Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

INA AR )RR KR

PASJ2017 TUP128

KIT7A/NREET DR

R&D OF OPTICAL FIBER THERMOMETER FOR VERY LOW TEMPERATURE WITH
BIMETAL

TEARFEES, /N, MPREE=E, DR, JERSC, ARt

Hirotaka Shimizu #, Yuji Kojima, Hirotaka Nakai, Kota Nakanishi, Kazufumi Hara, Teruya Honma

KEK High Energy Accelerator Research Organization

Abstract

To operate accelerators which adopt superconducting radio frequency scheme, it is necessary to control cryogenic
systems including huge amount of cryogen like liquid helium and nitrogen stably. Achieving above, it is important to
monitor temperatures of cryogen or instruments at each stage correctly, and feedback to the control system. Usual
resistance thermometers, however, cost if measurement points are increasing, and need to introduce many metallic
signal lines which connects environmental temperature to very cold one. In this report, R&D study details about a new
thermometer using fiber Bragg grating (FBG) are described. FBG sensors are already used for monitoring temperatures
and stresses. To apply FBG scheme to very low temperature environment, however, wavelength-temperature correlation
is smeared out by reason of frozen degree of freedom of FBG. In this paper, especially, the new idea of a supporting jig
for FBG to improve the degradation of the FBG response is reported.
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Figure 1: Experimental set-up for an indirect cooling.

I HNEBR O X 2R, BEEHICRHL I,
A RMOPEIRZHZ FBG ZEBALV T, BasHN~&
WL CHHREE R Z TS, WIS DOBYRE|ZL > T
HR°ZIT- FBG DI REZALORR 285235, FRIE
T BRREEE D Pt-Co IREFH BRI
DIVTND, WIEVEZERENZEZE (1 X 10'Pa F2EE) |2
ROFT, FEKTADEELZYRLICRE COME
B OB ZBIRILT-,

-733 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 TUP128

1040 ——F—F ———— —
[ * DirectDip (LN2) [nm] |
1039 [ Indirect Cooling (Ai) [nm] { g ]
t * DirectDip (LHe) [nm] 1
1039 ’ --® -in Vacuum [nm] = g treees ~
1038 | ]

A [nm]

1038 |

1038 |

o7 o

50 100 150 200 250 300
Pt-Co [K]
Figure 2: A temperature-wavelength correlation result.

1036 T
0

R, INETIATo T EERIE EROFE R (F - 1
R IREESR, IR WEHRIRADD L) e &R A
TOWMHFEBROER (b ERAFHR, #H: ~ITVLE
PR M OVE [EIT -7 BZE 8RB PSRBT B FIRRFOIR
FER BB ORERAERHE D, ZOFERODMLERIC, B
Z8HRZB1T% FBG DEEZELOER 1%, ~U7 L5
KCOEALDRE L1352 | BEF K THLNI-E
REFUIRDENTHLEN L THND,

BN FEROMEREITH £ T, FBG OERLEFRIZ
GENDKFO—T AT LSO LN EE & E E
HoTWAHEE 2 HND, FBG X7 7A 7ML —
P — DT W ERET23H T, a7 5o IEEO
DT V—T 4 T AT L2 FHTEOND, LINLZDOT
ENRENT-LWE, a7 BICREREI TR A FF
DTV —T 4 TG L TERNAED T FnEEL<
FERIZI 28 2R 5 F R NEETH-T-, Zotk
MAE—BIRT-ON, T —TF 4 T RBE T 7 7 A3
Z, FANZEEOKBFHKICE S, KFE2WESED
FTHEMEREDD, KFBa—T 47 DFIEDHKFIT
o TTHAB[2], 4 HTIX, 10MPa FREDE S DKFE
BREEICI0H ML EE<E T, i EnAL —F—I1oxtd
HIEMEDH EE K-> TWD[3], L —F— D&%, 7
L—TF T HERICE 5 Lo 7o KT, thx 77
ANPBPITH L, RIS ESND0, ~UT LF5R
LHZ FBG ZEWZERIZIL, KBTI A
JA-INT 7 ARSI, 7 7 A ND RO R TR %
Bl TnHaEBz6N5, LILERREICETH
FHEENRKELDE, FOMRWEmN RIS, HE
FCOBHILFRICH RE2 G52 TNWDEBEZLND, Zhb
DFERDG | VT LFRPH T O RE 720 B 1 K
BOME R MNBREI L, JOREREREZ(LBHEL TN
mEEZLND,

3. FBG QOBERE~DIEHA

TR AR, 2-4 K OWMRIREREER 5.2 5~
LEHROHF T, BUEMHES 2 T\5 FBG O
W EARBEIA, EOJF I IES I, BALIREHT-0OH
EECDOREFNRZ G WG ICZELL TOAERHE-
“o ZOZEVEIX FBG OIREFFIHES B AT, H

FN B B THLN, FOMIERN RAEEDT-HAET
Ho>TH, 20 K LA FOIREFIRKICH T EZ{LOE
ANEIF0L>THY, FBG HIKOFETIT, LEZLE
(bR EZEILELTH RN,

ZOWEHAEFRIE T D70, B HaB R,
FBG &5 T, MMKIRIRIC B W CHIREFEL T
RERET2ARRICW B T2 FENARMZED BRI TH D, 5%
EIRDIATHIZEE LTI, MR R EARE AL - 7= 84 7
Hips, R EEHER YL JARDREE =2 ~D
IS BFZENRZE T HND[4], 2O T, HIET 5
IBFEFIPHZ 20-77 K ERXEL, ZOREEFHELTO FBG
D E 2 M2 W 2@ O DM DWW TR A S
TV, DEVIREDIK TIZE->T FBG MfETezh ia
RRBPEIEHT OO TRNEBRINTND, — 7,
Fox N4 BEEEL CODIREEGERT, 2-4 K EBIC—HT
AR, AU AN LT AR IR fEI ChHH F %
EZETHEFBG HHOEINAEO B H I IEICHREL
TWAHEEZDDNHIKRTHY, SO D S5 52
gLEZLND,

FBG Ol AR A B+ 2L TB 27—
DDOREMN, FITRT ARV RAEFAWZIBETHD,

TR 1 (BUREE: D)
R 2 (BURKE: X)
HEESICLBIYEDHE

AN LEH

&R 1(EU3)
—, &R 280 o

Bimetal¥)RICKDER

Figure 3: Basic idea for FBG jig using bimetal effect.
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Figure 4: Schematics of the potential model.
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Figure 5: An idea for the supporting jig of FBG.
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Figure 6: A snapshot of the test pieces pre-cooling test.
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