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ABSTRACT

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. INTRODUCTION

The electromagnetic cascade code EGS (Version 3}, by Ford
and Nelson”, referred to as 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 as well as 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.



2. SOME USEFUL EQUATIONS USED 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 as synchrotron radiation. The
name originates from the fact that it was first observed

at the 70 MeV General Electric synchrotron in Schenectady,
U.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 keV.

It is highly directional and is emitted along a tangent
to the circulating particle orbit in a narrow cone of the
angle mocz/E in the laboratory system, where my 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 Schwinger3) as follows:

{

4
Energy loss per revolution: AE(keV) = 88.46 IE%%%Y)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,
SE, of the bending magnet is obtained by dividing AE by
2TR or:

1, _ AE(keV)

Energy loss per m: 8E (keV o m ') = STR(mM) (2)

The critical energy Ec is defined as the energy below
which half the total power is radiated and half above.



3
E (GeV
Critical energy: Ec(keV) = 2.218 L“%(;j) (3)

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 1s given as follows:
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m smz G(x) (photons MeV- m ) (5)
where G(x) is the integral of a modified Bessel function K5/3,
and it is expressed as:
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A new program for the efficient computation of eq. 6 has been

developed4).

2.2 Absorbed dose calculation in air region

The absorbed 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 absorbed dose is to be calculated, can be presumed
to be made from aluminum whose mass enerqgy absorption

coefficient is very closely the same as that of the glass
dosimeter.

The glass dosimeter has a rather small dimension of 1 mm¢
x '6 mm. During the measurement it is surrounded with a few



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 equationS):
D(rads) = 1.60 x 1078 £ 4,8, 20) ¢ , (7)
i71i p ‘1

2

s™') for i-th photon,
E; = average photon energy (MeV) for the i-th photon,

where ¢, = photon flux density (cm

H -
(—i;--l-l-):L = mass energy absorption coefficient (cng 1) of the
glass dosimeter for energy Ei'

time (s) of measurement.

ot
n

The mass energy absorption coefficient is given by

Man 1 E 2mc? -
—-‘)—-B[T(‘l-f)-i-om-i-lc(‘l-—m—)] [1 G]r (8)

where t = photoelectric coefficient,

' = total Compton cross section,

= pair produdtion cross section,

= fluorescent x-ray fraction,

= fraction of energy lost by secondary elections in
bremsstrahlung processes.

G A Q

The product of ¢1Ei is called energy flux density. 1In
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 as SWNP (see 3.2 "Step 8").

The value of SWNP can be used as a measure of the stochastic
variation in the result (shown later). The mean value of mass



energy absorption coefficient (Men/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 Israel7).

The product ¢iEi(“en/p)it is equal to kerma, or kinetic
energy released in matter, minus energy lost by secondary
electrons in bremsstrahlung process. The program outputs this
product as "Kerma" for the corresponding energy bins as well
as the sum 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 as:

A = 100(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).



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 as 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 190 m, and the energy of electron and positron is 17 GeV.
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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.



We solve this problem as follows:
3.1 Geometrical configuration (2 dimensional)

At first we have to set up the geometrical configquration 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 number
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, 20,..., 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
hust be numbered later as shown in the figure.
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Fig. 2 Geometrical configuration used in the EGS user code
PETRA4.
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3.2 Modification of the main user code

We have to modify the MAIN user code depending 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 this process we will
check even some variables or strings which we usually do not

have to change.
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"Step 1"

% 'gMXEBINS'="46"
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 wént to
increase the number of energy bins more than the
present number 46, which is large enough for
general purposes.
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*STEP L™

WEGSIMACX~==15 FEB 1980 =~ 1240 (SLAC/CERN]} wWRN®™
CEXTENSION SET OF MACRCS FOR EGS3IMAC™

XOSMXPLNG *=°100" ™MAX IMUM NUMBLR OF PLANES®

WOLADTA>==COMMON OBLOCK FOKk SPLANEL AND SPLANEZ2 MACROS™
% *iCOMIN/PLADT A/ *=*SCOMMON/PLACGTA/PCOCKD (3eS MAPLNS) oPNORM (3 o3 MXPLNS) 3

-3 = =MACKO KEPLACEMENT FOR SUBROUTIAE PLANE1*
X‘szTSél(ﬁ.l-l-l);'=’UDOTA=PNDEM(loll)‘U(NP)*PNORH(Eclll.V(NPlOPNOﬁMCJ.
SLISMINPY; UDOTAP=N#coUDUTA: IF(UDOTALEGC.C.OICKH#I=2i5ELSEIF(LDUTAR L. Ta040)
C83503> ELSE <43=13 #A=(PNORM{ 1 o#L )8 (PCLORULL o #1)=XINF)I*PNORM(2:01)%
(PCOORD(2+2 L) =Y(NFE) J*PNORM (I #E )S(PCOORL (2442 )=2(NP))I/UBDTAD"

®NUTE: EVERYWHERE SPLANEL IS USED UNE mUST INCLUDE COMIN/PLADTASSTACK/™

BSPLANE == =mACRL REPLACEMEMT FOR SUBROUTINE PLANE2®™
XOSPLANES( S oW ol o8 o8 o8 ) ;°='SPLANLLIC(O Lo #31MITeTVAL)S
SCHGTRETVAL«#2)e> ELSEIF{INITCEQeC) <SPLANEL( #4,80,51H
SCHGTR{TVAL +#8)35 “NGIE 2 EVERYWHERE S$FLANE2 15 USED
COMIN/EPCONT P LAD TA «+STACK /%

XOSMXCYLS® =275 ¢ »MAXIMUM NUMBER OF CYLINDERS®™
XOSOELCYL"="1.0L~t* “CLOSEST ALLOWABLE DISTANCE 70 CYLINDER SUKRFACE®

"CYLDTA===COMMON ELCCK FOK SCYLNDR MACKRO™
K*iCOMIN/CYLDTAZ; *= *SCOMMON/CYLDTA/CYRACZ (SMXCYLS) S

¥ SCYLNDR===MACRO REPLACEMENT FOR SUBROUTINE CYLNDR*™

XOICYLNDR (P owono# )i *=*03=1; ACYL=UINP ISULNP)+VINR ISV LN

UINPI+Y (NP ISVINP): CCYLEX(NPISXINPI+Y (N ISY{NP)I=CYRADZ
<

{IMITeaEQel) <
TsTVAL)S
ONE MUST INCLUDE

P )i BCYLSX{NP)s
(ol):
ARGCY=BCYL®ECYL=ACYLSCCYL

TFLACYLLEQ.0.0) <03303> ELSEIF(ABS(CCYL)LTSDELCYL)

LF(#2.NE.0) CIF(BCYLLTa020) KHA=~2.8BCYLZACYLSD ELSE <#4=0.03>> ELSE
CIF(BCYLWLT20a0) <HAS0 DD ELSE <#3=03D0>

ELSEIF(ARGCY.LTW0.0) <2#3=03> ELSE <

ROOTCY=SURTLARGCY ) IF (BCYLoGTaCaD) <HAS{~BCYL-ROOTCY)IZACYLSD> ELSE
CoA==CCYL/IBCYLROQOTCY )5> 1F(#8 ol Te0W0) <

IF(BCYLLLT2040) <wa=(=BCYLYNOOTCY)I/ZACYL D ELSE <#4==CCYL/{BCYL+ROOTCY) 3>
IF(#4.LT.0.0) <#3=03>>D>¢

“NOTE: EVERYWHEKE SCYLNDOR 1S USED ONE MUST INCLUDE COMLIN/CYLDTAsSTACK/®™

“INSERYED EXTRA SEMI~COLON MERE TO FLUSH INPUT BUFFER®

X CSMXCONES *=¢75° ®upAx [MUM NUMBER OF CULMES™
X'SOELCON®="8 ,0E~4* ~CLUSEST ALLOWABLE DISTANCE TO CONE SURFACE™

“CONOTA===COMMON BLUCK FUR SCONE MACRO®™
XCOMIN/COND TA/Z: *= *5COMMON/CONDTA/COALP2 { SMXCONES ) « SMALLL (SMXCONES ) ®

" $CONE ===MACRO REPLACEMENT FOR SUBROUTINE CONE™

X'SCONE(#omoWon ) =321 IMIN.SZ(NP)=-SMALLL(#]1)

ACCNSUCNP JSUINPI*VINP I sV (NP ) ~COALP2(# 1 JBW(NPIBW(N
N
I

P
BCON=X{I{NPISUINP I+YINPISINP)=-COALPZ JOZMINL S w( NP
8
N

ey

)
)
L
€

int
CCONZX (NP ) SX(NPITY(NP)SY(NP)=COALP2{¥#1 )sZMINLB2ZM
LF(ACONGEQ+000) <IF (BCONEWLe040)I<#I=0 3> ELSE <TCONE=~CCON/2./bCON:
IF(TCONE L T40.0)<83=03235ELSLECACCUNSACLASCCON ;BCON2=8CONSBCON; ARGCD =
BCON2~ACCONGIF(ABSECCON) o LT SOELCON) <IF(N2.NEO) CIF{BCONLELDLD) <
TCONE==2.86CON/ACON; IF(TCONE L Te0o0) <#350:>> ELSE <TCONE=T 03D>>
ELSE CIF(ECONLTa0.0) <TCOUNE=0.03> ELSE <#3=0:D>>>
ELSEIF(ARGCOL TL0.0) <#3203> ELSE <RDOTCO=SARTCARGCO)
IF(BCCON<GT 40e0) <TCUNE I=(~BCON-ROOTCL )/ACCND> ELSE <TCONE L=
=CCUN/(BCON-ROOTCO) 3> IF{BCONCLT«0+40) «TCONE2=
( “bCUNROOTCO)Z/ACON ;> ELSE <TCONE2==CCLN/(BCON®ROOTCO):D>
[F(TCOCNE 1 L T.0e0) CIF(TCONL24LT 0,0} <2320:> ELLE <TCONE=TCONEZ:iD>>

ELSE <IF(T(ONEZ2.LT.0.0) KTCONEZTCONED 1>
ELSE <TCONE=AMINL(TCONEL«TCCNE2 );5D>>
“NOTE: EVERYRHERE SCONE 1S5S USED UNE MUST INCLUDE COMIN/CONDTALSTACK/™

H “INSERTED EXTRA SEMI-~CCLON MEKE TO FLUSH INPUT BUFFER®
“SCHGTR==~mACRO REPLACEMENT FOR SUBKDUTINE CHGIR®™
XOBCHGTHI® e} 5*=° 1 F (8 lolE.USTEPRP) CUSTEFZ#L: IRNEWZS23D>" «
“NOTE: EVEKYWHERE $CHGTR IS USED ONE MLST INCLUDE COMIN/EPCONT/™
“SFINVAL~=~MACKRG REPLACEMENT FOk SUBROUTINE F INVAL®

NOSFINVAL {2 o#s0em )i =Nz X(NPI*SIS3U(NP ) #3zY(NP)*21oV(NP) §

CA=SZ(NP )+ Lo (NF)* "NOTE: EVEKYWHERE SFINVAL 1S USED ONE MUST
INCLUDE COMIN/STACK /™

“END OF EGSI MACHO EXTENSION (EGSIMACX)™

X*SMXEBINS *=*40"°



DIMENSION XXX {30, 495);

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.

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

v

A= NROI, the number of regions of interest
(see "Step 2"),

B2 Number of energy bins eventually used.

A=30, B=45, or XXX(30, 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 enerqgy 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 '@MXEBINS'
(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 as that in the filed
"PEGS data" (ref. 1). Therefore,
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X *SUXEBINS *=*a0"*

“NTALY1===-COMMON BLOCK FOR LEEPING COUNT GF ETALYI1~EVENTS®
XOCOMIN/NTALYL/3%= *TCOMMON/NTALYL1/NSUM(A + SNXREGeS) 3 *

s COMIN/BOUNDS »DEBUG sETALY Lo MEDIAMISCoNTALY1oPLADTA«RANDOM .
UPHIOTSUSEFUL/ ¢

COMMONZLINES/NL INES «NWRITESNCOUNT s ILINES S

COMMON/PASS IT/NNPL{30e3sSNIEDBINS JoWNP(30e63¢SMAEBINS) e IRGLIL30) »
NROL ¢ESAML o NREGNYD INeN2DB INo INDYoINDZ » IRLP

COMMONZEDA TAZEEIN(S MXEDBINS)eNEB IN:

REAL YSORTJ(SMXEBINS)e THSPEC(SMAEB INS ) +EAVELSMXEBINS )3

REALE6 FINTIsERROUM ¢SMALRASMALRSMALRI+SMALR2S

REAL®E8 EJoEKINSTOTKE s TINDPsWNP o SWNP s XXX §

INTEGER NEBLDeNEBHIF “ENERGY SAMPLING B IN POINTERS"™

D IMENSION XXX(130e46)3 ® NOTICE DIMENSION XXX{ NROGIe NO OF EBOTA )=
REAL EBDTA(2%)/

060) 20401500602 ¢0e03 2004 9005 2006 +0.08 » 00011900
[ 9 | 3015 0.2 20 e3 »20e4 00 «5 v0e0 0.8 . 00012000
le0 2le8 #2200 300 04,0 2520 o650 8.0 . 00012100
10,073 00012200

INTEGER ISORTI(IMXEDBINS);

®THE FOLLOWING STATEMENY CETERMINES THE MEDIA TO BE USED IN PROBLEM™

INTEGER MEDARR (24 .4 )/

$S'FE tAP=]1 KEV)®el ls® *,

$5'P8 (AP=1 KEV)®sl is°® ¢,

$S*AL (AP=1 KEV)? .l 18°® *,

$SCAIR AT NTP (AP=1 KEV)® +3&°* /3
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gS'FE (AP=1 KEV)', 11x' ' 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 1").
Now the lower energy pointer is 1 and the
higher energy pointer is 19. Therefore, the
lower energy bin is C.01 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 (18)/...../;

We must give "mass energy absorption coefficent"
data for the RPL glass dosimeter. The data should
correspond to the energy binsg 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.



20000C 00000000000

'

EXTERNAL FUNILS
EXTERNAL GOVERR:

“STEP 2=
"THE FOLLOWING INPUT DATA HAVE TO BE CHANGED EVENTUALLY®™

NEBLO=13 *“LOWER ENERGY BIN POINTER™
NEBHI=191 "HIGHER ENERGY BIN PO INTER®

BNEXTs DATA OF MASS ENERGY ABSORPTION CLEFFICIENT FOR RPL GLASS™
REAL MEADTA{18)/11.00 lebs Oe8Ce 0450 0e27¢ 01520087,

-052o0.0Jbo0.0JZ.0.030-0.030.0.030.0.0‘9v0.028
0026000024/
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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 (30, 3,8MXEBINS),..../"
in "Step 1" and in subroutines HOWFAR
and AUSGAB.

NROI=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.



X

(-]-1-1-Y-T-7-J-F-J-Y-J-J-]~Y-T-7-F-]

IWTON=13 * 1w TON=O FOR a7 [=].0"

- =1 FOR WwTl! CALCULATED FROM SPECTRUM™
NYBIN=9; ®"NUMBER OF BINS IN Y=DIRECT]ION®

NZBIN=17% ®"NUMBER OF 6 INS IN Z-DIRECTiIiUN"

NMED=43: "NUMBER OF MEDIA*™

DO J=1sNMED <DG 1=10246 CMEDIALL s J)=MEDAKR(IeJ)3DD

®SPECIFY THE REGION OF INTEREST®™

INTEGER IROID(21)/1 00023¢20025¢420060087+98+96e97 01130114115
1220127012401 81155 1564157/ 00015305

NROl=213 *“GIVE THE NUMBER CF REGIONS OF INTEREST: MAX IS 30)™
DO I=1eNROIC IROI(: I=IRDID(I)SD>
IRLP=0} ®INITIALIZATION 2 USED IN AUSGASB®
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MED(1)=0C; etc.

Here, we have to £ill 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 £ill all
the regions with the appropriate media. Better,
first £111 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.

n

"Step 3

Nothing is to be changed.



{

®»CALCULATE SOME USEFUL INOICES®

ONUMBER OF PLANES®™

WTHE ACTUAL NUMBER OF REGIONS IN CALCULATION®
NYPLN=NYBINYLS “IHE NUMBER OF PLANES IN Y-DIRECTION®
NIPLN=NZBIN+1: “YTHE NUMBER OF PLANES IN Z-DIRECT ION®

“NEXTs ASSIGN MEDIA TO VARIOUS REGIONS®

MED(1)=03 DO 1=156+ 157 <MED(1)=03> “VACUUM OUTSXDE.THE ARRAY™

NPLANSNYBIN®NZBIN+2 ¢
NREG=SNYBINSNIDB INGAG

{

0000000 DODODROO0O00DROROROO000O00REPODO00000PDO0000R0000

DO I=41043 <MED {1 }=0 3> *YACUUM CHAMBER®*
D0 1289461 <MED LI )=03>

DO 132921469 <MEUL 1223 ®FE I MAGNET MATERIAL"™
00 1=30+84+9 <HEDL{I1)=13D

00 I=36¢90+9 <MEL(1)3135D

DO I[=3T7s154+9 <MED( 1)=13D

00 131474163 <MEDL(I)=13D

0GC [=13.,17 <MED( I)=23i0> “LEAD SHIELDING®™
HMED(22)=2; MED(26)=2:

00 I=103.107 <MED( 11223

MED(94)=23 MED(98)=23%

00 1=130.1234 <MED (1) =23

DO 15342109 <HMED (1) =33 ®alL COILS™

00 1=29+274+9 <MED (I)=33>

DO [=63e138:9 <MEDL1)=33D

DO (299+144+9 <MED(1)=233D

00 I=31:67.9 <MED (1)=33> ®AL CHAMBER®™
D0 [=35e71:9 <MED (1)=335D5

DO 1=32e34 <MED (1) =332

D0 126082 <MED (1} =33>

DO 168,70 <MED (1) =35>

MEDLT8)=]}

MED(4Q)=13 MED(4a)=13 “TAKE T1 GETTER INTO ACCOUNT™
D0 I=s 22049 <MED (1) =43 “AIR®

DQ 1= 4. 8 <MED (1) =43

DO I=210:28,.9 <MED (1) =43>

00 [=23.286 <MED (I)=43$>

D0 I=76.77 <MED (1)=43>

DO 179480 <MED (1) =03>

DO 1=88.89 * <MED(I)=AFD>

00 I=908.97 <MED.LEL3A 3D

DO I=1i2sl1l0 <MED(I)=43>

D0 I=121012% <MED (1)=435>

00 15339142 HED(3)=A3D

"DUNIT UNCHANGEDe WORK ING CM

*STEP 3™
CALL HATCHS

8Y DEFAULT™
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"Step 4"

Now, we have to define the coordinates and unit normals
of the planes.

PCOORD(TI,J)

PCOORD(I,J) represents the coordinate of the
planes. I=1,2, and 3 correspond to x,y, and z
axes, respectively. Thus, a set of PCOORD(1,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 2z and y coordinates of the
planes.

Sc, let us at first £fi1ll 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.



OO OO OROOOROD00O0OROCROR RO DOO~=mERO00C

“STEP 4=

"NOWe ESTABLISH THE COORDINATES AND UNIT NORMALS OF THE VARIOUS PLANES™

DO J=1+NPLAN

D0 I=1.3

>
PCOORD(3e2)= 2,03
PCOORD(3:3 )= 2.3%
PCOODRD(Js4 )= 4.3%
PCOORDC( IS )= S.65; ®TYACL=0.55 CH S TRUCTURE
PCOORD(3+6 )= 9.a6:
PCODRD(3+47)=10,03%
PCOORD (3.8 )=23 403
TVACR=0.,43; ®ITHICKNESS OF
PCOORDCIe9 )=21 46+ TVACR
TYACNS =140 “THICKNESS OF
PCOORD(3e10)=2 1.6+TVACR®TVACNS ;
PCOORD(3s11)=24,8
PCOORD(Iv12)=20.81%
TPB20 <453
PCOORD(3+13)=20.8+TPB:
PCOORD(3+14)229.2;
PCOORDE 316 )x31.2:
PCOORDEIe16)=31e1:
PCOORD(317)=40.33
PCOORD(3+18)=61.3:
PCOORD(2+20)=11.73
PCOORDE2+s21)317.7;
PCOORD(2+22)=18.13
PCUORD(2s231220463
PCUOORD(2e24)=222.2
PCOORD(2:25)224.73
PCOORDL2:26)=2541 ¢
PCUORD(2:27)=31.1;
PCOORDE2.28)=42.8;

<
CPCOORDI I ¢ 3=Ca0:PNORML! ¢ J)Z=0.08D>

OF GETTER PUMP CONSIDERED™

RIGHT VYACUUM CMHAMBER
VACUUM CHAMBER NOSE™

WALL®

®EFFECTIVE THICKNESS OF LEAD SHIELDING®™
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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, as mentioned above,
it follows that:

PNORM(1,1)=0, PNORM(2,1)=0, PNORM(3,1)=1,
PNORM(1,2)=0, PNORM(2,2)=0, 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)=0,
PNORM(1,20)=0, PNORM(2,20)=1, PNORM(3,20)=0,
until the number of the plane, or until J=28 for
now.

"Step 5

NNP (IOUT., IQ2, I)=0;
WNP (IOUT, I1Q2, I)=0.0DO;

Initialization of NNP and WNP is made here.
For notations of these arrays see "Step 8".



1

ouuum—oo000000000-n00°°0000000OQOOOOOOOv—ODOOOP'°°°°°°°°°°°°°°°°

00 J=1eNZPLN <PNORM(3¢J)=1.0;>
NYBEG=ENZPLN+1 §
00 J=NYBEG+NPLAN <PNORM(2.J)=1.0:>

“WRITE-OUT SOME THICKNESS PARAMETERS®™

OQUTPUT TVYACRK+TVACNS +7PB3
(/77/7¢* PETRAGY o/
¢ TVACR=®oF8 c2s * TYACNS=® sF5.2," TPB=*sF5.24/7)3%

“WRITE~QUT COOKDINATES OF PLANES®

QUTPUT: (///7+% CODRDINATES OF PLANES 2 *s//33
0G0 J=1sNPLAN <

OUTPUT Je(PCOCRO(1 su) oI=1631)3

(* J=*3134iX03G618.7)3D>

"whlTE ~OUT NOKVFAL VECTORS GF PLANES™
QUTPUTS (//77/+* NORMAL VECTORS FOR PLANES:®w//);
D0 J=1NPLAN <

QUIPUT Je(PNORM(IeJ)eI=1,3);
(* Ju®ol3e2Xe3G18.7)3>

®STEP S=

®INITIALLIZE COUNTERS NEXT™

ILINES=03

NCOUNT=0}

"INITIALIZE COUNTERSe EIC.. FOR INCIDENT SPECTRUM®

NEQUTI=0}
DO I=le+SMXEBINS <YSORTI(I }=0.03 ISORTIC(1)=03>

TOTRE=0eD0; “INITIALIZE TOTAL KoEo™

JUTPUT: (*IENERGY SORTING BINS (END=POINTS)II®os/ )
ﬂEBlNSNEBHl°N£BL0013 “NUMBER OF ENERGY END-POINTS™
DO I=1+NEBIN <

EblN(IISEBOYAlNEBLD:}-

1)s
gurvur 1+EBIN(I): ﬁﬁih('olZ-'):'.Gl&.&)%

NEBINZ=NEBIN~-1: "TQ CHANGE FROM END=POINTS 30 BINS™

“NOw CALL ECNSVY IN ORDER TO ZERO-QUT ARRA YS™
CALL ECNSV 1(0 o¢MNRE Go DUMNY ) ;
CALL NTALLY(O.NREG) ;

“NEXTes INLTIALIZE ARRAYS FOR SCORING LEPTON ENERGY SPECTRA®

D0 JI0UT=L.NROIK
DC IQ2=1.3<

DO I=1.NEBLINC
NNP(ICUTs1G241)=03 “INIT1ALLZ2E=
;;g(10010102-l)=0-000i
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"Step 6"

Many variables must be sbecified in this step.
EGEV=21.0;

We have to give an electron energy in GeV.
BIGR=192.05;

Bending radius in m,.

IQI=0;
Incoming particle identification.
No need to be changed for the moment.
IQI= -1 for electron
IQI= 0 for photon
IQI= 1 for positron
XI=0.0;
YI=(PCOORD(2,23)+PCOORD(2,24))/2.;
ZI=PCOORD(3,8)+0.001;

We have to give the entrance coordinates in cm.
So long as 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



"

CODOCOOOCHmm OO mmmmANNR = =00000000000C00000

“STEP 6%

®wSYNCHROTRON RADIATION SPECTRUM DATA NEAT™

EGEV=17203 “ELECTRON BEAM ENERGY (GEVI™

BIGR=192.08% ® BEND RADIUS (METERS)*
ECRITS2.218E-30CGEV83/BIGRS SCRITICAL ENERGY (MEV )™

oL OnER SAMPLING EMNERGY (MEV)I*™
BUPPER SAMPLING ENERGY (MEV)™

ESAM I =EBDTA(NEBLD)
ESAM2=EBDTAINEDN]}
DELSAMSESAMZ-ESAM]
SMALRI=ESAMI/EC(K]Y
SHMALRZ2TESAMS/ECKILT

IF{IWTONGEGalI<™CALCULATE FNOKM BECAUSE wTI TQ BE CALCULATED™
FINTIZOCAORLLIFUNLSSMALR] oSMALR2 ¢l aD~t0elel=52ERROUMSLER} S
IFCIER «GT o €0)<OUTPUT TER +SMALRIeSMALRZ2»FINTL JERROUNS

{* LCADRE CCOL=%e]as® FROM ®*eD20e10+¢ TO *eD20.10s
* FINT1=*+D20a509%+~*,020.10) 3>
Cl=1e4906E2361.0E~19/2.0/P1/EGEVSs23

;NOQH:ECRI1'CI‘FINYI;

ELSEC™WELIGHT wilki BE UNITY AND FNORM=1*™
FINT1I=1403
FRNORMNT .03
> .

“NOTES: FNCRM wILL HE DIVIDED 3Y THE SLM CF THE wEk IGHTS LATER"™
- (CALCULATION 1S FOR ONE ELECTROM AND ONE METER OF BEND )™

1Qa1=03% ®INCOMING PAKTICLE ID™

X 12003 “ENTRANCE COOROINATES (CM)*™
Vl=(9(6090(2.23)09C00ED(2oZQ))/Z-; £s o
ZISPCGORD(J3«8}3+40.0001%
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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 number 69 is the incident
region at present.

THRAD=0.0244;
Incident angle in radians of photons to the
vacuum chamber with respect to the negative
x-direction.

IXX=123456781
Rundom number generation seed.
This number must end in odd number!

"Step 7"

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

moment.



i

O b 0 s e e bt o e NN = e NN = NN N e s i i s NN s e R RN Nt e b pmpe s m i e e e O O S 000000000000 00CO0OO0D0DO00000C

'

DO 1=1sNZPLN CTVARS21-PCOORO(3s1);5 IF(TVARCLE «0a) <INDZSIJEXITS> .
DO I=NYBEG oNPLAN <TVAR=PCOCRDE21)=YI{ IF(TVAREsO0.) <CINDY=IIEX Y-))
IRIS=O&: "ENTRANCE REGION"™

THRAD1=0.0244% “INCIOENT ANGLE IN RADIANS™

THETAI=THRADI®180./P1: *INCIDENT ANGLE IN DEGREES™
UI=COS{THRADI }; "Xx~DIRECT ION CDSINE"™

VIz=0.0: “Y-DIRECTION COSIMNE™

$ISSINITHRADI): “Z-OIRECTICN COLINE™

IDINC==1; ™ID (IARG) FOR INCIDENT PARTICLE [.De"

NWRITE=103 ™NOD. OF SHOWER CASES TO PRINT QuUI™

NLINES=100: “NQ. OF LINES TO PRINT OUT™

IXX=1234667813 "RANDOM NO. GENERATOR SEED.««aMUST ENO IN ODD NO™
IXXST=IXX: "TO KEEP TRACK OF STARTING SEED™

TYMOUT=16,03 %A PARAMETER TO DEFINE TIME PRIOR TO CLEAN-UPw

NCASES=1000000; "NQe. OF CASES TO RUN=<=LET TIMER CODE DETERMINE OPTINUKY

*“wRITE-OUT TITLES"™

DUTPUY. (‘IENERGY/CDORDINATES/DIRECTXON COSINES/ETCa®*s/»
{FIRST HUNDRED OR S0 LINES) *e// )0

QUTPUT (SXe®C "al2X o X 01 2X0"Y" 212X0%2%,12Xe?U®12XasV?,
12Xa W g 2?1Q%e2 X0 *IR®*1Xe"1ARG " s4Xe *WT *o/)3

“STEP T™

¥ TISUM=0.02¢

DO I=1«NCASES <"START OF SHOWER GENERATION LDOP=
“FIRSTs DETERMINE 1F THERE 1S ENOUGH TIME LEFT®™

CALL TIMEL(TYMNOW);
IF(TYMNOW LT TYMOUT) <EXIT3> “EXIT THE SHOWER CALL LDOP=
- AND OUTPUT THE RESULTS*™

TSAMPLE ENERGY UNIFORMLY OVER ENERGY RANGE®

SRANDOMSET RANNG:
EVAL=ESAMI*RANNOSDELS AM:
EISEVALS

IF({IWTCONEQel IC"CALLULATE THE WEIGHT™
SMALRSEVAL/ECRITS
WTI=GOVERR( SMALR) ¢
WTINDP=WT I}
§K1N=EIOBIINDPE

ELSEC"WEIGHT IS UNITY™
EXIN=E]S
;7131.03 "WEIGHT OF INCIDENT PARTICLE™

BTISUM=WTISUM + wTI1;

CALL ESORT(EVAL oIEBIN);

IF(IEBINSNE.O) <
YSORTICIEBINI=YSORTIC(IEDIN)} *+ w71}
ISGRTItIEblNI-ISORTI(IEBlNI + 13

ELSE C*"COUNTY THE ONES THAT COULD NOT BE SORTEOD™
NEDU’XSNEOUYI A 1

IFINCOUNTLENWRITECANCILINES.LE « NLINES) <
QUTPUT EleXloYIe2ZIslUleViewle
1QIolkIeIDINCowWT] § (7G13e50314+G13a5)3>

CALL SHOWERUIQI sE1 eX1 oYX a2 sUleVI ewlsIRIeWTI }S

TOTKE=TOTKEL+*EKINT “KEEP SUM OF K ot™

NCOUNT=NCOUNT +8 5 YLOUNT THE NUMBEKR OF SHOWER CASES GENERATED®
ILINES=ILINES+]1 3 “COUNT THE NUMBEK OF LINES PRINTED OUT*™
IXXEND=IXXE “THIS KEEPS TRACK OF ThE LASY RANDOM NUMBER INTEGER®™
- THAT WAS USED«w~==IN CASE WE NEED 1T LATER ON*

“END OF SHOWER GENERATION 1 00P™>



"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 format.

WNP (IOUT, IQ2, I)

WNP (I0UT, 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

I0UT, IQ2 and I,

where
IOUT

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.

H
#

energy bin number. The maximum of I
is equal to the number of energy bins.

The output of WNP (IOUT, IQ2, I) for IQ2=1, 2, and
3 gives the energy fraction spectrum for electrons,
photons and positrons, respectively.

NNP (IOUT, IQ2, I)

This array registers the absolute number of
leptons that drop into each energy bin. The
notations for IQOUT, .IQ2 and I are the same as
above.
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“STEP 8™

IF(TOTKE «EQe0D0) <C™SOMETHING IS WRONGeeo s QUTPUT INFO. AND STOP™
OUTPUT TOTKEsEK INSEI o PRM «NCOUNT
g;ﬂ;s;“ TUTKE s EXINGE IsPRM=°34G15 475X *NCOUNT="+106)3
H

“OTHERWISE s WRITE-QUT VARIOUS QUANTITIES OF INTEREST™

OUTPUT NCOUNT+NCASES»IQIl e TOTKE: (®L1SUMMARYI® /7
18¢® CASES OUT OF *o18+° WERE COMPLETEDe"s//»

¢ INCIDENT PARTICLE TYPE=*¢l2+/

* TOTAL KeEe IN RUN='+GIDTs* MEV®);

OUTPUT EGEVY+BIGRECRIT (/¢® SYNCHROTKUN SPECTRUM INPUT DATAZ®s/.
* EGEV=%1G610e5e" GEV*eSXe*BIGR=*2G615.5¢°* METERS® o G6Xs
*ECRIT=?,G16e5+* MEVY®)

FNORM=FNORM/W T ISUMS

QUTPUT ESAMIJESANZ s SHALR] +SMALRZ,

FINTLowTISUMFNORMS

(//¢% SPECTRUM SAMPLING INFORMATIONZ®,

/o? ESAMLIS®*4G1l0a00" MEV* ¢ 3IXe"ESAMZ=?5G10.80" MEV® o/

¢ SMALRIZ® 461050 N "SMALRZ=*9G15e5e/

® FINTIZS®2Gl0 03 Xe *WTISUNS®+G15.5¢3X s *FNORMZ* G 15e5)3

"OUTPUT INCIDENT SPECTRUM SAMPLED®™

QUTPUT: (//¢* INCIDENT SPECTRUM (SAMPLED AND THEORETICAL)®s
* (PHOTONS/MEV/RETER/ELEC):®*s/) 3

DO I=1+NEBINC
EAVE(] )=(
SMALRA =€
THSPEC(]
DELTAE=E

YSORTIL]

1t1
T E
et

o~

A
)
B
)
ISORT H
ouTPU
6

33.‘5: .
>

OMes B o €KMo
s Bmg iMAG
Pt DM

gOH'l(liolSORf!(l) oTHSPEC(1)$
5XeGl5e5sbX0"(*o19s* EVENTS/MEY)?®,

COZmvZAMD
o emin

wlhewDD¢ODwm
ot A QN

3
v
1
i
1
i

m-hoghﬁnz

QUTPUT NEDUTIS (//7/:* NEQUT=NDOe THAT CLULD NOY BE ENERGY~SOKTED=*,18)3

CALL ECNSV1(I+NREGes TOTKE )} “THIS CALCULATES AND PRINTS OQUT THE ENERGY™
- CONSENVYATION RESULTS

CALL NTALLY(1.NREG)
“FOLLOWING STRINGS ARE FOR GETTING LEFTUN ENERSY SPECTRUM™
OUTPUT IXXST: (////777¢* RANLOM NQe GENEKATION SEED =2°. 110 )3

00 I0UT=1.MROIKC
SuNP=0.000;
SXXX=0.000:
1IROI=IRAOTILIOUT S
QUTPUT [1kCLlil //7¢ * FRACTIUN OF ENEKRGY CARKIED 8Y PARTICLE®.
¢ INTO THE KEGICN OF INTEREST: IROI=*,

ELECTRON®o3Xe® PHOTON®sSX+® POSITRON®10X,
TT?N:.?X-‘ PHOTON® ¢5Xa® POS1ITHON®W6Xe
1%/713

DO 1G2=1e3<
WNP(IOUTelG2e I)=swWNP(L
SUNP=SHUNP+WNP (1LUT. IQ
>

OUTs 1UL2HI/TOTRE
2el) s

*
)

XXXCI0UTe 1) =MEADTA(LI)suNPLIOUT 24103
SXXX=SXXX+X XX ¢ IDUTW1 )3 .
QuUTPUT EBIN‘!}QEBIN‘I*I,-(iNPtlUUT I2el ) eIQ2=193)¢
{NNP(ICUTIG201)s]02=1s3)exXX (10 o1} 3
2F9 3t MEV‘-QGIZQQOIOX-IGIZ 4)3

(F9e3e® 10"
>

OUTPUT SWNP+SXXX; (/s * TOTAL ENERGY FRACTION THAT THE .
* PARTICLE BbHRINGS IN SHENP='s GlcedolOXe
* KERMAS(A CM$82)/MEV/EL =% 0Gl2440) 3

>
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Note: The dimensions of WNP and NNP are defined
in "Step 1" as:

WNP (30, 3,8MXEBINS), and
NNP (30, 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 as one of the criteria for the
error estimation in the Monte Carlo calculation.
When it is lower than 1 x 10-5, the error is

usually pretty large.
XXX (I0UT, I)

This array is to output the value of "Kerma"
for the individual energy bins.

IOUT = array of the regions of interest, ROI.
Maximum value of IOUT is NROI (see "Step 2").
I = energy bin number.

SXXX

This variable is to sum up the values of "Kerma"
over the whole energy bins. The value 1s used
for the calculation of the absorbed dose to the
RPL glass dosimeter (Chapter 2).
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wFOLLOWING STRINGS ARE FOR GETTING LEPTON ENERGY SPECTRUM™

QUTPUT IXXSTE (/77747
D0 10UT=1+NROIK
SWUNP30 .0DO0 3
)3
470 ®
ON
b |
. ELEC?HDN'-?

DELTAE=EBIN(1+1)

DO 1Q2=1+3<
WNP(IQUT.IG
§'NP=5!N90

XXX¢CI0UTe 1)
SAXXES XXX +X
N

QUTPUT EB1I
(NNPCIOQUT »
;FO.J.' 70

DUTPUT SWNPSXXX: (/
* PARTICLE BRINGS IN

RANUOM NO- GENEKATION SEED =%*s 110 )3

FRACTION OF EMEKGY CARRIED BY PARTICLE®,
OF INTEREST:

s® PHOTON®+S5Xo*
s®* PHOTON® +5Xo°

1IRO1="*,
POS ITRON®+10X»
POSITRON®6X e
~EBIN(I S

-uatxour.iuz.x)JTOTlez

» I)=
WP (I0UTe 1Q2s1)

TA(I)suNPLIOUT 42s1)3

UTel)s

BINCI®*L Jo{WNPCIOUT+IR241)sIQ2=143)»
»102=103)e XXX ({ 10UT o1}

o MEV?® 06G12.40)0X01612:4)3

» * TOTAL ENERGY FRACTION THAT THE *.

: SUNPES, cgz...xox.

" KERMAS(A CHMSB2}/MEV/EL L= 2Gl2e4 )3
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"SUBROUTINE HOWFAR"

So long as the present two dimensional 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, as
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, IQUTRG=157-2
=155, The region number 155 corresponds to the
region opposite to region 1 (see Fig. 2).

IF{(IRL.EQ.1.0R.IRL.GE.IOQUTRG) <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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SUBROUTINE HOWFAR G

COMIN/DEBUG.EPCON!.PLADTA-STACKI:

COMNON/PASSlT/NNPlJO.S.SIXEBINSIpUNP(BO-J-SRIEBINSl-lROIIBO)o

:22:-55::;.“R£6.N'ﬂlN-NlB!N.INDV-INDZ;lﬁLPi 00050700
. H

IRL=IR(NP); “SEY LOCAL VARIABLE®™
LOUTRG=NREG-2: *“IOUTRG I THE F IRST OUTER REG ION™

IF{IRL¢EGels0ReIRLoGEe IOUTRG) <ID15C=13 RETURNSD>

IZ(IRL=23/NYBIN®E: =COLUMN NUMBER"™
=2JRL=A=NYBINS{(1~1)} 0w NUMBER™

I+13  NPL2=13 »2=DIRECT ION™

LTNZBIN) <NRGLI=1RL*NYEINGD> ELSE <NRG1=10UTRG:>
GTel) <NRG2=IRL=NYBIN{> ELSE <NRGZ2=13>
L
<

[

'ﬂ'ﬂ‘l?
i g,

Zoararm
Ve o H

16T «INDZ) CSPLANEZ (NPL1sNRGLs1 sNPL2sNRG2s-133D>
SPLANEZ (NPLZ + NRG2s = 1 oNPL1 sNRGL s 4 ) 3D

1=NZBIN+2+J3 NPL2ZNPLEI~13 wy=0JRECTION®™

Jel TeNYBIN]) <NRG I=IRL*1:> ELSE <NRG1=1CUTRG®23D>
JeGToel) <NRG2= IRL=13;> ELSE CNRG2=JOQUTRG*13D

NPL 1 GT « INDY) CSPLANEZ (NPL 1oNRG1 el oNPL2eNRG2+e 223D
E CSPLANE2(NPLZINRGZ2s=1sNPL1 sNRGL 133D

d

Moamstn Z Mamsia I
"wnmu r
o~

L

RETURNZ
END;

XE
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The strings which follow below are to find the region
into which the current particle will enter.

FPLANE2

This is a macro replacement for subroutine
PLANE2 (see "Step 1"),£ 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 subrocutine PLANE2 is used to
find the region into which the current particle
will enter. For detail the reader is requested
to read APPENDIX UC of ref. 1.



42,8
31.1 ® @
25.0 (1) &
h:261 RG1 VPLY
NRG2 L N NPL2
NRG2
1 (2
Y D (13) &
0 7
° R 8 9 3
z o o
z Zz

Fig. 3 Relation among particle's current region IRL and its
four surrounding planes, i.e. NPL1 and NPLZ2 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).

SUBROUTINE MOBFAR:

COMIN/OEBUGIEPCON T« PLADTA STACK /3

COMMON/PASS IT/NNP (3003 oSMXEEBINS ) oWNPL 303+ SMAEBINS}» IRO1E30Q)
NROISESAML oNREGeNYB INasNZBINe INDYS INDZ » IRLP R

REALSS WNP;

IRL=IRE(NP) S “SET LOCAL VAKIABLE®
IOUTRG=NRE =27 *IOUTRG ¢ THE FIRST DUTER REG ION®

IF{IRLEQa)0NaIRLOGELIDUTRG) <IDISC=333 RETURNID

(IRL=2)/NYBIN®1] “COLUMN NUMBER®
IRL=1=NYBINS(1~1)3 ®xOW NUMBER®™

1=1+15 WNPLL=1 =2-01RECT ION™

1oL TeNZBIN) <NKGIZIRLONYEING D ELSE <KNRGI=IQUTRGSO
1067 a)) <KNHG2ZIRL"NYBIND ELSE <NRGE=13>

NPL14GT INDZ) CSPLANE2INPLIZNRGLel +NPL2 WNRG24"1)3>

Ve am

COPLANE (NPL2 s NRG20™ 1 oNPLL oNRGL 1) 3D

E
1INZBINS24 3 NPL2=NPLLI=1 ®Y-DIRECTION®

JelLTaNYBIN) CNRG LZLIRL*1:D> ELSE <KNAGLI=ICUTRG*2:D>
JeGTal) <NRG2=IRL=1:> ELSE <NRG2SIOUTRG*13DO
N
E

~ o~

PLIGTINOY) CSPLANEZ2INPLINRGLsl oNFL2sNRG2s~1)3iD>
COPLANEZINPLZONRG 29" 1 oNPLL oNRGL s 1 ) 3D

Movpmeer T Metewmml (o
Eﬁlﬂﬂp r'll"l'lp

RETURNS
ENDZ

%XE
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"SUBROUTINE AUSGAB"

There is no need to change this subroutine.
to sort and score the particles which enter
of interest that the user have specified in

SUBROUTINE AUSGAB{]ARG):

COMIN/DEBUGoEPCONTSETALY I sNTALY 1oSTACK /S
COMMON/LINES/NL INES oNWRITE tsNCOUNT o ILINES S
COMMON/PASSIT/NNP (3063 ¢SMXEBINS JewP{ 30+,
NROLI sESAML o NREGoNYB INONZD INe INDYe INDZ » 1HLP
COMMONZEDA TAZEBIN(S MXEBINS)IeNED INS

REALSS WTINOPuUNP

IRL=IR(NP) ;
2 TINODP=MTI(NP)

*SET LOCAL VYARI ADLE™
“DEFINE DOUBLE PRECISION WEIGHT™

ILINESZILINES *1 3D

W35S ESRES LS00 ESP SF S SE S SRVE S LSS ESE L XNES S
DO 1=1.NROIC
IROCIL=IROI(1): “SET LOCAL VARIABLE™

lF(lRL.NEolﬁOIL) CJRLP=QT NEXT:O
IF(XRL.NE» oAND « (1 ARGoEQ +0+0Re 1 ARG« EQa 3))<
OU'-I- IR P=IRL "KEEP PREVIOUS IRL": GO

RETURN;

T0 3

IF(E(NP)aGT.ESAML) <ME
00 1=2+MEBIN <DE=E
IFLDE «LE « 0o )<
NNPLIOUT]
WNPLIOUTs]

EXITS
> > >

Y1020l ~1)"
TeslG2ei=1)¢

COCOUWUWUNRDODOCODO= NN, e DOl =00000C00C000000000
(1Y)

SMXEBINS )« IROLC30) »
.

NSUM{ IQI(NP )+2s IRINP }» I ARG +1)=NSUM(IQIN

IF(NCOUNT . LE .NWRITE +ANDILINESLE +NLINES) <
QUTPUT E(NF)IsXENP) oY (NP +Z{NPIoUINP)Is V(NP )W INP)»
JAENRP) ¢ IRINP] + 1 ARG oM T (NF 1§ {7G13.8:314063356)35

FOR LEPTON SPECTRA

It is used
the regions
"Step 2" .

00053320

ESUMC IQINP )42+ IR(NP } ¢ TIARG #1 ) SESUMCIQENP ) +2 + IR (NP ) s IARG> 1} *EDEP*NT INDPS
PI+Z+JR(NPI«1ARGH1) ¢ 13

ADODZ3

13
TlNDP.E(NP);

SESeE"



Execution of the program

The member PETRA4 is executed by submitting the member
'DO3CYA.EGS.S(XUC)'. The list of the member XUC is
given below.

DO3CYALEGSS({ XUC}

Z//7D003CYATO6 JOB CLASS=L,TIME=(16+00)

Z778MAIN ORGZEXToLINES=(5)

/77 EXEC NEWFAST

/7 EXEC MORTRAN

XMACRO MMACRO

AXMACRD PETRAA

XMACRO BLKDATA

7/ EXEC FCLGeLEVEL =8+L1IB1="DO03CYAEGSL*+LIB2="ROIUTL .CERNLIB®,
/7 REGION «GO=$00K

Z/7FQRT «SYSIN DD DSN=CLFORTINLC ISP=SHR

/7/7G0.FTI12F001 DD UNIT=FAST+DISP=SHR+DSN=003CYA.EGSUC20
77G0.FTOBF001 DD DuMMYy
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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.

NORMALL VECTORS FOR PLANES

The normal vectors of the planes are listed. J is
the plane number.



DUNIT REUULSTEDELUSED AKE:
£6S SUCCESSFULLY HATCHED

PETRAA
TYACR=

COORDINATES OF PLANESS

J=
J=

PO N OCOUO PP LN»OCOENYO DN

NN RN RN N oo oo 0n oo o o 400 o ot oo
wo

CNOPUTPLN=OCOR~NOPIUN=COTNO P LiN-

PN RN NN R = 0 o 2 e o o e g

040 TVACKNS=

41 -

1« 00GC00E +00

FOK

100 7TPB=

11 «70000
17.70000
18.10001
20.60001}
22 «20000
24 .70000
25 +10001
3t .10001
A2 .80000

-

1000000
1006000
1000000

1.000000
i+ 00GCO00
1.00C000
1. 000000
1.000000
10060000

Oe4b

1.0000L0E+0Q (CM )

4 MEDI A.

0000GC
300000
300000
850000
9.60C0000
10.00000
2160001
2200000
2300000
24.80000
2680000
27.25000
29.20000
31.20000
31.400¢C1
40.30000
5130000

.
2
<
L)
5

1.000000
1.000000
1000000
1000000
1.00000G0
1.000000
1000000
1.000000




- 42 -

ENERGY SORTING BINS (END-POINTS):

Energy sorting bins specified in "Step 2" are listed.



ENERGY SORYING BINS (END=POINTS)S

EBIN{ 1)= «J0C00E=-0O1
EBIN( 2)= «150C0E-01
EBIN( 3)= «2QC00E~01
EBIN( &)= «30000E~01
EBIN{ 85)~= «40000E~01
EBIN( 6)= «5000CE~-01
EBIN( 7)= «6000CE=013
EBIN( 38)= «800CCE~0)
EBIN( w)= +10000
EBIN(LIO)= «150CC
EBIN(L1)= «20000
EBIN(12)= «300C0
EBINCLII)= «40000
EBIN(LS)= «50000
EBIN(15)= «0600Q00
EBIN(10)= «80000
EBIN(17)= 1.8000
EBIN(LE)= 15000
EBIN(19 )= 20000
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ENERGY /COORDINATES/DIRECTION COSINES/ETC.:

First hundred or so lines of variables are printed.

X, ¥, 2 Position of particles in units
established by DUNIT (usually in cm).

u, v, W Direction cosines of particles.

I1Q Integer charge of particle (-1 for
electron, O 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
radiation 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 cne
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.



47 -

ET-3LTULS
50-36LLSY"®
920-1395092°
¥0-32¥101°*
€0-320€91°
20~ 39€901"
20-3%00%2°
10-31060G°
yyieze
6160L°
o8z9*1
1382584
(13:1: F-Al 4
6Y9L "G

ANV NNABNNINNIVNNBNNGN

LU L L B T O LR TR R LA R T

AJN/SINIAT
AIR/SINIAZ
AIN/SINIAD
AIN/SINIAT
>ux\mbzm>u

AIN/SINIAI

A3d 10-31vL9G"°

N N P gy =D gp D Nt o D ) P S P S

20-3£1991°

21-319207*
20~ 31952 %"
90-399€L ¥*
v0-1263L1°
€0~ 3€0102°
Z0-32€2Z1°
20-321¢63°
10-310227°

=HY¥ON 3
AdN

SHILIA

=@ILHO0S-AININT 3G LON AIN0I LY4L “ON=1NO3IN

AJn 0000°? 03§ ©eos°t
AM 0005"°1 oL 0C00"1
LEL] 00001 01 - 00008°
AW 20909 0L 00009"
LEL)] 00009° ot nooos*
AN 907205° o1 00002°
LEL] 0000v* o1 0000€"
Al 0000E" al 00002°
AW 0000C°* o1 9NoGI*®
LEL) 00051° o1 90001"
Adw 00Qo1L*° a1 10-300009"
AJw 10-300099° gL 10-300009°
AJ4 10-3000079° 0l 10-310000G°
A 10-~300006G° 71 10-30000¢%*
AT 10-30000%" a3 10-30000€°
AW 10-30000¢€° o4 10-300002°
AM 10-300002° 0l 310-300091°
Adw 10-~30006G1°* al t0-300001°

2(IINIZHNTLIAZATN/SNOLOHE ) (TYITLT40THL ANY QT TIWYS) WAYLDI IS ENITIDNI

*L° SOV THAS TN 61106° . =TANLS
fyZ°SE =Z4Y WS yeooLt® =14 TYNS
00002 =ZIN¥S3 AT4 10-300001° =tHv¥S)

SN TLYNNOINT ONDITIAHYS WNHLIIAES
s0*261 =39114 A9 000°L8 =A393
IVLIVA LNANE WNHLDTJIS NONLDHHINAS

AN 1965921 =NAY M1 *I°X VI0L
0 =34AL 1IDIiHYd INIAQIDNI

*d3137dW0D Y% 0000001 40 LNOD S3ISVYI L299¢
SAHYHNNS



_48—

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, 0 for photon, and 1 for
poseitron.

IARG Integer argument that indicates the
situation under which the ocutput sub-
routine AUSGAB was called (see Table
4.6.1 of ref. 1).

SUMMARY OF EVENT COUNT
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
as SWNP. The value of SWNP can be used as a criterion
of the error estimation. When it is smaller than

1 x 10" °, the error in the result is usually large.

On the right hand side 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-
sectional area (A cmz) 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 n.

KERMA(I) shows the individual components to
KERMA¥ (A CM#%2)/MEV/EL. from each energy bin.

e o= e
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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
that the y x z dimension of the region is 1.6 x 2.0 cm2 and the
computer output ERERMA (A CMﬁiz)/MEV/EL.] takes a valuve of 2.83

x 10.3(cm2 e~1).

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

4 4
- E{Gev)]" _ 88.5 x 17

AE 88.46 L—R(m) 153
= 3.85 x 10% (kevV)
= 38.5 (MeV) (9)

Since 1 Ah = 3600 C, the average number of electrons and/or
positrens, Ne, per one meter of beam orbit is:

1 3600 C . 2.25x%10%2
2R 1.6x10 !1°C  2x3.14x%192

Ne =

= 1.87x10!? per m. (10)

The cross-sectional area A(cm?) on the x-y plane of the ROI
which has a length of 1m in x-direction is:

A= 1.6 x 100 = 160 (cm?) (11)
Therefore, Kerma K for the ROI is:

K = AE + N_ |KERMA®(A CM#%2)/MEV/EL.|/A

= 38,5 « (1.87 x 10!?) . (2.83 x 10 *)/160 (12)
= 1.27 x 10! (MeV).

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

D = (1.60x10 ?) « (1.27x10%%)
= 2.03x10% (rad)
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APPENDTIX

Some other geometrical configurations for the
dipocle magnets 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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Fig. 4 Geometrical configuration for user code HERA1.
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Geometrical configuration for user code LEP1.
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Fig. 6 Geometrical configuration for user code PETRA6 and LEP2.






