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Abstract

It is ideal to keep a room temperature stable in the accelerator room for the good beam stability, however, it requires a
substantial energy consumption. From the economical point of view, rapidly increasing particle therapy facilities are
considering to reduce energy consumption including energy for air conditioning. The objective of study is to investigate
the effect of temperature variation of the accelerator room on the stability of magnetic field of a dipole magnet. Room
temperature variation experiment between 17 and 28 °C indicates that the magnetic field is linearly decreased with
increasing temperature of the magnetic pole. The slope of the decreasing is larger for the maximum field strength than
for the lower field strength, and almost independent of magnetic field for the lower field strength.
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Figure 1: Pole temperature dependence of magnetic field at
various currents.

{R [0) FE R AT Tl BERBR B R A0S — 7 &2 — &4
DI RIS T = L DOIER 2w 3528 C. 3Tl
5%

UoNI

B = (M

l.
Uz
DRKOSNED, 22T B FULBEY | po: BZEDBREE | N:
IAVEEIH I TIRGEEDR ., g WERRIEIRR. Lyon: S —2
DB E | w: BRI O LLBREE THD, u D5

RENGE . ()ARD53REF “HHPNEL T T,

_ oM
B=1* @

720 | TR 5 | IR ] B L 2 B e 1) 45,

TS R B 1 Xk DA B D BV AR | L0 Rk L | & i
FRETER OB OB ELREL £ 12 LV, Zhd x| iR
B T+AT ORESIT.

UoNI

13(71'+'137W) = ETII;;;;S

3)

AP ONSTiR PS5 [

B(T + AT) = ”07”’ (1—kAT) ()

LD, ZOREY, Wi OIR BRIk FRELE RFELS
N5, FhiEEETEH 690A~1T10ADEFIFHIZ IS\ THEERT
BN OREZEIT-1.5X 10°/K THY ., Z0gk

PASJ2017 TUP074

D ELD k=-12 X 10/K EFEFIZE—FEL THY,
23 5000 FEEE &0y KE W RS O #GFH Cr, B
BROIEEE AL DM D AR L CRELRI THHEND
ZEMEMTHIN,

— T, B REREI 2220 A THIBELT- 35414, 8%
DO AL, ;B RENEF LD T 57012
QRIVFLLAXTEZDLENHD, BiEE O
FEREO TR RAR ST LL, B R ITE B R CIk
ADIEEREERDZENOLNTWD[6], ZhbiEn
TGRS OIREAREL DM A RS D 5 MR
DT, AFEEBRT 2220AIZFB W THEZ DM HEN KL
7o TNDIEEEMMIT—EL T D, AEERIZIDIE
PEAREIE-5 X 1075 LR E NI,

RIERDO KR E T v r7aha Gl — w8 (7T
"M—ZEFHED 1.5T/s TTZ IV TR E T
L . 77w by 7B COR MR L= % B I LD
7T hR—REA T TREFZ VIR T) T7 I b
I RS ~OIRE DB A E LIZAN, Figure 1 &1EE
[FARDFE R L7020 7T Ny T RESG ~ D WG FE 5 2
IXE R EOYS A EHERNEE 2 HILD,

32 SEIRIEERE T COWE

T e 22 00 22 G I ENR B #iPH & S T 72 55 L g
TR H S U CHIAETEL B P N C O IR EE AR B XN ]
WECTHD, ZOBMPEN/ R BIREB O BT 5720,
17 CIZEIRZ R E L TECEARRIEE CREFLIZE ., 4
HAKMGER BL O ZBMEL | |BildE 24 CHHNIX
28°CIZ EH-ZWT=56 ORGG ~D B %8 gt 1 E LT,
WHKIZEFAINZ@EAK T H08, BhEIZEIL TIXRIE R
DIHFhREL M TIEEEA 7 ELTe, #5 5% Figure 2(a)
~EIWIRT, (TR EREL 17T CIRFFLS
AL (BN 17CHE 24°CIT EFHLIZEA . (01 17T
28CIC ERLIESEATHS,

(@) TRT IO, BIRIZE D 72 EbmAEIKEAKIC
FORGR S RS 134k < 1T B F-L . SHFRI#GE THI4°C
R, FhRGEN 2220A TIERMR R EIRE L 512
PES TREGITFEODNZI DT B0, 1710A TIEZEDIH
AT BR S 2ol — L OIS 17Chb
24 CIZER EH-SE256 | BBIRED AT h
WIS, B DO EB DR U RiX()DBH A LIFIER
BRI DIRE R E N DTN KREWDRES O bbb
PTHTKRED, 2, (0D 17°CHH28CIC EH-S87-45
BT, ARIEE BRI SH IS, SO T
K&EL o7z, FBETETT 2220A CTORGMRIEE & 7 E B
bEIRF DRGS0 1 & UT-FE 8635 D B£R % Figure 3 12”7,
W I 2 TR B L eI ERRAICA L, iR
FERBUTIBCEHRRBE 2B 1T B2 Dbk B I DR AR L
LITITRT-5 X 105 L E TH -T2,

A BlOFE ALY IR IR E S A A Lz
BAETH, ZIUCEDERROIEE ~D BB T /NS>
e/ THY | W ) ~D B [ O A 27~ 4 2
EDVRIES ATz, Figure 2(b)S0(c) D7 —ATHB)2 L5
12, SRR () 2RI b E 1 Ch | R R D2
(B <ITITBREE T, =R 28°CT 8 FEMZFAL T
HRABIRE 1L 28°CIZELZRV Y, ZAUTgk O EZER L DE
RIEERP/NEL, DOFRLOBEENRKENTZDO THD,

-533 -



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

PASJ2017 TUP074

ZORERNOHEERTHE B OB CIEE KE<H-7-
BAIZEWTL B 10 5 EOFE M T=iEN ETEL
THED DR EEALABW DN, B~ 2 A
ZITE N WEEZ BNLD,

il 17CE R C8RFHEIR L - A L s
17°CH 5 28°CILZ b C8REMEIR L 7= A & bl 95 L,
FEBRER A0 REWGA TR AN E X B2 n
DN, BERAAFINC KV BRSNS TR T2556 121 1X
104 FEE DN BT D, ZOINIHSGDOL~LC
Fo TERENDEN 25 TLDEN) T LT FE
EEZTGAEENLETHD,

(a) 17 °C unchanged

35 1.0003
(@) L 1.0002
T ! 1.0001 A2
S K S * @ o ®oy ™I
T 25 0’ L1 m
8 : ."""Q. N L 0.9999
E20 | i L ey
o B v L 0.9998
'_ .
15 = 0.9997
01 2 3 45 6 7 8 9
hours
(b) 17t024°C
35 1.0003
o L 1.0002
= 30 W/"JM
2 L 1.0001
5 25 . -1 o
) ' Q
o L 0.9999
g 20 =
2 @ [ 09998
15 0.9997
01 2 3 45 6 7 89
hours
(c) 17t028°C
35 1.0003
°G3o L 1.0002
o L 1.0001 o
=) m
© 25 -1 =
()
gzo L 0.9999
5 “@.. L 0.9998
— g ¢ .0
15 - 0.9997
01 2 3 45 6 7 89
hours
Figure 2: Transient of ambient temperature, pole

temperature and relative magnetic field at 2220 and 1710
A. (a) stable ambient temperature at 17°C (b) Changing
ambient temperature from 17 to 24 °C, (c¢) Changing
ambient temperature from 17 to 28 °C. € : magnetic field
at 2220A, @ : magnetic field at 1710A, - : ambient
temperature, * : pole surface temperature, : yoke
surface temperature, ° : coolant inlet temperature.

4. $EE

FIRLBN RER A O PO 2 RS
17-28°C D &P CTRYFE IZHNE LTz, WG IT k.0 D
WCEARPNIIEFL . TOEZ MK ORE ICL-
THEpD, BERMFNIES2OEEE TIlE, #UEsEIZED
WERREIBR DO AL DSBS A IS KB THY | Bt DR
FELRBUTER DM B OBIE IR S A k L3 58-k 1TIFFE
B L pole, — HIEKAAMNEE o> TLAHLRE
FREEDHEHEIT R ELARD | BB E LR WA D
IRERE DR 4 51052 LT,

F- BIRDNAMICEHLZELTH , BEMRIEE ~D
FEITIEF TR THY | G~ B [FERICHE
N THD, ZOHALMK ARG A LIERfIOS S
ETHBN R ->TEY, BK OS50 N E 2%y
P T DI EMHALINT 25T,

1 en,
%Q-

0.9999 %
é’ B,
= .

0.9998 e,

@o
0.9997
17 19 21 23

Temperature (°C)

Figure 3: Dependence of relative magnetic field on pole
surface temperature. @: Thermal equilibrium, @: 17°C
(Stable), @:17t024°C, @+: 17 to 28°C.
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