
Internal Report

DES? D3/39

October 1981

A Manual for EGS3 User Codes at DESY

for Synchrotron Radiation Problems

Chiri Yamaguchi

SÄ"



DESY behält sich alle Rechte für den Fall der Schutzrechtserteilung und für die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen Informationen vor.

DESY reserves all rights for commercial use of information included in this report, especially in
case of filing application for or grant of patents.

"Die Verantwortung für den Inhalt dieses
Internen Berichtes liegt ausschließlich beim Verfasser"



A Manual for EGS3 üser codes at DESY

for Synchrotron Radiation Problem

Chiri Yamaguchi

A B S T R A C T

The electromagnetic casade shower code EGS (version 3) by

Ford and Nelson is widely used around high energy electron ma-

chines. In order to use this code the user has to write his own

MAIN user code and two subroutines, one of which is geometry sub-

rotine HOWFAR and the other is Output subroutine AUSGAB. This

is a manual to show how to use some user codes that the author

has prepared for solving Synchrotron radiation problems during
his stay at DESY.





1. INTRODÜCTION

The electromagnetic cascade code EGS (Version 3}, by Ford

and Nelson1*, referred to äs EGS3, has been used for various

purposes. It is a package of Computer programs that simulates

the transport of electromagnetic cascade showers in various

media using the Monte Carlo method. It Outputs the fraction

of energy deposited in various parts of the media. In order to

use EGS3 the user has to prepare his own MAIN user code and two

subroutines called HOWFAR and AUSGAB.

This is a manual to guide how to use some EGS3 user codes

at DESY which have been prepared to calculate the absorbed dose

in various parts of the accelerator components caused by the

Synchrotron radiation. They also Output the photon energy

spectrum or energy flux density at various regions of interest

in the air spaces in the magnet äs well äs in the accelerator

tunnel. Once a type of geometry is fixed the user does not need

to change HOWFAR and AUSGAB. Thus most of the space in this

manual has been spent for the handling of the MAIN user code.

Chapter 2 gives some basic equations useful for the

absorbed dose calculation from the Synchrotron radiation, and

it is not important in terms of using EGS3 to solve problems.

The reader may ignore it if he wants to save time. The EGS3

version at DESY is written in MORTRAN, and some fundamental

knowledge of it is required to use the program. But it is not

necessary to understand fully the MORTRAN Macros which appear

at the beginning of the MAIN user code. A good introductory

text for MORTRAN would be ref.2.
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2. SOME USEFUL EQUATIQNS ÜSED IN THE PROGRAM

2.1 Synchrotron radiation

When a charged particle moves on a circular orbit with

a highly relativistic velocity, it emits electromagnetic

radiation, generally known äs Synchrotron radiation. The

name originates from the fact that it was first observed

at the 7O MeV General Electric Synchrotron in Schenectady,

ü.S. A., in 1946. It has a continuous spectrum, which, in

the case of PETRA energy regions, ranges from infrared to

the hard X-ray region of a few hundred JceV.

It is highly directional and is emitted along a tangent

to the circulating particle orbit in a narrow cone of the

angle m_c2/E in the laboratory System, where m_ is the

rest mass and E is the energy of the particle.

The radiation power loss AE per revolution of an

electron, or a positron, in a circular orbit of radius R

is expressed from the equation of Schwinger äs follows:

' r i*
Energy loss per revolution: AE (keV) = 88.46 l R j t •* /-|j

The bending radius of the PETRA dipole magnet is 192 m,

thus AE « 38.5 MeV at E = 17 GeV. The energy loss per m,

<5E, of the bending magnet is obtained by dividing AE by

2irR or:

Energy loss per m: <SE (keV - m'1) - * (2)

The critical energy E is defined äs the energy below

which half the total power is radiated and half above.
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Critical energy: E(keV) * 2.218

The critical energy for PETRA at 17 GeV Operation is 56.7

keV. Some useful figures for PETRA, HERA and LEP are listed in

Table 1. The photon spectral density is given äs follows:

(photons M e , ( 4 ,

GU) (Photons MeV'1 nf1) (5)

where G(x) is the integral of a modified Sessel function

and it is expressed äs:

G(x) - /" Kq/- (t) dt, x . -ü- . (6)x 5/3 Ec

A new program for the efficient computation of eq. 6 has been
4)developed '.

2.2 Absorbed dose calculation in air region

The afasorbed dose from the Synchrotron radiation in various

accelerator components is well assumed from the measured values

with RPL (radio-photoluminescence) glass dosimeter. This is

based on the fact that many of the accelerator components, in

which the afasorfaed dose is to be calculated, can be presumed

to be made from aluminum whose mass energy absorption

coefficient is very closely the same äs that of the glass

dosimeter.

The glass dosimeter has a rather small dimension of 1 mm<J>

x '6 mm. During the measurement it is surrounded with a few
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mm thick plastic wall to obtain radiation equilibrium between

primary photons and secondary electrons. On this condition

the absorbed dose to the glass dosimeter set in the free air

is calculated by the following equation ':

D(rads) » 1.6O x 1Q~8 Z Q^E^ (-££)1 t , (7)

_2 — i
where <f>. = photon flux density (cm s ) for i-th photon,

Ê ^ * average photon energy (MeV) for the i-th photon,

(—r— )^ » raass energy absorption coefficient (cm g ) of the

glass dosimeter for energy E.,

t = time (s) of measurement.

The mass energy absorption coefficient is given by

*en _ 1 (8)

where T » photoelectric coefficient,

a » total Compton cross section,

ic » pair production cross section,

f • fluorescent x-ray fraction,

G * fraction of energy lost by secondary elections in

bremsstrahlung processes.

The product of $*&* is called energy flux density. In

EGS3 user code the photons are sorted into the energy bins which

the user has to specify. It Outputs energy carried by particle

into"the region of interest" and the summed value over the whole

bins is given äs SWNP (see 3.2 "Step 8").

The value of SWNP can be used äs a measure of the stochastic

Variation in the result (shown later). The mean value of mass
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energy absorption coefficient (uen/p) is used for this

calculation within a good accuracy. The mass energy absorption

for glass dosimeter is shown in ref. 6, which has been calculated

based on its elemental composition from the table compiled by

Storm and Israel

The product «fr.E.^en/p) .t is equal to kerma, or kinetic

energy released in matter, minus energy lost by secondary

electrons in bremsstrahlung process. The program Outputs this

product äs "Kerma" for the corresponding energy bins äs well

äs the s um over whole bins. Note that since the values are

given for the specified regions of interest, the values given

by the program must be divided by the cross section of the

corresponding region on x-y plane to normalize to a unit flux

density. Since the calculation is made assuming an Infinite

length of the absorbing material in x-direction and the results

are given per unit length (m), the cross section A on x-y plane is

given äs:

A » 1OO(cm) x H(cm) (9)

where H = height of the region in y-direction.

The cross section of the region of interest, which is filled

with air, on y-z plane should be nearly square in the present

way of dose calculation (see ROI= 6, 24, 42, 96, ... in Fig. 2).
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3. HOW TO MODIFY THE USER CODE FOR YOUR OWN USE

Many EGS3 user codes have been prepared by the author during

his stay at DESY. Among them PETRA4 would be the most suitable

code to be chosen äs a text. Once the reader gets to be able to

handle this code/ he will easily do the same with other codes, too.

To begin with, let us pick up an actual problem.

Problem: We want to know the absorbed dose due to

Synchrotron radiation in the glass dosimeters which were set in

the air gaps of the PETRA dipole magnet.

The position of the dosimeters and the cross section of the

magnet are shown in Fig. 1. The bending radius of the dipole

magnet is 19O m, and the energy of electron and positron is 17 GeV.
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u.o
Centre

Fig. 1 Cross section of PETRA dipole magnet. The position of

glass dosimeter in the magnet air gap is indicated by
A, B, C and D.
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We solve this problem äs follows:

3.1 Geometrical configuration (2 dimensional)

At first we have to set up the geometrical configuration for

the problem. We must define the regions whose absorbed doses and/

or fraction of absorbed energy are to be calculated. The geo-

metrical package HOWFAR in PETRA4 is "two" dimensional.

Fig. 2 gives a geometrical configuration which we are going

to use to solve the given problem. The magnet is assumed to have

an infinite length in x-direction, and the EGS3 code simulates

the electromagnetic shower "three" dimensionally. For simplicity

the planes that divide the figures are parallel or perpendicular

from each other in the present case. We have to give each plane

a "plane number". The number should start from 1 up to the numfaer

of planes. First, we have to number the vertical (x-y) planes

from the left to the right, i.e. 1,2,..., 18 in this case. Then

we have to continue the same process for the horizontal (x-y)

planes, i.e. 19, 2O,..., 28.

The planes divide the space into regions. We have to

number the regions in order. Let us Start from the left to

the right (to z-direction) and the bottom to the top

(y-direction). Note that the outer regions except region 1

must be numbered later äs shown in the figure.
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\

IRON YOKE
ALUMINUM COIL
OR CHAMBER
LEAO SHIELO

32934

Fig. 2 Geometrical configuration used in the EGS user code

PETRA4.
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3.2 Modification of the maln user code

We have to modlfy the MAIN user code dependlng on

our calculation requests. The main user code consists of

"eight" Steps. So, let us follow it according to these Steps.

The steps are numbered In the program. In thls process we will

check even some variables or strings which we usually do not

have to change.



X I *
PE.TRA4 —etS USEft CODE Tu CALCULA TE THE ENERGY DEPÜSITION»

CAUStÜ bY SVNChHOTRGN H A O I A T 1 0 N T HAT IS S C A T T t R E D <
Ft-C*. THfc VACUUM CHAM&EH DF PtTRA AND TG GET LE.PTON'
SPtCThA FOH PAhTICLEä LEAVlhG THC fttOMCTRY"
C . YAMAGUCHI/fc .M.NELSON**

FNACTION**
OESY/SLAC«
13 APKIL IVÜL/ft tV. 7 MAI 19t> l *•
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"Step 1"

% 'gMXEBINS'^461

This string specifies the "maximum number of

energy bins",and usually we do not have to

change it.

We have to change the number if we want to

increase the nunber of energy bins more than the

present number 46, which is large enough for

general purposes.
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a
0 -STtP l"
0
0
0
0 "EGS3MACX---15 ftB I960 - 124b (SLAC/CtRN) WHN*
o -EXTENSION SET OF MACROS FOR EGSJMAC-
o

X iftMXPLN!» • = • IOC» »MAX1MUM NUMbtR OF PLANES**
0
0 -PLADTA---COMMQN DL GCH FÖN «PLANE1 AND »PLANE2 MACROS"

» *;COM1N/PLAOTA/; •= »;cOMMON,/PLAüTA/PCOCfcD(3.»MXPLNSJ .PNORM C3 .*MXPI_NS ) : •
0
0 -»PLANE, l —-MAC ».ü DEPLACEMENT FOR SUBROUTlttE PLANE1**

X •»PLANE K* .«.*.*}; •Ä»UDGTA=PNOfcM< l .* l }*U(NP) +PNURM( 2.« l ) * V < NP )+PNOhM<3.
0 « D*to4NP>; UOOTAP=»i*UDOTA; IF ( UOOT A. 6G.. 0 . 0 )<*3=2 ; >E LSE IF ( UOüT AP .LT .0 . 0 )
0 <*J=0;> ELifc <*3=i; **=(PNORM<l .«l l*(PClCfiDtl .«l ) -XlNP> )+PNORM(2.»l)*
0 IPCOORD(2.* I ) - Y ( N P » ) + PNOftM3.*t )* ( PCG ßf-L C 2 .* l t-l »NP> H/UDO TA ;>•
o »NUTE: EVE».VHH£RE SPLANEL is USED UNE MOST INCLUDE CQHIN/PLAOTA.STACK./«
a
0 "»PLANE5 »ACfiü DEPLACEMENT FQK SUBRÖUTINE PLANE2»

X • *PL ANE2 (••*.«.« .* .*>;• = * * P L A N t l < » l . J 3 . 1 H l T . T V A L > ; IF ( INI T. £0 . l > <
0 » C H G T R t T V A L . * 2 ) i> E LSE IF ( IHI T .E 0. 0 > <»PLANE K«4•«6 .1HIT»TVAL) ;
0 *CHGTfc(TVAL.*£);>' -NOTE: EVERYMHERE 1PLANE2 1& USED ONE MUST IHCLUOE
0 CQMIN/EPCONT.PLAO TA .bTACK./**
0

X « * M X C Y L S " = *75 • "MAXIMUM NUMbER OF CYLINDERS"
« •*OELCYl_" = "1.0t-t* -CLOSEST ALLOHABUE Dl&TANCE TQ CYL1NOER SURFACE**

0
0 -CVLDTA---COMMON bLCCk FOR »CYLNDR M*CRC"

«•;COMlN/CYLDTA/;«s • ;CCMMON/CVLOTA/CYRAC2(SMXCYLS l!•
0
0 »»CYLNDR-—MAC HO REPLACEMENT FÜR SUBROUTINE CYLNDR**

X '»CVLNORl • .«.».* ) * * = *«3 = i; ACVL=U(NP l »U l NP »•* V «NP )«V tNP ) i 8CVL=X<NP>*
0 U (NP>+Y(NP)*V<NP) ; CCYL=X(NP)*X<NP)+Y(Nf- )* V (NP >- CYPAD2 C • l » i
0 AfiGCY=eCYU*eCVL-ACYL*CCYL;
0 IF(ACYL.EQ.0.0 l <*3=0;> E L S E I F ( A ß S ( C C Y L J . L T .SOELCVL* <
0 IK*£.NE.O) <1F<BC YL.LT.O .0 J <* 4=-2 .*B CVL/ ACY L ;> ELSE <«4 = 0.0;>> ELSE
0 < IF (BCYL.LT .O.O) <* 4=O .0 ; > ELSE <*3=0;>»
0 ELSt IF{ARGCY.LT.O.O ) <«3 = O;> ELSE <
0 ffdOTCV^SCtriTtAkOCY); IF (BC VL .G T. C .0 ) < * * = C-BCY L-H OOTCV )/AC VL; > ELSE
0 <JMÄ-CCYL/ IBCVL-fcQOTCV>;> IF («4 .LT.0.0 ) <
0 IFtbCYL.LT.O.Ot < » 4 s ( - B C Y L + R O O T C Y J / A C Y L ;> ELSE <#*»-CCYL/(bCYL+ROOTCY) :>
0 IF (»4.LT.O .01 <#3=0;»>«
o »NOTE: EVERYHHERE * CYLNDR ti USED ONE MUST INCL.UDE COMINXCYL.OTA.STACX>'-
o
0 i »iNSERTtD EXTRA SEMl-COLQN HERE TO FLUSH INPUT BUFFER»
0

X »SMXCONES •s. 'Tft» -HAXIMUM NUMBER OF CLKES**
X»»ütLCON»s»l.OE-*« -CLDSLST ALLflUABLt DISTANCE TO CONE SURFACE»

0
0 -CONOTA— COHMON bLCCK, FCR »CDNE MACRO»

X *;CQMIN/CONOTA/; •= • ;COMMON/CONDTAXCO A LP 2 ( SMXCONES ) .S»*AU_L( SMXCONES ) ; •
0
0 "»CONE MACRO REPLACEMENT FOR SUBROUTINE CONE»

X«»CONE(*.»•«.*>;«s "»3=1; ^M1NC=Z<NP)-iMALLL(*l) ;
0 ACCN=U(NP)»U(NP) + V ( N P J * V ( N P ) - C D A L P £ ( H l ! •U(NP)*M(NP>;
0 BCÜN = X (NP)»U(NP1 + Y ( N P J » W ( N P t - C D A L P ^ l * t )«ZM INC*M(NP l Z
0 C C O N = X ( N P ) * X ( N P ) + Y ( N P ) * V < N P ) - C D A L P 2 ( * l )*2M INL*2MINL;
0 IF (ACON.EQ.O .O> <IF (BCON.Eü.0.0)<03 = 0 ;> ELSE <TCON£ = -CCON/2./bCONJ
0 I F (TCONE.LT.0.0 K» 3=0; >»EL£t < ACCÜN = A C CN »CCON t8CON2=BCON*fl CON! ARGCO s
0 BCON2-ACCON;IF (AB S( CCON) .LT .SOELCON) < IF («2.NE.Ol <IF(flCON,LE.0.0) <
0 TCON£ = -2.«bCQN/ACON; IF(TCüNE.L T.0.0 l *«3=0;>> ELSE <TCON£=0.0;>>
0 ELSE < IFCBCON.LT.C.O) <TCONE-0.0;> ELSL <*J=0;»>
0 ELSE IF(ARGCO.L T .0.0 » <*3=0;> ELSE <ROOTCO = SQHTCARGCO ) ;
0 IFteCCN.GT .0.0 ) <TCGN£ l - ( -bCON-ROOTCC )/ACCN;> ELSE <TCON£l =
0 -CCUN/(BCOK-ROÜTCO) i> IF { ÖCON .L T . 0 .0 ) * .TCONE2-
0 ( -bCÜN + ftQQTCO ) /ACON i> ELSE <. TCÜNE2 = -C C ON/ ( bCO N*HOO TC 0 ) ; >
0 I F ( T C C N E l . L T . O . 0 ) < IF ( T C G N L 2 . L T . 0 . ü » < *3=0 ;> ELiE <TCONE=TCDNE2I»
0 ELSE <IF (TIGNE^.LT. 0.0 ) <. TCCNE = TCQNE l l>
0 ELSE < TCQNE sAM INI I T CONE i .TCCNE 2 );»» •
o »NUTE: EVCKYUNERE SCONE is usco ONE MUST INCLUDE COM INXCONDTA.STACK/-
o
0 i -JNSERTEO EXTRA SEM1-CCLON H£hE TO FLUSH INPUT BUFFER»
0
0 •»CHGTH -hACRO REPLACCHtNT FOH SuökOUllNE CHGTR*

K • »CHGTR ( » . *> ; * = *;iF(* l.LE.USTtPI <USTtf--» l; IRNE H £*£;>•
0 *NUTt: EVEhYMHCRE »CHGTR IS USED QNE MCST INCLUDt CQMIN/EPCONT/»
0
0 »»F1NVAL «ACRC. REPLACEMENT FOJ, SUBRObTlNe FINVAL"

\* .«.«.*>; •= * *£5 .X iNP) + *l*U< N P )i »3 = V ( NP ) *• l »V t NP ) ;
ü » *=2(NP)+»I*W(NP);• -NOTE: EVERYUNESE SF INVAL is USED ONE MUST
0 1NO_UC£ CUMlN/STACK./-
0
0 »ENO OF EGS3 MACHO EXTENSION < £ GS3MAC X )*•
0

> X *»MXEBINS * = « 4 O •
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DIMENSION XXX(3O, 45);

We do not have to change this string usually.

This is used at "Step 8" in order to save and

Output "Kerma" data (see Chapter 2) for each

energy bin.

A= NROX, the number of reglons of interest

Dimension of XXX(A,B) is given äs follows:

NROX, the numbe

(see "Step 2"),

B« Number of energy bins eventually used.

A=3O, B-45, or XXX (3O, 45) is large enough for

general purposes.

REAL EBDTA (25)/ /;

This gives the energy bin data. In "Step 2"

we will point the lower and higher energy bins

that will specify the energy region of photons

treated in the calculation. Of course, it is

possible to overwrite the data. The number of

data should be less or equal to 'SMXEBINS1

(see above).

Energies should be given in MeV

INTEGER MEDARR (24,4)/ /;

This is to specify the array of the media with

which we are going to fill our geometry. Each

medium string consists of 24 characters and it

should be exactly the same äs that in the filed

"PEGS data" (ref. 1). Therefore,
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K •SMXEBINS' = * 4 6 >
0
O "NTALY1-—-COMMON BLOCK FOR tEEPING CQUhT OF ETALV1-EVENTS-

K •-.COM1N/NTALY1/; • = «ICOMMOM/N TALY1/N5 U* t * .»MXREG • &! l •
0
O ; COMIN/BOUNOS .DtaUG.CTALV l .MEDI A.MI5C .KTALYl•PLAOTA.RANDQM•
O UPHlOT.USEfUL/;
0 COMMONSLINES/NLINES.NbRITE.NCOUNT.ILINfcSi
O COMMONXPASSIT/NNP(30.3.*MXEbINS )*«NP(30.3.»MXEBINS)•IRQII30) »
0 NR01»E$AM1.M)EG.NVB IN.NiÖIN«I NO V.IMDZ *1RLP;
0 CQMMONXEDA1AXE6IN(SMXEBINS>.NE91N;
0 REAL YSORT l («MX£a INS>. THSPEC (SMXEB INS > .E.AVECSMXEBINS >l
0 REAL*6 FINT1.ERROUM .SMALRA.SMALR»SMALRt*SMALR2l
0 REAL*« E1.EK1N.TOTKE.HTINOP.MNP.SMNP.XXX;
0 INTEGER NEBLO.KtBHi; •ENERGY SAMPL1NG bIN POINTERS»
0
0 DIMENSION XXX13O.4OM ** KOTICE DIMENSION X X X I NROI. NO OF EBOTA »•
O
0 REAL E B O T A ( 2 & ) y
0 0*01 .0.016.0.02 »0.03 .O.O* •O.OS .0.06 .0.08 . 00011900
0 0.1 .0.16 .0 »Z .0 *3 .0.4 .0 .5 .0.6 .0.8 . 00012OOO
0 l .O .1.6 »2.0 »3.0 .4.O .5.0 .6*0 «a.O • OOO12100
0 10.O/; 00012200
0
0 INTE-GER ISORTI C»MXEB1NS>;
0
0 "THE FOLL0W INC STATEMENT DETERMINES THE MEDIA TO 8E USED IN PROBLEM*
0
o INTEGER ME DARR (24.4 )/
O »S'FE (APsl K E V > * . 1 1 * » •,
0 »S'PB CAP=1 KEVi ' . l l *« • »
O SS'AL |AP= l K.EV1*.!!** •.
0 »S*AIR AT NTP CAP = 1 KEV)«.3*> •/;
0
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gS'FE (AP*1 KEV)1, I1x' ' is not equal to

gS'FE (AP*1KEV)', 12x' '

because the former string has a blank between

AP=1 and KEV while the latter does not.

Notice: Change X in MEDARR (24,X) according to

the number of the media which you

"eventually" use (a must at DESY!).

"Step 2"

NEBLO=«1 ;

NEBHI-19;

These numbers specify the lower and higher

energy bins in the EBDTA(25)/ / ("Step l")

Now the lower energy pointer is 1 and the

higher energy pointer is 19. Therefore, the

lower energy bin is O.O1 MeV and the higher

energy bin is 2.0 MeV. These values specify

19-(1-1)=19 successive energy bins in the

25 data in the present case.

REAL MEADTA (1 8) / / ;

We must give "mass energy absorption coefficent"

data for the RPL glass dosimeter. The data should

correspond to the energy bins we have specified

in "Step 1". The number of "MEADTA", therefore,

is equal to the number of energy bins we have

specified just above. Now it is 19-1 = 18.
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o
0 EXTERNA4. FUN1 ;
o EXTEflNAL GOVERR;
o
0 "STEP 2«
0
0 "TH£ FOLLOM1NG INPU T 0*TA HAVE TO DE CHANGEO E VENTUALLY**
0

•O NEBLD=1I "LOMEK ENERGY BIN POINTER1*
0 MEBHIxlOt »HIGHER ENERGY BIN PO INTE»»
0
ü -HEXT. DATA OF HA SS ENERGY AbSOfiPT ION CDEFFICXEMT FQR RPL GLAS5"
0

•0 SEAL M E A D T A < 1 6 )/ll.0. 4.0 • 1.6. 0.86. 0.46. 0.27. 0.16.0.087,
0 0 .052 .O.Q3t .0,032 .0 .030.0 .030 .0 .OJO.O . GL9 , 0.0 2 8.
0 0 .026.0
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NYBIN-9;

NZBIN-17;

As explained by the comments in the program,

they are the number of geometrical bins in y and z

directions. We have to change these numbers

according to our geometry.

NMED=4;

The number of media we have specified for

"MEDARR(24,X)" in "Step 1". Now X is 4, and so

is NMED.

INTEGER IROID(21)/ /;

We have to specify the regions of interest where

we want to find the absorbed dose to the glass

dosimeter. The numbers may not be in order.

The maximum number is 30 at present. See

also "DIMENSION XXX(30,45)" in "Step 1".

Notice: When you increase the number of data

more than 30, do not forget to change

"COMMON/PASSIT/NNP(3O,3,gMXEBINS), /"

in "Step 1" and in subroutines HOWFAR

and AUSGAB.

NRQI-21;

We have to give the number of the regions of

interest. Thus, the number should be equal to X

in IROID(X) specified just above.
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0 IWTON=li » IWTOKsQ FOR »T 1=1.0"
0 - =1 FÖN hTI CALCULATED FfcOM SPECTRUM**
0
0 NYBIN=«; "KUMBER OF a INS IN Y-0 IRE.CTI ON*>
0 NZbIN=17; »NUM6&R OF blHS IN Z-OIRECTi UN*
0 NMED=*; »NUMBER OF MEDIA**
0 DO J=1.NMED <DÜ 1 = 1.24 <MEDI A U • J ) =»4ED AfcR (I »J l ;»
0
0
0 -SPECIFY THE REGION OF I NIEREST-
O
0 INTEGER IROJDi 2U/1 .6.23.2*.2&« 42.60. 87* 90 .96 .97 . 113 • 11 4* 115 •
0 122»12J*124»14l. l&& .Ifiö.1&7X; 00016305
0
0 NROl=21t -GJVE THE NUM6ER CF REGIONS OF INTEREST: MAX IS 301"
0 DO I=1.NRQI< IROI (l 1 = 1 RGIDd ):>
0 IftLP-Oi »INITIALISATION : USED IN AUSGAB*
0
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MED(1)=O; etc.

Here, we have to fill all the regions in our

geometry with the corresponding media.

Media number "O" specifies "vacuum".

Other numbers correspond to the media array X

in MEDARR{24,X) which we have specified in

"Step 1" above.

Let us pay attention not to forget to fill all

the regions with the appropriate media. Better,

first fill all the regions with vacuum, air or

whatever you think it is convenient to refill

(overwrite) them soon after with proper media.

With this process we will be able to avoid a mis-

filling. We had better check once again after

all fillings.

"Step 3"

Nothing is to be changed,
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"CALCULATE SOME USEFUL INOICES»

NPLANaNYBIN+N2lilN-*2 i
MREG=NVBIN*N2blN+4i
NVPLN=NVBIN+1;
N2PLN*NZBIN+i;

•NUMbER OF PLANES"
«THE ACTUAL NUMBth OF REGIONS IN CALCULATION'
"THE NUHBER OF PLANES IN V-OIRECT10N"
"THE NUMBER OF PLANES IN Z-OIRECT1ÜN-

»NEXT. ASSIGN MfcO 1A TO VARIOUS REGIONS**

M E D < i ) = o ; oo
DO 1=41.43
00 1=59*6 i

1=156.157 <MEOi l l=0 ;>
< M E D < 1 »=0 ;>
< M £ o t i > = o ; >

00 1 = 29.146.9 <M£b(ll*i;>
DO 1=30.84*9 <MEDtl)=li>
00 1=36*90*9 <MEb(l)=i;>
DO 1 = 37.154.9 <MtD<I)=i;>
DO 1=147.163 <MEDin=U>

DO 1=13*17 <MED( M=2I>
MED<22)=2; MED(2ö)=2i
00 1=103*107 <M£0( I) = 2S>
MEO(941=2; MED(9fi1=2t
00 1-130.134 04LDlU=-2;>

00 1=3.21.9
DO 1=9*27*9
DO 1=93*136*9
OO [=99.144.9

00 1=31.67.9
OO 1=35.71.9
DO [=32*34
00 1 = 50*52
DO =68. 7O

< M E D ( I =3;>
<MED (I =3 ; >
o*to u =3;>
<MEDU =3;>

<MED(I =3!>
<MtO (I =3 ; >
<Mto (i =3 ; >
<MtD ( I > = 3 t >
<MEO 111 *3i >

M E D ( 4 0 ) = i ; M £ D t 4 4 ) = i ;

00 1= 2.20.9
D U
OO
00
00
DO
DO
OJJ
DO
00
DO

[ = 4 . 8
=10.28.9
=23*26
=76*77
? 79 .8 O
=85*89
»96 »97
= 112*1 16
=121.125

[=139.143

< M E O ( I 1 = 4 ; >
<M£D (1 1 =4:>
< M E O ( I l = 4 i >
<MtD ( I ) =4 ; >
< M t D ( i » = 4 ; >
< M E D t I ) = 4 { >
< M E D ( I ) = « t >
CMCD1 LL=4 l >
<MtD (11=41 >
< M E O ( I ) = 4 ; >
<MED ( 1 1 =4 i >

'VACUUM OUTSIOE THE ARfUV1
'VACUUM CHAMBCR**

"ft ; MAGNET MATERIAL"

"LEAO SHIELOING"

AL COILS"

"AL CHAMBER-

•TAKE Tl GETTER INTO ACCOUNT«

•AIR"

"DUNIT UNCHANGLO. HORKING CM UNITS BV DEFAULT"

"STEP 3-

CALL HATCH;



- 22 -

"Step 4"

Now, we have to define the coordinates and unit normals

of the planes.

PCOORD(I,J)

PCOORD(I,J)- represents the coordinate of the

planes. 1=1,2, and 3 correspond to x,y, and z

axes, respectively. Thus, a set of PCOORDC1 ,J),

PCOORD(2,J), and PCOORD(3,J) gives x,y, and

z-coordinates of the "J-th" plane.

In the present program all the coordinates

PCOORD(I,J) are initialized to null.

Now, we have to give our data to the PCOORD(I,J).

Since all the planes in our present geometry are

made to be parallel to either x-y or x-z plane,

we have to specify only z and y coordinates of the

planes.

So, let us at first fill z-coordinates PCOORD(3,J)

from J=2 to J=(number of planes parallel to x-y plane),

or 18 at present, and y-coordinates PCOORD(2,J) from

J=*18+2=20 to J=28 for now. The PCOORD(3/1) and

PCOORD(2,19) have been already set to null by the

initialization above mentioned.

Notice: Coordinates must be given in cm.
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u
0
0
O
0
0
1
1
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
Q
0
0

-STEP 4-

»NOtf. ESTABL1SH THE COORDINATES A NO UN1T NORMALS OF THE VAftlOUS PLANES**

DO J=1.NPLAN <
DO 1=1 «3 tPCOOROC I .Jl-O.O;
>

PCOORD(3.2)x 2.0;
PCQORO(3.3>= 2.3;
PCOORD(3.4 = 4.3;
PCOORO(3.6 = S. 65; -TVAO_=0.
PCOORD(3»6 = 9.0;
PCOOHO(3»7 x|0.0:
PCOORDI3.a s2I*a;
TVACR=0.4;
PCOOROC3.9 1*21 .6+TVACR ;
TV*CNS = 1.O ;
PCQORD(3*10)K2 1.6 + TVACR*TVACNS
PCÜOROC3»! l)=24.a;
P CQORO ( 3» 12 1S26 .A t
TPb»O .45;
PCOORD«3.13)x20.a«TPBS
PCOORO<3*141a29.2»
PCOORD<3*L6)*3I.2;
PCOORD«3«16>x31.i;
P COORO (3.171*40.3!
PCOORDt3.ia>*61.3S

PCOORO(2»201*11.7t
PCOORO«2*21}sl7.7:
PCOORDC2. 22 >=l8.i;
P CÜORD (2.23 1 *2 0 »6 •
PCOORD(2.24lx22.2;
PCQQRD 1 2*25 1*2 4 «7 *
PCOORO(2.2fil=2S.l ;
PCUORD(2-27Is31.1 ;
P COORO C2 »28 1x42. a;

PNORMil .J)*0.0l>

55 CM STRUCTURE OF GETTER PUMP CONSIOEREO

«THJCKNESS OF R1GHT VACUUH CHAMBER HALL

«THICKKE.SS QF VACUUM CHAMBER NOS6"
S

»EFFECT1VE THlCKNESS QF LEAO SHIELOING
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PNORM(I,J)

Normally no need to be changed.

PNORM <I,J) signifies the "outward" normal

vectors of the planes. Therefore, a set of

PNORM(1,J), PNORM(2,J) and PNORM(3,J) gives an

outward normal vector to the "J-th" plane.

In the program all the values of PNORM(I,J)

are initially set to null.

Since all the planes are at present parallel

to either x-y or x-z plane, äs mentioned above,

it follows that:

PNORM(1,1)=0, PNORM(2,1)»O, PNORM(3,1)»1,

PNORM(1,2)O, PNORM(2,2)-O, PNORM(3,2)-1,

• • * * *

up to the number of planes parallel to x-y plane,

i.e, up to J=18 at present, then:

PNORM(1,19)=0, PNORM(2,19)*1, PNORM(3,19)=O,

PNORM(1,20)=O, PNORM{2,2Q)=1, PNORM(3,2o)=O,

* * * * *

until the number of the plane, or until J=*28 for

now.

'Step 5"

NNPdOUT, IQ2, I)«O;

WNP (IOÜT, IQ2, I)=O.ODO;

Initialization of NNP and WNP is made here.

For notations of these arrays see "Step 8".
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o
-O DO J=l.NZPLN <PNORM13»J)=1.0;>
0 NVBEGAN2PLN+1 *.
0 DO J=NTBEft«NPLAN <PNOftH<2.J)=l.0;>
0
0 -«RITE-OUT SOME THICKNESS PARAMETERS**
0
0 OUTPUT TVACH*TVACNS«TPBS
0 (////.• PETRA«*./
0 • TVACH=*.F5 .2. • TVACMS=*,F5.2.• TP6=*.F5.2*//M
0
0
0 "WRITE-OUT COOfcDINATES OF PLANES"
0
o OUTPUT; c / / / / t * COORDINATES OF PLANES :**//>;
0 oo JSI»NPLAN <
1 OUTPUT j*(PcooRO(I.JI . IKI.JI ;
l ( • J = * * l 3 * < . X . 3 G l f i * 7 ) ; >
0
0 "»hllt-OuT NOfcCAL VtOOKS GF PLANtS"
0
o OUTPUT; {////•• NOAMAL VCCTORS FOR PLANES:**//»;
0 50 J=i.«PLAN <
1 OUTPUT J.(PNOBMU.J) . 1 = 1.3) ;
i (' J«» .13t2X.JC16.7)»
0
0
0 -STEP 5«
0
0 «INITIAL12E COUNTERS NEXT"
o ILINES-O;
0 H COUN T=0 |
0
O -INITIAL!« COUNTERS» ETC.. FOR INCXDENT SPECTRUM»
0
0 NEQUTl=Ot
0 DO lsl*SMXEB!NS <YSORTICI >=0*0; ISQftT I( l )=01 >
0
0 TOTKEsO.OO; »INITIALIZE TOTAL K.E***
0
o OUTPUT; (•SENERGV SORTINC BINS (END-POINTSI:*»//){
o
0 MEBINsNEBHl-NCBLO-*! l "NUMßfcH OF ENERGY ENO-POINTS-
0
0 DO 1=1 »NEB IN <
1 EfaIN(I)=E6DTAINE6LO*I-1) ;
l OUTPUT I*EB1N(I K ( • EßIN< ••!*.• ) = ' .G15.5);
l >
0
0 NEBINxNEBXN-t i **TO CHANCE FRON EMD-POINTS TO BINS»
0
0
0 -Nun CALL ECNSV1 IN ORDER TO ZERO-OUT AfcRAVS"
0 CALL ECNSVKO.fcftEGtDUMMV) l
0 CALL NTALLV(O.NREG);
0
0 -NtXT. IN1TIALI2E ARRAVS FOR SCORING LEPTON ENERGY SPECTRA-
0
0 DO IOUT=1.NROI<
1 DO IQ2=1.3<
2 OO I = l . N £ B I N <
3 NNP(IOUT*1Q£.I) = 0; -IN lTlAL12E-
3 HNPdQUT. JQ2. I) =
3 >»
0
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"Step 6"

Many variables must be specified in this step.

EGE7-21.O;

We have to give an electron energy in GeV

BIGR=192.O5;

Bending radius in m.

Incoming particle identification.

No need to be changed for the moment.

-1 for electron

IQI« 0 for photon

IQI« 1 for positron

XI=O.O;

YI»(PCOORD(2,23)+PCOORD(2,24) )/2. ;

ZI=PCOORD(3,8)+O.O01 ;

We have to give the entrance coordinates in cm.

So long äs the present geometry is used there

is no need to modify the above equations.

The second term in the right hand side of the

last equation is added to specify clearly the

region where the Synchrotron radiation hit the

vacuum chamber wall. Without this figure the

incoming particle might impinge in the opposite
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»STEP 6"

-SYNCHftOTHON RADIATION SPECTRUX DATA NEXT"

EGtV=17.0; -ELfcCTRCN bEA* ENEHGY ( G E V I »
8Ifa»=192.06 t • 6ENO RADIUS tMETERS)»
ECRlTs2.2iaC-3*CGLV«*3/BlGK; -CHIT1CAL ENERGY (MEV >*

£SAM1=EBOTA(NE bt_0> ;
ESAM£~EBDTAl*4EbhI ) ;
L>£LSAM=ESA*2-ESAM i;

"LÜktfi SAMPL1NG LNERGV (MEV)*
»UPPER SAMPLlNG ENERGY (MEV>

SMALR2 XESAN2XE Cki T;

IF(IWTON.EC,.IK»CALCULATE FNQftM ÖECAUSf UTI TO BE CALCULATED»

I-* INTI = DCADI*LtFUM .SMAUftl .SMALR2.1 -D- tO . 1. D-6 .ERROUM . IER> l
IF( IE« -GT.toXOVJTPUT Itfi .SMALR l »SMALR2 .Fl NT1 .ERROUM;

l* OCAOHE ccot=«.!4. ' FROH «.Oio.io.* TO •.020.10*
* F1NT 1 = ' .020. 10. '•»-• .020.10) i>

F NONM*E c« n»c i» F IN ri ;
>

ELLE<**HE1GHT hlLL. bE UNlTY ANO FNÜRM=1"
F1NT1= l.Q ;

»NOTE: FNCPM taILL UE. DIVIÜED 3Y THE S CM OF THE *E LGHT& LATER-
(CALCULATION IS F OH ONc. t LEG T R O*. ANO ONE METER OF ÖENO )"

INC G M INC PAdTlCLt 1O»

X 1=0.0 ;
Vl=(PCaORD(2.23)+PCOOKD(2.£*»>/2.;

3.öl-*0.000i;

"ENTRÄNGE COOROlNATES (CM)-
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region across the plane (now plane number J=8)

because any Computer has a round error in

computation, which is far smaller than the above

value.

IRI=69;

We have to specify the region where Synchrotron

radiation enter. Region n umher 69 is the incident

region at present.

THRAD=O.O244;

Incident angle in raclians of photona to the

vacuum chamber with respect to the negative

x-direction.

IXX*123456781

Rundom number generation seed.

This number must end in odd numberl

"Step 7"

We do not have to change anything in this step for the

moment.
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0 DO I=1.NZPLN <TVAR=Z1-PCOORO(3.1) ; IF C TVAR.LE .0. ) < l NOZ=I ; EX IT; »
0 DO I=NVBEG»NPLAN <T VAR =PC OOfcO<2 . 1 ) -VI ! If l TVAR.LE »O. ) <INDY=I t EXIT ; »
0
0 IRI=6*£ -E N TR* MCE REGION"
0 THRAD1=0.0244; -INC1OENT ANGLE IN RAD l ANS**
0
O rHCTAl=THRADI»160.yPi; »1NC1DENT ANGLE IN DCGREES-
O UI=CQSCTHRA01 l * -X-CIHECTION CDSINE»
0 V 1=0. 0; -V-DIHECTIÜN COSINE»
0 « I=SIN(THRADI)i "Z-OIRECTICN CO^lNE"
0 IDINC=-i; -1D t IARG) FOR INCIDENT PARTICLE I.D.*
0 NWRITE=10 ; -NO- OF SHOHER C A S E S TQ PRIhT OUT**
0 NL1NES=IQOI »NO- OF LINES TO PR INT OUT**
0 IXX~123466761 ; -R AN DOM NO. GENERATOR SEE0.*..MUST ENO IN ODO NO"
0 I X X S T * I X X ; "TO KEEP TRACK OF STARTING SEED"
0 TYMOUT = 1Ö,0; **A PARAMETER TQ DEFlNE TIME PRIOR TO CLEAN-UP«
0 NCAS£S = 1000000; **NQ. OF CASES TO RUM---LET TIMER CODE DETERMINE OPTIMUM«
0
0 -WW1TE-OUT T1TLES-
0
o OUTPUT; ( • IENERGV/COOROINATES/DIRECTION COSINES/ETC.*./*
0 • (FIRST HUNDRED OR SO LINES) • • / / > ;
0
o OUTPUT ; (sx.'C'.i ix.'x-.isx.'v.iix.'Z'
0 12X. •»• •9X»* IQ* *3X« • I R * » 1 X . * I A R 6 * . 4 X « *
0
0 "STEP 7»»
0
o •TISUM=O.O;
0
0 DO I-l.NCASES <**%TART OF SHONER GENERATION LOOP-
I
1 "FIRST. DETERMINE IF THERE IS ILNOUGH TIME LEFT"
l
t CAUL TIMCLiTYMNOH);
l IF(TVMNOW.LT.TVMOUT) <EXIT;> »EXIT THE SHOHER CALL LOOP-
l " AND OUTPUT THE RESUL.TS**
l

-SAMPLE ENERGY UNIFORMLY OVER ENERGY RANGE**
«RANOOMSET R ANNO;
EVAL=ESAMI+RANNO*DELSAM;
EI=CVAL;

o«! X-CALCULATE THE MEIGHT**
2 SM ALR=EVAL/ECR u ;
2 ilTIsGOVERR< SMALR) ;
2 U

2 >
t
I ELSE<**WEIGMT IS UNITY~
2. EKIN«EI;
Z «Tl-l.O; "«CIGHT OF tNCXDENT PAfiTICLE-

t VTISUM^HTISUM
l
l CALL E S O R T t E V A L »IEBIN);
1 IF(IEBIN.NE.O) <
2 fSOHT I UE&I NJ=YSCWTI ( IEBIN) » k T i :
2 ISCRTI ( lEb lN)s ISORTl ( IEBlN) + l;
2 >
1 ELSE <"COUNT THE ONES THAT COULD NOT 8E SORTED"
2 NEOUTIcNEOUTI * i;
2 >
t
1 IFCNCOUNT.LE.NMR1TE.ANC.ILINES.LE .NLlN£S> <
2 OUTPUT EI .X I.VI til.Ul.* l.Wl.
2 IQI .ih l.IDINC.MTI ; (7G1J.5. 3l4.G13.S);>
l
l CALL. SHO»ERIJQI »EI *xi ,vi .zi »ui . vi .»I*IRI*WTI Mi
i TOTKE=TOTnt+em IN; -RELP SUM OF n.t-
1 NCOUNTÄNCOWJT*» t -(.DUN T THE NUMBEh OF SHOWER CASES GENERATEO"
l l LINES= IL1NES + 1 ; »COUNT THE NUMBEk OF LINES PRINTED OUT**
l IXXENO-IXX; -TH1S K £ EPS TRACK OF THE LAST RANOOM NUMBER INTEGER*
l * THAT HAS USED— — IN CASE *E NEED 1T LATER ON«

l »LNO OF SHODER GENERATION LOOP">
0
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"Step 8"

Output of the results is controlled in this step. We do
not have to change any parts unless we want to modify

the Output fortnat.

WNP(IOUT, IQ2, I)

WNPdOüT, IQ2, I) array registers the sum over

each energy bin of the individual "weight" with

which each lepton, i.e. electron, photon or
positron is transported. The array consists of

IOUT, IQ2 and I,

where

IQüT = array of the regions of interest,

ROI. Maximum value of IOUT is NROI

(see "Step 2").

IQ2 « 1 for electron,

» 2 for photon/

= 3 for positron.

I = energy bin number. The maximum of I

is equal to the number of energy bins.

The Output of WNPdOüT, IQ2, I) for IQ2-1, 2, and

3 gives the energy fraction spectrum for electrons,

photons and positrons, respectively.

MNP (IOUT, IQ2, I)

This array registers the absolute number of
leptons that drop into each energy bin. The

notations for IOUT, .IQ2 and I are the same äs

above.
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0
0 -STEP 8"
0
0 IFITOTKE.EO.O.D01 <«SOMETH1NG IS WRONG OUTPUT INFO. ANO STOP»
1 OUTPUT TOTKt.EKlN.EI.PNM.NCOUNT;
l (• SSS** TClIKL.EICIH.dI.PRM=».4G16.7.5X.«NCOUNT=« .16 );
l STGP;>
0
0 »QTHERtflSE. «RITE-OUT VAHIOUS 3UAN1ITICS OF INTEREST-
0
o OUTPUT NCOUNT.NCASES.IQJ .TOTKE; (MSUMMAP.Y:* .// •
0 18.* CASES OUT OF •.!».• MERE COMPLETEO*'•// .
0 • INC10ENT PARTICLE TYPE=*. I2.S.
0 • TOTAL K.E. IN RUN=**G15.7*• MEV*K
0
0 OUTPUT ECeV.B 1GM.ECMT ; ( / .* SYNCHROTRON SPECTRUM INPU T DATA!« . /
O * EGEV=*.Glb.S.* GEV* .5X . *B IGRs• *b i& .5 • • METERS*.QX.
0 *ECRITx*»GI6 .6 . * M E V * ) ;
0
0 FNORMcFNORM/UTISUM;
0
0 OUTPUT ESAMI.ESAM2.SMALA1.SMALA2»
o FINTI.HTISUM.FNORM;
0 (V / . * SPECTRUM SAMPLING INFORMATION:«.
0 /.* E£AMl=*.Glb.S.* MEV**3X.*ESAMZs*»Gie .5 . ' MEV•.X.

0 • F1NT1 = *.G16.Ö.3X. *WT 1SUM="» ,Gl 5.Ö.3X I «FNORM» • »G 16.S l;
0
0
0 "OUTPUT 1NCIOENT SPEXTRUM SAMPLEO**
O
o OUTPUT; < / x . * INCIDENT SPECTRUM ISAMPLED AND THEORETICAL)•.
0 • (PHOTONSyUEV/METER/ELEC):**/);
0
O DO I=1.NEBIN<

E A V E C I ) = (EBIN(I )*EBIN<l+l)) /2*Oi
S M A L R A a E A V E ( I ) / E C R I T ;
THSPECt l ) = C l * G O V t R R ( S W A L R A ) ;

VSORTI II}=FNORM*VSÜRT1(I}XDELTAE;
I&ORTI ( n=isoftTi( i I/DELTAE;
OUTPUT EBlNd J.EBINI 1+1) .YSORTMI ) .ISORTI (I) »THSPECII1 ;
IG15.5.« TO*.Glf i .5»* ME.V* •5X.G13.5.6X.'(" .19.* E VENTSXME V ) •

0
0 OUTPUT NEOUTi; (/ / /»• NEQUT=NO. THAT CQULO NOT BE ENERGY-SOftTEOs« . Ifi )
0
0 CALL ECNSV 1(1 .hHEG.TOTKE) ; MTHI S CALCULATES ANO PRINTS OUT THE ENERGV**
0 •* CONSEbVATION hESULTS*
0
0 CALL NTALLV 1 1 .NftEG) i
0
0 *FOLLOMING STRINGS ARE. FOR GETTiNC. LEPTOK ENERGY tPECTHUM-
0
O OUTPUT IXXSTi (X////X.* RANOOM NO. GENERATION SEED *•• HO );
0
0 00 lOUTxi.fcROK

StaNP=0 .ÜOO ;
sxxx=o,ooo;
I IROI^ lRUI (1OUT >t
OUTPUT IlhCKi //. • FhACTION OF Lht>CY CARklED ÖV PAHT1CLL*.
• INTO THE kfcOJDN OF INTEREST: IROI - ' *

• E L E C T R O N » . 3X. • PHOTON*. 5X , • POS I TkON • .1 OX.
• ELECTRON »,3x. • PHOTON« .sx.» POSITRON». 6x.
• KEf tMAd ) '/) ;
00 1 = 1 .NEB IN<

Z DELTAE=tB IN (1+ U-tblNd ) l
2
2 DO lli£ = l.3<

»3 W N P ( I O U T . I Q 2 * I)-HNP(1QUT. 1C£ . I 1XTOTKE ;
3 SfcNP=S«NP+WNP (10UT. IQ2.1 l ;
3 >
2
2 XX X( IOUT. l>sMtADTA( l )*«NP( IOUT .2.1 ) ;
2 S X X X = S X X X + X X X C 10UT.I ) ;
2
2 OUTPUT tBIN (I) .EB IN( 1*1 }.<*NP ( IÜUT.IQ2.I l.IQ2=l*3 ).
2 (NNP( ICUT.IQ2. II. 1Q£ = 1. 3 ) * X X X ( 1OUT .1) *
2 CF9 .3 .« TO* .F9 .3 . * MEV* .6G12. 4 . lOX . IG 12.4 U
2 >

OUTPUT swh^.sxxx; i/. • T O T A L ENERCV FRACTION THAT THE*.
• PART ICLE bftlNCS IN : SriNPs«
• KEftMA*(A CM**2)/M£V/EL.=*
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Note: The dimensions of WNP and NNP are defined

in "Step 1" äs:

WNP(3o,3,SMXEBINS), and

NNP(3O,3,gMXEBINS).

Do not forget that they are also transferred

through COMMON/PASSIT/ / to subroutine

HOWFAR and AUSGAB.

SWNP

This variable is to Output the sum of WNP

over the whole energy bins. The value of

SWNP is used äs one of the criteria for the

error estimation in the Monte Carlo calculation

When it is lower than 1 x 1O~ , the error is

usually pretty large.

XXX (IOÜT, I)

This array is to Output the value of "Kerma"

for the individual energy bins.

IOÜT - array of the regions of interest, ROI.

Maximum value of IOÜT is NROI (see "Step 2")

I = energy bin number.

S XXX

This variable is to sum up the values of "Kerma"

over the whole energy bins. The value is used

for the calculation of the absorbed dose to the

KPL glass dosimeter (Chapter 2).
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0 »FOLLOHING STRINAS ARE FOR GETT1NG LEPTON ENERGY SPECTRUM**
0
O OUTPUT IXX&Ti <//////•' RANbOM NO. GENERATION SEED **. 110 11
0
0 DO IOUT*1.*«OI<
1 SMNPsO.ODO l
l SXXX=O.OOOI

I I ß O I a l R O I ( I O U T l;
OUTPUT IlROUf //. • FRAGT ION OF ENfcftGV CARR1EO BV PARTICLt«
• INTO THE REGIEN OF INTEREST: IROI>*.

• ELECTRON **3X. • PHOTON*. 5 X » « POS I TI.ON • «l OX.
• EL-£CTWÜN«.3X. • PK)TON*.6X** POS l TRON *.6X«
• KERNAd l*/) ;
DO I=1.HEBIN<

2 DELTAC*CB IN <1+ 11-EBINfl );
2
2 OO IO£=1.3<
3 HNPCIOUT.IQ2. I)=»NP(IOUT. Ib2 . I )/TOTKE ;
3 SWNP=SMNP+W4P(IGUT. IQ2.I) ;
3 >
2
Z XXX( IOUT«I>*MEADTA( I ) * r iNP(XaUT*2 . I ) ;
Z S X X X * S X X X + X X X ( IOUT.I);
2
2 OUTPUT EBINdl .E B INC 1*1 l.IHNP (l OUT* 102*1 )«IO2=1.3 ).
2 (NNP(IOUT.IQ2.1>.I02si.3) .XXX< IOUT «11 ;
2 (F«.J.» TO*.F9.3 . * M£V* .ÖG12.4.10X.1«12.4>;
2 >

OUTPUT SHNP.SXXX; (/ • • TOTAL ENCRGV FRACTZON THAT THE**
• PARTICLE BR1NGS IN : SHNPc*» G12.4.10X.
• KERMA4IA CM**2)/NEV/EL.-* »G12.4 i;

0
o STOP;
0 ENOt
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"SUBROUTINE HOWFAR"

So long äs the present two dlntensional HOWFAR is used,

there is normally nothing to be changed in the subroutine

HOWFAR. But for further modification it would be useful to

do a brief survey of the HOWFAR. This subroutine is a

geometry routine and it defines "how far" the particle is

transported in each process. For detailed knowledge the

reader is required to read ref. 1. When the way of numbering

the regions and planes is different from what is mentioned

above, the subroutine HOWFAR must be modified.

IRL = IR(NP);

IRL is a local variable for IR(NP). IR(NP) is

the Index of the particle's current region.

NP is the Stack pointer or the number of

particles on the Stack.

IOUTRG = NREG-2;

NREG is the number of total regions. Thus, äs

we can see easily from the equation, IOUTRG is

the number of the outer-most region which has

the smallest region number (except region
number 1).

Since NREG=157 at the moment, IOUTRG=157-2

-155. The region number 155 corres'ponds to the

region opposite to region 1 (see Fig. 2).

IF(IRL.EQ.1.OR.IRL.GE.IOUTRG) <IDISC=1; RETURN; >

This string is used to discard the particles

which come out into the regions outside the

magnet component, which makes a computation

faster.
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0 SUBROUTINE hOwFAft;
0
0 COMlN/OEBUG.EPCQNT.PCAOTA.STAOt/;
0 COHMON/PASSlT/hNPI30»3*.SHX£BINS ) .HNP< 30 • 3 • SMXEB1NS ) • IRQ 14 30 ) •
0 NRGI.ESAMl.MRE6»MVBIN.HZB IN*INOV.IHOZ»1RLPi 00050700
0 SEAL*fl MNP i
0
0 IRLsIRCNPi; "SET LOCAL VARIABLE»
0 lOUTRG=NAE6-2; -IÜUTRG : THE FIRST OUTER REGION"
0
0 [F( IRL.EQ.1.0K.1BL.GE.IOUTU&) <ID1SC=1; RETURNO
0
o i =(iRi_-2>yhYBih*t: -CQLUM* NUMBER-
0 J*1RL-1-«YB1N*<1-11 ; "hOK NUMBED»
O
0 MPLl=I+i; NPL£=i; »Z-01RECT ION**
0 I Fll.LT.NZ&IN) <NR(i l = l«L + KVtIN; > EL&E <NRC ls| QUTRC2>
0 IF( I .6T.1> <NftG2=IRL-N¥BlN;> ELSE < N R C £ = l t >
0 IF4NPL1.GT.INDZ1 <»PLANE 2(NPL1.NRGl.l*NPL£ .NRC2.-l):>
0 ELSE <»PUAhE2thPt.2*NNG2»-1>NPL1 «NRG1» l >;>
0
0 NPLl=NZBlN+2 + j; NPI_ 2*NPL l - l ; " V-0 I RE C 1 ION"
O 1F1J.LT.NY&1N1 <NRGk = IHL+Ii> ELSE <NBG l*ICUTRQ+2S>
0 IF<J.GT.1> <NRG2=IRL-IS> ELSE <NRG2=IQUTRt+lI>
0 IFtNPLl.ÄT , 1HDY) <S PLANE 2 (NPLUNÄ&l.l »hPL2 •NR«2* -1 > S >
0 ELSE <SP1_ANE.2<I*PL2»NRG2»- 1.NPL1 .NRGl. l j;>
0
0
0 RETURNS
0 ENOS
0

xe
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The strings which follow below are to find the region

into which the current particle will enter.

2PLANE2

This is a macro replacement for subroutine

PLANE2 (see "Stepl"). The particle's current

region IRL is surrounded by four planes, i.e.

NPL1 and NPL2 in both y and z directions

(see Fig. 3). Around IRL there are four regions

specified by NRG1 and NRG2 in both y and z

directions. The subroutine PLANE2 is used to

find the region into which the current particle

will enter. For detail the reader is requested

to read APPENDIX ÜC of ref. 1.
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42.8

31-1

25.0

11.7

NRG2

NRG1

IRL
NRG2

O
«N

NRG1

IN

ü_

Fig. 3 Relation among particle's current region IEL and its
four surrounding planes, i.e. NPL1 and NPL2 in both

y and z directions. Four regions specified by NRG1
and NRG2 in both y and z directions are also shown (see

subroutine HOWFAR) .

SU6ROUT1NE

COHlNv'OEBUC.EPCONl.PLAOTA.STACJC/;
COMMOM/PASSIT/NNPI30.3.SMXE&1NS t .HMPt 30 .3 •«HXEBINS> . IRQ II 30 )
MBOI.ESAMl .M)E6«»4VB 1N.NZB IN. IN» V« IN02 • IRLP t
SEAL»« MNP;

IRL = I f t tNP) t "SET LOCAL VAhlABLE**
I OUT«C=NR£4-2 ; *1OUTRC : 1N£ FIRST GUTER REGION»

IFURL.EQ* 1»OR.IRL*GE. 1DUTR&) < IDISC*t ; RETURNO

I =(IRL-2 1/KVB Ih+1 ; »COLUMM NUMBER**
jalflL- l-t<ve 1N»( l- l ) ; »hOM NUMBER"

-Z-OK.ECT 1ON-
hL«HTt IN; > EL&E <NHC 1 = 1 QUTRC;>
YBlN;> EL5E <NRG«&i ;>

IFCHPLl.GT . INDZ) <S PLANE 2 (NPL l »NRG l • l .NPL2 »NRG2* - l »;>
ELSE <»PLANE2(NPL2.NHC2*- 1<NPL1 «NR&l . l ) ;>

1-1 ; * V-0 IRE C l ION"
I F (J.LT.NV6 IN l <NfcC 1*1RL+ I ;> ELSE <Nfl C l» 1CUTRG*Z ;>
IFiJ.GT.I) <NRG2s 1RL-1 *> ELSE <NRG2=I OUTRG« l f >
IF(NPL1.&T.1NOV> <SPLANE2fNPLl.NR61.t .NPL2 »MR62. -l ) l >
EL&E <»PLANE2(NPL2*MRG2»- i.KPLl .NRG1. l j;>

RETURN;
E NO;
lt£
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"SUBROUTINE AUSGAB"

There is no need to change this subroutine. It is used

to sort and score the particles which enter the regions

of interest that the user have specified in "Step 2".

0 SUBROUTINE AUSGAB! I ARG );
O
0 COMIN/OEBUt.EPCONT.ETALri .N TAL» l .STACK/;
0 COMMON/LINES/NLINES .NHR1 TE .NCOUNT . IL l NtS ;
0 COMMONXPASSlT/*NP(30.3*SI*XE.BIhS>»WNP< 30.3. »MXEBINS) . IRQ K 30> .
0 NHÜI.ESAN1 .MREG.NVB IN.NZB IN. INO V.INOZ . IfcLP ; OOO53320
0 COMMaNXEDATA/EbIN(SMXEBlNS)>NEBIN;
0 R£AL*6 HTINOPvWNP;
0
0 IRC=IRtNP>; »SET LOCAL VARIABLE"
0 HTlNOP-UKNPi; «OEF1NE DOUBLE PRECIS1ON MCIGHT*
O
0 CS UM( lÜ<NPl*2.IR(NP>*IARG+t)sE5UM(lQ(NP)*2»lR(NP l . IARG+ l ) + EDEP*HT INDP;
0 WSUMi ia«HP»«£.IM(NP l , I ABC * l ) -NS UM ( IQ ( NP » +£ . IH (KP ) . I ARG* l > * i;
0
0 IFtNCOuNT.LE.NkRITE .AND. l LINES. LE .NLINES) <
1 OUTPUT t (NP)»X(NP) .V(NP) *Z( NP> .U( HP ) *V (NP ) •• INP) •
t XQCNP1 »IRINP) .1 AfiG.»T(NP); t 7GJ 3 .b .3 14 . G13 «6 ) J
l

0
0 »»****»********«*»*»***•#»****•************ FOR LEPTON SPCCTRA ******
0 DO I'l.NROK
1 IRO1L=IRO1 tl) ; -SET LOCAL VARIAfiLE"
l
l IFdfJL.NE. IfiOIL) <IßLP=0; NEXTi>
1 IF(lRL.he*lHLP»ANO.( l ARG.EQ .O.OR. 1AMG.EQ.3»<
2 IQUTsI*. IRLP^IRL «KEEP PREVIOUS 1RL"', GD TO :AOC:;
2 >
i RETURN;
i >
o
o RETURN;
o : AOO :
0 IU2=IbtNP)+2; **IQ2=1 FOH ELECTRON**
0 » =2 PHOTON"
0 « =3 POSITRON«
0
0 IF (E(NP) .GT.ESAM1) <M£bIN=KdÖ I H *l ;
1 00 I=2*MEBIN <DE=E (NP)-EbIN( I) ;
2 IF(Dt.Lt.O. K
3 NNPUOUT.lOi. 1-1 )=NNP( IOUT, 102 , I- l 1+1 t
3 WNP(IOUT.IQ2. 1-1 )=«NP( 10UT .102,1- l I+W TINOP*£< NP) ;
3 EXIT;
3 > > >
0
o RETURN;
o ENO;o
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3.3 Execution of the program

The member PETRA4 is executed by submitting the member

'DO3CYA.EGS.S(XUC)'. T*ie list of the member XüC is

given below.

D03CYA.EGS*S< XUCJ

//D03CVA76 JOB CLASS=L»TIME=(l6.0O1
//•MAIN ORG=eXT.LINES=<5)
// EXEC NEtaFAST
// EXEC MORTRAN
XMACftO HMACRO
XMACRO PETRA*
XMACRO BLKOATA
// EXEC Fa_G.LEVEU=8.|_l81=»D03CVA
// KEGION»GO=9OOK
//FOAT.SVSIN DD OSH=£.6FORTIN.C ISP=SHR
//GO.FT12F001 DD UMT=FAST» OISP=S HH»OSN=OO3CYA .EGSUC30
//GO.FT08FOO1 ÖD DUMMY
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3.4 How to read the Output

COORDINATES OF PLANES

The x,y, and z coordinates of the planes specified

in "Step 2" are listed. J is the plane number.

NORMAL VECTORS FOR PLANES

The normal vectors of the planes are listed. J is

the plane number.
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DUNIT REUUtSTE.DC.UStU Akt l 1.00000t +OO l .OOOUQE+OQ (CM.)
EfcS SUCCESSFULLY MATCHtD FOfi 4 MEOI A.

P t T B A4
TVACR= 0.40 TVACNS= 1.00 TP6- 0.4&

COOROINATES OF PLANES

J' l
J* Z
Ja 3
Ja 4
J* 5
J* o
J« 7j» a
J= 9
J- 10
Ja L l
Je 12
J« 13
J= 14

J» 16
J* l 7
J* 18
J* IV
Ja 20
Js 21
ja 22
Ja 23
J= 24
ja 25
Ja 26
J* 27
J« 28

.O
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
11 .70000
17 .70000
18.10001
20 .60001
22 .20000
24 .70000
25.10001
31 .10001
42.8OOOO

2 .OOOOOC
2.300000
4 . J O O O O O
5.850000
9.600000
10.0COOO
21 .60001
22.00000
23.0000O
24.80000
2 6 . Ö O O O G
27.25000
29.20000
31.20000
31 .10001
40.3OOOO
51 .30000
.0
.0
• G
.0
.0
.0
.0
.0
.0
.0

HORMAL VECTCIRS FOft PLANES:

ja
J=
J=
Je
J =
J=
Ja
J=.
J=
Jx
Jx
J»
Jx.
Ja
J=
J=
J*
JE
Js

J=
J=
J-
J=
J=
ja
J=
Ja
J»

1
2
3
4
*>
o
7
b
9

10
1 1
12
13
l*
16
10
l 7
18
19
20
2l
22
2J
24
2t>
26
27
2ft

.0

.0

.0

.0

.0

.0

.0

.0

.0
• u
.0
.0
.0
.0
.0
.u
.0
.0
.0
.0
.0
.u
.0
.0
.0
.0
.0
.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0
.000000
.000000
.000000
. O O O O D O
.000000
. oocooo
.oocooo
.oooooo
.000000
.oooooo

l .OOOOOü
1.000000
1.000000
1 . O O O O O O
l . 0 0 0 0 0 0
1.000000
l .000000
1 . O O O O O O
l .OOOOUO
1.000000
l .000000
1.000000
l .OOOOOü
l . O O C O O C
1 . O O C O O O
1.üOü000
t .000000
1.000000
.0
.0
.0
.o
.0
.0
.0
.0
.0
.0
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ENERGY SORTING BINS (END-POINTS):

Energy sorting bins specified in "Step 2" are listed.
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ENERGY SORTIN6 B I N S l E h D - P O I N T S )

EBIN(
EB1NI
EB1N(
EBIN(
EB1N<
EB1N(
EB1N(

2) =

*)
5):
6T

EB1N( v )
E B I N ( l 0 I
EB1NU1 T

E B I N U * ) =

E B l N U ö l s
E 8 I N ( 1 7 ) =
E B l N ( i e > =
E B 1 N ( 1 9 ) 3

.10000E-01

.150COE-01

.20000E-01
.JOOOOE-01
•40000E-01
•50000E-01
• A O O O C E - 0 1
.aootce-oi
.10000
.15000
.20000
•300CO
.40000
.50000
.60000
.80000
1.0000
1.5000
2.0000
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ENERGY/COORDINATES/DIRECTION COSINES/ETC.:

First hundred or so lines of variables are printed.

X, Y, Z Position of particles in units

established by DUNIT (usually in cm).

U, V, W Direction cosines of particles.

IQ Integer Charge of particle (-1 for

electron, 0 for photon, +1 for

Positron).

IR Index of particle's current region.

IARG Integer argument that indicates the

Situation under which the Output

subroutine AUSGAB is being called

(see Table 4.6.1 of ref. 1 > -

WT Statistical weight of current particle
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INCIDENT SPECTRUM:

Sampled and theoretical spectra of Synchrotron

radlation are listed. For each energy bin the photon

number is given, which is normalized to a photon

energy width of 1 MeV, 1m of magnet length, and one

electron. Since the sampling is done equally over

the energy region which the user has specified, the

figures in the parenthesis, i.e. EVENTS/MEV, for

the individual energy bins should be in the same

order of magnitude.
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ENERGY DEPOSITION SUMMARY

The fractions of deposited energy are listed

for each region according to the kind of particle.

IQ Integer change of particle. IQ = -1

for electron, O for photon, and 1 for

positron.

IARG Integer argument that indicates the

Situation under which the Output sub-

routine AUSGAB was called (see Table

4.6.1 of ref. 1).

SUMMARY OF EVENT COÜNT

The count of events occurred in each region

is listed according to the kind of particle. For

significations of IQ and IARG see above.
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FRACTION OF ENERGY CARRIED BY PARTICLE

The fraction of energy carried by particle into

the region of interest (ROI) is listed for each

energy bin. The summation of the individual fraction

over the whole energy bins and particles is given

äs SWNP. The value of SWNP can be used äs a criterion

of the error estimation. When it is smaller than

1 x 1O , the error in the result is usually large.

On the right hand slde of the Output are listed for

each energy bin the counts of events occurred in the

region of interest.

KERMA*(A CM**2)/MEV/EL.

This value gives us Kerma multiplied by the cross-
2

sectional area (A cm ) on x-y coordinate plane of ROI

and normalized to a unit incident energy (MEV) and one

electron. The Kerma to RPL glass dosimeter is, therefore,

obtained by dividing the above value by the crossectional

area of ROI and multiplying it by the Synchrotron

radiation energy loss per turn and the number of electrons

and/or positrons per m.

KERMA(I) shows the individual components to

KERMA*(A CM**2)/MEV/EL. from each energy bin.
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3.5 An example of absorbed dose calculation.

Let us calculate the absorbed dose, per integrated current of

one Ah to the glass dosimeter placed in ROI=96 of Fig.2. assuming
2

that the y x 2 dimension of the region is 1.6 x 2.O cm and the

Computer Output [KEEMA (A CM*»2)/MEV/EL.] takes a value of 2.83

x 10~3(cm2 e~1).

From eg. 1 the energy loss per revolution, AE, at 17 GeV

Operation is:

AE = R« Aß HE (GeV)]4 . 88.5 x 174
AE 88'46 R (m) T52

- 3.85 x 104 (keV)

= 38.5 (MeV) (9)

Since 1 Ah * 36OO C, the average number of electrons and/or

positrons, N , per one meter of beam orbit is:

N « 1 36OO C m 2..25x10**
e 2irR 1.6x1O~ i9C 2x3.14x192

- 1.87x10l9 per m. (1O)

The cross-sectional area A (cm2) on the x-y plane of the ROI

which has a length of 1m in x-direction is:

A - 1.6 x 100 = 160 (cm2) (11)

Therefore, Kerma K for the ROI is:

K » AE • N ]KERMA*(A CM**2)/MEV/EL. /A

- 38.5 • (1.87 x 1019) • (2.83 x 1O~3)/16O (12)

- 1.27 x 101S (MeV).

The absorbed dose D in rads to the RPL glass dosimeter is:

D - (1.60x10~8) • (1.27x101 6)
- 2.03x1O8 (rad)
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A P P E N D I X

Some other geometrical configurations for the

dlpole raagnets of HERA, LEP and PETRA are given.

PETRA6 and LEP2 are the user codes for calculating

the radial dose distribution in the corresponding

accelerator tunnels.
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12

11

23

22

15

15

W

34

33

26

S

A
45

44

:\::.:.:. «E:

/»V»

36

56

bb

54

53;

52

5*

50 31

57

DO

65

53

32

78 39

l*

48

47

59 M S*

58 Jt

HERA1

IC»

97

96

95

93

90

11

-ffl 121

03

o

122

119

118

115

113

D
IRON YOKE

VACUUM CHAMBER or COIL

INSULATOR

LEAD SHIELD

33019

Fig. 4 Geometrical configuration for user code HERA1.
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O
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Fig. 5 Geometrical configuration for user code LEP1
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Fig. 6 Geometrical configuration for user code PETRA6 and LEP2.




