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Abstract

This paper describes the temperature stabilization of the accelerator cooling water in KEK accelerator test facility
(KEK-ATF). KEK-ATF is operating to produce an extremely small beam having a vertical beam size of 37nm. The
beam tuning is very sensitive with the orbit drift. The orbit is also affected the temperature change of the cooling water.
Consequently, the temperature of the cooling water has to be stabilized to realize the tuning condition. The cooling
water system consists of cooling towers and a three-directional valve. One feature of cooling tower is that it consumes
much less electricity compared to an electric chiller system. However, the cooling tower is strongly depended on the
environment temperature and humidity. The specification of the cooling water has +/-1degC stability, which is not
enough for our application. We developed a control method to realize a more stable temperature. The realized stability
was +/-0.1degC during the hole of the operation period and the orbit drift in the damping ring was disappeared. The
detail of the control and the measurement results are described.

1. [FC&®IC

T RV — N 2R 2 B R S i el R 00 O 5
ATF/ATF2 CIHBE=I v ¥ U AEFE—AIZL D
B A A R O RRER 23 8 5 AL TU B [1][2][3]. ATF
2o 2 (ATE-DR) O #8288 3 A f& U
HROE—LFRHEICKRE SEET LD, BELD
BN T B TR, BaEEBERO—>E LT
~ Xy b, BZEF L RN—Ip EOBHKORELE
Bz 55, ATF-DR Tlt, 7— 27 ica N
A R REZEHAL TWA DB EIKOIREIZ X
2 BUHE O T2 Do 02 iuE OB Tune DZEE)
NEZ D, BE—LFHIHOREEN LD HEIKOH
PR EE+/-1°CIZ il L CE— AWUEN LB LTV 5
TENEE o, ZOE— APSEOEE I X
DO, WHKDBEZ I BICEZTE/LI LV E
NELD Lo T,

ATF-DR O~ 7%y b, BZEFT ¥ o R_—72EDnm
HAKIZZ =V 720 — (BEE) ITL-oTELR
TW5b, WEZKOBEFIENIXAEEOBOKAR 7 &
T 7 L DOREIZL DA AT E =5 PID )
HOMAE LI L > THTThILTW5, mAKIZX
D ENIK DAL E M - TV 5 72 DIV RIR IR
BIZE > THABNINPRELSEDL D, £D7=H PID
HEONRT A= 2B L CHLEMELAHTIEED
WWENRKRELED D, FRCABICIIHmAEOA A
7 H R 2O E BN T D KIRE LA RN L 2 T
I°CUL T O EHIEITEE LV, Z ORI E A iRk 5
72D A A TR O R R i E H ATV, WmEIKD
BELESZ+/-01CREETTMA D Z Lk,

# takashi.naito@kek.jp

Fio, BHEKOBEEHFOLZENIZIL - THX BV
TV OEIEIIRY Y a B =X —DRELLTIC
T5Z ENHER,

2. AEERT L

WHIEIX Figurela (27T L 9 & IC/R > TEH D,
WH A VCHAR K EBUK L, 7 7 12 X - CTHiil
I ZERE LD Bk ERIbSES Z LIz » TR
LB X v mEIa A VO F E2 BT 5 KOEEE T
F5, WEEAEMH L7 e T E okt
T DRI TEWD, KJALRAEFEHT 570 m
HETRIE, BEICLY KELL LT D, EHD
FERIRF IR 100%1272 D72 D FIRLL I+ 5 2 &
ITHSRZR D, WA HNTITAEIRE N X+ 57
DIRENTNRVBEE, —THREZESONEHEL A
b, Fo, AWcBARNMEIL LGS, mElaA
USRS U T D lRetE N & D 7 O IR E
BAEETS,

ATF T L T\ D& EIES % Table 1 (2R T, &
WM., mEKRA., BE22F v o "= 3 RF

wHER L

oS S
[CCCCCCCCCCC @«

K

E W
R

AEAAIL

=
27>/ RoT
Figure la: /A DAERL.

igre 1b: iﬂf%t.

-218 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

AL TV, EARIZENTYE Y 1 RFEOHH
BEEHERL WD, ERADORTITRAEN KD K
SLBEEOREE b ERIND, ERAHO—FK
A X, Figurelb (SR TARICNENIIZ 3 2= >
M TCHERESNTEY, KEmARNDEZET LTV
b, ZIZTEIWAEAREINIRDE D X 5 ITRIESCTE
T D 1= OIRERIEE 27°C DM, A DR 46.3°C,
HO 32CTERINTND, AGTIBERIEE 23 T2
HEWMABEN BT Z LT D, T OWEIE CEH
THENIBKR T 77 o OENETTHY .
10~20kW BRETH 5,

Table 1: HHEIES DR

B /e wHEES
B KCMB-77.3T/HR  1300L/min 1258kW
A 2 MXC-Z70AS 300L/min 300kW
= AR A KCMC-60T/HR 1000L/min 488kW
BZEAH KCMB-7.2T/HR 120L/min 32.7kW

3. AENE DR E I fEH

WEIEE O EEHIENT Figure2 (T 34£IC, 1) 22
BT 7, BOKR 7oL F 761, 2) =5F
\2X % PID #6725, VAN TRED LK
GEAK) I ESh, —HFoKIIHBHBETHRLEN
72K (BAK) 1275, b o —FOREKIZ=ZFRIC
LoTHALEERASNDZ EICE o T—EDKIR
(—@EWAK) &b, BAmICEIND, EH
Ty, BOKR T OF o F T HIEN A T
5 EMKOIBEIIAIICTNY, 7125 L EH
T 5, NI DIRE LA 7T DIRE IR 2 125%

EHRDNEE 1. 2 COHMETHRET D,
[Twam |
1 (=790
o7
BEEYY— j

| %i&?}(
"7

Figure 2: /3H1EE 0 5 il 4.

IR OB %2 Figure 3 1RT, Z OFTIXZEH
Ty, BOKR Y IRREERCA A THIE ST
DR, FUFTHIBEOEICHEKDOKEIZRE LS ED
. ZHFROFERMICA DRV —EIRKIZ
1 CREBEENOTNUNELD, ZEHE X
£ 9 & LT PID Hl#HIORFERZZE 2 THIRENRE L
o TCLEWKIRITIZE L2V, T2, —EF T
D EWMKDOKIBNTNRY, KIBENTHDE=ZFHF

PASJ2016 WEOLO0S8

P
AT LB T2 FI0]

e e o

Figure 3: AEIKO TLEHIH,

VL K O 2 98 5 5 D THHIES N T O IR 23
EL RV BKDEEIZISBICTNY, 7 ORTEIR
EEFTIFRDI LiZhd, A7 EWITmAKD
BEN LT 720 2 FRIEHKORELZ BT O
THEAENTORARBNE L 2D BKOEEILS
HIZ END, FERANCEKOIEEIZ EF 2K L,
ZDEIZZHIRNBWVONRL 220 —ERAKDIRE
Bz bbb Z &l b,

4. BHEKDE—LEE~NDEE

ATF-DR Tl Figure 4a, 4b (/3 & 5 72 BRCAIHH]
AKIRIZHBT 2 B — A E O BB R E Sz, =
J7IrD PID HilfE A2 T L, S HIKIR O BE % /s X
{T25Le—AiEEEG/NIL oz, LL,
WEIK Y AT L OAERETIZH-1CTH 0 | (LEEFH
THE—ALEEHPBN S, BHKEO S 57
DETEAENME L ST,

5. REKDBEZRTEE

=@ PID HlfHDORT A —X L THH
1 CORAENKE>TLED, ZORRKIT3. TR~
XowcgEm T, WOKR TR A 47 LIz
WAKOBENRZIBIZENT DD THY, A7
DEER ST, T A7k HEELH L2 KD
/S T5, 2FT 7T —EIRKOEEITXZ
ETDHEEZLND, HAKIBOEIZ KD HKIBED

14
. ﬁ‘!niﬂs:s;“f

Figure 4a: (/) Figure 4b: (F7) #WEIKIE & &
Y7 ) TT =7 WO E— ALE
OB (=5 T A — 2 OFHEERT & E
%) .

-219 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 WEOLJOS8

REENITIDP - VW THDIEEDZHREIED T
A—R bt 5 lIc kv —E kD EE X
b, WHEKED I LR REIADZIZTROZ
EEITo T,

1. BEEOEE T 7 KR T A 7H
OB EEREZ R 212 L, BHBENEXD 55
BIIHBHB Z L IZENENDZER T 7 2, Bk
R F DI v 7 7 HI OFRE T A 18 9 R T
FEISED XL, ZOXIRBREICTD
ZliCkoT, SEOBEAEND LLAITZER
T 7, WOKR T DA F T EEIT 6 BRFEIC
NEEN., U F T7EOREOELEITENT
TF/NS 72 D725,

2. BHEOZEB T 7o, WK T oA 47
DOERTIREIIZNTNICRET D ENHED,
BE., A EATOREREITL, 2 CRED
EIIHREINTEY, HKOKIBILHRERET
OFEHTETFT S, AR XS, 2D XD
TR E TIEA U A 79 2 B AK O KB 2K
WZEDY . ZHFTOHENBNONRNTZD
BEEESZ/ NS kR, £ THCORE
REL T 7OREREDELY RKELSREL, —
AL UT228 7 7 o E IOk R v 7 i3nE
BNEI R SN TV D IR A L RBEZ RO K 91T
T5, 29T DT LI Lo ThH RS o Es 1 54
EFd A TR T SN DI —EIRAKD
BERIERICREICR D, )i, WAKDOIREX
AZIR LB L CEEN T 50— HDOEHE)
WA A7 OREREDHELE §CITTHLITE
A EEEN L 720,

IO DRFEEIT o TR % FigureS 2" d, 7
Z 7134 B OASIR., HBAEEOBKIEE, —EiR
KOBEEZRLTEY, SARIEN8~2 3CETE
fbL7zoizxt L, BKIBERZ S COELTHFIHR
BTN TZRFIZZEH 7 7 I3 A 71272 0 B4
ICHES AR > TV DT R0 5, —ERAKD
BEIIH-01CEHFT I ERHEKDL L1272 o
oo Flo, BEHKIBOLZEIZHEN, e T
7 OLEHZE L, Figure6 (239 X 9 ICHEIKIR

log_160418_160422_tct-1

30

25

20

R

4ns 4n9 4720 a1

Temperature{ degC
; & 3

Date

Figure 5: ¢ AEIZK O il BE 4.

\RIE T 2B 2 bid7e < 72 o 7=,

File Edit Yiew Options Tools Help
s TCTTEMP TCA MONITOR factor = 0.065
¥ DRientars MBGER XPOS plot =734
X = 27503
Y = 290619

SO T I P PP TP P T TP
Zr%ﬂ 245 25 255 26 265 27 275 28 285 29

Figure 6: i A17K DL 4.

6. RELERD=6HD*TAL

BHEZHEH L2mHEHK S AT MIBEHEEE L

2R 0 T HOK ] Dk O & B2 & W O s B Lk 72

EL EMAICIIEERERWA T U ANNE L R B [4],

EHICAEORENDTZDIT, FRRIrRT X o 72

E&#1TH X HIlT LT,

A) ZEBT 7, BOKR T OF L F T HIE O
FIREEZZEZ, WOLRE UG 7 7 R0k
R TVWENY 24 L 5 i@ A
VA TDONRFEEEZ D,

B)  AWNZIXEAERG LR 7 24 5 28,
B DB 7T B,

C) WHE. WHRERL1E D 7= 1 =75 il /N R
E30%ETLELTELT, ZOREL
I FEER P DO F 71T 5,

7. FEH
WHIBEREREORELZEETHZ LIk v BHl
KIEDLERE % +-01CE TLET D Z ENHE
7o ZHICKV X7 v S OWSELE A2 BPM
OREREELLT £ CRENT D Z kT,

HiEE

A E TR L CWEEEE Lo laERE. &
BE R I RGE B U E9, E72. MEEORIEICE L
TR AS A — K, EMFERICH VW& F
L7z Z &&= L ET,

S5 3

[1] ATF Collaboration, “ATF2 proposal”, KEK report
2005-2, 2005.

[2] K. Kubo et al, “ACHIEVEMENT OF SMALL
BEAM SIZE IN FINAL FOCUS TEST AT ATEF”,
Proceedings of the 10th Annual meeting of PASJ,
SAOTPI1, Nagoya, 2013.

[3] T. Okugi, “ACHIEVEMENT OF SMALL BEAM SIZE
AT ATF2 BEAMLINE”, Proceedings of the 12th Annual
meeting of PASJ, FROLO1, Tsuruga, 2015.

[4] Private communication.

- 220 -



