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Simulation of Electron-positron Convertor

for SPring-8

Akihiko MIZUNO, Shinsuke SUZUKI, Hiroshi YOSHIKAWA
Toshihiko HORI, Kenichi YANAGIDA and Hideaki YOKOMIZO

JAERI-RIKEN SPring-8 Project team
2-28-8 Honkomagome, Bunkyo-ku, Tokyo

(Received January 27, 1993)

In the SPring-8, we are planing to use positrons in order to
increase the beam life time in a storage-ring. These positrons are
producted at a electron-positron comvertor in a linac. In this report,
we presented simulations about conversion efficiency of the convertoer
with various magnetic fields of the convertor system.

We constructed the test aparatus of convertor in Tokai establish-
ment, JAERI. But in this report, we also simulated with the conditions
which are not available in the aparatus, so as to cover the results of
experiments. And we found the best constitution of magnetic fields for
the convertor. The conversion efficiency is up to 0.27% with the best
magnetic fields.

' The aim of this report is to help designing the positron-electron

convertor of the S$Pring-8 linac.

Keywords: Electron-positron Convertor, EGS4, Beam Tracking Code,

Conversion Efficiency, Pulse Selenoidal Coil
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<ft$g-2> ¥v—untbt3y,Fvrya—F7—-RYRE

[MAIN]

Ck kR R R E R KK E R AR R E KKK E LR RN KA FF R KR RN KRR RK R A AN R R R KX
Cx ~ PROGRAM BFIELD?Z2 x
R E R KR E A X R R KKK KRR KKK LR R AR AR KRR R R KA R AR RRKE R RRRR KX
Ok kAR Rk AR R KR AR KKK R KK KKK KRR KRR RE AR KRR KR KRR R KRR R KX
C*x MAIN PROGRAM *
C Rk Rk R AR KR E KR F R IR ERRKRK IR KRR F X I X AR KRR R AR RKEREX
ChkxkskxktsrexxxxSUM AND BFIELD*k*x ks k¥ XNEX
COMMON/BFD/NUMBER,WO,X,Y,Z,U-V-W,E-A,RB,ZB
INTEGER ITOT.K-NUMBER,ACC:43000)
REAL WDC43000),XNORM,R(6000).,W(43000),E(43000)
+ SXCL3000) ,YLA3000),2¢43000),UC43000),V(43000)
+ SJHWCG000)Y L EKECS000),WWG(6000) ,REB,ZB
Chkkkxk ke kR Rk kR Kk OPENRRRR R KK KRR XX XXX XKK KKK KKK K KKKN
DPEN(11-FILE="J4712.EGS4.DATAP(DATALIOL5) ")
OPEN(12,FILE='J4712.EGS4.DATAP(DATAL016) ")
OPEN(13,FILE='JA4A712.EGS4.DATAP(DATA10173 ")
OPEN(lArFILE='Jé?lZ.EGS&.DATAP(DATAlOiB)')
OPEN¢15,FILE="J4712.EGS4.DATAP(DATAL019) ")
OPENC16,FILE="J4712.EGS4.DATAP(DATAL1020) ")
OPEN(17,FILE="J4712.EGS4.DATAP(DATALO21) ")
OPEN(18,FILE="J4712.EGS4.DATAP(DATAL1022) ")
DPEN(19,FILE='J4712.EGSé.DATAP(DATA1023)')
OPEN(20,FILE='J4712.EGS4.DATAP(DATALO0Z24) ")
OPEN(21,FILE="J4712.EGS4.DATAP(DATAL025) ")
OPEN(22,FILE="J4712.EGS4.DATAP(DATALOD26) ")
OPEN(23,FILE='J4712.EGS4.DATAP(DATALI027) ")
OPEN(24-FILE='J4712.EGS4 . DATAP(DATALIO028) ")
OPENC70,FILE="J4712.EGS4.DATAEXP(DATAS014)")
Cxrxxkxkxkknksx CONSTANT DATA HkkkkxkxkkxkRERRKEFXX
K=0

A(O)=1
Cxkikkxskkkksxxtxkx READ DATA kkkkfkkkk kR k¥R AKIRKRNRK
DO 10 I=11,24
READ(I,50) ITOT
50 FORMATC// /74747 ,5X,T4)
NUMBER=NUMBER+ITOT
DO 20 J=NUMBER-ITOT+1,NUMBER
READCI,100) XU, Y (YUY VDI WAL ECDD
100 FORMAT(AIX,F6.3,1X,F6.3,1%,F9.6,1X,F2.6,1%X,F9.6~
+ iX,F9.6)
20 CONTINUE
10 CONTINUE
Cxxsxxnxkxkxxk DATA INITIARISE *xkkkkkkR¥FRKFXEXKX
DO 25 J=1,NUMBER
WOCJ=Wd)
X¢Jry=X¢Jy/s100
Y(J)=Y(J)/100
2002=0
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UCJdd=UCJI)*SART(1-1/(ECJ>/0.511+1)/(E(J>/0.511+1))*3.0ES8
VY=V (J)%SAQRT(1-1/CECJY/0.511+1)/7CECJ2/0.511+1))*3,0E8
WY =WI)*SAQRT(1-1/CECJIY/0.511+1)/CECJ3/0.511+13)>%3.0E8
25 CONTINUE :
Cxxgkkkkkknktnskx CALCULATION *kkkkkkkkkkxkrxk kb ek *

40 CALL TRACK
Crxxxkkkkxkxkkdk PACKING *xxkkkxkrkkkkhkkkkkkkkkxkkkx
I=0
J=NUMBER+1
11 I=I+1
IF (ACI).NE.O.AND.I.LT.NUMBER? GOTO 11
12 d=J4-1
’ IF (ACJ)Y.EQ.O.AND.J.GT.0)Y GOTO 12
IF (I.LT.J) THEN
XCI)Y=X(JdD
YCId)=Y(J)
2CI)=20J)
UCI)=Ud¢Jdd
V(IXY=V(J)
WCId=WC(JD
ECIdY=ECID
WOCIXY=WOCWJ)
ACI)=ACJ)
ACJ)=0
GOTO 11
ENDIF
14 CONTINUE
IF (ACI).EQ@.0) THEN
I=1I-1
GOTQ 18
ENDIF
NUMBER=I
I=0
J=NUMBER+1
13 I=1+1
IF (ACI) . NE.2.AND.I.LT.NUMBER) GOTO 13
146 J=J-1
IF CACJ).EQ.2.AND.J.GT.0) THEN
K=K+1
RCKI=(SART (X CJIIxXCID+YCJIxY(JID2x1000.
XNORM=SQRTC(UCI) *UCI)+VLII*VCII+W I I WL
WWCKY=ACOS(W(J)/XNORMI)*1000.
WWOC(KI=ACOS(WOC(J)>*x1000C.
EKECK)=E(J)
GOTO 14
ENDIF
IF (I.LT.J) THEN
K=K+1
RCKY=C(SQRT(XCId*XCIY+Y(IX>*xY(I)))»%x1000.
XNORM=SQRT(U(I)*U(I)+V(I)*V(I)+W(I)*W(I))
WWC(KY=ACOSC(W(I)/XNORM)*x1000.
WWO(KIY=ACOS(WOC(I>>*1000.
EKECK)=EC(L)
X(IX=X{Jd
Y(I)=Y(JD
ZCI)=2(J>
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utiry=Uud«dl
VviIy=V(Jd)
WeIdy=Wad)
ECIY=EC(dD
WOCIY=W0C{J3
ACIdD=AC)
ACJ)=2
GOTO 13
ENDIF
18 CONTINUE
IF C(ACIY.NE.1) THEN
I=1-1
GOTO 18
ENDIF
NUMBER=1
IF (NUMBER.EQ.Q) GOTOD 701
GOTO 40
Crekrrctrkxkxkxkx DUTPUT DATA FF¥F kXXX XEXRKXXKKEXK
701 WRITE(70,710) K
710 FORMAT(/,5X,142
DO 600 I=1,K
WRITE(70.,700) ww(l),R(I),EKE(I)+50.000?3szO(I)
700 FORMATC(/,5X%,F7.3,5%,F6.3,5X,F6.3,5X,F7.3)
600 CONTINUE
Crk ke kkk ke kk k¥ FCLOSER XXk Rk bR KRR ERKRKRKX KRR KRR X XKk
CLOSE(11>
CLOSE(¢12}
CLOSE(13)
CLOSEC(14)
CLOSE(15)
CLOSE(16)
CLOSE(17)
CLOSE(18)
CLOSE(19)
CLOSE(20)
CLOSEC21)
CLOSE(Z22)
CLOSE(23)
CLOSE(24)
CLOSE(C70>
END
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[TRACK]

CHEKREEXRR KK KRR KRR LR KRR E KRR AR AR NE R KKK KRR XK R ARk R X
Cx* SUBROUTINE TRACK : *
CH R R R I IR IR R K IR KRR R KR KRR K F AR R AR KRR NRR IR Rk &
SUBROUTINE TRACK
COMMON/BFD/NUMBER - WO, X, Y,Z,U-V,W,-E-A-RB,-ZB
INTEGER NUMBER,A(0:43000),EQOP
REAL DELTAT(43000),P(8,430000,L(8,43000),EFLD(43000)
+EMASS (430000 ,FK,WOC43000)
SXCA30000,YC430000,2(430000,UC430003,VI43000)
SHWCLB000) L ECA3000)  ENERGY (43000),BX(43000),BY(43000)
+BZ(4L3000),M(B,43000),2B,RB
DATA EOP/50/
Crxxxxkkxikkkkkx CALCULATICN s kkkkkkkikkkkkkkkkkkkikx
PO 230 I=1,NUMBER
ACI)=1
CALL SOLNIDCXCIY YCI),2C132,BXCIY,BYC(I2,BZCID)
IF (ZC¢I>Y*100.LT.43.169) THEN
ENERGY(I)=E(I)
EFLDCIX=0
IF (Z(IY.LT.0.2) THEN
DELTAT(I)=1E-12
ELSE
DELTAT(I)=1E-11
ENDIF
ELSEIF (2¢IY*100.LE.309.669) THEN
DELTAT(I)=1E-11
ENERGY(1)=EOP/266.5%(2(I1)%100~43.169)+E(])
EFLD(I)>=EQOPx1.0E6/2.665
ELSE
DELTAT(I)=1E-11
ENERGY(I>=E(I)+EQOP
EFLD(I)>=0

+ 4+ + +

ENDIF
EMASS(I)=1.758241758E11/(ENERGY(I)/0.511+1)
PC1,I)=DELTAT(I)*FK(V(I),WC(II,BZ(IJ,BY(I),0.0)
P(2,1)= DELTAT(I)*FK(V(I)+P(1;I)/2;W(I)+P(1zl)/2;

+ BZ¢I>,BY(I),0.0)

P(3,13= DELTAT(I)*FK(U(I)+P(2,I)/2rN(I)+P(2,I)/2;

+ BZ(1,BY(1),0.07
P(4,I) DELTATCI»*FKA(V(IX+P (3,13, WCIXY+P (3,13,

+ BZI(IX,BY(I)>,0.0)
P(5,1)=DELTATC(I>*UCI>
P(&,IY=DELTATC(I>*x{ULIXY+P(5,13/2)
P(7,1>=DELTATC(I)>*(UCLIY+P (6,172}
P(8,1)=DELTATCI)*(UCIY+P(7,12>
LC1,1)=DELTATCI)*FKC(WC(I),UCIY,BXCI},BZ(I1),0.0)
L(2,1)=DELTATCI)*FK(W(IX+L(1,10/2,UCI)+LC1,1D/2,

+ BX(I)Y,BZ(1),0.0)
LC3,I1)=DELTATCI>*FK(W(IY+L(2,1)/2,UCIX+L(2,13/2,

+ BX(1),BZ(1),0.0)
L{4,IY=DELTATCI)*FK(WC(II+L (3,13, UCII+L (3,10,

+ BX(IY,BZC(I),0.0D
EC5,1)=DELTATCIX»*V(ID
LC6-1)=DELTATCI)*(V(I)+L(5,1)/2)
LC(7,IY=DELTATC(I>*(VC(IX+L(6,13/2)
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L(8,I)=DELTAT(I)*(V(IX+L(7,1))
MC1,I0=DELTATCId)*FKCUCId V(I},BYC(IY,BX(I),EFLD(I))
M(2,I)=DELTAT(I)*FKCUCII+M(L,IX/2,V(1X+M(CL,I0/2,

BY(I),BXCIY,EFLD(I))
M(3,1y=DELTATCI)*xFKCUCIX+M(2,I2/2,V(1)+M(2,13/2,

BY(I),BX(I),EFLDC(I))

MC&, ID=DELTATCI) % FKCUCII+M(3, 1), V(ID+M(3,1D,
BYCID, BX{I),EFLDCIJ)
MOS,I)=DELTATCI>*xW{I)
M{&,T)=DELTAT(I)*(W(IX+M(5,12/2)
MC7,I)=DELTATCLY*(WCIY+ML6,10/2)
M(8,Iy=DELTATC(I)*x(WC(IX+M{(7,1))
UCId)=UCId+(P(L1,I2+2%P(2,1)+2%xP(3,1)+P(4,1)3/6%xEMASS(I)
XCID=X{IX+(P(5,13+P(6,12%2+P(7,1)%24P(8B,133)/6
VCId)=VCIDHCL (1, I042%LC2,1042*%L(3,I2+LC4,I) ) /6%EMASSC(ID
YCId=Y(Id+(L(5,13+L(6,10%2+L(7,13%24L(8,1)2/6
WCID=WOIX+H (ML I 42%M(2,10+2%xM(3,13+MC4, 1)) /6%EMASS(I)
Z(I)=Z L)+ (M(S, 1) +ME, 10 %2+M(7,1)%2+M(B,1))/6

IF (SQRT(XCId*«X(I)+Y(ID>*Y(I)Y).GT.RBY THEN

ACI)=0
ELSEIF (Z(I).GE.ZB)Y THEN
ACI)=2
ELSEIF (W(I).LT.0.0) THEN
ACI)=0
ENDIF
CONTINUE
RETURN
END

[ FUNCTION FK]

CAXEEE KA KRR RRR R KA K F KRR KRR XK RKKRRKKKK KKK KKK KKK

Cx*

FUNCTION FK *

C***********#**********************************

REAL FUNCTION FK(X1,X2,X%X3,X4,X5)
REAL X1,X2,X3,X4,X5
FR=X1xX3-X2%X4+X5
RETURN
END
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{ SOLNID]

C**********************************************
C* SUBROUTINE SOLENOID x
C**********#***********************************
SUBROUTINE SOLNID(X,Y,Z,BX,BY,BZ)
REAL PL,PG,D1L,D1G,D2L,D2G,X,Y,Z,BX,BY,BZ,
+ R,S(14),DLG
DATA PL,PG/0.096,0.0255/
DATA D1L,D1G/0.16,0.15019/
DATA D2L,D2G/0.415,0.035/
R=SQRT (X*X+Y*Y)
§(1)=2-PL/2
S(2)=5¢(1)-PL/2-PG-D1L/2
$(3)=5(2)~D1L/2-D16-D2L/2
DLG=D2L+D2G
S(4)=5(3)-DLG
S(5)=5(4)-DLG
S(6)=5(5)-DLG
S(7)=5(6)-DLG
S(8)=S(7)-DLG
S(9)=5(8)-DLG
S¢10)=S(9)-DLG
$(11)=5(10)-DLG
$¢12>=5(11)-DLG
$(13)=5(12)-DLG
S¢14>=5(13)-DLG
CALL FIELD(S,R,BZ,BX)
BY=BX*Y/R
BX=BX*X/R
RETURN
END

OO0
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Chxkkk
C*
Crxkxxk
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KRR EER KRR AR KA X R KR EFRRERRKERRKERRK KRR ARERX

SUBROUTINE FIELD *
e Y S s 22222222222 2 R S R LA S R

xVOCL TOTAL-SCALAR

+ + + +

Crekxx

Cxrxkxx

Cxx* k%

Cxxxxkx

SUBROUTINE FIELD(POSI,R,BZ,BR)

REAL PARAC(14),BPZ(14),BPR(14),BMZ(14),BMR(14),BZ,BR
/C(14)ISL(14),RADI(14);R,BFDZ(14);BFDR(iA)zKEISUU(lA);
RT(14)1F3(14),F5(14>,F7(14)/F9(14);POSI(14):822(14),
F11(14))BR1(14)zBRZ(lA);BRS(iA)rBR4(14);BZl(14)z

BZ3(14);BZ&(14)fBZS(14)zRDIL(14),RRT(14),RDIR(14)
DATA (SL(I1),I=1,14)/0.096,0.16,12%0.415/

DATA (RADICI>,I=1,14)/0.039,0.1006,12%0.1515/
DATA (KEISUU(I);I=1,14)/1.959?6E-3;0.0043088:12*0.0056838/
DO 100 I=1.,8
CCIDY=CRADICII+RI*(RADICIY>+R)
PARACI>=POSICIY+SL(I¥/2
*kxk k¥ CALCURATE ® k¥ d x+ k¥ kXXX AR KRR AR KFFXXX
RT(II=SQRTC(PARACII*PARACIY+C(I)D
kxkkkx*xR DILECTION® kkkkkRkREXRK¥XX
RDIL(IY>=RADICI}Y*R/RT(IX/RT(I)
BR1CI)=-RDIL(IY*RADICID/&/RT(ID
BR2(IJ)=3xRDIL(I)>*BR1(I)
BR3(IY=3.125%*RDILCI)*BR2CID
BR&4(¢1)=29.4/11%RDILCI)*BR3(ID
BPR(IY=BR1{(ID+BR2(I>+BR3(I)+BR4(I)
wku*xkk7 DIRECTION xkxFk*kkkXXREXF R AKX
RRTCIY=RT(I)*xRTL(IJ
F3(IY=PARACIX/CCI}/RTCID
FSCId=F3¢Id>*(1/CCIY-F3CII*F3(I)*C(1)>/3)
F7C(IY=F3(I)/S/RRT(IY/RRT(I)
FO(I)>=F7CI1)*S/7/RRT(I>
F11¢IX=F9CI)*7/9/RRT (I3
F7(1Y=F7CI)+4/5/CC13xF5(1)
FOCId)=FSCI)4+6/7/CCI)*F7(I)
F11¢IY=F11¢I1)+8/9/C(I1)*F9 (1)
RDIR(CIY=RADICI)=*R
BZ1C¢I)>=RADIC(I>*RADIC(I} /2
BZ2(1)=BZ21<1)/2%R
B73(¢I)=BZ2(I1)/2*RDIRC(CI)
BZ4CI)»=BZ3(1>/4%RDIRCI)
B25(CIy=B24¢I)/8*RDIRCI)
BZ1¢I)Y=BZ1(¢IX*xF3(I>
BZ2¢(I)=(6%RADICI)-3xRI)*BZ2(I1)*F5(1)
BZ3CI)=(45%RADICIN-30%RI*BZ3(1Y*F7 (DD
BZ4L(IY=(700%RADI(I)-525%xR)*BZ4 (1) %xFP(I)
BZ5(¢I)=(28465%RADICII-17640*xRY*BZ5C(I)*F11(I)>
BPZ(I)=BZ1(I)+B22(¢IY+BZ3(I)+BZ4(I1X+BZ5(I)
PARA(I)=POSI(I)-SL(I)/2
sxkkk k¥ CALCURATE RSk kk k¥ kKRR EXXRKRE KX KK KK
RT(I)=SORT(PARACIY*xPARACI+C(IJ)D



JAERI-M 93-030

Crikxvkpkkxx¥kR DILECTIONRkxkkxkn ke bk ekt ®
ROILCI)=RADICI>*R/RTC(IX/RT(I>
BR1(I>)=-RDILCIY*RADICIYI/4&/RT(I)
BR2(I)=3*RDItL (IY%xBR1(I>
BR3(I)=3.125xRDIL(I)%*BR2(I)
BR&(II=29.4/11xRDILCII*BR3I(ID
BMR(I)=BR1(I)+BR2(I}+BR3C(IY+BR4(I)

Crrkkhxxkxk %7 DIRECTION®* ks kkxkkkkkRRKKK
RRTCIY=RT(I)*RT(I)>
F3(I)Y=PARACI/CC(IY/RT(I)
FSCIXY=F3CIy*(1/CCI)-F3(I)*xF3C(I)*C(1)/3)
F7(I)=F3CI)/5/RRT(IXY/RRTC(I>
FOCI)=F7(¢I>*5/7/RRT(I)
F11(I>=FQC(I1)*x7/Q/RRT(I>
F7CI)=F7CI>+4/5/CCI)=*F5C1I)
FG(I)=FO9(I)+6/7/CCIX)%F7(L)
F11CIJ)=F11¢(I>+8/9/CC(I1)*xFQ(I)
RDIRCIY»=RADIC(I)=*R
BZ1(I>)=RADIC(I>»*RADIC(I}/2
BZ2(I)=B21(I)/2%*R
BZ3(I)=BZ2(1)/2*RDIR(I)>
BZ4(ID)=BZ3(I)/4*RDIR{I)
BZS(I)=BZ4(I)/8xRDIR(I)

BZ1(IXY=BZ1(IX*F3(I)
BZ2(I)=(6%RADICI)-3%RI)*BZ2(I}*F5(I)
BZ3¢(I)=C45xRADI(I)-30%xR)xBZ3(I)*F7(1)
B24(I1)=(700%RADIC(I)-525%xR)*BZ4(I)*xF9(I)
BZ5(IY=(28665%*RADI(I)-17640%R)*BZ5 (I *xF11(1)
BMZ(I)Y=BZ1(I)+B22¢IX+BZ23(I1XY+BZ4&(IY+BZ5(I1)
BFDZ(I)=KEISUUCI>*(BPZ(I)~-BMZ(I)>/RADICI)/RADICI)
BFDR(IY=KEISUUCIY*(BPR(I)-BMRC(CI>>/RADI(CII/RADI(I)
100 CONTINUE
BZ=BFDZ(1)+BFDZ(2)+BFDZ (3>
+ +BFDZC4Y+BFDIZI(S)+BFDZ (&)
+ +BFDZ(7)Y+BFDZ(8)
BR=BFDR(1)+BFDR(2Y4BFDR(3)
+ +BFDR(4)Y+BFDR{(5Y+BFDR (&)
+ +BFDR(7)+BFDR(8>
RETURN
END
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