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Abstract

A cryogenic C-band 2.6-cell 20 K photocathode RF gun is under development at Nihon University for the future
possibility of use in a compact linac-driven X-ray source at KEK. In order to investigate the 20 K properties of the cavity,
a 2.6-cell m-mode test cavity was fabricated in KEK with ultra-precision machining and diffusion bonding techniques.
The n-mode resonant frequency has increased from 5692.67 MHz to 5711.76 MHz by the cooling of the cavity from
about 300 K to 20 K, the increase being about 190 kHz greater than the calculation using the linear expansion coefficients
from National Institute of Standards and Technology, NIST. The unloaded Q-value at 21 K has been 5.65 times as high
as that at room temperature, which is fairly in agreement with which predicted by the theory of the anomalous skin effect.
In this paper the RF properties of the C-band 2.6-cell cavity measured at around 20 K are reported.
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X BRI, 20 K f2E E TWEI L2 EME D photocathode RF Gun
iz iéfﬁ?ﬁ?&%%ﬁﬁﬂ?ﬁi”ﬁ]ﬂ%ﬁﬁb\t C UK

(5712 MHz2)BIMED & B E OB 21T > T\ 5,  RF frequency 5712 MHz
X ¥ BT 0 — il 2.6 BAD xE— FZERIZOW Source peak RF power 4 MW
ﬂﬁﬂ%ﬁb\ SUPERFISHIZ LA v R 2 L— 3 0o 60000 @ 20 K

Nk oTHE /Hﬂ%kﬁiﬁﬂ: T AU T [E A HE R A 11000 @ 293 K
FEET (NIST) 2 X % @il iR o m AR T — & 550 @20K MQ/m

Shunt impedance

ZEfE L. KEK [ZBW TR TS X 0 R EZEH 13 @293 K  MQ/m

FRIUWELT-, =|IRCTO RF FERER% ., EEEAH% Coupling coefficient 20

ZATUN 20 K 745 B R ﬂicﬁjj B JE R E A Cavity length 68.2 mm

1To7, ffEEE AEROFER, 2O mAAT Q i, 3 RF pulse duration 2 us

?EZH PEALICEEBR Y OEPBE LN TWD Z & &k RF pulse repetition rate 50 Hz

BT, REERTIE., RABRZEHE O 20 K S HIBFOHIE Maximum field on axis 95 MV/m

FERICEI L CHRET 5, Output beam energy 0.73 MW

RF duty factor 0.01 %

2. 2.6 ) I/Eit,%ﬁg ;ﬁ] Maximum beam charge 0.5 nC/bunch
Fr BT —HEEL LTI 2.6 BAORE— K295 Laser pulse repetition rate 375 MHz

IZONWTHE 21T - TN D, BEEEE F T2 & $ L4 Lase?pulse length 10~20 ps

1 6N8 (FRRIHEHLIL RRR3000 L k) % Ty daimumbeamenergy 30 MeV
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Figure 1: Cross-sectional view of the 2.6 cell 20 K
cryogenic test cavity.
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Flgure 2 Setup of the 20 K 26 cell test cavity in the
vacuum chamber with the cryogenic cooling system.
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Figure 3: (a) Comparison of the temperature dependence
of the resonant frequency between the experimental
result and the calculation from NIST, (b) the frequency
difference between the experimental and the calculation
results.
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Figure 4: Comparison of the temperature dependence of
the unloaded Q values from the S;; data accumulated
during the cooling experiments. The red curve shows the
predicted values based on the anomalous skin effect!”.
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Table 2: The mn-mode Resonant Frequencies and the

Unloaded Q-value Resulted from the Experiment and the
Calculation

Experiment calculation

Frequency @23.5 C [MHz] 5692.67  5692.97

@21 K [MHz] 571176 5711.57*
Unloaded Q@23.5 °C 11465 11400
@21 K 64650 62920

*Estimation based on the experimental values obtained at
235 C.

4. FEH

IEBEEC R O 2.6 BARREBRZENZ v, 20 K A

PASJ2015 THP058

RERZIT o 72, 2127K £ THEMIE 2170, HEE
WL 5711.76 MHz & 72> 7=, NIST OFEKICHS
W2 21 K JECTOREBEEITR 5711.57 MHz L7205
. ZOJEPEE LT D L ARHE TIER 190
kHz BWEEEZRTLTWE, ZOEDFRERKE LT

1. B b oHEEIZ VW NIST OFERICEK
Téﬁwwﬁ %4ﬂﬁﬁ*#+-'tiﬁuﬁIlﬁﬁ%

ZoNbD, TOMIZ, EREFTICTHWL
smmmmHmﬁﬁfm\éﬁ#%@#T%&ﬁ%
WiE Loy, MR RO RmIRPLOBE NI IT 5%
HTORKIDOBV /2 ELEBETHILERNH D20,
FHIEPIOBE NS & O 3 WITHHE CTEEM e BmEn
VEThODLEEZLND,

F72. QA EARAFIE T, ZEIEE 21.27K
REIC, AN Q flIX 64650 & 721 . =& (297.06 K)
BRlC A~ 5.65 f2IC#nd % = &ﬁ%wf%to
Reuter |2 L 2 BEFREDRETRICB T 2 FmEHE
DIREZNHRD - AR Q ﬁ?: DN D
40 K LA T CORERFF TIZHIEEDIZF 2 B3 % & d D
EAER LD, IZTHEMEZHE LTS Z &N
ERTE T, TNHDORERNG, BRI LY 2=
% 8ET 2 2 & CRATICASERNS TE RV
hoN ﬁ{ﬁf@%ﬁﬂ@%@ mm@%@##%
IEL 72D Q EIZEE LU CIIFITFHEE © OFEMEN
WfFcx b L2 5,

SRIIAFERICIE-S &, RERIZ RF AT HORE
Bz & e LT iRBRZE TR OB 21T 9,

Bt

Z OB IL. SCHR TR D - ERA Y
MR 7 e 77 N © [« &7 B — AEROR
B« HEERHE D 72D O FARFATER R ) OB A =T
TITWE LT,

SE Xk

[1] M. Fukuda et al., NA-PAC13, Pasadena, USA (2013) p.589;
http://accelconf.web.cern.ch/AccelConf/PAC
2013/papers/tupma01.pdf

[2] http://laacg.lanl.gov/laacg/services/download_sf.phtml

[3] T. Sakai et al., "CHARACTERISTICS OF TEST CAVITY
FOR CRYOGENIC PHOTOCATHODE RF-GUN", Proc. of
the 11th Annual Meeting of Particle Accelerator Society of
Japan August 9-11, 2014, Aomori, Japan, pp. 548-551,
http://www.pasj.jp/web_publish/pasj2014/proceedings/PDF

/SAPO/SAP034.pdf
[4] T. Tanaka et al., Proceedings of IPAC’14, Dresden,
Germany  (2014)  p.658;  http://accelconf.web.cern.

ch/AccelConf/IPAC2014/papers/mopri030.pdf

[5] http://www.apiezon.com/products/vacuum-greases/n-grease

[6] https://www.toyo.co.jp/lakeshore/sensor/silicon/

(71 7 A U % ESCARMESANOEJE AT NIST 77— # N— X,
http://cryogenics.nist.gov/MPropsMAY/OFHC%20Copper/
OFHC_Copper_rev.htm

[8] G. E. H. Reuter and E. H. Sondheimer: “The Theory of the
Anomalous Skin Effect in Metals”, Proc. the Royal Society
of London A, Mathematical and Physical Sciences, 195,
1042(1948), pp. 336-364.

- 1115 -



