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PRESSURE RISE and BEAM LOSS with HIGH INTENSITY BEAM in J-PARC MR
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Abstract

In J-PARC Main Ring, as the beam intensity rise over ten Tppp, the vacuum pressure rise of order of 10™*Pa is

observed in many chambers and beam ducts. The pressure rise is well controlled and decreased by the surface scrubbing

effect with continuous and steady-intensity beam operation. With the high pressure-rise, also the beam losses are

detected by the beam loss monitor at the chambers of a few meter long in 10”°Pa and the momentum dispersion maximul

point in arc section in 10™* Pa range.

J-PARC MR D RIREE—LIZXBFE N B e—20 2

1. IFU&IC

J-PARC Synchrotron Main Ring ( AT MR) TiZ, t'—
L A EH Lo o — L8 E A I Dk e —
LAy a=m T EITD, —a— ) E—ATA
3.52s I CHWEW L (FX) 2, Ry bBE—A71
v~ 6s BIHACEVED HL (SX) #1T-oTW\ 5, B—A
RELT 2009 4EFKIC KEK-PS ORék 8T (77 ) particles
per pulse (ppp) %z, 2010 4 #]E DO FEA T 35Tppp
(S50kW FHY ) O iE L, 48Tppp D E+ 5y D& K&
O 70Tppp (100kW) DE3RIDIERRS FTRETH 2.,

WD THFETEL Tppp THIIE- G L 7= 2009 411 HiZ,
HEH D in-vacuum iAW L7- FX Y v i—F =
LR — RIEED SX I ESS Fx=13— SX I DC &
TH LT = 23— 2T 1001000 R4 D 10°-10Pa 5
OEFEEN EREBRILEY, ERIEOSES WS
TIIIMEME 1.9s DENAENEINT A —Ln 2% 1
BUHILT-, &5IZ. 30Tppp %8 2 5 LA Al HEIC
72572 2010 FEAFITIL, 7 A TINGR DT — 75
DE—ALE7 N Thix K 10*Pa DE S 5 L ZHUTFED
BESN DO =L 2 E BRI LT, KFETIE EJEAO
Hepk b FRICHEO B — A R ZOWTIRAR S,

2. EAEF & scrubbing B4l

JE) ER- ORI bIE, AS - Nk - HEFoo 1 &
D (HIE ) DE—LEBE T K 1 DO FX Fvh—F =
YN—=D B-AT =V OWE LA A BRI R TLOIZ
1.9 B ONE EAHHR PN ST AL GED, B—AH
SHEAR TSI E VR o 7 (HEROEEE 1.2ms) « D
e L HHER - RS IC LD E B~ Dd -
<YL TR D, —77, 3.52s 7213 6s JEH
DOHEGEIRE ~EOE— LR E TITH B AL, HIsE
OB ROENRSLEICLY., X2 1R TE)IER
BRAGT FX ¥ v 1 —F = L S—CEU R BE . AR
NHARY T ETORBENESBER DI H T 5 2 ZH
SWT— I — A7 NCEIFRIFREE DN T SE o
JENDNER- Ltk SOICEI I~ H O e —2 i lizD
N, B —AIZ LA FEED scrubbing (2 &0 A%
HH AV NS <725 T, R LT,

*masahiko.uotalkek.jp

600my
624mVy

""""" Raw G sig. @
1.2 e-5 Pg Rise
W (Linear, Inv.)

Raw. lG sig. @KM5
2.1 e-5 Pa Rise

(Linear, Inv.)

Ell2oomy & M. 400 MSNA 7 540mv
10.20 %

Pressure Rise @KM1,KM5 :Shot 31643

1. 1.9s I EAWH R OZE D% DT v T1— #1, #5 D
B-A 7 —DOWE A L B OFEZE b,

FXKM1
FXKM2 AV
FXKM3 8

FXKM4
FXKM5

s cycle

21:55:30

21:53:45

10° o

~

21:00
12/8/2009

Pressure [Pa]

RCS Kicker down

00:00
12/9/2009

03:00 06:00 09:00

dat

2. 6.5Tppp 6s JE W E HEIEKE D, FX ¥y 1— 515
DIET) B & scrubbing (2 LD U,

-721-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

WICIA U e — AR B C e 5217 9 & JE ) B3
HIESITEBY., IV EWE— IR TOMRHERLH 1 HE
b, RBFX Xoh—7TiE 21268 TnDHE
INCEFHE—LIRETHEIEL TV DICHL b O, &
HC A AR ORRFADNZERZEA T2 Z L A FE & 7 <HB
HETEBY, Ziuk, FlxE, REO1O>OH AL
scrubbing THEAL D23, KL B —LERAIZ LD 7 =T A
b IEEIRICEBL TV B O Ty D AR AERK
ICED BT D LWV ORI AR ATRE TRV,

3. RO

WA EZFFIT D200 —ODFERLELT, Foylh—1
RO MR AR — MV EARE &0 HT 5t 2 B0 1) <
70Tppp(100kW FHY ) BLFEEHRE 5 ~ 6 FH 7= IRFDFE
A 2T (RGA) A7 MLVA K 312, F1- D7
BB O R—F 75O RGA %X 4 1277, b,
HAPNT T =T A MR STz kAL KE (X7 77)
RETHDHEHR LTV D, [FERIC, KRERENER
NI LTWD SX DC EFHZLDHH0D 2 54 (SMS2)
O 70Tppp HIEHEELF O RGA DOFERAK 512, EHIC
30Tppp & B A 728720 THRA LGOI T — 7 T O HE
D RGA ¥ 6 (Z-F, AEE—AMIITLI=D A

Ion Current [A]

" ‘
10" ey T T T
0 10 20 30 40 50 60 70 80 9% 100

m/e

vvvvvvvvvv

3. 100kW T#J 10 77 ¥ & (T single shot & % 1 I 7
THETOHLERNLSFEITSTEREOX v 1 — 1 5D
RGA(scan rate 1s/mass), > 7N EEIF D729, shot

% 10 R TRAETATNIL SN AT ML OTRAR I
RIEHETH D,
107
1 before bake, 3e-5Pa
1 start 100°C bake, 4e-4Pa
3 1 for 85H 100°C, 2e-4Pa
10 1 RT after bake, 2e-6Pa
= 0
]
£
E 10" i
10" ] I ”
10" T Hh‘m

0 20 40 60 80 100
m/e

4. 2006 F-% o b —8ERE 7 =T A M EALAATE T =
LX—% 85 ] 100°C TR_—F 7 L= D RGA,

DI F L T AZ VT SMS2 T D LS5y
FIRAb KSR &I B 37— BB A B HRTIR
BAC, &G TRORIENVLETHD, AT LANSNALT
KT H X — XD DAL SIS DS A 72 T — 7 5RO
RGA Tit, EVVHED S FIZHEV LT, A&l
KH 2Ty, L LE—AKEN 1000m 4 —# T
RN BT B — LD B T T X 2 O
L7poTUNA,

4. 7—UEE—LAORX EDIEE

MR 2JE Dt 5 2 FRIDOEI I3 ATDEAE K T -7,
B £ 71X — 2RIV O B, FAEDEFTT
3x107"Pa Z B X 72\ MREEC, T OT AR EE D B3R
CRIFERAETEL WD EEbN DY, B
% in-vacuum 2BV AR KON FX B 72 L7200 50
EEWEE T, T 100m® 2B XM EmEN S+
DTSN ETHD,

—h. B+ Tppp @E~A3§f®kfﬁﬁﬁﬁ¢ =8/

\CHREEZ RIS A7elic. T—2 T 107°Pa %%ﬁx
ST E-TUR 10%Pa 2B DEN ERANRAETHZ L
ZRRER LT (X7 D 2010/4/23,27), H AR 2K E

3 Under 70Tppp, 100kW beam,
7 Partial Pressure rises 3-4 order.
1 SMS2 is highly Hydrocarbonized!

10" 5 r )
3 ﬂ I LIPO85 down
’ 4

10° 3
E Az T S Gaves, 1ps power on

erage of 30 scans(2/23 12:00-12:50)
igh intensity beam study

| A [

Ton Current[A]

o

10 P P P T P e e e P e e e e e

0 10 20 30 40 50 60 70 80 90 100
mle

[X] 5. 100kW Hi%&C 10shot F&JE & 4T of_ﬁ%%@ SX DC t
THEEH#2DRCA, ZORFLFIE 5x10°Pa 2 LTV V=,
R TVEEN P TH DNH AHH B K EL shot 3%
T2 ARYT WVHBNAIE TE T2, Ar DIFFEITI A RFrB—
LTA DY —T7Z 8B,

10° 5

IGl42p essu

scant average of
s
— 4/9 about SAM

Ton Current [A]
3,
=
—

6. W1 T 45Tppp(60kW) HHEHEIE IR 2T > 7= RFIZ T —

Ve 10) mlssmg bend D HAE TIP ML DI #142) T
B K 6x10°Pa £ T LF L2 50 230450
RGA,

-722-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

Inj.Septum 2

<¢— SX Septum 1,2

Pressure [Pa]

~<— 2008/05 3GeVE—AEAS > T AHE

2008/06~09 7R> 134

® FX Septum 1,2 —&— 2008/12 30GeV FXE— RTFR— M > TIAYEET
/ 2009/01 30GeV SXE—AT/\RO> S > AYHE

—>¢ 2009/04 30GeV FX =1 — kU S > ST

2009/07 D vy MO ER

—— 2009/10 BOX>FFH> R

~—— 2009/11 short shutdown

2009/11~2010/07 E— L3 up

—— 2010/04/19 40kW 3EEHEETES DA

—6— 2010/04/23 7:00 51kW arcif1E-4PatBX it

—e— 2010/04/23 8:30 AL, Z4MEN

—— 2010/04/27 11:45 63kW ¥ ASEFHEIET

—— 2010/05 5> RIDBERELEHIR (run32/21E 8 B4)

—— 2010/06/26 63KW #BSRHELEESL (arcAPIENZ)

FX Kicker 1-5
- &)

@
J disp. max without IP

wng —f

WoIyd =
> Etﬂé B U e
p3)

et =

BalyI0RWI0D) —

(@)

91TXAOr
910Xl

00,

Ir;seTrtion
(116.1m)

A

=
3
vs)

Main Ring 1567.5m

Eeajeag S 5
A S
Bne 5

T
TTIIITIIIIID
AAAAAAAA 333
caliizscodBR
28XIBB89R L=
o Nl =} o
£ 2 3
% Arc C
»
Insertion C

7. MR 2B DIE 173470 2008 FED 0 DA TE,

BHERELTHLOTH L0, KbEED LW ASE
AT — 27 O CHE - WAV O 24
HT® missing bend DHE THY, I HIZZEDF4rD 12
BT, AA R TREBSIVTND T2 D sy
i i < JFESI AR ORBKRNLE T O R T RED B b iz
WV JES EFERT pon & Pow DEEDS EFRETO 2 FREEH
510 FREEIZREL DD, HFREEDRIELSHED
TR, —RRTTRWEN A AL AR BT, JRETHY
PRI AT RIS o T (pryin) DR ZREFH (P )
NEVHERBINTZDOTH D,

8 1% 10*Pa FHFEDOE— A0 AE= X DOFEMERL
WTEDENDO—HERLUTIZLDTH DN, FRETALED
LEWELIC LA —2m 2 EL AT E RIS O
T =R DA Pa FRFE £ T AT BT, £z,
1 SRR AN COENEIIEENT L FEMED
WZH b 53X 8 FERONNREEE Yy~ v 7 03k 4 &
N, TITT7 yENIho T gL —LiblcnAh
FBEEZ TEY, BE—ABADT R — (KM L 1T
THHMND, ZOaAE=HADOU T IVEE B —L0D
DAZFDHEDERTNHD TRV ZhiT b,
[ESRONE—2 path &1 ZAFE=4 7> M E ORI
5x10° counts/Pa-m &9 BRSNS STz,

5. f&m

J-PARC MR TiZE—LB8FEN LR BTNV 2 E T
N EAPECTODD, EftERE —EDTRE TIT9 2
LTE—AZLD “arTyva=rr” NMrbhu, B
WENIINED, E—2EEDO EHMBRKTHLEnA
BT DIEEDIE I EF B ECTLEIN, i
I CTHIVTEFEESTRE 2 BT WS ZENARETH
Do

PowerlkW]

ure [10°Pa)

relative shot #

8. ]8T 53kW 1 ot i #4177 — 7 B8 T 10*Pa
P ZTZ4R3FID ( ED) B — A58 E, #100 O
71, #98 DO AE=HFEI T b, AT =X R
surface plot,

SE X

[1] Uota et al., Proceedings of IPAC'10, Kyoto, Japan, p.3858
(2010).

[2] Now on discussing in FX Group.

[3] Suggestion from SX Group.

[4] Uota et. al., Proceedings of Particle Accelerator Society
Meeting 2009, JAEA, Tokai, Naka-gun, Ibaraki, Japan,
p.974.

[5] Uota et al., Proceedings of the 4th Annual Meeting of
Particle Accelerator Society of Japan and the 32nd Linear
Accelerator Meeting in Japan (August 1-3, 2007, Wako
Japan), p.206.

[6] Kenichirou Satou, Private Communication.

-723-





