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Abstract

The rf pulse compressor is used for higher accelerating gradient in KEK electron positron injector linac. A new S-band
spherical-cavity type pulse compressor (SCPC), which can replace the current SLED type one, was fabricated, and
conducted high-power operation. Although cavity parameters are important to evaluate the state of the machine, compared
to low-power measurement, it is difficult to obtain them from high-power operation because the measurement is restricted
to time-domain. We developed an analysis method to search for cavity parameters which fits to measured pulse. This

paper reports on the detail of the analysis method.
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Table 1: Cavity Parameters Measured by Using VNA

Parameters

Resonance frequency f,
conversed to 31°C and
vacuum environment.

2856.081 MHz

Unloaded Q: Q, 98000
Loaded Q: Q,, 13150
Coupling coefficient: 5 6.48
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Figure 1: Low-power measurement setup (a) and its typical
result (b). Cavity parameters are calculated by finding five
points in the polar plot.
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Figure 2: Schematic view (a) and CAD images (b) of high-
power test facility setup.
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Figure 3: Schematic process of the analysis method.
Searching for best-fit parameters by technique of
numerical optimization and numerical calculation.
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Figure 4: Analysis result of typical waveform. The
measured input pulse (blue), output pulse (orange), and
numerically calculated output (black). (up) RF powers,
(down) phases.
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Table2: Converged Parameters Value of Analysis of
Consecutive Pulses (N=180)

Parameters
Af(kHz) 49.93 £ 0.18
Qo (9.77 £ 0.14) x 10*
QL (1.313 £ 0.003) x 10*
A 1.0830 + 0.0012
6(deg) —0.64 +0.03
7(ns) 38.59 £0.15
Py (MW) 14.04 + 0.07
Poyr (MW) 85.6 + 0.4
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Figure 5: Converged parameters distribution for the same
measured pulse data with different initial values. (a) pair-
plot: diagonal subplots represent histograms and off-
diagonal subplots represent scatter plots for every two
variables pairs, (b) correlation coefficient matrix.
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Table 3: Converged Parameters Value of Analysis with
Randomized Initial Parameters (N=200)

Parameters Initial Value
Af(kHz) —100 kHz < Af 50.2817 + 0.0002
< 100 kHz
Q, 70000 < Q, 97636 + 2
< 130000
Q; 12000 < Q;, < 16000 13144.37 £ 0.06
A 06<A<14 1.082633
+ 0.000002
6(deg) —4° <0< +4° —0.64324
+ 0.00005
t(ns) 345ns <t <405ns  38.5447 + 0.0003
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Figure 6: Distribution of converged parameters for

different input average power. (a) output peak power, (b)
Af, (c) Qp, (d) . Error bars on each plots represent the
distribution of converged parameters for consecutive
pulses (N~100).

B3]

BB ) EHRERIZ BT D SCPC DA 1D LA TE
ZRAFL . Bl R SR b O BiEE WAL
c,tof‘ﬁitim Sl T A— S B T DT T A
BT, mESERICBWT, 5~14 MW DA B

4. HEERER

PASJ2022 WEOBI10

EHR b\fﬂxizﬁé%ﬁéﬁz@/wxr A S NG ]
2k Nl 0. HIRE I ENT 0.2 kHz DA —F —T,
Q @maxw L& 1.4% DA —F —CHEHTHILNH
A LR LT (Table 2) .

RIFHT FIEORBEEL T, LLFD — 2% %175, £7
—oO R, ANEIHBE MW FLE O IZ BV Tt
VNA ZHWAIKRENHEE—BE LW REIRTZ 2:
Thbd, D BTN OBREE K ONEEIZBIL T, Hil
LEFBEIZB W TV ARRIC | EENE 75720, 2
PVAFRRT DT DI AL - SRR L ETH D,

g
SCPC D& EEIRE i 512H7-0, AFHE: RF

TN—TBIOZZEER AT 2P — A (FR) Eiz B
DT 2 ZELDHABEETEEE LT, REHANZLET,

AWFFEIL IST BHEHAMA 7 X—varAlHicmid 7z
KEFEZxza— v 7 RIEEF¥E IPMIFS2136 O X4E#5%
T DT,

SEXHR

[1] Z.D. Farkas et al., “SLED: A Method of Doubling SLAC’s
Energy,” SLAC-PUB-1453, 1974.

[2] L. Sato et al., ed. “Green Book”, KEK Report 1995-18, 1996.

[3] J. W. Wang et al., “Development for a supercompact X-band
pulse compression system and its application at SLAC”,
Phys. Rev. Accel and Beams, 20, 110401, 2017.

[4] P. Wang et al., “Development of an S-band spherical pulse
compressor”’, Nuclear Instruments and Methods in Physics
Research, A 901, 84-91, 2018.

[5] T.Higo et al., “Design of S-band spherical-cavity-type pulse
compressor for SuperKEKB”, FRPP39, Proceedings of the
17th Annual Meeting of Particle Accelerator Society of
Japan, Japan, Sep. 2-4, 2020.

[6] A. Saji et al., “Fabrication of a spherical-cavity-type pulse
compressor”’, MOP045, Proceedings of the 18th Annual
Meeting of Particle Accelerator Society of Japan, Japan, Aug.
9-12,2021.

[7] Y. Bando et al., “High power test of S-band spherical-cavity
type pulse compressor”’, WEOBO06, Proceedings of the 18th
Annual Meeting of Particle Accelerator Society of Japan,
Japan, Aug. 9-12, 2021.

[8] H. Ego et al., “Production of the S-band spherical-cavity-
type pulse compressor for the KEK electron and positron
injector linac”, WEP045, Proceedings of the 19th Annual
Meeting of Particle Accelerator Society of Japan, Japan, Oct.
18-21, 2022.

[9] https://scipy.org/

- 105 -



