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MANUFACTURING METHOD OF HIGH-FREQUENCY ACCELERATOR, HIGH-FREQUENCY
ACCELERATOR AND CIRCULAR ACCELERATOR SYSTEM
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The present invention provides a manufacturing method of a high-frequency accelerator for accelerating
the charged particle which emits from a first stage linear accelerator (2) to be incident to a second stage
linear accelerator (3), which includes the following steps: set a value of power distribution ratio R of a high-
frequency power being supplied to the second stage linear accelerator (3) by a power distribution device (7),
and a value of ratio L/w of the length L of a matching section (8) from the export of the first stage linear
accelerator (2) to the entrance of the second stage linear accelerator (3) with respect to the angular frequency
o of the high-frequency power, thereby the charged particle beam emitted from the second stage linear
accelerator (3) in such a range that the total high-frequency power is wider than the maximum allowable
range among the total high-frequency power allowable ranges being determined according to the phase

acceptance for incident charged particle for each phase in the second stage linear accelerator (3).
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MANUFACTURING METHOD OF HIGH-FREQUENCY

ACCELERATOR, HIGH-FREQUENCY ACCELERATOR

AND CIRCULAR ACCELERATOR SYSTEM
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Ak REBLUTER RENRIEEREMREGES 2
BRERMNESOQONRAIBENIRESER R ZME  RRSE
ITRERMIERQEONEE LRERNERCAOS LS
LEREEGOHNEELASHDIRNAR R ZL L/o ZE
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The present invcntion provides a manufacturing mecthod

: of a high-frequency accelerator for accelerating the charged

particle which emits from a first stage linear accelerator (2) to

be incident to a second stage linear accelerator (3), which

includes the following steps: set a value of power distribution

ratio R of a high-frequency power being supplicd to the second

stage linear accelerator (3) by a power distribution device (7),

and a value of ratio L/ @ of the length L of a matching section

(8) from the export of the first stage linear accelerator (2) to

the entrance of the second stage linear accelerator (3) with

respect to the angular frequency @ of the high-frequency

power, thereby the charged particle beam emitted from the

second stage linear accelerator (3) in such a range that the

total high-frequency power 1s wider than the maximum

allowable range among the total high-frequency power

allowable ranges being determined according to the phase

acceptance for incident charged particle for each phase in the

second stage linear accelerator (3).
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MANUFACTURING METHOD OF HIGH-FREQUENCY
ACCELERATOR, HIGH-FREQUENCY ACCELERATOR
AND CIRCULAR ACCELERATOR SYSTEM

[ &S]
[0001] FAEHALAHMEHERFEXRHNL TR

ETABRNN FHEXEESFTHAREEAN FHENSHAM
e LEEHBRARSRHRFHAEGAHFZRD I &F R
(synchrotron) E B MARFFANANS IS RIMES -
[ SeRlET )

[0002] EGEHNFHEEEREEETGHEERAHS
MEBHNFHEAHRZERNESNAENEELEE - LA
HEMS  SEHEFMESS - 8 F K (on beam)d » B
FROUERFEFIANELERERFRNBRZHEES
2 F& (space charge effect) Z /T I A & W ZE £ B 89 0 &
&M RmMABRERN F A ZEE R I &E S AR AT S
BFPUMBEBZERK -

[0003] EHMNHOMEFHNNE BSHRKEETR
WHRETNHENEGNEREBRRA_RNENERES
BRNINESNMESWENBERR  -ERNFHEES
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REBUNVAR LB EBENER I ESS S BE—
B UBKNTHAMEELSREERE -

[0004] —MREHWSEMRSEERIESE G RN
ER)SEHNSABERASHAR It S HLEEHF R
AL - Bt ¥2ENSHERLARAMEBHEERNSHE
EMREZRE - ki RAZEZEENSHAENSHRAIIER
RAEWMEBAENSASENEMRUEAFRLDERES
MEBEFHSTAETRARFARB@ O TR Z FFTEK 1)

[0005] HEESHMESNSHELAZLKRIE -
EHEANADRELARBEEARSE  BSZRHEAEZEH
E ALERmEETESR  FHEZASEOHEE  -BER
b BEADERSEXKERETHMN G S M ENI)ERH
MO DEXRELARENEHRETRLS UM AEKERAED
EERTZIEEHEWIO TR ZEFEFRK2) -

[0006] M > ELU—CShEXRELREFR L HE
o RAERENDRSPEREXKSESHDIER BN
ZNESPERERELNME  SELBILIABHBES
PEEY R AT RAMAL - A BB EEETEY
RanBAREFEREBUNIIERAE -

( 5o B £ 17 3 R/t )
( 573/ )

[ 0007]

HAMXR 1 HRBERBETF 3-34252 58 0 &

HAR 2 HERRRB 2010-27529 5t A #
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(BHAAE]
(BUHFT AR ZHRE )

(0008 b EUNRIMWAREEMETAAR
A FEMERRMEFERNFHBRLS > BEAOHRERE
REREMCEANMESNSHNIRREMIHIFAREE
B fE {6 - £ BE 59 7E & 4R 09 Th R K AR 47 B9 3% & B KT I A9 5K
RHWERMETENT -

(0009 X > AF/HOBHAFHASTHEHR
RABBENBFZHEN THRERMEMY BALETRSE
RAEGFENFERAFEHENSHADIEEZRAMATE
KL F B9 (4 -

[0010)] ABPHBEBHNENRES -BLUSREHHHA
RES KREMRNMESEE CREENESAUDESE
REMEEZMOERMES  HEYTHENSHIN RS
8 | EMESEE 2 EMERLFAGELEZTE
(matching) » HBEEAFH S HIMESF
(BRREOFER)

(0011] ABEMNSHEMERHRE HE 0 &S5 H
MEHFFBERME - B 1 REAMES - RAHRHE FFEH
MEENFUETUMNE B 2EERMES > FRHALE
B¢ (matching section) ABfREZE | BRERMERH LM
ERNTREFUNE  @HER RELHGEE 1 BE
MMERRE RERMESNSHINE  RINEFLHEE
B FRESHAEFHEOESHENESRLEHREES |
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RERNESEE RERANES e HEMESHRE
FERaBUTEIR RTMWELSFEEEREEE 2RE
MMERNEGHEDENNELSERERZCE - KL 1KRE
MMEREOELE RERAMEABAOS LA TEENE
ELASHNENABRERo ZLL Lo 218 A LERB
gt ¥ { M AR A 8% B AL B9 M i # F & (acceptance)
REMNAEESADENFHFEEB PR RFTFLEE
BN ES R ERNEES  FFENTRERE 2EE
BRI H g8 B -

(FHABHE)

(0012] HRMBRUMNELBESHEFERNSHINE
Pron WWEHE  MEHENFRESE 2 RERMNESHE
AR WRENMBESREERGETE 2RERMESHS
ARV ESERRIE - ERE IBREKMESRLEO
ERLRERNMESAOSEVNIERENRE LEFHEY
EHARReoZt Vol HtEHESRESAER
MEHEER2L B 1IERNEFEAF 2BEMESHIGE
ZLE HARBFGIEHMES - FFR - T EREHIE G
—ERANES  REE-—SPRHEGUSHNRERENERY
ARSERNF REOASEANERNFAERERTUBARTE
HEMESNTEHNTFRMERENTFERNTFREEZR
H o,

[ B = B3R )

[0013]
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FIEREBTRARATEL T | 095 80X =5 77 £ 15
8 i 2 77 # (block)E -

FL2EABARURAALARPEFFAERANR S HAIFT
L TNEHE -

FIEBREREAFHNSHMES T > £F 1 KER
MEBREFLEAIFEN T ROEEFEOZE -

FARBRERIABZPERPRE | SHMESF > &
BAREZES DRERMESNFEN F RO B KRKZITEDY
rEERFESZH -

FESBRERABJAETRLE | IS EAMES F - LU
WE 1RERNMESHIENFERN FRNDBSIERS Z
BEESEOI<H -

BOEMBBETRARVUERPELRE INSHMEST » A
HEF RERMESNTEN THRIFIER BB LUDE
PTEEBZBHURFENEEREOZH -

BITEFREARAARPAEBELE | WSHEMES P - &
FIRERNEFSHENTELN TRVEEFELAAHTE
BLERERMEFNFENL TF RO EREERERBAIL
fc < Wl -

FOEBRMAFHAEREE | WESHAMESR T >
BAHESE )RERNEASHEEN FRAERZHKEE
AL ERGEFER R -

FIOBEBRS—RUAFATRTRE | OFHEMES
H O BBANES LRERMESHFERNFRAMEKRZ
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BRFTERMMEAL S EERTAFEBCE -
FIOERBRBERARARBELE | WSEAMES P’
BITERERNESALOFTFER T ROEALTFESN E -
FINERETAZIHERLE INSEMES B K&
FBITREFNESHALNFERFREZS 206K INE
s AORBMHEALEESZE -
BFLNERKAELXBHERPRE IS HMNES P £
FBIRESRNESHENFERN FREEE 2KERINHE
m AU FEE@BE AR ESR 2 BRERINESFAN
BEATROBRRAENELSEENTLEZH -
FBEFBRERABZHERPE 1O SHRME S E
HHEHEBSIERINENZINTNSEANMERVEBETEH
HZE -
FUBFRRUASHHBEE R 1S EMESFIHE
S E
LS BRRAUEBNITH SHAME S HFEIHE

FICERBERARYHEHLE 1S EMNESFRRE
R Z i B (flow chart) -
FUERETLSARAETERP R 2O SHEAMESE
MEBE R IMERR (system) BRMBEBRZ HFHRE -
FISEECBUMAM-EEEHMRIREIABRAFTR
REINSANESBHOTFERL T RAOREZREH -
FOBFRESKARTEMBERL E 180 S HME & & L
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MEENTFRNEEAENRECE -
[EAEARK]

[(0014] B I1EFREREABZHERE B 1895 HE N E
IO MIMBRITRE  -REBTE | EL098 F(F
BRF)AHEBASHEMZESR 10098 | BRE R NEH 2
RE IRERMEEZ 2MFNTFENTFHEARESE 2HE
MMESFSIESE-—FSHOME - B 2R EHINEE 34
HRNEFBERN T RABEAZHEREE IS HMEE 10
HHEHBFERL TR 9 fb®& - £LL RFQ(Radio Frequency
Quadrupole : A UB)M ER MERHMEE 1 RE K ME
#8 2 Z Bl - UL APF(Alternating Phase Focus : & B HH i B £)
77 20 TH(Interdigital-H ¢ #§ 1 -H)Z! DTL(Drift Tube Linac :
BREERMEABONMERBSE 2RERMER 3 ZHIE
THRY - B4 B | BMEHFLARMN RFQ & » A B
RFI(Rf-Focused Interdigital » St 48R E B M)A - kb 4F - 58 2
BRINE 2 A AR APF 5= - 7RI B — & # DTL -

[0015] Z“EE#EMESE 10 > ARMEFENFH
mBRUSEHBER 6 EL B EBMN APF 53U IH & DTL
MEZHHIE 2BRERMES 3- MELEBN RFQ B E &
EFE | BERAMES 2 HAFEHRESHE RS
5 %% (resonant coupler)(F& ¥k U o) 3 43 BL %5 & )9 I X 4 &
KE TWEE IEERNERISHARBEGRMEBHLS -

[0016) &% U &C & (matching section)8- # £ F & 1%
BIEERMES 2HHENFTEN FHOMEMRE AT X

325359 7
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& ™ (beam profile) (¥t 75 [ & & H A7 & 77 |)BY 43 FH
BRFAHES 2 BERMER 3 WELEKBESRBRN
APF /0 IH B DTL N E B/ E 2R EMRMAR 3 2 WA
SR ER A

[0017) LIEEAMEREN FHMEZFERE B
RANEMBESHMERE - MASHEMEBSTEELENE
GRMEBFTREN T - RS ENXREBESHEER - 15 #
EAREIRELARNBEERANSHES SHEHEYH
ZMEUMEARS  HAUHKABITZAEAREBRSTNEF
BATHNE ERERTHEAEMORERT  FEX
BERXENESHUANES  FUTERFEREMEHE
R MEBEMELESEE - RIBZES MR HFEHH
A E M RFQ - DTL- RFI £ mMEHEE - LT > R
RFQ B ERMEE - APF AX [HE DTL R ERMESR K
BRI E P REENSHFRE -

[0018] (1)RFQ(Radio Frequency Quadrupole)#! & #%
N 2§

RFQEEMRMERIREELER FENEFRTFLU
= 48 58 3R (bunching) » E T B N & Z B #& 03X 28 - R 18
MEERESR(Vane ) WERY ELASHUERBEL - &£
L EREMEEFA® N (modulation) &AL - B FEHFER T
MEEASHMOEMNES M METENF - FEOH AR
Bl FERRERRPERERZIES - REQEERIMERTY
BREENRE SOke W(TEFR)EENKER - BMEALTHK —
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MEERNFMEE MeVIRBEFR)EENREZMESE -
R DREEHMBEERELAEHM T FEFOTERLTF AH
WP LA EBT S 1 BN 28 2 b s 8§ -

[0019] (2) APF(Alternating Phase Focus) fF =X IH
(Interdigital-H)# DTL(Drift Tube Linac)® & £ /0 & 25

Fre®y IH 20 DTL MEHHFREE TREE ZE R M
Heay  EHIKSAT L TEEEAMEH R H R
BH(dge) IR » BEAZERLETRBEHMEZEERERR
B (drift tube) ¥y R ZZE L H 8 - th4h - APF T XN EFHE
HAERSENELENSHESARETH FAHNEHREY
REANX - B BIAWERKNMEEFTET2TIFEET
HEARRLFHWUEBEELBREFEREATH  BHEH [H A
DTL EARINEHJA /MBI - R - FEmERES > REE
HESMBAETMELETRR - FrLHE KR A OH# 5 R G
BERAOMHRNAEMCHEERE R - HURBERE
MEERNFREAFHEENE -

[0020] )FEREDIFXRSEKE

FTEEMNRBRUDIERSEEE DR —EBEESENE
BELARSEER FhHEFR#@HEIRERNEEERTE
tRELE  F=ZEEFUOMSERBEIRN - FHFE=HE
Lz NBEAEBF CREENMEEERSNSENE
A BEREDERSELXBEFAFNRESHEHIERA &
AR ERULRARRUDERSEEENERTEE
GbBEFNRAUMENRESETHE BEEFRXET 2
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B IERBREDIXRSPEREASHLEERRADERR
A BEARESE LR ENER > AWIFOESTES
MIERE R ZEREREERE ISR SE S -

(00211 BRI EM G > REWMEERNNES D5
A ERREESHER EEARBESHATERE -
BRUZFREXRHEHEL  FHEERZRBEEMNAT T H &
BRBIEHCAREEMBENBHE  MEHBREYIDE
PTEEZEEFRAIATTENLAERAARMTFEREXNTIRBE
M- Rm FELETVHREBROEMLNREEZH
B4 BTR2EDXSER LAREZRAEHERLY
TEXENAFREBEFNRBENRES  EDSE
RZBEN G EEBIRKREHER (panel) & 8 F H F 89 &
ANRBRES > AV Bk E W& B #3428 bb B I & -

[0022] &= BASMESNFLETER TRDH
B AHEBN APF 50 IH & DTL 8 B R 0 E 23 /Y 28
DRERIMES SHHFERNTFAHERIEES - HHER
HEBSHATERNTROVUEERERMEUEERS R RS
CHETREAMBEAZTHBR 2 ARE -

(0023] BA# MR » RHHZ2HOELILETR
B -ERXRTNTENTRAMASHTENTFHNEESAAF L
REE - o RoNMEM My LA - 1o - & ¥ B o2 28
MAORERKNZHEEL TEGuffi) S H L O ER
TR HHEAS RERMES 2FRNBEEELT
BI-SHHBLEERMESE SHHELTE2- 6l &
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| BEMRMER 2 EONFERN FEMNPLERMFAL Eo
K~ PLOMEARAIL o0 Fm e 4 HEEEE 1 B E K
ME =% 2B EHNEBRL P Rm - HEEEE 2 REHM
Hes SHIEBEERIU PR - F 2EBER L FER -

(0024] RBIMN&SHEIE  #HEEZRMESHNSHED
EZF Pt P RRBHEHEIE 6 #ENBSHIE
Prowme bR " UTHEREBERBRENESEEE 7
TEHRAE2EESRMEFINSHANENINERSEE R -

Por.2=R % Prtoow

Peri=(1-R) % Prrtori

[0025)] AFHENSHNESREZSEBN RFQ B E
RIMEFE | REBRMESRS 2HEAFENTF - KHT
HESAHEBNAPF AR IHE DTLHEHMERNE
PEREBRMESE 3-HE | REFLMER 2HENTFERN T
REBRBAESAANMLE ) EF R PO ER T ERERK
By - bt fE R B RS R 4 1 (bunched-beam) s A EHE 2 &
ERMERINTENFRINBENTF 2P EEHES
FLERERNES 3 ZMEE F .0 68 & H L0 AR 6L KL
TERNTFTEBNME - AE2HRERMES 3+ - AHHHE
BERNFRHEASNMEN S LEEE P LECBEE  WXE
MIfFENEFHGER  EFEAXSTFHEEAANNTFES
M - Kt EAFHNTERN FHEERMEMB S0 MER
B FERAECTRTIGESE 2RERIMES 3 MEMRK
- EARNNBENFHEZERMEMZ MRS

11
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HEEERGEE  MNEPLEXRRE ZERRPMDET
[%a

[0026] LM BFHGCEEMESANRKERS &
% (acceptance) ° LR * B HEENEZEREEREXE -
RHBEUEIEEHECEZE  GSEANMEN R L6
= FLOMEME - REEZE - HUBEXEREAFEHMEHM
HKBEITRKRE -

[0027] EXh $IHSFERNTFTHEEETHFE - L
Ao S —HMUELESELAKE  BRSTFY > KERER
B REWERNFREABILKE - RO G HMA -
Kt - RE 1 RERNER 2HLENFTENLNFHREFRX
BAHER RERMES ST ERN FRIEERE - 5 3 E
RS BEANES 2HUNTEN FRN P LER
B B NMEER |ERERMESE 2/ S HIN X Pl 8
CHIER - B PRt EE | BRERMES 2 F -
MEHEENSHINE P B MEFEN F > £ X E
b EFPOEMNE.EERL - B—HHEHE 4EBET
BE BN APF 7 TH 2! DTL N E 25 #9585 2 BR B 4% hOoF 2%
3ZMEMBENFRERAONGERZ EMHERHEHBEESE 2
BRERMEZINSHEDEPLMBANEY - R Tl
MEME: ES P8 M BRMENE.EEKD - £ 4
B DERKRR AP LEE UWBEERERS L EMNEER
EXENRR EHEEZTEUNHNEENTEN FEERE
e

12
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(0028 FEAFTATHEEE 1 89S H 1 E S BB K
oS EE  RERMNMER 22 RE 2B ERMERS 38
SHENEROBREDERSEEE 7T EHE  RtE#S
EFWMEENSHEDENBANILLEFRER - ESSHE
RORMBm g BIRE BREMRMES 2HENBEEN
FHHRERE E.EFGRY BERAKRESE 2 RERMESH 3
MEENTHREE ELMNINENEELEEY  WEHE
i HRWEGAESSHIN KRS MEETREL
o B9 o K 88 -

(0029] HSERFEBTREEIEBRE 4 BHHHE
HABEEER 6 WEEH Prean UK E 2 REFEM
s SHERBANENNELSEE R BZ2ERREAFHEZ
B  HROEEE 2EERMER SHEHHDE PB R
* P B BE#E R K ¥ P RREE L8 2 89 58 —
REBENIMENSHEIE - K2 FH R/ H ProaXiR
BEREILBESZHH -—ARBENMENSHINE - Bt
ER R>RORICH BN RBMEZHEXEXTRERAFRES
LEERMESINFTERN FRNEREENNENERZ
Bt AIINB 6B~ - EFE BT - LEBRRAERMN
EHFLEE UWNKERRTEEESTENHRE - RET
EE CBETRERHBVER EESMMNEENEEY
HTENFEHESNE - S—HFE HRSERLE 1EBRE
RIMESR 2 ESBEDEB(-R)*Prear AE R K » #
P REBEBBERILBEZMNK —AEKBEENMEN FHI
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KRz  BER/NHH Proa REEZLEEDHH — B/ 5K
BERMENSEHEIDE - A ELUMEARRER R~ R
REBBHEEARTRE | RERMES 2 HEOFWEN T
REJRE RSB M - Al205 S B AR -

[0030] HESEMFEFNE HRBAREZ AT
ROE R REMNFMEES 6 BENEREEZTERMEPH E.
NWRBALHEITFHIRSER REFENEEETERS EHE
i - FHGRRVDRDSELE THHERIERRER
Ro %% | RERMES 2HENTFEN FROERERR
MAERROMNBHNEEEABANAFTESLE DEERM
ey 3HAFERNFHREE ELAMEZLER - WEE - 7
MR ERAHEBE 2RERMERINHFEN FHGREE.
MMECEREHEERSEADRNBAZIHHE - FEEERE
RERFE BT | RERMES 2HENHFEL FRIGE
B EL.HENGRADENELZEYE - FEHHLERRS %
mME @ FHEMEBEMHTENINRSERR-

(0031 BbRR > tH LR % M EX ELEKE &
REETRHA-ZESE SEHOITMHMRZ Eo(Proa)B 5 6
EE R FHEERIEPHN P LEERE  WERRE
T OHEREENE  RELS  RERMHES 24 LM
HEANFRYUFOLERE E(Proa) IS 6 BNEEREZ
EARAIRSE  RERMES 2HENFELTFHZHR
TEST LRERMESRSINE  NEREEERETRE
MEE—MOWFERFHESF CRERMESR 3ME -
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BTESLEEEEH SEE - E38 SEFH RFHH TG
HEBEWER B Proa)IRE 6 PR RBEMNEEERERE
BB AR - BRWE 7TE R % -

[0032] ##F  StHHERIFIEMCETEERE - B
EAHERE 2RERNESR SNFENL TESINE » SF
BRNAFURE 2RERMES AN SHMEALAL 602
EORERFAEMMEN  BEUSHREREBERAMESHEIDE
P BB ARBE R SEEM AL 8BRS 8
B DEREENMENFEL RGP LOMECL » KL
MEERBRER AP OEUHETESNENETFEED
PR TFBIMEMCEZENRR - P08 RAMEACERTER
REHEHEMRBAT MRS KRS - 20E S EFHTR - 1
EXENGEBEFRHEEEL od BLUA od FIRHEE
- IRBZHUBXERYE  THEMEN 6dBEEN T
HEEHWES 2 RERMESR 3 B/ MEN SHI R
B - FENFF@GE - REE OBATRA AP BHEFETS
REHESNENSADRNEERIFTZ AP WEE - R
mo MEARHAANFLLTRMBN > ATANGFERHNIL AP
MEBFRGEENSADERNEEES 2 B ERMESE 3
EemELEL -

[0033] RBAMWB IRERMER 2HEHNFEN T
RNE TRERMES 2L OMEM - FEIEENFARE
IERERMES 2HOBNEERLTFHEE vor DEHEFH
RENEME ¢ HWENFHEE vo. . REEHR E.. il B
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Wi SLEKEERNRBELTRERSE |RERMES 2 0%
BLEREFAMES SACOSECHNIERS L SREN AR
XRBew HIEFENFRTEEAENTHME  SEE M
1% 1% 77 &

L/(@ * Vo)

T HAEMAE IRERNES 2EO0BMNTHEOMEMLS 6.
WEENTEES 2BEERMES S AODRNSHBHEN

¢ o1 +L/(@ * Vo) (1)

[0034] W I0BAT B | EBRERIMNES 240
MHEERLTRUHEMCL 6 FREANRSHIIEXREREKREE
Y@ - o ERERN FHEEIEMHERERER - FE
FMFHGREEERELENEE vIFE HF - ERE 10 BHE 3
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