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(Received January 10, 1994)

JAERI AVF cyclotronm system has been already constructed to promote
the application of advanced radiation technology. This cyclotron system
consists of two ion sources, an ion injection line, an AVF cyclotron and
eight main beam transport lines.

The ultimate pressure in each vacuum section was mainly designed on
the basis of the ion beam losses caused by the charge exchange with
residual gas. The pressure distributions in whole vacuum sections, which
were estimated on the practical arrangement of the vacuum components,
showed clearly that the objective ultimate pressure could be attainable,
The specification for the vacuum system was fixed up taking into
account guiding principles such as clean vacuum, maintenance-free and
high reliability, and the details of its final composition were described.

We also showed the several results of evacuation curve measurement
and residual gas analysis in the cyclotron vacuum chamber, reliability

test for the vacuum gauge controller and so on.

* SUMITOMO Heavy Industries, Ltd.
*#% HITACHI, Ltd
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4%10°% 773 F4—Hy 71.4x107° BEEH~0—-X2.0x 107" 5L FHE#E2.0 <167
CHEbLORE, LEd->TLHARHEQR, TALEAFLT3.8X107Pa-m' s &k
Mo s,

HbBbE— alfiZBTtRALAFEER Yy 7325y 4 -8la4 v+ 7 (IP: sputter lon
Pump) T& 0, ZoOHSEEIEE0L sTHED TS, =0.06m* s &l b, £z 4 v K>
FTHEWHMIFTVELL v FLEFEH TR s 5 v 2CE, 0.3bm° /s TH S,

2.3.2 ENOHOHE

FWOEEE s va i, BEERYTBIUBRH AT - v YIHHAOEENRENLETNEN S
o, Fig9k R &) s BHCEBREFVESBL CEAATZRE L, TERFO X, 3
E— A4 VEEAROBESE, P.REFOETOENETRT, o0 bEFVODREESRY
IR ETHLEROEAERCEVED, QRIBGOEER Y TOMANI A ZAATWNTTFLET S
A @REY I 2EOBAO—RNERE, QREER Y THNZETHM LS 2 b D5tk
A AENAREINTLAEFN, XLIGE2EOHETERY 7OMIKERY TH ZHEO K
XHBE (ZCTHRS) #AFAETIHEECTRATANIET 5,
INLOHLRENBEEL S v vitB2HEEREDOT 0y 2, ThTNFIg 10A, Fig.
10B % & UFFig. 10C R d . ENAHHED w7 5 Ak, MS — FORTRAN & B W THERL,
WL O DBERNB Y T —F T o s s A RELT, EFVOH SO EREE L TET
TELEES Lz, 209 B Figl0Al, TFLVORHATAEE R, v 2 v (VHCL O
HATRTH B, COv7 va vyOFENNIE, BEX Yy 7ML TERATEIEUCHEK -
SH, BHES L THRREEAL D PR E— AT v EER () fleEEBEIATV ALY, TOB
HER TR () MRS -T2, THORKRBRAGHIEETS26x10°PaTdD, &
SHE® 3.3 x 107°Paic L T30 % ORBARAEN S,

Fig.10 BidR#Ewc = s v@oflTthdy, BEEES v a» (VLAO) OlEHEEIC TN T NE
B2 57— v a vOFEET A28, FASAARCEGRHICGEVELNL S, ENAMORA
ik, CoEr va vOBREIZENLL X 107Pa &L 50, ZOFEANGHEIMHEDOF30% TH
N+HIZRBNEEIERNTDI D,



JAERI-M 94-007

a8 F LD E LTRSASUEY 27 v a v (VLB0) 0oB&% Fig.10CIRT,
RSIZLE200cm B U 120cm 0 22 H D, ZAFLON AMMBIR1.4x10°Pa - m"/
SHEUFO.1X 10 Pa-m’/ sEt B, Lichio THAEIL DDA ZHHERFEHTT.3 X
107 Pa -m'  s-méBhn, FTLUIZTAE—AY I FOEADIMESICLET S, TOLOHRS
ASUETE s v a YT, AARBESBCAEVRSOEMIZZRENA A Y F Y TERE
TR ARAEARELTWS, HZEt s ¥ YAOEADTIE, RSNOBERRMTIITRAIL
% 107 °Pa € THIMT 5%, HEH Y TOMBARSIE L TEMKREL »THY, 2HOHEEF
TS TR LEEOENEARBELTVWS, CDLIKRSAEELHE Y va v TH, b
@E—Amﬁ%ﬁﬁtﬁVaVKKNTﬁZMﬁ%ﬁﬁ%wtm,%W%Eﬁ%ﬁ&ﬁ@ﬁﬁ
BT HEE b, EADEMIELEARALTYL S,

DLEDE HicBzesy 7O —aBWiar— v YEOMERSE KECBFNUREICH
SWT, E— AMEROE AN AEFEEL R, KRESCHEZE R, v s v OREAN, BT
BEMBOIEFH3.3% 10Pa e LCHAuAcsE2 EnBELD 6N, LALENSRSMS
SENBBEELS v v O—HTE, RIARELIESOENCELTVE IEPH LN

@f:c,
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Table 1 W=y RFINH A 7o b0 Yy TELNMEERBREELOEH L £
NHMEEAA v — A REWTEE

Bl& i U A E—L

A7 | TRAE- B RRE R RAHTIR : o

MeV) {(x10-'7 ¢m?)
tegoe 270 | 0. 88 1. 3
ENe’ 2914 0. 85 1. 6
frg e 184 . 569 5. 3
Brge 304 0. 70 3. 6
OA T 243 0. 71 3. 4
SOA T I 363 0. 67 4. 0
10A e 132 0. 82 2. 0
A0A p L3 b07 0. 73 2. 3
“TA T 588 0. 67 4. 0
KT 413 0. 520 6. 9
SR r 7 403 0. 40 9. 1

¥ YA r7o0bo U IEERNER20cmES 2 cmTHEONICASN VT o—T
%ﬁ@kh (IRZBZ«:m/ I R=20cm) o
Y170 bosnREEOEAR. WFhdl. 3x10‘Pa,
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Table 2 H 4w ba v KRR BEGHSEED X UHKANHE
E &l (Pa) ErhHEAEE (m*s) R BB (s
P P Sel Se Aty | At. | REEE | REZELE
100000 1000 0. 0666 0. 0665|450 30 480 480
1000 100 0. 0548|0. 0495|270 30 300 300
20 0. 0320 330
100
13 0. 0027 380
20 0. 050 250
3
13 0. 00189 390
3 1 100 0. 0003 70 1900
= it 143034560
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Table 3 Y4 7o bo Y EEBERMB OV A RER
#Hoo# noHE-R R % A AR OE

(Pa-m®/ s -m?)
A 3 F#+BIE. B 20h 2. 8x10°7
# &wﬁg\%ESOh 9. 83x10°
TIIZTA ZH., BEASO0h 2. 0x10-7
B FH. ¥B50h 5. 3x10-°
NiAy¥+ HES5OK 2. 8x10°7
iR FH., ¥B20h 2. 7x10-°
TYTTFY (20 hiZh#H) 4, 2x10-°
F N (20 hicsaf) 6. 0x10-°
ST RTY (20 hizs) 1. 3x10-¢®
SRA P 7. 6x10°°
7+ (NBR) 1. 7x10°4
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Table 4 #47ovtavyAEAREAMBOI YIS v ABIUAARLED

TEER
BEER DRI T S H AW E R | E A
el m*s 5| Pa-m?/ s |85 X107 Pa

a Q- 0 P. 7. 58

b Cs 0. 0337 Qv | 4. 93xX10°°| Py 7. 58

c C. 0. 0208 Q. | 7. 12x10°°|P. 7. b5

d Ca 0. 0779 Qs | 6. 41x10°°% P 7. 13

e C. 0. 0095 P. 0. 320
A A RS Qi | 6. 47TXx107
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$ /W v HIWY L we s W v sERMY H T RO E

(s ,/cWw-ed) c0TxX6T 2 BOERW L
s-0TXE €1, 0T%XZ '€ |e-0T%XE L [s-0IxX0 T [, 0T%XG '8|e-01%XE¢ "2 B L &
b 0TXZ T {e-0TX9 L |,-01X0 '3 60IXE G|y, 0TXE 6|, 01%8 2 WY
1£€0 "0 2vo "0 cLE 0 Y61 0 1SL '8 681 8B He B
00 "0 L0 0OWOE
gvo 0 &7 0 OTE R R
120 0 L0y —L
06L 0 Kb O
S00 0 090 0 L—OLOY A4 £42
S00 0 SV0 0 L—DOL—&LALL
ST10 0 e1L 0 L—DLApY
001 "0 0FVv "0 gzl "0 —£4NCNATLEY
020 0 S0g "0 —£ 4L )
Svo 0 80 0 (I) N~ (0 ZRTS
P60 0 T L & Lh
T90 0 =k GM Y — L
gLe 0 $czZ 0 0T0 "0 L—0O LT
£00 0 0eT 0 069 "0 — &£ 4L L
200 0 0SV 0 |(AdksdLgsbLkge
990 2 Wy — L
G8L G Hyseny
(A4 N) L 7N b To=3AUL oA L YA LY H% - #¥
(1) Bom ¥ *%&w@%

EHWN Y FOQTHHEZFOHNMHH T 02 OHBEMBRIHY 20l os b &

§ 3qel
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Table 6 #4270t yAEMEEAEBRO TORERRMBORERE LT
AR E : :
BES - BB = | (m?)
ZF VA & T A sS4y | 7+ (NBR)
7 4 —BHR 2. 566 0. 010
75— 0. 258 0. 018 0. 084
fFER Y » b (1) 0. 085 0. 045
T—A4K 2. 066 0. 021
MEEEO0Y 0. 042
FEM ARt 0. 338 4. 695 0. 084 0. 042 0. 031
AR 2. 8x10-719. 3x10-*| 2. 0x1.07{7. 6x105|1. 7x10*
AR 9. 5x10*|4. 4x10-7|1. 7x10®|[3. 2x10°°|5 3x10°
?J’Zﬂlﬁiﬁ%ﬂ 9. 05x10-° (Pa-m®/s)

EhoBfr FAMEE: Pa-m’/s -m? HAHHE: Pa +m' /s
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Table 7 470 o v AEZRFERO I vy sy v 2 BAkU 2N BoHES S

PEER DI, aAVETE VA el E h
s mé./ s 5| Pa-m'/s |88 X10° Pa

Fel ASTEB Qi | 3. 24x10°¢| P, 3. 20
@ C. 17. 4 Q: | 2. 19%x10-5| P, 3. 11
) C. 6. 85 | Q. [9. 05x10°|P, 2. 68
® Cs 6. 89 [Qs |8 91x10-°|P, 2. 12
@ Ca 14. 1 Qs | 3. 86x10-%| P, 1. 80
® Cs 418. 5 Qs | 1. 29x10°¢| Ps 1. 79
® Cr 69. 8 Qr [ 2. 26x10-%| P 1. 80

A ARUHE AR Qc | 7. 09x10-5

Table 8 470ty BEEPHBESROBSTE LR 4 —FHFE RSO
AT I ABIUAARBEBOHESS

HEUEB DI, AT X AW & E 5
acs m®/ s 5| Pa-m® s |25 xX10* Pa
10 ' Qiof 1. 42X107%| Pyo 1. 97
11 Cu 6. 82 Qui| 2. 13xX10°°| Py, 1. 76
12 Ci: 6. 35 Qizjd4. TI9X10°] Py, 1. 53
13 Cis 5. 63 Qisf{ 3. 33xXx107%| Pua 1. 26
14 Cis 2. 98 Qia] 5. 32X10°%] Py, 0. 763
77 A EEE Qr | 1. 49x101
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Q11,C1 Qi12,Cte
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3.0
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2.2

Pressure (x107° Pa)
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1-8 ...........

1.4 _____________________________ __________________ .__.
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Fig 10 A

200 400 600 800 1000
Length of the beam duct (cm)

E— oWt RBEEw s vy vy (VHCL) EHomiTEHER

1.25

1.15

1.05

0.95

0.85

Pressure (x10°° Pa)

ll'"'l"[llll

'IT"'II’III

5 r T |

LA and LX course

...... P-Sputter Ion pump S_:.:

Fig 10B

400 800 1200
Length of the beam duct (cm)

E— LMiERET R 3y (VLAO) EAOSGFEER



Pressure (x10° Pa)
N
o

-
(3]

Fig.10C

JAERI-M 94-007

I

rotéry shutter |

|

! ! !
LB course with_ a

2.5

i

RS : Rotar:y shuttér

P : Sputter ion pump

S : Diagnostic station
j i i

] 1

i

2

4 6 8 10 12
Length of the beam duct (m)

- o REZ s v a v (VLBO) EAS®KHERR



JAERI-M 94-007

3. EZEPERROHK

FWAVEH A 7ot o v EBEBOHEEHRKROE - &iTicdiz- T, UTiFETLI00
COMDEHB%E, BEWLHRHEHE LTERL .,
OEFHBMPERE LB DBIIREN AL SEh, EHEEOT VY27 A4THES S
&g
OEH#E - KEOWMAREICEET 2L & bic, fF - FEIEEUARNET S L,
QHEZEAME S 2V IRBESGH»SONSH A MR, T2/ 0s MEd 3 s,
DA A NN =N EPEERAICBEALIR VWVEHE L, B THEOEZEREAE LN
Z &,
QHEBENINESL, BIRVARBETHELE, xxrv¥— - HFHL bRET L&,

3.1 EEHIROEE

EEHKRE, 414 VB, AFVAHR Y4270t o0rRERBLPC— LER S LF
Blicbf > T ®), MkEtGVTXGINALEELZ v vitHBLT, BAWHEE B
BELTI, BEER2 Vs i, BEERS B VEBEESY 2 M, HZEFR Y 7, HEH, GV, &=
FELIUVRIBAF - P HOEFNLHREEIOKD, THAFANMT LAEFSEIERT
ELHEEERE O,

BWAVFH A 70 to vEBOLERRS LI UVEYE Ry v 2 48R4 Fig. 1l icnd, B
T vavOEIE, 14 yEHR2 (VECRBLUVMC), 434 v AHFENL (VIA~VID), +
A oabovERERMN]L (VCYC) BLUE— AMEZEHM 18 (VBCS, VTSI VHEQ) TH b,
FEF25 & >Td, 14 YH, A AHRBLVY A 270 bo v KERTH, FEHEHE
TELTISAAXR Y THEDIORBRZLR S —F5TH 7 (MSTMP : Magnetic Suspended
Turbo Molecular Pump) #{EH 3 h, BRoOoBBESLREHAAA -T2, —F
E— ol it o0nTiE, EEERVTELTASw 7 —BlaF v Ry FREHEATVWS, L
MLUMSTMPA SRS TOIHMBERRENERINTOAEE LY v 2 vid, #1420k
vy PBOBBE A5 3D EELY v a v VBCS, VISIBLUVSMOATE D,
TOMD 157 v a YRR REITFELELE Y, Tho0t2 vz YBFIEEDOTE
EFE, TMAOBEFHER v P (BB 3.7 (1) HER) 2FFHLTH S,

BEEL27 Y2258 LT0aGVR, MEFROBREEZEELTOTFRAEA -2 4 LH
BTEIESN TV S, RISy b F - D TOETEr s 7L T 20, K —
LA VYORRIIBEPBREY - F SV TEREL TV D,

BEERI Vavitld, 52X -0t a—-NWFAY— Y —CoRT7TOoHERINAETA F
Ly VETEFN, DALl ey FRUERBENTED, KXE» oHEEAE TORENHE
BLUHAHEHIRO Y~ Y23 buo—AUERTILE, £EFL2 v 3 v2609 b4 »Ric
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ik, 2= FEHY—RF—CEORBEHAEENE LT, BAY - VERELL,
E%t?yay®u—9m,4#Vﬁ,4%7&%%%&6%47urmy$m%f@,g
EHZAHLRI[CUDB|A BTN TH LD, F - ABERREZN AL TORBEL TS,
EEHSRA G THEA STV ABREZONES, Tableditidf 5, v —AMEROIP (BOL
/s B L5000, s) 145334, CRYO (1600L /s ¥ & F4000Ls) i3 10&, MSTMP
(270L./s, 600L /s, 10001, s 5 L8 2000L /s) & IbEF LT -TWd, FidA
FOERP DS — b ST 468 THD, LT v vy (FH) 46 8LW0-TH D,

3.2 HEHAROHBESIUVEBRBEZOAR

3.2.1 #EEBBOBESRE

H4rotE vEBLBEEAERT A TAENORSBE, SEHEOLOMKVEFICEE SN,
L@%E#ﬁ%@%®ﬁﬁ§<ﬁﬁéh1mémf,%n%%%%%#vﬁﬁmﬁw?%ﬁb,
LB 2R SENTOERS 5 VEENREOHEL COENT, RUFC L5 %
FWTHTELTWS, BTFIBSELTOEEKIIZRT,

TCGLB2 Pl: £ — AMi%BRIEBRESNTOA 7 A KLy VEERT, LBa -2 LGEHro
2EHDOLODHILDOE S =7 — Y,

ECP2 : ECRA A4 vEZDOCRYO T LHEM» 5 2FHD & D,

CRP4: #A 2o tuvEfEFRoo—2 -+ T TIEHD LD,

DlEQE&KFIND bANE LD, BOOKEEIXFENERKTUHEE  ECRA 4 ¥ B,
M: e W FHRATAFVIER, A4 ABHR, C: 9400 tuvAERELCT: - L6
%%%ﬁ?oﬁ(ﬁi?lﬁiﬁémd2iiﬁ%%@®%%f%b,Wi@CGﬂbmﬁmﬁm
Gauge, CP:Cryogenic PumP, RP:Rotary PumpZ &2%7, WOEXF L UOEFE,
MU EEES S VRIETREZOEELRET AREE LN -TED, JOMNTRERLBZ: LB I —
2o PR S 2EEHOBRE LB, ST V-2 THUTOREE, TOREDFMER
2542 360THY, BHROH TIE PI: Plrani gauge 2777,

3.2.2 avibko—I-EKER

BMESSEOEEL Ty o -, 1) RRENSEEZOREINE TOHR, 2) BE
mﬁxﬁﬁﬁmrafw#6®ﬁ£®%%,a)ﬁﬁﬂzﬁ;ﬁﬁﬁu;%gﬁu—aaﬁﬁ%
o2 5 ndEE, 4) CRYO# Yy 7OBAERETH B, BFHTROUD LT B L UELICED
Zo—mryvzavio—i, GVOBMBEBECIEIA vs—oy 7B EDEIEL>VTE, T4
syo ko O EREEE RPL LA REL TS,
E%ﬁﬁ%®37FD—W5%Mﬁ4Vﬁ—Uvﬁ@V—772m,WMWUMWNMIkﬁw
Coniroller) WO ROM TEBRINTWAY, EEXRD a2 v b ou—JVid, EEICHEEIRESN
TV%E%®JVbU—W§y7&,#47DFDVﬁﬁEW@ﬂVFU—WJVV—W%ﬁ
Davbo—NIy D2 sHT, BE (LOCAL) LU #ER (REMOTE) OZHR—TD
ﬁﬁﬁﬂ%amvfm5oE%ﬁﬁ%ﬁ%-%ﬁ@%ﬁ@@%%@,ﬁ@%wﬁﬁﬁ@éﬁx
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nETH Y, ETHBORBSBATIT > RHEE TV 5,

LOCAL Tz {Eid, “Auto”, “Guide” X ¥ “Maintenance” ©32D & — FTITA
B, 205 bAutc®— FREFBNALEEE-FTH, REE»OSEEREETOEREYDL
LB AEER TN RASIVEESALVITOREMBLE, 2T0o v - vy 2E2EHH
TITA B, Guide E— Fid, BRRF 9 T TD Y —4% v AOBRENEF 2 R RT O LRI L 0HA
L, EBOON/OFF#ERANRELEZELENLBEBHICT- T bDTH B, &1z
Maintenance ®— FI3E2B v =2 TVIRETHE D, BIECHMBASR TSI LR TH L, Ih
5@ 9 HREMOTE T©@iL b Eif (Auto start) ¥y =4 v 20— (44 70 ko rKEZR)
% Figl2icidiffz, BR¥IHESIRZ2 25— P LTHORMOENN13PaETET TS &, i
1%t Stop ¥ — 7 ¥ R A - TREEBAEEET 25 & biz, SMEIRICHETLTRIICRP
_ 1 E{FE X E/ZIC MSTMP (CTP) %&E$ 2, CTPAERFHRZIELALLIATER
MoOEANAALTCMV EEE, HEZIROy—4Fr v 2B TT S, EAMN1L.3X 10 Paic{ETT
&, BUHROY—4 v ARETIANTCRYO4E (CCP_1~CCP_4) 2JAKREEHL, T
NEEE (250KLT) RERENB LRI RV —4F v AB LU Aute start ¥ —47 ¥ A0RT
T35,

BEHE2) s VORTEHEANREOHE T~ 513, 250msBE OB TEMRIICEHERT
NEXN, ¥4 7o ba yHAEASA a2y -V EOCRTTO MV Y FE@EP/ST A -5 —
EREHEICHHAINL, SHLIRHETELETRELET7 7 —AEFc20ThH, BRHOfault list
TERE EEBEHEET > TV 5,

A4 oo YEIBIBEROAA YTy - VBRI, RENSBRELAREDO ST 1 v
Zox v (2.2mW X 1.7TmH) 2#BEBEL T, SEEX V7, GVHEOEFFRAE LTS A 70 ¢
vy AKEENOF VI MEREEERRL, EGEEIBREEOHEREEZEECLETEL &
e, BEEES va vOEHNEMBER, ¥4 70 bo vHEBERO Yo —LF v 7K
LTERENRZED,, Oy I TRE&ES a3 Y2 2WTREMOTE T@ ONOFF ##F, GV
DHEFHETY — 7 RIERESITAL B,

3.2.3 HzmERE

HAWHEORMEIE, BEESERH ToRANEEFETH L1200, HHT HAKHN
HEMEZIC>VWTON ARHREREF— 47 50EAI 07/ F-3RIERANT
i P
%%W@ﬁZH&E%T%%ﬁHﬁMT%t&,75V9%®%ﬁ%$&UGV%K@m¢%
HR7 o M, BB ELOEAREOEBYI A SNV Yy —VERB Lic, E— ABERRITO>VT
i, FAMHBEOERE & biC, RO S L UBBLLC LIV BROOETH L EEE
L, ©—4F 7 b7 a8, BEFL v a vEIOERMELERE, 7T
Wiz aBlNg—X2HVAIDEREAE LA, BENCEEBLS TPRUZELVERICR
SUSEIO b D AFH L, BEA4 4 vy AHFRICR, BHEtLOBEIENCENL8USY 7 M E
iz,

TN =g AREMALOFH S 2KHEEIZ, 1.3x10°Pa-m*s-m? ¥ THBEH, W5
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HEOLRBERAATETX10Pa - m* s - m*UTFOLEKREL, ERLB8EF LI ya2 yYho
) — 78 i, 1.3x107%Pa m’ s TFiBELL, SUSHMEIZO VT, X—F 7L T
FROHARHRETLORMBEEL NI ®, % 7/ UABAOKES4 % 10 °Pa-
m,/s-m ™ 2, '

E—baSAvyON—% v VBER, TNHNIovAy s FORBEHEERI40CHEETS S
Sk, HEHF-VEBRVEGVERFHIATVLAE 73 2F v 7 HHOMEYE, EEFANRE
MORKBHRKASETFEHINZZE, BEOHEZFELI120CLTE L, X—F v 7EE (B
E3.7 (1) HER) FaXTEE I v o - LRFIHEAREES Ui

3.2.4 HZTHRUT

FELEZTR Y Tz-o0nTiR, 1) BRIV TARHMEEHE IR TS LBEDOLD, 2)
FANR—R =2 EQBRADTRMRAEG LD, 3) HES 2 O RIEBT & ORBEETS D
HHEESRLDIVEO, REEEERSE L,

A4 VYAHRZTHE, 41—z 3 MF-1HkeV~H100keVEEEH ¥, £ —A4
HRICLAETRATEEMBOZ Ny s IO HEEETD, IPEBALLGSICR T LA
YIFOBEENPBMULL BB ENTFRHENEZOT, CRYO(RBRHT S &L, ¥4 n D
VEEFERBLUTE—LABERIIOVTHE, ThERCRYOSLUIPAEEER v TITEE L 1o,

AAvEYTEERTA2LDOEN10~107PaEEE TOBMBERRICIR, TMP2EH
T2, oD TMPO S EHKSEFE2000L sBEEZCoduNEF v Fizkt LT, B0k
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