in mode names are m and
n.

AR L2 E—RIE TE 12 (m=1, n=1, p=2) LFFA T
BY, HHFTEML~Y—27DHIETHSD, SLAC D X /N
RTORREHTIX TEws #BHALEKROE—REZi>T Q

% ELTETNAN, SCPC AU RTIETARNAEL
7RBT28 | AARF AR WD E—RZ R TV D,
B A & X 21k L TR,

ZDOE—RDE

Figure 2: Field patterns of the operating mode. E-field in
the vertical cross section, E-field in the horizontal cross
section and H-field in the vertical cross section in order
from left to right.
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Figure 3: Mode convertor from TE;o mode in a WR284
rectangular waveguide to TE;; mode in a circular
waveguide.
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Figure 4: Magnitude of surface fields: (right) electric field
and (left) magnetic field. Color coding is in linear scale.

Table 2: Surface Fields at 40 MW Input

Location Electric field  Magnetic field
[MV/m] [kA/m]
Coupling hole (Present) 31.9 212
Coupling hole (Tsinghua) 36.7 246
WR284 6.0 11.6
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Figure 5: Surface loss along a lateral line of the inner wall.
Horizontal axis is the contour length from top of the sphere
to the coupling hole at bottom.
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Figure 6: Schematic view (left) and cross-sectional view
(right) of the present SCPC.
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Figure 7: Frequencies (top) and Q value (bottom) of the
cavity composed of two hemispheres with finite
misalignment between each axis.

53 FFa—=r UG

FTF a2—=0 7L, FEALOZRWMAIORIZ ¢ 12 DR
EHIT.FIND 9 OuyRERATLHI LU, A
L7-t&0ES S L, AR T8RO E D

FHEEX 8 \RLTZ, + 07T Fa—=r T BT
BT, ZEIR O F LA 2L E PRI DAL E (K O FH R~
150 mm) FTHAL, 14 MHZzD T F 2—= 7 RNEHLE
. ZEIAPIC A I END 8T —(3-40 dB LA FICIES
nos,

=S

=
=y
m

une

y |*=— 3.5 MHz
14 MHz

B S 2020 [mm|

Figure 8: Left: electric field when the detuning rod is fully
inserted. Right: Frequency and Qy versus insertion length.
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Figure 9: Medium-machined hemisphere with a coupling
hole.

6.2 MEEEEENLD RF FHH

il B O RF 5HZIFEMEL 72, ERkE G TEK
TEZEliA TR S, 185 5O JE e G 24T -
72 BT T H K 10T, By Ty BB
JolT, MFEERE O TE) E— NI FEHRL7ZE—RT
HY . ZERNOKEET S —HDDOFE—FD>E . DI,
K (2) T/RLT= cos/sin D—FF DI, ZIRIRHZ L T
FHIL CTWAZEITR D, M 11 IIZZDBy Ty TH,
72 S BB TH D,



Figure 10: Left: Experimental setup for RF measurement
of the sphere cavity composed of two hemispheres.
Linearly polarized TE;; mode in the cylindrical waveguide
is used for exciting the spherical cavity mode. Right: Mode
convertor from TE;; mode in rectangular waveguide to
TE ;1 mode in the circular waveguide.
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Figure 11: Top: Su(f) in LogMag plot over 10 MHz.
Bottom: Polar plot of the Si1(f).
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Table 3: RF Measurement Results

Frequency error fmeas _ freal -0.14 MHz
Intrinsic Q value Qo™eas / Qqc! 62 %
Coupling Qe / Qe ! 91 %
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