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Abstract

Recently, superconducting thin films, which are expected to have a high critical field, have attracted much attention as
a material for superconducting accelerating cavities. A mushroom cavity has been designed to excite the TE¢;3 mode in
order to measure the critical field of superconducting thin films under RF. It has been confirmed by bead measurements
in an aluminum cavity for room temperature tests that the designed geometry can excite the TE¢;3 mode. The aim of this
study is to devise a method to confirm that the TE(;3 mode is indeed excited at room temperature in a niobium mushroom
cavity for cooling tests during production, and to confirm the validity of this method. The problem is that the niobium
mushroom cavity is structurally not able to be strung with a wire through which the beads can be threaded. A method was
therefore proposed to identify the electromagnetic field distribution in the cavity by inserting a ceramic rod through an
opening in the niobium mushroom cavity to attach an RF critical field evaluation target. The method was performed on
an aluminum mushroom cavity where the TE(;3 mode excitation had already been confirmed by bead measurements, and
the measurement results were compared with the results calculated from CST simulations. The results showed that the
trend of the variation of the two modes with the insertion length of the ceramic rod was similar, but there was a difference
in the amount of variation. The causes of the differences will be discussed in this presentation.

1. [FZL®IZ ®
ifﬁ%ﬂﬂ@ @YW D ZE R PN 1H 1 B R A £

JBIZRIEL & W R & 155 1EO Bl S TS 3T
bﬂf“‘é[l] ZOBIREFED RF ERS RGO
(2o B VNSRS A FIINCE D TEos
% FAaRMIET D~y 2L — AZE RPN ENZ[2], e
CHECOWZT, 2O EH LSRG SR 7
%ﬁﬂ%@?ﬂ»‘% AT TEoi3 & — RO IR — X /'/ j %
ICEOFERSITNA[3], ABFZE T, AHIRBR A=A 7 7R
THw oy 2 — BZEA[4] T, 72ULMNT TEgi3 E—R 23 ®
RSN DZ L% | il CHEGRT D120 DT IEETRZEL
FEDHFEOZB AT T 522 BETH, 22T,
EEF LI AD N, =4 T ey 2L — A2 K
&R E—=XBPEDT-ODIAY —HiEN2 W TH
5, FZ T, =A T =y 2 b — K2R NI EEA Y
TNERANTDHOOAENGETIv 7 HAEETEA
L. =A<y 2/ — LN ~DETIy 7RO
ANBEHIEFEEEOELENOHIEE—REHFETD
TEEREL ., ZOHFEOKFZEE ., T CIZ TEys T—F
DIIFEA R TECNET AU~y oL — A2 /IC 2. SYVHBEZEFKRICAVW-ER]IS
KLU TITV Y, FEHMESE CST Studio Suite 2022 (25533 ﬁ:{ﬁgi“ﬂﬁjj—lf
L—ar bR B EE LT, FORER., mE D
T /MO AR TR T Ao EEI L= 2.1 vy ab—AZER
DTHSTN, BALRICERLLNT-, AFETITED BB T VIR ~y 2L — L2 R O X %
FEOERIZOW TR U R A2 E L 2R L7 H  Fig LITRT, Z8IE, 4% 108.6 mm OFERRD 5
DI MEE T 5. EHFE 49 mm, TEES 5 mm ONESIREEOY T L E
Hol BRLIESR TH D, ZOBITEMR LR FIZiEny
RF & +5DIZ# L TW\D, =D — 5T, K
# ac24201@gm.ibaraki-ct.ac.jp PIANDZER N R ENI TV 7 L LR L CTHIV A L

Figure 1: An aluminum mushroom cavity for testing at
room temperature.
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Figure 2: Diagram of bead-pull measurement method
using ceramic rod.
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Figure 3: Electric field distribution in the mushroom
cavity.
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Figure 4: Electric field distribution in mushroom cavity.
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Figure 5(a): Magnetic field
r = 20.
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Figure 5(b): uH? — cE? along y-axis where p=1 ¢ =
9.8.
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Figure 5(c): The integral of uH? — eE% with respect to the
insertion length dI along y-axis at r = 20.
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Figure 6: Measurement setup diagram.
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Figure 7: Comparison of measurement results and

simulation results.
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Figure 8: Change in insertion length of ceramic rod relative
to number of bolt rotations.
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Figure 9: Measurement points added for simulation.
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Figure 10: Simulation results with changed calculation
method.

5. fEEm-SROEZE

BRIy B EMRIC W BRS04
SN T EE Y Il —ar b OB HEE ERIED H
BREVIREEL 7223, M8 ORICIZZEN ROHDHHE R
ST, ZOJFREFEREL T, ERTOEIIv 7RO A
FL a2 —varhb0E I FIEZ OV TREILZ
LA FRRFOETIy 7RO A RITERFHE 2B
TWAZEEMERTE, V32l —ar b E H ik
WZDWTIE, Fl 5 T D#1PH (BARE) 2109 28T
HEIZ DT NI S<HERDZES =03, JRIK O FFE
IZIXESR T,

LSBT, a2l —ar TAHEBEESLITHCT,
BT —R DB OWTHFTT 5, HHE & 21
DHREE R ET 5728 | JRIKZBRT 5, ZORK
DFRFENTERE, =47 A OETIv 7 R
SR DEXEE bR D,

e
2L ISPS BLFE 22K 18128 DB AT T-H D
VC\‘?FO

SE X

[1] T. Sasaki et al., “Study of multilayer thin-film structures in
superconducting acceleration cavities”, in Proceedings of the
21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata, pp. 966-970.

[2] H. Oikawa et al., “Note: Design and resonant condition
measurement of the mushroom-shaped Al test cavity for
critical magnetic field evaluation of superconducting thin-
film sample”, Review of Scientific Instruments 89, 076102,
(2018).

[3] A. Hattori et al., “TE013 mode excitation test on aluminum
model of hemispherical cavity for critical magnetic field
measurement”, in Proceedings of the 20th Annual Meeting of
Particle Accelerator Society of Japan August 29 - September
1, 2023, Funabashi pp. 636—696.

[4] A. Hattori, H. Hayano “Study of critical magnetic field
measurement method using hemispherical superconducting
cavity”, in Proceedings of the 21st Annual Meeting of
Particle Accelerator Society of Japan July 31 - August 3, 2024,
Yamagata pp. 673-677.

- 600 -



