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Uniform Irradiation System Using Beam

Scanning Method for Cyclotron
Takashi AGEMATSU, Susumu OKUMURA and Kazuo ARAKAWA

Department of Advanced Radiation Technology
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gumnma-ken

{Received March 16, 1994)

JAERI AVF-cyclotron is equipped with an ion beam scanner for large
area irradiation. The two-dimensional fluence‘'distribution of ion beam
obtained using cellulose triacetate film dosimeter was not uniform.
This is resulted from the distortion of excitation current for
electromagnet of the scanmer. So, the beam scanning condition, i,e., the
relation between the ion species, the beam profile and the scanning
width, was extremely limited to make a good uniformity.

We have developed a beam scanning simulator to get fluence
distributions by calculation and then compared the simulated
distributions with the measured ones. It was revealed that the both of
them are in good agreement and the beam scanning condition to get good
uniformity was led by using this simulator,

On the basis of these results, the power supply of scanner was

improved. A good uniformity of beam distribution was available.

Keywords : Scanner, Scanning, Fluence Distribution, Cyclotron, Ion Beam,

Cellulose Triacetate Film Dosimeter
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1. L&

FEROAVFEFH A 27o0roy (LUTFHA427o0borind) T3, FHA -« BESEMEO
MREE OF M, A A RWOHMREES L UFREEME ORI ST sMEMEDO L DIC,
BrianrEF—AFryE—sREVERBCE-CHEET S EBEFIRTVE,

BIFAAF—DAFrEILVEHRCE—CEFNTRME, FELTEFSH THh P4
FRELZFHOVENTFEEEACHERINTECVE, ChETHREINTEAENRE, (1)8
RO X 2REE, (2)REWEE, (3 — A&k L U(4)BHAMEERN ICERS S
Hihic RelEh 3,

(1)EHG 1o & 5 F80%k ( Defocus Method )12 @R AL TH 55, ©— L%LOER
BT Al BB L, ¥, BRERTVWECIEENS D, (2)BILAEY T, B
— A A EB T L0, 200K 7+ 4V EHEY 7 ( Oceluding ring )E2HASH
By 27 AR ShTwad, HElkPTof 4+ vy x v F-DBRNEBEHETES, §
RENEREING, HFiCEBMEI 4 Y OBEE, COEBPASHENS L, (3)E—4
FEAEICE, Y 77— Wobbler Method )* %, #EAUFEAE( Linear Scanning Method )
Bl Lz E ., FEEHE( Spot Scanning Method ) Vb0, BEHAUAEE L THEERE( Ma
gnet Sweeping Methed )¥ Md 5B, w175 —hid, 2E80BRHMAEMHEE 0" OFEHFEEK
THHM L TX AR & YARICE—an R L, HBilkEzlasehbe il Eicth, HEDH
—BHBAE2ERTIHETHIY, t—sBREBHFOXR Sz oHRERFCERLETN
HH—RBEFAERTCER VG, BAEEER, 2680BMAEHCCMEERETHRIL,
XAMEYAEIKE—-A%2 7Ry -EETDLHET, KABEFCEHLTWS, 24F» FER
FEiE, 2E¥ PR E- £ Z2FEBELTCRKEEZENT 20T, E-—sBmEOCEHEERLL
BOREPIEMOOFMEBEREIEESEL Y ER2O s bDTH S, MOERIER,
MO (b—2 354 ) THEVWHEBR2EE> v aL iGN TH LY, BROICHEHE
HBBLETH L, (4)HFEAE2BRAcEAT 2HER, BH T2 8088, 5HEDY
HECEAPE, BRNTREOMERS 2.

BT A 70 ba yREBESALAA YERAEE, AKBREOBSELORCA ST VWEL
K&V, JOHHEMRECERNE TR, BAPHEMLPBELLY, v-aEREBEL
TWh, ONTHBEPERHER, v —s0FERMAEHHIERTE, v—aBRzEEL
TR ERTEL LS, BUERAEEZEMAL

EIALFE—A4F rE— LT, POBHBEOCHRVEAA R LEAF v ETERTORT
PROCERT, TOZRLINVZI Y ZASHEEAETCERMTERR, R s, 21T, K
METH, STEESRECSBERANESN B TEL 7 s VABEHO B TH L=l
o—Z( Cellulose Triacetate: CTA)7 « WVAEEITA2A W, BA100x100mm?® ©
REZXET, BADE—462F+ v /R E (A4 78, 2340F—, E-4BK, 2++=
YO KRBVWTHIERIT 7. TOEE, ELVWEARBREHEHE LA EORE—24 L KNI,
E— 22 EBT 2EBRACMEERBFEBTECENETHHILEHL 2T LI,

CTAREI TR, 7rvzryanhm2ZoBlESTEY, BEHOMD B LeERBLE
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b, BBHHEOKIMLSEESRY, 7y aHORERERIE, B TRdnidt
Bnwtdh, ¥4 70teryOE—ax2F 2 VRAOFHBRRAEELEHTERI L, 0K
b,z¢k%®ﬁ$t,Ebﬁ#ﬁéﬁétbwE—Ax$?:y¢%#&w754yf%%
CRIFTEL L O, STEMEHVAY—LARF v IOV IaL— s ERHAELL, I
En, BH-EAELIEHOE—ARF o= v IRAEE, MEFEBOERICHMSE I LB TE S,
AHETIE, RF+FOREME, Yialb—vz vORBRBIURF » FEFROLZEICPVT
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2. EF—AZFsFiEH

2.1 HEBEOHE

442 o viERcE, 2. 1RETE—A54 Y BEBESNTHED, LD, HYBLU
LXa—2ic&1R, B30+ + 7 BRBEENTVD, X+ + 7, 2HDOZAEEM
FLEBERMOTEE B LUKESAE -2 REIL, RBEL KT —A%2 5+ =
v AERTH D, FOMARER2. 21, X+ +FOXFEETLELR2.1, 2F+ TR
EBMGOTEETLERZ. 21, 2%+ TBROEEFETER2. 3 RT KFHEEE
4 vORBER+ + FEEBHAEIRK2.3, M2. 4R LAEITHY, EEHLFMEN S A
CORBEERF + FERNBMEER2.5, M2. 6127 T. 2+ + FBHEOCAHEZK2. 7

AT o
ROREE, Bale .y FREMT 2MERIE, RO LK b,

< {RE@E Bs [kG] >
RHBHAE -7 rONBEFEEK2. 817 d. RAMBRRATEAL SN S,

Bp-@

Bs = —o 0 (2.1)
¢
é
g8 = tan'(—) (2.2)
d
Bp : R+ 2 E—aDBSHIE (K G -m]
6 : REAE [rad]
§  E—ADRIOEE [m]
d : FUYUZFE [(m]
g . F—nE [m]

< E—LOHSHIE Bo [KG-m] >
M BEETIR 2. 3RE, HHBAB(CCTRREFH T e b v OBE) T 2. 4 AEM

A

HY 5,
J M-E
Bp = 1.44 ———7—— (2.3)
Q
107
Bp = J E*+2-E.E (2.4)
Q-c

M RFOHEHERHE

E :HTFoxzxzlr¥F— [MeV]
Q :RFOF+—TVE

c & 8x10°[m, s ec]

9]
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E, : RTOBEEE [Me V)
(CCTREFB T YOBEDHEERTHDT, Eov=938)

< BEREHEEEROES Bs >
REBHMEG OB EAE LR, RESTAERHMEB s [k Glo—#=AiE, KiKREh
B, 7oL, 1B ERAEHEOY—-27HTHD, Bs RELMBOEr—0fiTs %,

BSP = K’I? (2-5>

REROFH K EZHEHAIBR 1 O®8EAEZR2. 1 IKRT,

< RSIEBMEREIIE,F >

X&, YHiomAMiE, RR3AEKC-AFBRTCROBROEMEL, £—-s%FHsIL
Twa0T, BEHE® 1 BoRe M (s}, X3, YEHIESHOBWEBEBIKET 5.
ZoEVWEERE t[Hz] &35 ER5IEEr [s IRRATEA SN %,

T = (2.6

BEY, Fp[mmli, BBt [s1EE—4aiEEE2 -dlmmlicikFL, RATEZ
SNB, COT, f[sold X8, YHELLPOEERTEVWHFOEKHR (=50Hz) o 7—
¥, N EToOr—A0R B ERI Yy FORERERERIZ. 9IKRT .

2 -d

p = ——— (2.7)
21T 5007

2.2 T7axrAROmElELSE

ERBREOBROVEIALVFE -4+ v E— @7 0T Y ASRHEECE, ZERELre—2(C
TAY7 4 VAREEIY 2V, CTAR, BOHOKRES & LTEOERSBEN RS TS
N, A4y E—ARBRUFE~DIGHBES SN TWE Y tho 7 4 VAREFFELTHE,
S oty tEBRH(RCDIDPGATF /0l » 7HEBEF' " BbE, Cho7 4 VAREE
BT 4 NAREEASES A VREBH LD THD, RCDIBIURVBAERIA, 7
4NV ADEEPREONTB LR —2Hh, REB(AHRZHES 5O RRIMPE V. T,
GAFRAA Y E—ATOREE@MBLRL, F—BRELTVE, INIHLTCTAR,
B xMIEE R R hEAHABEBCEETE S, B8, CTARZEAA vE—4TD
WwT, BNGROBMEEFET 272607 — s BHRELTVRVDT, I ITE, HENR
TN v ANHMEFET HITE T

2.8 7T vAYSH
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IHET, AAVE, TaxAF—, E—bsa2—2, E—sBHEBLYRF v VIEER AL
WEARRET, A4 v E—LEZCTABECHHBEL, “Ro7rvz v 2amEEATS K
HEHAEAAOCCHIELTE L, CHETIRAE LA IV VRABHEF—5 D55, 2%+ =~
IRTEE— AERBIEAMBF— S ILD0T, FOE—sRfHERI. 4ITRT, F— YIRIFD
B Rt er by, RELSVSANALE—LOSHIE, 50Hz TRIIERTWE A
OMBIERKERE-27 2D, bofRFICS/PIRBE—72F>IEBHO ML -7, 0
5, 1.0, 2.5, 3Wi5. 0Hz THRsILTwAfiARIIc>WTR, HFiesgbi-nf
ODARY—HRE O, AEINARZRNLESHEK2. 1 0iICRT, E—a%HiEd, HYa—X
‘He® 50MeV 0.lepA 25 2BEHTHE, 2+ + = /B, XHMIN41A,
Y BB E 5 ATH b,

EEROBEHERTHE, H—E2E274HC, 50Hz TRIEENTWBEFRIK2WVWT, LE
BAF = /BEDEA— =2 F =L, MFOKERE—-2EZE—L XY » FTY
n, B-FORVCEHMOAEEHLTVWS, COLICLTIT-HEEERORENL 7 vz
v RAM—ERTEREN2. 1 1Ry, COBOY— A%}, HY2—X ‘He? 50M
eV 0.leuA 1283PEH, x++=-rv7ERIIXAFEMNBIZA, YHEIPE122AT
HH, E—L2Y y itk EFEAFBICE—-LE2Y->TWah, FEIFOHER, 50x50m
m* OEETHE—EXE+19%, - 9% EE -7,

2.4 JBEOCHIEE

AE v T E—LDSHEMAS 0HzRIAMIEEL (K2.1 00Y#AR) RE—E2E
SERARF Db, 2+ » FBREOHNEEEZRE Lo RENTHIEEZRK2.1 2
TRt . SHIBIRME RN ICH S L RAEANEDL LN D, WTOER, BEHLCOTERN
CkB5b0THD, PROZIBFENROBEVIBACLIEZDDEZEAOND, ZF ¢+ =7
E— AR HORE—WIE, 2+ + FrBROBAFEEOEAICLY, TOREBBCIVRE
HE—LDRIBTOE—ADBERESEL, 50WRELRD, TOER, 741z 257
DV, HLVREBEVEHOBPELTVWELD USRS,



JAERI-M 94-071

3. vyialb—2%

b ey AN E—ADT ALY XA, BELORK2. 100 YWARICR NS X
6m%m§®f@m<,xﬁyrE—A@%ﬂ%s0Hz%ﬂﬁﬁﬁké<?é;am;m
¢%%B$Uﬁﬁ®f—7%ﬁ<?C&ﬁTé%oLmb,2*#f%ﬁ@&ﬁﬁﬁ&ﬁf%
@ﬁ%ﬁﬁémﬁ,ﬂ—ﬁ7wxv2ﬁﬁ%%6%%,?Hb%,x#«:vﬁ@&E—A%
ROMASbBEERMICAESIT 2 I EREH TRV,

%:T,ﬁﬁ%w;5E—Ax#¢:V¢®yi;u—yéﬁﬁt,%%H?—?%ﬁﬁﬁ
FAEAI LI, Avial—2DELY, @HERINT.

O St al—vs vOREER, RErovrEhkE— sREBSENF - SER—KL,
P Xt e v TREPRETCELEE ST %o

O LD,HY,LXS—Z@Z#vTC&K%ﬁ@%ﬁﬁEé@T,%X*+%S&ﬁv
I2lb—¥aYETIe

O AR, Yena—x, 44V, TAAE—, E— sk, AEe=vIBET B

O BEHY Y FLOMNE(y =¥y HIE) RIFEME LT 5o

O mﬁm,:miﬁ—éﬁﬁ%mﬁ&bfﬁﬁﬁéo?—9774»awamﬁLamc

O Rd oy rHER SERBSRECEBREICERT LT B, 2+ =V THIBED
m%dﬁbﬂmg%ﬁ%ﬂ?—?%%&mﬁﬁ%ﬁio

O Eﬁﬁ%ﬁﬁ@%ﬁﬁﬁ@ﬁMM,?VﬁthDZS—fwos)%ﬁh,DOST
FARL— YV TREBEIT I

O SEEEEOHNEBRERR, AAsHF-sEF-—5 7 74 VELTRD, ¥ 1a
Leva v, FORCUESHERAT . TOME, MESEILRLEAN,

O 0.5, 1.0, 2.5, 5.0HzoEAR, EEEFTREZMELLTHDE.

O EE~OEERTHREV, 7x v AOHENES LTLEY o

O %KWK,Aﬁ?5f—bﬁﬁﬁﬁ91%ﬁ&?%o%Mﬁﬁ?—ﬁ@ﬁﬁéﬁﬂhc

O X, YREQUH—Y 2R, BELE V.

3.1 HEHAEX

< ABPRIFHE >

té%ﬁ,x&E—Awmﬁ&ﬁ%&,Eﬁ®ﬁﬁuﬁﬁékﬁﬁ%ﬁFﬁ,E—Aﬁ%%
B | dt,/dx | icBldysd. K3.18E,

\ ( K 3ER ) (3.1)

< E—LEE >
A%E—A®7w1y1%$%ﬁbzﬁﬁ&Lt&%,E—A@ﬂyﬁﬂﬁﬁﬁxcbfﬁb



JAERI-M 84-071

St (xR, WARaN S, 3. 28K,

(X —x.) ?
f(x) = exp [— " ] (3.2)
20

< ZRFpovIitEBEY—-AG0H >
2tk s v rEREE—AICED, x, AT AHEFHR, 3.1, 3. 2L n&koX

CHRENDe ST, Xaset, Xnyem BRAF+r =V IBTH S, K3. 3BH,
m dtx] ° (Xxl_xxj)z
Fx(xxl): k- X i'ﬁXx:'BXD[“‘ ]
Xj=1 dX” 2'0';;2
( KIZTFEE ) (3.3)
m dt (¥ yi=V 35"
Fy(y,) = k- X | dy,cexp [ 2 :j ]
yi=1 dy 5, 20y
( KITEE ) (3.4)

< 2RIF—4 > XEYHAORER, HAESENE ET5, $18b5, 3.3, 3.4
Kb, 2TICEET 5. ABER (X 0, v,y BT ZAHMFEIRONREND,

Fxy (Xxl.Yyi) = FX(th)'FY(YyI) (35>
3.2 Yiab—ivasrEREF—-7OHEK

Keiab—2ERVWTELRALYIalb—¥s YERE, AE L fmic—dshi#
NP, ERF -2, BIROE2. AR LAESRTH S, ¥iav—va VERWHET -7
%mﬁbt%%,E—A®x¢+:y7én%ﬁn@ﬁ,z#vfﬁm%mEmzﬁ&mgm
AISEREEL SHELAENBICHLT, LDTRH1. 26, HYTHEHL. 4 HHRLTVE
CEREE S ET o1, COREE, BIBRMECBESSLLELDY, ERERBEERS
HOWoTERES, 2. 5 RIRINAREBIBCHEICREARERLS L& LT

HY S— 2o WTORENREEF—7%2K3.4, K3.51R7To H3. 4@ 31ab—
o VEEBETHN, 3.5 RERF— 9 ThHb, COFOE—ARMAE, ‘He® 50MeV

0.1euA 25 20HE, 2%+=v /&L, XAFEN41A, YHARBLE5ATH D,
®3. AETFHMcA+ += v 7 E—aB3HEXE, HIHCAHE— ABROMARIERT, BD
L Eie A F v =y P E— AT E R * v =Y I ERT VRV E—ADBHOXAE, YEE
PEERE, ELHicz+ sy FERELOBAIEEERT. ElF—5 (M3.5) OKTF
Mgzt = v E—ARNHRTHY, AFHIE—2EROSHRTH S, LHICZAF =
vy E—ARTED X FE, YABOMERERT . |
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LDa—2ie2WTORENTLEF— 5 %2Rd. COBOE—AEHFR, HT 45Me V,
lepA 19 7THBH, 2++s=rv/E8RRXARAS44A, YAMNE4ATHB. K3,
6lovialb—ia vEERY, 3. 7TKERMFT—F%2RT

CNLDORENPS, YIialb—va YBREERF—F LR, RO-—H2Rd I IHhHES
M ETE - Fog |

HE, LXI—ZE20Tit, Y¥Froz—F—Buidunlss, vy i 4 sE2FTICH
Niiwaeds, EBF—sBHoA TV L,

3.3 E—ALZFr=rI7OREA

g4t rya—F—Dhi, LDE—FCEBLWTI100x100mm’ O 7 i
Sl zERnd D, BIIEITofo ZORR, 2+ + 7 BEOHIMIECHET 28HAT, 2
SOHEBEL SN, DEDR, E—bit—n~"—RF sz rd5I&iLLD, MR E
— 2 AR THHETEZEETH D, COAFETE, HAF—F20, Yi1alb—Yayho
&, MRS EBRE— s BAELTC, HZ0H EEXZRTERVI LMY LI 50
LoohiEiR, vialb—vavickd, H-BESEELZC-AER X+ JBER
L, TORGETHRELITSHETS L, E—LBREEALBEDAF + = S E— 405
Dy ial—va YEERERS. 8(a), (b), (c)iKmd. KMlOAFHE—aBREL v 20
T 4w T v LTyiab—varyLER2E3. 9iRL, REZFGTREHEZT-1
EAF— A3, 1 0Fd, COBOY—Aa%ME, LDa—X, H" 10MeV, 10e
nA, R+ += 7 BHEIF, XHAHBE6A, YHOBE 1A, £—-aBREATYZSHITT
o F v rEERE, XHEAMA0mMm(2oy), YAMBIMm(20)THbo EalF—
23, E—ADF—N—RE 3=y PANLEIBA FER T LD, SHoeEi%:
HEZCEBTERVD, Yialb—va B OHERBELSNL.

CCTREICE A0, AE v FBEOHIEEROHET SEET, RF+ 2y I TELRE
BIELNTLESICEbH LY, HGHROR, v —aBRICELEMH100Xx100mm?
PllicA—n—RF ey ddbl&icky, E—b34 D57t BLUBMBESTICAT
vE— AMEEL, BEHML, H2VRERSCL, BEOEBEREILTHEDL, CDER
KBTI, AIALBELTE— 2B, BHBMEEEL, AEKHER TV ¥ 2BDI
CTHEBRCD 7 4 VARBHZHVWTERET 7o COEIWA—N—RF 4+ = ¥ TN
T, TEMGEHEREZT I IEBTER Y,

UroRBIRLED, A+ rBESRECEETHANLE, M-EEGL1HOEMEIR
LNTHED, BEOWENLEENE I &Hbd - T
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4. BROUE

HM—EORVR++ = v/ E—-anHsaBonaoERR, 2+ +FEFDS5 0 Hz =Ml
OHRNEEOBA LB I EBHE O ER -, CHERETHALHICREBREEZNET S
EBBELRY, Bra—F—DoEROHZLDI-ZADAF+ 7 BROXWBHRONES
RUBICER L. BMB0oX+++BHE - BSLDOXHEEHREL, HIBBREEO e
FELUESMFOEESEELNELL (4. 18R) . FER, BEoRBEARNTH 3EH
MoBABLOBEBEAEARERRT v 7HRAREEL, WNHEEOSTXTOME TER
ZHMTEAE3C L TERHERE L

4.1 SEEHE

< E¥eBBfEoEREEONRE >

HAOBS LDOXEE(S5 0 Hz ) oBBEARE, HHER, - 0ZHREREREELZ,
WA T Y » SKHEHARFS Y V29 R4 » FREZBHEVVEHEAEER T, ZHBELRET
BHETE B, CDLWHIT, YoBRANET, COBUY0BABCERSNL 00 ¢ VHER
PYhTlzw, FESEEMELTVWS, ChoZ2M#Eysdic, HARBREZRRT v 72
WA (SEPPAHR : vz F7 o va VAR &L, BEAEXRHRZLIT
LEolcET D, WEROHEAEEN4. 22, XEROCEHE =L, 3ITRT.

oK, HAOERBE,SAEICE(T AR, EERFIBHEFET (Ql1) (FET:
T4—NFTT 2P I yYRY) ORNEIRRBBR L CKEL D> TITE, HIERSEER
Lind, IOBICQl OHFIELZERA (OFF) &SRB, 2 -E0ERZERBHR
HWAEFET (Ql) »oHABHRFHHEAFET (Q2) LG sL>cHEIL, &6, Q
2 ORI ERA /NS LTEEREHT LOCTHES R S, AboIECET 5 & 5,
CONOEELENL, HAERrDLEEL, QIS5 Q2IEKTEERENITRABRELEY, &
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