Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata
PASJ2024 WEP024

BEa/NILNBEELEYI(Z4LB KEK STF-2 IIESS 0D R EETA
TEMPERATURE MEASUREMENT OF THE KEK STF-2 ACCELERATOR

WITH A PLATINUM COBALT TEMPERATURE SENSOR

Al B UE TN R ORI Y, = BEY, ARE FY,
AERAE k™, KK Foal®, #EE BV, (L4 Y
HAK HEED, M P
Takuya Maruyama®), Koji Yamada®), Kazuhiro Hara®), Koji Mitani%), Hideki Kubota®),

Makoto Higobashi®), Kazuhiro Kimura®), Osamu Saito®), Masaru Yamana®),
Hirotaka Shimizu®, Hirotaka Nakai®
A) Okazaki Manufacturing Company

B) High Energy Accelerator Research Organization (KEK)

Abstract

The High Energy Accelerator Research Organization (KEK) and Okazaki Manufacturing Co., Ltd. have been
developing a temperature sensor for measuring the temperature of superconducting accelerators since 2016. A temperature
sensor (Pt-Co RTD) with a platinum-cobalt element, which has excellent temperature-resistance characteristics at
cryogenic temperatures, was manufactured, and basic data (precise resistance measurement, reproducibility, self-heating
characteristics) was obtained below 4K in a test cryostat, revealing that the sensor has good characteristics even below
4K. As the next step, several Pt-Co RTDs were installed in the cryomodule of the KEK STF-2 accelerator, and the
temperature changes of the helium jacket for the superconducting acceleration cavity and the return pipe for evaporated
gas were measured. The superconducting acceleration cavity of the STF-2 accelerator is cooled by 2 K superfluid helium,
and the installed Pt-Co RTD showed stable resistance in a cryogenic temperature environment even during actual beam
acceleration operation, confirming its suitability for the actual device. In this report, we report the temperature
measurement results of the STF-2 accelerator.
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Figure 1: Pt-Co RTD.
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Figure 3: Cooling principle.
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Figure 4: Configuration of test equipment.
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Figure 5: Measurement point.
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Figure 6: Installation status on Cavity.
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Table 1: Cooling Test Environment

Item Date Contents
Pt-Co RTD 2020/3 Cavity: Installed in 4 locations
Installation GRP inlet: Installed in 2 locations

Cooling Test Adjustment operation

o) 2020/8~2020/9 (Low Power Test)
Cooling Test Normal operation
@ 20212~2021/4 (Beam Power 0.7 kW)

Cooling Test Normal operation

® 2021/11~2021/12 ( Beam Power 0.7 kW)
Cooling Test High power operation
@ 2022/10~2022/12 ( Beam Power 5.6 kW)
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Figure 7: Measurement Circuit.

5. FERFER

5.1 WEIER

HEFRBR@OD 300 K—1.985 K—300 K| OF v—h
Fig. 8 |29, MHABBR COZFHANIL, Pt-Co RTD (2
R RE N ECH L IREARbOEEEZ R
B FHAITET, XLIBEBRENZ WG HIRBRO
IZBWTHRIER Th -7,

thermal electromotive force

300

250 - /
& 200 -
o 4
: /
£ 150 f-
: /
133
[=% g
£ 100 poo- Cavity GRP AH
2 ’ PtCo.1

5 PtCo2  PtCo.6
50 |- i PtCo.3
0 ! i
\ i L
’22/10/30 11/13 1127 12/11 12/25 *23/1/8 1/22 2/5

date

Figure 8: Cooling chart from 300 K to 1.985 K.
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Figure 9: Cooling chart for test (1).

5.3 1.985 K TOHR MR

Pt-Co RTD iffi i #éiz (Cavity PNJE/7:3 kPa, #&i:
1.985 K) ICBIFDAEED 3 BT —4210, [YEHE,
FEVER 22 RIS D72 | 2 FH LT, #5 5% Table 2 |27~
R

FEHERZE1T 0.001 K~0.109 K (Ref:0.002 K~0.220
K) . Cavity WiRIR (BRER{H) & D 71%-0.063 K~0.003
K (Ref:0.037 K~0.582 K) TV i k5 B 70 GRS R 315
LT,

F7-. Cavity DFHANC
K (Ref:0.170 K~0.391 K) THY ., HFHEN B WD
MR TET=,

Table 2: Characterization at 1.985 K

BT LHBLMEIL 0.006 K~0.053
/N

Temperature Sensor| Ref.1 | Ref.2 | PiCo.1] PiCo.2| PiCo.3] PiCo.4] Pico.5] Pico.6
Installation location Cavity (Liquid temperature : 1.985 K) GRP inlet
Cooling |Ave: 2.049 | 2177 | 1922 | 1.976 | 1.979 | 1974 | 2.068 | 2.341
Test |SD 0.002 | 0.002 | 0.109 | 0.001 | 0.001 | 0.001 | 0.014 | 0.013
@ |difference | 0.064 | 0.192 | -0.063 | -0.009 | -0.006 | -0011 | — | —
Cooling |Ave: 2022 | 2338 | 1.975 | 1.988 | 1.985 | 1.980 | 2.038 | 2.305
Test |SD 0.008 | 0.011 | 0.004 | 0.008 | 0.012 | 0.017 | 0.026 | 0.035
@ difference | 0.037 | 0353 | -0.010| 0.003 | 0.000 | -0.005 | — | —
Cooling |AvE: 2.082 | 2.380 | 1.970 | 1.986 | 1.984 | 1.975 | 2.036 | 2.318
Test |SD 0.005 | 0.009 | 0.004 | 0.010 | 0.016 | 0.023 | 0.034 | 0.042
® |difference | 0.097 | 0.395 | -0.015 | 0.001 | -0.001 | -0010| — | —
Cooling |Ave: 2.192 | 2.567 | 1.970 | 1986 | 1.981 | 1.977 | 2.060 | 2.348
Test [SD 0217 | 0220 | 0.004 | 0.010 | 0.016 | 0.024 | 0.034 | 0.044
@ ditference | 0207 | 0582 | -0.015 | 0.001 | -0.004 | -0.008 | — | —

«difference: Difference from liquid temperature (theoretical value)
*Measurement unit: K
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