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Basic Study on Vacuum System of an Electron Synchrotron

and Mock-up Tests
Hideo OHTSUKA, Shoji YONEYAMA and Taihei SHIMADA

JAERT-RIKEN SPring—8 Project Team
2-28-8 Honkomagome, Bunkyo—-ku, Tokyo

(Received February 15, 1993)

Simple methods which are intended for the vacuum system of an
electron synchrotron are applied to the fundamental design study. Those
subjects are beam life time as a function of the vacuum pressure, the
pressure distribution in the duct, heat problem due to synchrotron
radiation, stray magnetic fields due to eddy currents and others.

Mock-up tests of the vacuum system nave been also made., Data base
which can be utilized at the design work has been obtained, Furthermore,
good agreements between the simple analyses and the experimental

results are shown,

Keywords : Synchrotron, Vacuum System, Outgassing Rate, Heat Analysis,

Eddy Current
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1. BLHic

SPring-8@ v ¥ 7 v b o vOBRZEROHITEEDLTEI N, ey oBRE TR L. ¥ —
LAEMEATFEOME. £ FHOEAN . REEN . BEEC X 3 REURFERMET
oW T. CoTEEHTHDL, Chidll, BEOB/HOZR s -+ ERZBEANRTHLDT,
ﬁ%ﬁﬁwﬁﬁ%bfﬁéthtC6fb%o%@tbéboT#\:yEgﬂyj—Féﬁﬂ
tﬂﬁﬁﬁTLTﬁbﬂéoL#L\%GD—FM—EEH\ﬁﬂf%@ﬁuﬁiéamiiﬁ
s TWEWL, B5E5HA O EF— SRR LWEASEVL. TIT, ARETHE.
o rs AEES Loty Ty CEBICHETE ZEME L LT LI ORE OB E LR
%ib\Vyﬁubuyuﬁ%LfﬁtoI§ﬂ€®ﬁ\T?K&(ﬂ%ﬂfhéﬁ%mﬁoﬁ
B, W ohRCOBESTHACEAL, BRFETH > CHEALRAEA 5 FARERS Y,
bLEhpEFsHhAEL., FEEE, HoRBORFAFOHICKRIL>THS .

— . B LORENSERShIOME I h, EREFOIMCEIL T L bARUTH 3.
EHRAERE L/ —w e ] e ARDF s P RUKSHEEELRERABRET - 72, FCRE
DEHETARERC L ThH S, AEROU L MIFBETABEZHSMicT 28, BER7F -7 &L
COFI FOREA REBORE. vy oo o v EHOMETSH 2 HBROAE S EEREL L
T ot BREO—BRTELCORRYORIEC 755, KETREAR T4 -7 OHRK. 3
ETRRERR, WVDWAR&DOHREEHET 5.

2. HEROEBRNER

217 FOFF AL
(1) H#E
svrsobtrydd s FORETEWIRVWHWEBS C (beam stay clear) PSiRD S,

W > BSC + %7 roflfE RHERE
ﬁ%?%#?%%ﬂ\%mﬁwﬂxb%%iéém%%ﬁﬁ$é<Lth.it\BSCd%ﬁ
RETo MMk L TEbT 255, —BiKi3F 7 PEBRIBKRBS CER-T—HRI/ELLD
©H3. BSCiAYT7 ROy vrutboyoifs, UFTORFETERREE LS DANE
®. @BMEEOBEADEH., @COD (closed orbit distortion ) BEB-TWEEE, LWL
. BSCH—BMIcEEILbOTHENIEITHY., UTRREEO-HTHE.

BSCx=25 vV (eB8) +2 (AP/P) 7} + COD + X
=36 mm
CCT. &=0.3 mm mrad B=16.73 m
AP/P=0.25% 7=10m
COD=3.2 mm X (coherent osc) =14.7 mm
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1. BLdic

SPring-8@ v 7o b o v OEBELRORIFEEDTELY., BLyBOBRB TR L, £—
A%ﬁéﬁ§ﬁ@%%\fﬁb¢®Eﬁﬁﬁ\ﬁﬂﬂﬁ\ﬁ%ﬁﬁ$éﬁiﬁ%%%ﬁﬁéfﬁ
oW COTEEHTHS, Chdid, BEORHOR Y~ ERBEANRBTHLOT,
ﬁ%mﬂhﬂﬁ%bfﬁékU&C5fﬁéo%@tb%%vf@\ﬂyEn—ﬁj—F%ﬁo
FRIEHSETLTHbAS, LAL, 20— FRR—icik, KA THHBCEALZEWVWS X5
R TWEWL, 5450 b0 F—F B LVEBEFEL., £IT. ARETE.
Sm s ABES Loy Ty CRBCHETE BEEE T LT LI ORE M E AR
%ib‘vvaubmyuﬁﬁbfétoiiﬁﬁmu\?Tm&(ﬂénfméﬁ&mﬁot
. WL ohi o oBERTHECEAL, BEEETH - CHEMALRAMA S HHEERSD .
b LERPEFShhiL, BHEE., ioBBORAFORCRI>THSS.

kL B LORESERINZONE I b, EREFOIMCHEELTB JLbRUTH 5.
%H%ﬁﬁbt/—VWtwlfwﬁoﬁﬁbﬁﬁﬁiﬁéﬂﬁbﬁﬂﬁﬁ%ﬁaﬁ.%K%%
OEFATRER . L Th s, HEROIL MIFRET 2BMEHI AT 2H, ERF -7 L L
Oy FOREY AROME. vrre e v EEOMETH ZRBRONES LEREL L
Tt HEO—MRTELTORRY ORTEC XS, RETHEA 5 4 -5 ORHE. 3
ETHEEAR. WObWAR&GDOERERET 5.

2. HEROEBRIIRE

2197 FOFFA ¥

(1) &

vursabtayDds FORETEWIRVWHY S BS C (bean stay clear) P S5RD 5.

W > BSC + #7 roffe.HEERES

PHEEBETHLH., BEGO IR FE2ELZLHRLLZFNEC LV, 1, BSCRED
RETo BMMICKE L TET 50, —R¥cid s 7 PRIBBEABS CER->T—HRIfFELD
3. BSCRRAVTIVvAODYy v/t sOEG, DIFo&ETEREE LS ; DAFE
%. @BMKOBRADEH. ®COD (closed orbit distortion ) WE-TWH L&, &RV
Z.BSCR—BEMREISOTHRIZITHD . UTRRRO-FITHS.

BSCx=25 (v (eB8) T2 (AP/P) n} + COD + X
=36 mm
ZCZT. &=0.3 mm mrad B=16.13 m
AP/P=0.25% 7=10m
COD=3.2 mm X (coherent osc) =14.7 mnm
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BSCy=3{(/ (e8>} + COD
=17.0 mm
CCT, £=1.4 nm mrad £=17.9n
COD=2.0 nnm

Dt s, cotBans s ARAEELT, XAMT7 2mm, YAEH3 4ammPBPHERZsns. A
Wiot5 2 — MOy s b ORI EO—FTED, REDAREIELAAE—LF Y
Fit o oBMEEEA L. '

() 57 FERK

S rORKELTREMAEARZRV-—ZAFT L 70EBLMERDE. E—ahoRBREBLTS
HEIbLBWEITHED, BEOTERPOTEELV—Z Py 7ORIBELREV LA ET7 35
VOB E, — . MES 7 FicERY TERO T ABE . BHHOR S SEEOTMERMSM S .
Y7 OEBELIRAESHERKS. B, R&DTHEMELALS 7 FREMEICL .

2.2 HZEFE L V- ndiay

AT, BFMEROE— 457 rHOEEFEL—0HFEGOBEERS. CCTRET
HHv—Z7—AOF+ A+ /PNHEH OHO' 87] K-THESLS. 77 tHOREA
ZARBFBHERELCIAAF %KV, $EVREBITAREZELSNTY 7 bPiiYkhE—AL
LTOBERES CEAEARO 7o 22 ET S, BEMRCL->THE SN IBREIUTCRS
35855, BEVAELLTRCO (Z2=10) 2ZANE+HTHA. /. RFONST Y ip
LIENEWAHOBTOIALF—OELEE2 71000 (8GeViIEXLT1I6Me V)
LIFET 5.

T3+ 7 1+ — FEELOWER

e?z? 4, 63x107'°
aggr = = (mz)
47 e?*0 . *E? E?
CCTHRAAOG I3
a-2mrvy 0.017x2mx8.78
6. = = = 2.837x10"7*
A& 396
(a3 %7 PER. viEF=2—-)
e=1.6x10"""*
e =8, 86x10°'?

E3@BFoxzxtEz— (eV)
Z=10 &35 (CO)
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OEFHI X 2 HBHE (7 v aR) OHENTER

3 E
g = — Z2%¥r,%ln ( Y «ln(—) =6. 4x107* (cm®)
137 N Z AE

T ESAE=500
ro=28x%10""% en (BT OHHEER)

@B FIc L HREL
27 re’nh. 5l
Cu = = 1, 78x10 */E (cm?)
AE

COT n BRESFROBFH (COTIL 4)
AE=E/500 (GeV)

Pl oBERAEE->THL 1 ORMEREZES.

#2.1 RWEE & 2MHER © = 2 V¥ —(REH (Hfridcm?®)

8GeV 4GeV 2GeV 1GeV
U r | 7. 2E-26 2. 9E-25 1. 2E-24 4. 6E-24
O 6. 4E-24 6. 4E-24 6.4E-24 6. 4E-24
au 2. 2E-25 4. 4E-25 8.9E-25 1. 8E-24
o 6. TE-24 7.1E-24 8.5E-24 1.3E-23

%%ﬁﬁo(@f)ﬁiiﬂﬁﬁ%ﬁﬁ(:$ﬁ%ﬁ)rﬁTﬁ@&iKEﬁP(hn)@%ﬁ
TERHHNB, '
1

T = (sec)
1.05x 10" P

1 & POMEEHL KT,

vvsotoyERETRIELBDFOERET5ELTH. 1 x 1 0 "HEEOEEETERNE
BHELECEHIOMPOEAS, LA LETEEE LTR, TOREERRTEMVR(VEDS
THELDT, &I —HFiF1x10"° TorrtPAT&ET20BRAYTSS 5.

£2.1 ok, BRBRBEAETLVLATRE->TVAIESDD S, ZLTY 7 FENDIEK
RS ¥ 71— FEERBRLLS, ThPVTl 331 Ge VEITOHETH 5. L-T. K
0.1 RRTERIE., BLORALEFchhDLLS . COFEMMIILEHTEELL VAL,
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2.3 BN/ AR
2.3.1 EH5346

B R FLAERRETEELBOLTR, ¥F 452 PHOENZEREDIAEL B
HEThHs. HLEER, FHEXE TS5 7 POV AR, @S Wi EERREIC X
STKRELENTBIEICHD, £-T, HAEERIET > ThLOBRET X OREEZ/-EL
THRIHFZLERY, CITR MELAREFZREDOSETY Y /R bR YDE—LS S + P
PEEEONTHEES. 44 v Ry 72 RERUAOTMCER L LBE LRI LABsEH
w7,

ST, ¥ 27 FELTREDTAVWAEHKO ORES. W 2 DFEK 5 A -5 BT
DENTHD.

Oy s toEE%®2a, §®%2b&4 3L, a=36mm, b=17mm

¥F2 FPEOROEHEIRZ,. 7ab=19.2 cm?

#o r AEUGERE U/4=0. 987a+0. 311b+0. 2867b%/a ickbH U=17.2cm

(1) B Y R

B ARAE 1 X 1 071 Torr-1/(s-en®) &4 2. ChiRR&DOFRILLB &, BT
BEad & 1 ISR - B OIETH S, COMIcy 7 tOEERHI TS 7 FREREMD
OB A AERDEE, 1.72X1 0% Torr-1/(s-cm) &72 3.

(D EEHtic k2B 2 0RRE
RicE e L2 AR BEERES. HFLEETAUREBRAIREOATVWRVWLDITH
57, ZCZTIZESRTF [ESRF Foundation Phase Report 1987] OREI =M S .

T, 74 P YEN,EZRKS.
N,=8x10"'"1-E,(Zn p)
CT 1=10mA, p=30m&d 3¢
Np,= 4.1x10"' Photons/(s-cm) (E=1GeVD&ZX)
N,=32.8x%x10"'* Photons/(s-cm) (E=8GeVD&HF)

Wi, HREHERE, TicoRRXETHWCTET 5.
Q=2N,-3X107*-5x107°%D"* Torr-1/(s-cm)
ICTE—AEEORESD=0.01 (Ah) £¥5&,
Q=2.64%x107° Torr'1/(srem) (E=1GeVD&&)
Q=2.12%x107% Torr-1/(s-ecm) (E=8GeVD&ZE)
LY A7 0D DOEHI 3 AMF—2EETEE (0. IPRHRRFBH S L5 5)
Q=4.2%x10"*° Torr-1/(s-cm)
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ENZHOEHE
FLHONTWATRAZHWT, 7 rdoENS/AEHET 5.

po(xy - ik aX(2L7X) (2.3.1)
S 2C
ST ¥ PERS N ORIF RO q R, B (D, (D&
q=5.9x10"" Torr-1/(s-cm)
CREFEIYMI:pDa>5 25 yRTHD, HHEL>LTOARR LD
C =187.5(a’b?)/1y (a®+b?) =1.29x10* /s (lcmdbih)
SREYTOHSHET, EVHATFS50 I/s& L, LRERyTHoOI I PEED1 /2
<hH3. b, TROEHERR&D THRASHA., RABHAOEBECRAN% 5 m& Lk
@ (1ErHB10m) FEOEEERL 2ILRT.
CORTIRIBRIBHME OHE LRI A 4 vEy T2EE LABAEZERLTVWA L, HIEIT
BRI X107° TorrtRAFEWHRMAR, BEOBATLHRAMEST L2 LERLTVS,

2.3.2 FR9ERYY

FIETIR., BB & 2 4 AR E NS LTl Aho s, R A 2R e —
ADNL I L CEBEIICEL LTV, TH. FhEBLAEHOBRER EFDL S0k
2THB 5. ChAENELTAS. A, COTRERBOAELTHRBRED TV,
EAHOBMELRTATEA SN S,

%-&-%P—q‘ft) (2.3.2)

TiF 7 FOBROBERTHY . BRI v OEBEVvET S L,

2
T :VL(—§+_) (2.3.8)

coTq (t) CRAACHEZ1GeVh58Ge VETORBHOELE VNS, FEH
RKIROEETHZ I EERELT GERERz 20— chflld 2&LADT) Aldza t +
b&EiFE, BITRATESNS.

P(t)=t(b—at) (l—exp (-t t))+rat+P,exp (-t 7)

O NE &l OBERTHRELTIIRS. Py RAFNEG, KOO0 3.
METRH LAY —RBRELTAZ E, §2 r TRy TLORGEVATOIERIZIZ2. 5mTH3
OT, BrEMIEt=0.65 secti b, £/, RiCREb-TH3,. 1GeV, 8Ge VORD
BBy AR EMEEEH0. 35,5, a=2.4Xx10"°% b=1.38x10"7 &RQ50T,
K2.3 @k 5 REHELEES. LRHEEBMAACEEELTHELALLEDOETRL. 44 X1
077 TorrCThh. ¥RzoE2PLc LTEFEERLTVWS, -7 3FEHD1.4 £ETHS
&b i,
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2.3.3 Mg ¥BOENSH

AKIE» SR 7425 ETF2, $RbBHFSORETMP (5§ —F4FKr7) 20
i, FOBEOHI LI LWHERITLIERELTENSHERA~NSE. v It rT
FTMP OB EEERBATE s mERHE LTHEBEVAL0T, I TREmOERE /5 4
— & : L7, WA AERT7.7X10 Torr-1/(scen®) & L. CHIZREDOHFERICELE L
HESRas » o 2 ~3 IR olch 2, Ry 7OHRAE—FIZ30 I/siclfc. BEDH
BTEEIOBECRZAMERRS S, LR - THRELAAEREXL L RT.
—@ELT,. 30mMIC1BETMP Ry bEMFEETLE, Fr7hs ~FEVWERIE1IEm
KM, FOLEFEAIR1I X1 0 "Torr @B TAA YRy 7olB3ojiETH s, &I AT,
ST oA AER, ERFAHTREEL > O RSO AMHBOH 2 FIHZI LT
W3, L-TAd vy Ey72EHHTEETCIREHLL ON2EOEARKE L EE - TEW.

2. 4 BT
WERICLES 7 POBRFLAIEHCEIERETH 20T, CITREANEEXAEE LR
ZE0ES. BUDICHEED v 7 —%2RD RicEFLEBRFE L LAMEEEELSL, JOK,
BRI FEE L TW3 0T, BESREFIRIS S MBI EMATRRS. BB
BOBBERDAATVWASMZRENTH S,
(1D e7 —

BEto 7 -3 FRATROEON .

88.5XE*X I

W = (2.4.1)
D

SCTp=29.54 m., [=10 mA &¥5,

FEEEB L ey — TR ERT AL RE-TE NS, BxxVF-RESORERES
LGbY TeRERBEZHET S,

8GeVTit. Q = 122(kf) X 0.15(sec) = 18.3 kJ

7270, 8GeVT 0.1 5PEFBEESIFIR Ny Yy TRIEL, 40P YBETHLDT,
6HRF a—F 418D, W/ vOBIZ, 20msIBETHHLTLE >S5S, 13%
I BDTI TR,

Q = 2.4kJ &% 5.
1GeVTIiZ. Q = 30(W) x 0.15 (sec) = HET S

0,36

ki Q=30x f(20t+1)*dt=9.84 k]

KT, N (194 2 o) 2o -k,
W=2.4+9.84=12.24 kW
1mabl-n Tk
W=12.24,/22p=0.066 kW
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() EE ER

tido#ic k2 EELREERBGE. CoCRBHEORD Yy I v o Y OERTIIERL.
RESFLIBRRBELE L 22 o 0E&ET S, T, TR THEAMNEOERNY 7 + %
EdiFa,

e—apgics s PRMALBLELT, 57 FRETEO-KTREEEELD.

dT Q’

—— = aV*’T + — (2.4.2)

dt cp
SCT.a=1,(c-p)

BHZELEZ LR 0E,

d”‘“EfIO | (2.4.3)
dx? A

CIT. Q1R (BMBLUAOHT) HBEMBRTET SOTREERIT L.

BRHIC L B15H%2, 10 W, (m®-deg) &5,

FHAF YL RADORMEZEFZEA =0.016 ¥/ (nm-deg) 2 3.

Q OHAEWMPTH B, BERV/mM*TH L AR LRTTRER SR, JIT,
F7 rDOEEE 0.3mmé LTANELREFESvicT bR, 7 FOEZZEZ I mm
KRBT ZLERSS, $5&0.3mmEIODS S Mickt LT LEEAFER1/0.3 £7 5,

X-T.

d*T d*’T
— {(2.08x10°* T = — (0.046) *°T = 0
dx? dx®
ﬁﬁﬁmm~

T (X) =Teexp (-0.058) (X:mm) OFELTVIS.
T.2Rk»2. LitBESHEIESLTHIck28dEERD, AFBREELWET S, £
HOBESGL2b oM I mmEX 1 moEELSOBRIERB2TE. 77 FEAZ9 0mmi
LT.

#0
Tox1072 fexp(-0.05X)dX=T X 107?x14.8 W
/]

IhELFICATIOB EWEFELWET S,
2XTyx0.198=66 cHEDT,=167E
Chizd s rOBEATORUTPEOEELNS,

EB BV ZAMICKZOTHERROHESLBETHEH, HELREE0T, JITRE
MH BT TRAMG . £id012.24 kI 2z p ORBF I mmiETS 7 FicBIRE
nfizéEd 3, 0.3 mmEORF YU AROBRERIZL cmbBv 0. 01 J/degTHBDTH
Fe 6 EORELREHESINS, BEORELR I FETFAMC CNENAL 2 3 3EILI
5, HohbRChIBERE TS, COETHRF YL XELTRMA NS, Y 7
ik ARHMBESEANE, EBROBHATORGEE LRRBE5{ 150 CEETBEE
3THA3.
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2.5 BT 2B O LE

F— A7 FELAMBETYy Y/ e be Yy CHELTRELRVI &, BIASRENICE
k32 &ikd-Ts 2 b hic, BrRENBRGCEVT, BF - ERFFEEINDHILTH S,
— o BBERCL > THHOMIBSELENDZ &, $IDE2R Y7 M PHE2EE,LITAL—
FTO—TIHL - Ty F7 P EREBESRET LI L THSE, CCTRENGOMEEFTREICLD
HEb2L2RA5.

2.5.1 MBiic L aRBOE N
(EtERkc L 3
HoNTOWBEERICIRIESYTRESIN/b0HH S [G.Hemmie and J. Rossbach:DESY M-84-
05] . &7 rodlic B 2 RBHEIC X AHBIA B
AB= ———”':a'-ﬂ f:s{rzlqsf (cos?¢ +(b/a)'sin®8) dé.  (2.5.1)
CCT p=dmx1077
oc=1.36x10* (1/Q-m
t=1.65%10"" (m) (57 FAEE)
a=36.85x10"* (m)
b=17.85x10"% (m)
B=12.3%2 (T/s)
h=23x107° (m) (¥ + 701 ,72) 20AT 5 &
AB=2.23x10""* () %8B35,
¥, 6BEIOERLOABOSM (AB=p X +q&¥5) 2#EETLHL,
p=AB/ (2a*] (LROWE3) ) LR&EhB, £-T
p=0.14 %83,

(2)s%v o vic &k BEHHESTE

L—R b5 2HDOF 7 P20 TREIVIEURBR S SBWOT, SITR7Tas 5 A
W L3 RIsey a v LA THETRL, SHEIARETWTEALS, IFRETOTY
F3ATHB.

M2.5 OEIcX YyECLV—RAFF 5 2 %EZ B, B3y Hhlc—Hic5Aohns, WED
B {bick-THF 7 P LicEEEaN3BHRidx, F77 roREt, MBEELEB CHHL.
52 ORI R T HOTHRL (x) =xtB/p &LEIT B,

TEHEREEESELy=0FLD. 53X TORBEHEL, BRRERLZ /7 t—Bitbik
STRLEDLENEZTORTOMBEESN S,

BEEOITERR 2 FRSMNE, FTO7 5y FEESRETNCEBICHE TS 20TEN
2ES, ARSI LARERSZ LR BBHRELTL>TH 5.

BRI BEAIRBRMEAECHy =1, 22 L (RREEVOHER THH0T. KO
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k3N Fy b Exicd 2Bk BXOMBICELIHIB Oy R OKS IR

H—.' .G/ZEQX(XWX) t
;s = i +sin Tl = T 27 o
iR cnzxicowTiRS L., L THEfF0L 259 5.
— X
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q-L
P(0)= —
S
q-L q-L?®
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