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Abstract

We performed a high-power test of a prototype cavity of a 324-MHz interdigital H-mode drift tube linac (IH-DTL)
for the muon g-2/EDM experiment at J-PARC. This prototype cavity (short-IH) was developed to verify the fabrication
method for the IH-DTL cavity with a monolithic drift tube structure. After 40 h of conditioning, the short-IH has
been stably operated with an RF power of 88 kW, corresponding to a 10% higher accelerating field than the design
field. Furthermore, the thermal characteristics and frequency response during the high-power operation were measured,
verifying that the experimental data were consistent with the simulation results. In this paper, the high-power tests of the
APF IH-DTL for muon linac are described.

Table 1: Main Parameters of the IH-DTL
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Figure 1: (a) Mechanical structure of the short-IH. (b) Center plate.
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Table 2: Comparison of the Full-IH and Short-IH

Parameters Full-IH  Short-IH
Number of the cells 16 6
Extraction energy (MeV) 4.26 1.30
Cavity length (m) 1.45 0.45
Averaged accelerating field (MV/m) 3.6 3.0
Maximum surface field (MV/m) 354 34.7
QOEy) (19 Ey)
Nominal peak power (kW) [100% Qo] 310 65

Figure 2: Fabricated center plate of the short-IH.
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Figure 3: Experimental setup of the high-power test of the
short-TH.
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Figure 4: RF block diagram of the high-power test system.

7 — X — X — (SPANAWAVE 8542C [22]) MU VSWR
X=ZTHEL. ZHADY v 77 v T — (Peguity)
FIRRICHIE L e T — X =& 256D 7 — &I, EPICS
(experimental physics and industrial control system) T &
BEtsR L7zo VSWR X —&X 925D F — &%, PLC (pro-
grammable logic controller) %47 L Ttk L. RF DA ¥
X—my 7 UTHREL,

32 avysava=vo

Figure 5 (T short-IH 2 ¥ 7 4 & a = ¥ 7R 2R
T Tay MIZERD Y — ZEFENES. 2R EE
FHEE 0EE2ZRZEARLTWVWE, KEHNRBRIZ
HFOAICEML TH D, il RF-on DRRIKH 2
RLTW3, Sec. 2 TR X 512, 22O L H LA
ZRLTOWRWED, arT 4> a=ry7ogicii®
KOH A e MEIFAE LTz, 22T, Efg X DR
duty factor (# D3R UJEIHE 1 Hz, »L AR 20 us) T
aryFa4vam v EBML. RAWCREF AT —% 15
XH, 920 KERER, HARERRD L=72o, duty
factor HIRAICHWMS Bz ZHHAD MV v FHIRAITHE
WL, a>y7 a4 >a=y7RE» 58 30 R, Ef
@ duty factor D 0.1% (25 Hz, 40 us). N OERD RF /%

— (75 kW) ICEBEL 7=,

FERE RE %7 — (T5 kW) & R#F L 72 D RER 2
Tolt A, 7T OEFHEERF D2 bV v T DFE
EEZ2EDATH -7z, T2 ERNABROEEZIEE L
AHHUES NIz, SHIT, EWED 10% KEWEEIZ
Y3 % RF %7 — (88kW) TOD 7 R 2 E Mk BR T

ERD Yy FE—EIRELR Do, 26D
fER 6, REWHEZ L, RF a¥ 427 2L ZDAHjR
Fa—F—fHHDEETH, short-IH 23IEHITLEITH
592 Z e BRI NIz B, KREINEERICE. X
Hi TR 2 24 D BARZARIC & 2 JERE > 7 b 2 fIES %
7=, FECRBEBEHE 21T -7

33 BRHE

KIEGE S AT A %=FEF 720 short-TH 132 Xk 2 &0
PEFICFERN A=, FEM EFL L OREFICHE L TW 3,
full-TH TLIZHAANEICKIF S AT LR RET 2 TETH
L0, —KIMT.O DT 2 EH#HGEHIT 2 Z 2 3R TH %

- 199 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 FROA11

\
A
4

>

Rep.rate =1 Hz (Pulse width = 20 us)

cf

100

50

"5 Hz (20 ps) | 25 Hz (20 ps)

v
\

25 Hz (40 ps)

AT

Cavity Power (P ) [kW]
o
‘ [l

EO0T S =
s D ]
Lot T T —) Dl e
c 3)(10:: — ( LHN h‘ o k(\m \ [ | | _
— 2107 = 1 ‘ | -
B =
'g) 10 ; / /v/ | é
s = // /// =
o 5— / -
g 0 ; ,,,,, DU ORI F e - e . _//’# g | // |/ é

"0 10 20 30 20 50 -

Integrated RF on time [h]

Figure 5: Conditioning history of the short-IH. (Top) Cavity power. The red arrows indicate the cavity trip caused at the
duty factor of 0.1%. (Middle) Pressure in the short-IH. (Bottom) The temperature data shows the difference between the

cavity’s outer temperature and the ambient temperature.
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Figure 6: Steady state temperature distribution of the
short-IH with the peak power of 88 kW and duty factor
of 0.1%. The distribution represents the temperature dif-
ference from the initial state.

7o, BWRNTIC X 2 G HREHI MR EEIC R %,
short-ITH DHEE HIC L 2EE LR ¥ HEEM DR
¥rizix. CST MPHYSICS STUDIO (MPS) Z W/, &
DT TIE. FEEET 272D F 2 —F—% RF
AVRTR=IZEDFEMBHEIXEK L TVWS, £,
CSTMWS % W TEME L 7222k E DM E & % CST
MPS 2 AJT L. Fig. 6 IZ7RT £ 512, ZERADEFIRAET
DIRES 2B L2, 22T, 2R TORIE
EREE. READ BN [23] ZRKE LT 8W/m?K

¥ L. BB 0.1% O duty factor ZTE LT3,
iz, ZOREDHERNT, BRI X 2EZEM %
SR L. RIS, HiEOZN &% BE CST MWS I A
N, HEIRFEBEED S DR 7 v 25tH Lz, 25
12, LEEOFIEZ EERFITICISHT 2 2 8T, ZHD
WFERY IR & RIREUDE 2 FHE L,

Figure 7 X, RF %V — 88kW D 7 IRf [ E iR 1%
BB 7 e IREZLOEAE > 21— 3
VHEEREIRT, M RF SV —%2 4 2L TH 5 DR
BERLTWVWS, EXIZ 324 MHz 225 DK 7
AfZRLTED, Hilfiz > I 21—y a VEZMT
DT 7 4 v L7

Af =ai+ azexp <t> + a3 exp <t) . (D
—T1 —Ta

T4 v MZEDELNTZNNTX—XIETable3I1I2F D
720 FEHEETEDOPE T X — X3 10kHz O#IFH T
Ial—yarye—RLTED, HlEXNE2 DORE
Byl Ial—are—8T32 e 2MERELE,
Figure 7 ® R, ZROBEEFY 7 + 2R3, JIE
ETH 2 Bl ANEEICE D 1 - BN OIRE » &
FRE L DEZRLTED., HOSRRIIZEHIVEERE D
YIal—TalERERLTWS, BEHS 7 ok
R FARRIC, ZRANAROEHREITZS I 21— a U
Ry XL, £ MEeHEOD AR Fig. 6 17
T DT#]l & #3 ORMEEORERN LS I 2L —> a v
HWRE2RT, DT ORRENZEHEORRE I D /X
Wiz, t=0-0.3h ORIC DT DIREIZNEBEDIRE LD
HIHNFFERTER L, ZD%IINEE L F UK ER TR
ELERTZ2ZERLTWVWS, 2O Ial—Ya Vil
iz, B 7 v CTHIEINZ2 DORFER 1 & r
M. 2O DT O FEFTRR R & 24RO 2RO

- 200 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

T T
0 -
e measurement
4 simulation
N
I L
=3
= L
<
-0.1—
| il |
.1 I T =
20— . —
= [ - ]
(o]
S -
— 10— | o - _
< L | « meas. @outer wall | |
.
Fo - - sim. @outer wall |
07—4""' ’ sim. @DT#1 N
. --—-- sim. @DT#3 i
1 ! T . .
0 2 4
time [hour]

Figure 7: (Top) Frequency shift as functions of time from
RF-on. Solid lines show the fitting results. (Bottom) The
measured and simulated temperature drift as functions of
time. The data shows the difference between ambient and
cavity surface temperatures.

Table 3: Fitting Results for the Measured and Simulated
Transient Response for Frequency

al(MHz) as (MHZ) T1 (h) a3(MHz) Tg(h)
meas. -0.12 0.038 0.086 0.084 3.31
sim. -0.14 0.051 0.074  0.086 3.37
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