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Basic Design for the RF System of the Synchrotron

in the Large Synchrotron Radiation Facility (SPring-8)
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The large synchrotron radiation facility (SPring-8) is plamned to
be built at Nishiharima in Hyogo-ken.
This paper describes basic designs, its philosophy and spécifica—

tions of the radio frequency system in the synchrotron.

Keywords: Synchrotron Radiation Facility, SPring-8&, Design,

Specification, Radio Frequency System, Synchrotron

+ Department of Physics, Tokai Research Establishment

% Toshiba Corporatiocn



JAERI-M 91-012

T T 1
O R E SR T LS T A m H eeeeeeeeeeeieen e 9
0.1 BRAFHELE  vreroeor et e 3
2. 2 t° — ﬁ R F%[:t e e 3
0.3 SRR IR DBEIBA  rvovrvrerrorroems oo e i 4
O 4 ArR T ANTT o eeeeeeeeseeeeseste e 5
0.5 R EJEIER e e e 5
3 50858 MHz S EFEAIEIEIR weererrerroreesoessensm oo st s 9
91 EFEMIIETEIACD G A 75 oo e s 9
3.0 PRZEIE D T — [ oeveerreeessee et s 10
33 A JUSTEE  eeeeeeeee e s 13
3.4 TEHE TG X m et S 14
R =L SUURT T T TSSOSO RS PSP 15
B RFEBJE  oeeovoresorosrssosore s 40
U1 RE &R F AEEEE oot 40
A0 BEAC[EIER  oeeerroessosere ot e 45
B, AVEODEREE  coeeeeseerer e 57
TR RTINS e 58
SR GER  oreeer e e L 58



1. Introduction ......
2. RF system parameters
2.1 Radiation loss .

2.2 Peak RF wvoltage

JAERI-M 91-012

Contents
o ue e r et e et et e e creas
Cese e e eartrat sty ‘e
..... .
st es e s s e
.............. ceee

2.3 Wall loss of cavity ceeievvnnnns

2.4 Total RF power .
2.5 RF frequency ...
3. 508.58 MHz RF cavity

3.1 Types of accelerating structure

3.2 Resonant pillbox
3.3 Cell size ......
3.4 Major parameters
3.5 Design procedufe

4. RF power .coveeanvess

4.1 Design of RF power system .....

4,2 Basic circuit ..
5. R&D to be done ....
Acknowledgements ......

References veevees ceren

................. s s s e s s as e
I N L N e e s s csnsnen R
............ R R R I A R B B RN B

......... P R N

P T I R N S I ST AR R A R
......... R R R RN N I A A A A A S R A AR B )
* e e e s e e enes e e R R I N I ] et r s
............. R I A R I
.......... P N N T R N I A NN
e rr e sy RN v e

P R P R A R R R L RN
...... P I I N I R R R R I I R N SR AU
I I A P R R L ras s esseers
R R R A s e v acs e ..

O W U1 T b W W N

Lo B 5 N e S T
0 0 =1 g DD O s L O



JAERI-M 81-012

KRR KM S 5 B 5 D TR RBER 7 v — 71, KBE A ( SPring-8 ; A~
A bV ST A ) OARREREL Ty Yo o Y OBRITRHEERL TS, K
@er vy a b oY SEENERDERHEETEFOHBIT DV TENG, T, HITORER
HITLE 2 H AR, SEORHBRHOER LU LIMEFETH 5,



JAERI-M 91-012

2. REFVvRARF LT A —4

AEVREHER AR RIS, | GeVOBFHENENRL Y v/ o b VhSEBRINL, ARR
97§DbﬁVTmﬁEME%ﬂ%A%émﬁﬂ(kVQ%%(%%?)E~Aﬁygﬁuyﬁ@
Bz A LEF—D8GeVETMELAZDOLERY) v /ICHHNT L, v 70 b YOBRHELF
FHEE 1Hz, =201 3 o4 Y ARERY VI OoDOEFT8GeVT200nm. radiBEEL
T3, Hlitvyvy7obnvDOlbAT7Y 2R, Y7 abuyidb—2 b7y 7 Tilfl
2 rOERBE LD, HEH TR A VF - SFHEHLTE- L0058 0 EA, E-4A
DAS B L UCHAH &P G -7 2 rETOEERICSHENERERALE SN TS5, &1
v rsabarymses A —FERT, |

o bo iR AR SR e A, SRMEMEERI X Djn®E S ERICEAHER TS =
FUF-EFHBENS, BEEINEEROMLEZE L, AHKCEHIILEEP SOAF E— L
EZORE DI TR T I 27 v A Eb DL DKEESNE, 8 GeVTOMEENLE, Ff
TAHALHICHALTE - AFGEREOIICREENS, vV I/ e b Y TRERENEIHEAL —
LEFH I DB H R F T — DRSS RE RSN OBER I B, SOy
sotoryOEEENEEROBRNTEER) v /KEBT LGV Y MM YE—F VAL
TEEAAIA B EWERICL S,

vvrororYORERER, UYIORATFVE-EIUREFEIEZRORANEERAPH
ESNBELE 2T L0 R NORBILKENVBRESNE, BREESTLLERE, BELE
FUBEEY Y VEO DX MIEDTAEVEAEMEERS XICSANERO 2 2 FEERT S,
AENEVCESR, SR E s, AEREAESARSZ Y Y70 b oy DBESREERAT &V
F— 8 GeVic &t LTEABIEEROEDESF11.8m, REEBEHAOHFEEEILLm
ELU U Y FORAERH3I6mMITE - T0E DV INOOER, 8 GeVTD E—AT IvS XA 200
nm. rad EE SV HER) v I LOBEREHELTLIICREZIN T S,

vwso b vOREMNRTID, 354 ANIT I o8 Y ADEREEKICTIOICRESND &
PATIBRERF N5 4~ BPFEEI N 5,

a) HaEE

b) E—&4itkBRFEE

c) ©¥—27RF&EHKE

d) BREEIEZER (++ 7 «) OBEEL

e) ZRF/v7—

MREHMORIRINL O ERESE S, B2 07 A — 5 OFMIC DO TRTICENS,
AROHRE LARHFRRDEBDTH D,

BRE—axzinmE— [ 8GeV
A — A c10mA
B — L FHA D 10RELE



JAERI-M g€1-012

2.1 MHEX

TEEBRNAET (BEF) H—ET28B0KEEE (U JRATEA 515,
Us=88.5E4{GeV)/p(m) (keV/turn)

ZITERzALME—, o MREEBHACHBFLETH S,
KBRS R AR v 70 b o vOAH T A LvE—1F 1 GeV, BRATALVF (28 GeVT
H2, {2 RSO RITREDE N ZRT . AMFIC 28keV/turn, 8 GeVT 11.54MeV/
turn iC7 b, —He— L LB RE/ ST 8% (Py) B —aBA4e 1 &7 5 LRAITH L,

Pe= IUO

b — o BREREAIOMAN O TE-LILEE57 —6 1 GeVD0.028kWA 58 GeVD 115
KW T I L3 0 4 B LTI 3.,

2.2 E—VJRFER

SELSNARFEES - ATy — LR E(Ld 5, ©— o AKEOR FEHEZHED
ﬁ%ﬁ%@A%E—AQLzW¥—@%+ﬁmﬁﬂ—j%;5ERFN&yb%%o;émRE
XNE, RF»7 o DOEE (AE ae /E) 3RHATEAL SIS,

2U
( AE s /E )2 = ———F{q)
( zahE )

v ¢ CTdiimomentum compaction factor, hidN—E=v %, F {q)idenergy
aperture function TIRATEZ 6l b,

Flg)=2((g?—1)¥2—cos !(1/q))
~2(gq—7) {g>>1)

gitovervoltage factor TIRATEHRIN S,
g=eV/Us

L TVRRFEr—2BETHS,
REfr#HZEl] ( (AE/E ) ~RFAHE (@) ) THE,ALEHBEADT LEFR 227 P v 7
AL LU TEEI NS,

eV
zdhE

—1/q(sin(éd)—¢+cos ' (1/g)))

(AE/E)Z = ((1—=1/g%2)/2{1+cos (¢))

B3I ABIBREO R F 455 b J w7 A%RT, €57 b 1 v 7 ANEDEN ISR MNEE» 5D
A E—nbELIALY B 1%, “AARI s FREL TS, CORBORFE-/E

_3_



JAERI~-M ¢1-012

FR20MVTERF N » POSSHIFAFHTLIBUARL-THE, Viobing s
Y70 boVREIO T A LE B 15 B Hs, HES 7 bOY A REIOALEBLT
PEEN TN B,

WL, MRTAVE—-8GeVTDRFEY—/BIAHRET S, 8CGeVTEOBRFE 47y bl &
—ATAAFRBEDTHRE, SORSEABEOBICETHY OSSR L > CTHEIF 1 E—D
FEDBHEEN, E—aDIZ X =D LTREAY o b ORTNALEICE S — 248K
F B L5 (BTHS) 2EZE L CRESNE, BTYES (r.) BRATELZ LN AE,

=1

T, =17./2 & exp (&)

LLTra3rrxnF—sr oy 7iE, RRATELLNS,

EE
£ = ! Flg) ; E,~108MeV

dhE,

LT drann¥—#reyrsiETHS,

BE, 8GeVTD7 7w b My VIFBREA0LISHAZELZTHE, BFHEAZI0ME T2 L
C.ISHEICIT 985 %D - L3 D, EFUCZ 0I5 BOMic v — o AEBEMic o s & &
ATEVOTEFHMICE S E— BRI 1 ZLURICMA 505, 8 GeV IR OETFHHEE
BI-HICHAET over voltage factor q (3 1.48 &7 3%, 8 GeV TOMESESL (U, ) 2
11.54MeV/turn 4O T, SLBUERFE—278E (V) &
V=115b4x1.48
=171MV s A,

2.3 BABMEEROERESX

S EERERDOANEIC L DIBET ZRFAT7— (Pe) RIRATEAZ SN B,
Pc=V2/ (R 1)

TR BBURSfOOER >+ v b4 v E— ¥ ATINEEROIER S L OHMEICLORE
SNd, lidMAEROFEDTNOLETHS, Y/ ba s Tidb v vOIEZERZ 8 &#H
TAHTFERCLTVA, RTEZIM2/MAEREL TS, 13 11L.788mEDT 8 GeV TD Peid
HUFTHAGSH S,
Pc=(17.1MV}2/(21M&/m+*11.788m )
= 1181 MW

TEZER OB ER O — A T 2 v F —KEWRITTEA SN2,

Pc o V2

o Up? o« E8



JAERI-M 91-012

2.4 £RF/NJ—

SELEIXNARF A7 — (P) i, ThE RO —nitLBRF 75K (Pb)&inE
TR OEEL (Pc) OMENSE, 8GeVOlBRANELLZDTHELTAS,

P =Pb + Pc
= 0.115 + 1.181 = 1.30 (MW)

T TRTIGEERED ST —EBESAI0BERET L ELEEELSNIZRARF Yy — (2 1EIEL
D LAIMW &1 B,
Wiz, T FRTORFEANRFEEZ S, 77 F ORBECHFH S~ FIRATEHA NS,

A= = 1+ Pb/Pc

8 GeVTPh=115kW, Pc=1I181MWADT, &n=110&M%, T3 E—LEHA 10mA
DEEOBRMOEETH B, C—LDEOEOEINHNE (R) RERATELON5E.Y

R=(fln—1)2/(fa+1)2
= 2.27x 1073

HAHEDEE 0.2 BREOBNRGE LAV T v 7 F ORTKELTRETENDSEEAN
&0,

2.6 RFEEH

R F B OBR OB T OFRBEE SN S,
a) BRENEEROBRER—&ThE, BRRIYLDO Y » ¥ M ¥ =5 Y ARRNE
O 1/2 T IHT 5

R' oc f1/2

COFHECEEESERN TS AH, 500MHzE LD SVEARKBEETRLRE SN L E — A
e MEZEROREO WK E C BHIH E— LI LS Y v ¥ b 1 ¥ E— 5 Y 2OREH
TEICH D, —FF 200 MHz DT A LILEERAAAE (B0 ER, o X M ERKBAT B,
b)) FEEEDNS (L ENENRTHAGEEGRT Z/0HICHEN over voltage factor 75
42 Fp R PBEMIES 5,
C) [EHtEAE A RKEHR FiEDid 5 KNS+ BRI 2FLEETH S, FEELEGDOAL
B2 54 R Mo VEERT 2,
4) SRR, EHE A7 ALEREOET LT 4 ARSI A0 3 2 HBERT
%o
FRREI R ER Y v B L0y v 2o b oy OBER, D EOEEEERICVATKEK
FORS VTEEOHS IMWE Y 742 b o v AERTAIETRFEARKE L TH0858 MHz
ZBRT B,

e



JAERI-M 91-012

%1 vvroborOERENSIAY

INJECTOR SYNCHROTRON

MAJOR PARAMETERS

Injecticn energy 1.0 GeV
Maximum energy 8.0 GeV
Circumference 396.12 m
Bending radius 31.4 m
Repetition rate 1 Hz
Natural emittance (8GeV) 192 nm-rad
Momentum spread (8GeV) 0.122 %

Radiation loss {8GeV)

11.55 MeV/tuxn

Number of cells 40
Super periocdicity 2
Nominal tune {vx/vy) 11.73/8.78
Natural chromaticity (Ex/Ey) -15.3/-12.7
Momentum compaction factor $.53 x 1073
Barmonic numbez 672

Quantum lifetime (8GeV)

over 10 sec

MAGNETS
Cipcle magnet
number 68
pole length 2870 mm
pole gap 46 mm
pole width 150 mm
yoke type C type
edge rectangular
strength (8GeV) 0.8502 T
tolerance limit of field 0.05 %
Quadrupole magnet
number F/D 40 / 40
pole length 570 mm
bore radius 40 mm

strength F/D (8GeV}

14.598/-12.382 T/m

tolerance limit of field 0.1 %
Sextupcle magnet

number F/D 32 / 32

pole length 150 mm

bore radius 50 mm

strength F/D (8GeV)

102.0/-162.8 T/m?

tolerance limit of field 1%
RF

Radic frequency 508.58 MHz
Overvoltage factor (tg> 10sec} 1.48
RF voltage {8GeV) 17.1 MV
RF voltage (1lGeV) 2.0 MV
Synchrotren frequency (8GeV) 32.4 KHz
Klystron power 1 MW
Number of klystrons 4
Number of Cavities 5 Cell x 8
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=ab¢ (Ee2/Ze2) (b+ 1) T2 jor)

r T EHERERT, E=E/H= (rfup)V? LxSN5,

Cih SR T~ e A OEE S S5 4 — ¥ BF 5N SH,

1 Qi
HEEEOQBEIIER T A v E - L xoE 8K BRK OLLTRSNS,

Q=27 (BT ILF—/ TFLF—ER)
=awWs/Pc
=G, /&

O(jf_l/z

ZCT Gi=julZe/2(b+1)=4531/(b+1) (2] TH,
9] BTEXTDOEY Y A VE-FT VA
C®@u,RFAﬁ%Emtmﬁ%ME%%%%?%@f&ﬁ@;5Km5o

(EBWE)?/ ©xov+ 18K/ EliRE
= (fEzdz)* Pc/1

=V2/ (Pcl)
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