
74-
7> 

\ o * • o *-© 

UCRL-51403 

ETRANMS - A ONE-D PENSION A L MONTE CARLO 
ELECTRON/PHOTON TRANSPORT CODE FOR 

MULTIMATERIAL TARGETS 

Frederick R. Kovar 

November 30, 1973 

Prepared for US, Atomic Energy Commission undercontract No. W-7405-Srtg-48 

LAWRENCE 
LIVERMORE 
LABORATORY 
University of CaMomia/Livermore 

maraiBUTioN or THIS DOCUMENT IS UNLIMITED 



N0T1C1; 

"This report was prepared as an account of work sponsored by 
the United States Government. Neither the United Slates nor 
the United Slates Atomic lincrpy Commission, nor any of their 
employees, nor any or their contractors, subcontractors, or their 
employees, makes any warranty, ciprcss or implied, or assumes 
any lefal liability or responsibility Tor the accuracy, completeness 
or usefulness of any Information, apparalus. product or process 
disclosed, or represents that its use would not infringe privately-
owned rights." 

Pr in ted in the United States cf America 
Available from 

National Technical Information Service 
U. S. Department of Commerce 

5285 P o r t Royal Road 
Springfield, Virginia 22151 

P r i c e : Pr in ted Copy $ *; Microfiche §0.95 

* NTIS 
Pages Selling P r i c e 
1-50 $4.00 

51-150 $5.45 
151-325 $7.60 
326-500 $10.60 
501-1000 $13.60 



TID-liiOO, I (' -.12 
.Vatliematic s aiid Cnniiwtcrs 

m 
LAWRENCE UVERMORE LABORATORY 

UniversityotCaitomia UvamocCaStcmia 94550 

UCRL-51493 

ETRANMS - A ONE-DIMENSIONAL MONTE CARLO 
ELECTRON/PHOTON TRANSPORT CODE FOR 

MULTIMATERIAL TARGETS 

Frederick R. Kovar 

MS. date: November 30, ! U7H 

— N O T I C E -
77m ftputt was prepared as JII jr iouni .J( "nr 
sponsored by I he United States (iincrnmcnt. \.-ifhe 
tlie United Slate* nor the Unttml £u<«* Alomit > fieri;! 
Cum mission, nor any of their einriluyees, our any • > 
their contractors, subcontruvturh, or their .Mnplojiv. 
makes any warranty, express m imj'Jii'J, «r j^mmci jfi> 
legal I/ability or responsibility for the accuraci, mm. 
plelvni^U or usefulness of ar*> information, jprurjius. 
prnJuvi or process disclosed, or represents Hut its use 
would not inTHnrfe privately owned rifttil>. 

w^iif 
QlSTRISOTlON OF THJS DOCUMENT IS UUUMITEO 



Contents 

Abstract 
Introduction 
Physics K ETRA.VMS 

Electron His tor ies 
1, Input Distributions 
'I. Energy Stop 
3. Electron Energy Loss Mechanisms 

Electron- Electron Collisions 
Knock-on Electrons 
Density Effect 
Straggling 

4. Radiation Loss 
Continuous Hremsstrahlung 
Charac ter i s t ic X Rays 

5. Angular Deflections 
6. Deposition of Energy 
7. Deposition of Charge 
Photon His tor ies 
Limitations 

Code Process ing 
Organization 
Running a Problem 
1. Execution 
2. Input/Output Fi les 
3. Routines . 

DATA PAC , 
ETHANMS 
ETRANED 

Code Verification 
Acknowledgments 
References 
Appendix: Sample Problem 

ABKCON Control ler for Production Runs 



ETRANMS - A ONE-DIMENSIONAL MONTE CARLO 
ELECTRON/PHOTON TRANSPORT CODE FOR 

MULTIMATERIAL TARGETS 

Abstract 

ETRANMS is an 1.1.1.-modified version 
of the one-dimensional electron/photon 
t ranspor t cod? ETRAN 15 developed at 
the National Bureau of Standards. The 
major modifications include the use of 
LLL photon c r o s s sections and the 
application to muitislab, mult imater ial 
t a rge t s . The code uses Monte Carlo 

sampling techniques to calculate electron 
and photon trat-jport and energy and 
charge deposition within target material 
subjected to electron ur photon radia­
tion. It has been programmed tu be 
a very rapid running, user-or iented 
<-ode for use on I . l . l . ' s CDC 7600 
computers . 

c r o s s sections of I'lecliaty aiiii Te r ra l i " 
for photon interaction.-; and audt-d (In­
capability of following the- electron ohot.on 
interactions in iruiltimaterial targets . 
Several other features were added to the 
code when it was programmed for our 
7600 computers , so as to ma^e it a very-
rapid running, user-or iented code. 
However, because of this programming, 
there is l i t t le core s torage space r e ­
maining in ETRANMS; if other functions 
a r e des i red , they must be done on an 
auxiliary code. 

Because of our specific needs to cal­
culate fields and voltages, we have 
developed an auxiliary code, ETKANED, 
to take the output of ETHANMS and cal­
culate the e lectr ic field and potential in 
each zone. ETRANED also includes the 
capability of rezoning the problem, 

ETRANMS is a For t ran code, using 
Monte Carlo .sampling techniques to cal­
culate electron/photon t ranspor t and 
energy and charge deposition in mult i-
mater ia l one-dimensional slab sys t ems . 
It is presently in oper tion at Lawrence 
Livermore Laboratory on the CDC 7600 
computers . 

The basis of ETRANMS is the code 
ETRAN 15, originally develrped by Berger 
and Sel tzer at the National Bureau of 
Standards. The ETRAN 15 code is cap­
able of following electrons and photons 
through plane-paral lel , s ingle-mater ia l 
t a rge t s of finite thickness, and tabulating 
charge deposition and energy deposition 
within zones and electron and photon 
t ranspor t ac ross boundaries. 

Here at I.LL, we have modified the 
ETFAN 15 code by including the LLL 
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t ransfer r ing charge from zone to zone 
(e .g. , cur ren t conduction), giving CHT 
output, and evaluating the s ta t is t ical 
accuracy of the Monte Car lo calculat ions. 
This auxil iary code may be used, modi­
fied, or rcplac d according to the needs 
of the individual use r . 

This docur ent touches briefly on the 
physics within ETRANMS and on the 
mechanics of running the var ious rou t ine ! 
neces sa ry to solve the electron/photon 

The program begins by following ei ther 
single photon or single electron h is tor ies , 
depending on the type of source . The 
source may be monoenergetic or spectra l 
in nature (1 GeV maximum for e lec t rons , 
100 MeV for photons; 1 keV minimum 
energy), and it may be a plane source , a 
point source , or a cosine-law source . 
The code allows for a rb i t r a ry angular 
incidence on a ta rge t . 

The target may consist of one mater ia l , 
o r severa l , up to a total of five different 
m a t e r i a l s . The target may be divided 
into as many as 20 different regions, 
where a region is specified by a par t icular 
ma te r i a l . The regions may be further 
subdivided into zones of uniform thickness 
and density. The maximum number of 
zones for any problem is 50. The 
ETRANMS code evaluates charge deposi­
tion and energy deposition within zones 
and computes charge t r a r s p o r t ac ross 
the boundaries separat ing regions. 
Running t imes of a few minutes on a 
CDC 7600 computer a re required for 
reasonable s ta t is t ical accuracy. The 
his tory of an input quantum is followed 

t ranspor t problem. The changes incor­
porated within l . l . I . 's version of ETHANMS 
a re thoroughly d iscussed . The reader is 
refer red to the references on ETHAN 15 
for a more complete analysis of the physics 
in the code and the complete glossary of 
i tems in the original code. Finally, a 
section or. code verification is included. 

In the Appendix is an example of how a 
typical electron/photon t ranspor t problem 
is to be set up and solved. 

untii it leaves a target surface or its 
energy drops below a specified cutoff 
energy (51 keV). In turn, generations of 
the resul tant photon/electron cascades 
a r e followed in like manner . Available 
output information includes photon/electron 
boundary or surface emission, differential 
in energy and direction, and charge 
deposition, energy deposition, and 
internal electron flux as a (unction of 

, dis tance along the target normal . 
Physical p rocesses for photon and 

electron interactions included in 
ETRANMS a re elast ic and inelastic 

r scat ter ing, pair production, and photo­
electr ic and density effects. Secondary 

3 entities followed a r e Compton electrons, 
photoelectrons, knock-on electrons, 
e lectron-posi t ron pa i r s , annihilation 
photons, charac te r i s t i c x rays . Auger 
e lectrons, and bremss t rahlung. Analytical 
solutions or partial solutions and approxi­
mations for the individual physical proc­
e s se s a r e used when available-, supple­
mented by numerical methods when 
necessa ry . Probabil i t ies for the com­
peting physical p roces ses were put into 
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tabular a r r a y s from which the random 
sampling is done. .Significant tape and 
cor-putei" core s torage is saved, however, 
by including those variables of s imple 
functional dependence as part of the code 
logic. 

Physic's information for the Monte 
Carlo choices is almost exclusively in 
the form of tabular a r r a y s in which 
interpolations a re made. P r io r to running 
Monte Carlo h i s to r ies , these a r r a y s nr<3 
formed by a code called DATA PAC which 
draws its information partially from ana­
lytic expressions incorporated within it­
self and partially from prepared tabular 
information stored in the public file, 
CUTE. Only a r r a y s for the mater ia l s 
and energy range relevant to the par t icu la r 
problem being run a re assembled. In 
what follows, the physics discussion of 
this two-step process of a r r ay assrmbly 
and Monte Carlo history is lumpf "I together. 

ELECTRON I ISTOR1ES 

Analytical formulations for electron 
t r anspor t a r e fraught with approximations 
and l imitat ions. However, to rely on 
numerical integration of the t r anspor t 
equation (which involves a large number 
of variables) , or to use rancam tampung 
techniques for the enormous number of 
collisions ti.at an electron undergoes in 
slowing down, would be a formidable task. 
Thus, a Monte Carlo model is used 
wherein groups of electron interactions 
a r e followed, lumped together, and 
treated as a single s ' sp in a random walk. 
Energy loss and angular deflection for 
the je composite steps a re sampled from 
theoretical multiple sca t ter ing dis t r ibu-

3 
tions (see Berger ). 

Horror hnti described several schemes 
to t race each atop in the random wall;. 
The first, which lie calla Has : ! t, the 
simplest , re l ies entirely on grouping of 
collisions and involves j predetermined 
set of path lengths. A variation of Class I 
(called Class I') is based on a prede ter ­
mine.; set of energy louses . The con­
tinuous slowing down approximation is 
used throughout Class I. Class II is 
based on a n i x ed procedure in which 
collisions wilh small energy losses and 
deflections a r c subject to grouping, but 
occasional "catas t rophic" collisions are 
allowed and treated by standard sampling 
procedures using s ingle-scat ter ing c ross 
sect ions . 

Options a r e available in the code to use 
ci ther the continuous slowing down approxi­
mation, where energy loss by collision is 
computed with the stopping power formula. 
or to use Class II p rocedures . 

1. Input Distribution 
As input we have the e lec t ion ' s in:*ial 

energy *u<l direction at the surface of the 
target . If the input is m the form of an 
energy spectrum, the spectrum is first 
integrated and divided into a numbur of 
equally probable energy bins, the number 
being the number of Monte Carlo his tor ies 
des i red . The different h is tor ies a re 
taken in energy sequence, s tar t ing with 
the most energeU'-. If the input has an 
angular distribution, the angle of in­
cidence is taken from a random choice of 
equally probable angles. If, instead of 
e lectrons, photons a re incident on the 
target , they a r e handled in like nai.ne.-. 
Creation of photons will a r i se in the d i s ­
cussion of an electron history and will i f 
treated at that t ime. 

3' 



2. Energy Step 
The initial step in the calculation is to 

set up an energy grid, running from the 
maximum energy considered down to the 
deeire ' j cutoff energy. Input options exist 
for e i ther equally spared energy bins or a 
grid based on the rule K . - K E„, where ° n -> l n 
K is a constant ifihtly less than one. 
The la t ter approach allows for a finer 
grid at the lower energies and is probably 
preferable since it insures that the most 
probable angular deflection per energy 
s tep is nearly constant. The grid then 
defines the size of the step on which the 
Monte Carlo electron h i s to r ies a r e 
sampled. 

The energy loss in a s tep is sampled 
from ii distribution that is a convolution 
of a Landau distribution' with a Gaussian. 
The Gaussian rep resen t s the Blunck-
Leisegang correct ion, which takes into 
account, in an approximate manner , 'tic 
effect of resonance scat ter ing from atomic 
e lec t rons . 

The path length step corresponding to 
the energy step •iE is calculated from 

fKn 
A S n * S n+1 S n J laE/dSI ' 

n+1 

where the denominator includes the mean 
energy loss in the target in the energy 
interval 4 E „ s E - E , . n n n+1 

3 . Electron Energy Loss Mechanisms 
The average energy loss per unit path 

length follows the formulation of Rohrlich 
and Car lson. 

Elect ron-Elect ron Collisions 
The energy t ransfer red vn an e lec t ron-

electron collision depends on the distance 

of c loses! approach, the impart param­
eter . To obtain the average less , an 
integration is required over the impact 
pa rame te r . This corresponds to an 
energy t ransfer range from a minimum 
which is the binding energ.s of the target 
electron to a maximum which is one-half 
the incident electron energy. A mean 
excitation energy (I) is used in the ETHAN 
codes (NAS--NRC Publication 1133, 
Report No, 6), The collision c ro s s section 
used in this integration is that of Mil ler , 
using Born ' s t ime-dependent perturbation 
theory for the scat ter ing of relat ivist ic 
e lec t rons by free e lec t rons , and includes 
spin and exchange t e r m s . 

Knock-on Elect rons 
The production of knock -on electrons 

is sampled in each shor t st< with the use 
of a probability distribution derived from 
the Mil ler c ross section for collisions 
between free e lec t rons . If a knock-on 
electron is produced, its direction is 
determined from conservation of energy 
and momentum in the e lect ron-elect ron 
coltision, at a random position within the 
shor t s tep . Only electrons with energies 
above some chosen cutoff energy a r e 
sampled, and they follow procedures 
s imi la r to those for pr imary e lec t rons . 

Density Effect 
In a real mater ia l the electrons a r e 

sufficiently packed so that polarization of 
near e lectrons reduces the field of the 
t ransient electron at g rea te r d is tances . 
This effect, which causes a reduction in 
the ra te at which the electron loses energy, 
is a function of the electron density, the 
electron polarization s ta tes available, and 
t i e velocity of the incident electron. 

- 4 -
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U make tins < or 
Fourier analvsis 

!! thf work HI' Sternheimet 
:ection. lie tines a 

nlli the electr ic field 
o!' tlie passing particle and the polarization 
o; the medium. Coupling between tlie two 
increases with energy and fulls ivitl) in­
creasing alumu- number. Figure 1 (taken 
Ir.ini llirkhoft" ) indicates (lie magnitude 
ol the effect I'm- a u «• sample, mate r ia l s . 

Information from the work of Sternheimer 
is available for only -44 mater ia l s and 
e lements . We havi included interpolations 
for the balance of the elements . These 
a r e presently it: our version of ETRANMS. 
A density effect calculation for all elements 
has been done by 11. M. Colbert of Sanclia 
Laborator ies , I . ivcrmore . For those 
comparisons that have been made, the 
differences between Colbert ' s values and 
our interpolated values a re insignificant. 

Straggling 
After f a v e r s m g a distance AS in the 

target , monoenergetic e lectrons will, have 
an energy distribution about the average 
energy E - AE because of the s tat is t ical 
nature ef the coll is ion-loss p rocess . 
Coll,sinus in which there is a large energy 
t ransfer a re too infrequent to affect the 
distr ibution. 11, in t ravers ing a distance 
AS, electrons experienced the same 
number of collisions with a constant 
energy loss per collision, the resultant 
energy distribution would be nearly Gaus­
sian, which turns out to be a fair approxi­
mation to the actual distribution. However, 
ETRANMS does its sampling from a more 
exact distribution from the work ol" 
Landau and the later work of Blunck and 
Leisegang. The la t ter reference includes 
as input the Mpller c ross section and the 
fact that the target electrons a re bound. 
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1 . Stopping power of various mate­
r ia ls for high energy electrons. 
Dotted lines give stopping power 
if reduction due U> density effect 
is neglected. 

Landau's universal function has been 
evaluated and tabulated on DATA TAPE, 
from which the energy broadening is 
calculated. 

4. Radiation Loss 
The passage of an electron through the 

Coulomb field of the nucleus results in ::e 
emission of radiation. The rate of this 
energy loss is tabulated on DA TATA HE, 
from a separate code calculation of the 
work of Bethe and Heitler . Bern ' s 



collision theory is used and includes 
screening of the nuclear field by bound 
e lec t rons . 

Continuous Bremss t rah lung 
The production of b remss t rah lung 

photons is sampled in each shor t step with 
the use of a probability distribution derived 
from the bremsst rahlung c ro s s sections 

3 11 
(Berger , Koch and Motz ). The energy 
of the secondary bremss t rah lung photons 
is subtracted from the energy of the 
e lec t ions producing :hem. Thus, photon 
emission contribufes to the energy loss 
s traggling of the e lec t rons . The photons 
a r e started out at a random position in 
the shor t step in a direction relat ive to 
that of the pr imary electron and specified 
by the bremss t rah lung emission angle. 

For problems where th ick- target 
b remss t rah lung is of pr ime interest , 
the re is an option available (BNUM) to 
inc rease the ra te of occur rence of 
b remss t rah lung events by a specified 
factor. This allows a sufficiently large 
number of events to be sampled for 
statisticr.l significance. After such 
sampling, the events a r e renormalized 
to give unbiased photon production and 
energy- loss straggling. 

Charac ter i s t ic X Rays 
Production of secondary charac te r i s t i c 

x r ays in each step is sampled with the 
use of the K-ionization c ross sections of 

12 
Ar thurs and Moiseiwitsch and 
Kolbenstvedt. X-ray cr i t ica l absorption 
and emission energies and intensities a r e 
taken from Hornyak. 

The t rea tment of charac te r i s t i c x rays 
is analogous to that of the continuous 
bremss t rah lung except that their energies 

- 6 -

a re not subtracted from the energies of 
the p r imary e lec t rons . Tins subtraction 
has already been made implicitly in the 
evaluation of the electron collision loss. 

An option is available to follow an 
artificially enlarged sample of cha rac te r ­
istic x-ray photons I.NMjM). 

5. Angular Deflections 
At this point the t ransported electron 

has a position and energy, but its new 
direct ion still must be obtained. ETRAN 
incorporates the multiple angular sca t t e r ­
ing work of Goudsmit and Saunderson. 
The intensity of scat ter ing per unit solid 
angle is given by an infinite Legend re 
s e r i e s . 

The Legendre s e r i e s converges ra ther 
slowly, requiring a large number of ex­
pansion coefficients for computational 
accuracy . Recursion relations derived by 
Spencer allow such a calculation to be 
prac t ica l . Calculated multiple angular 
scat ter ing is in e r r o r only to the extent 
of the s e r i e s cutoff and the e r r o r in the 
s ingle-sca t ter ing c r o s s section. The 
resul tant angular distr ibutions a r e valid 
even for single scat ter ing. 

We now have an energy, position, and 
direct ion for the electron after completing 
one s tep . Its energy loss is randomly 
deposited along its path and tabulated. 
If its energy after completing the step 
falls below the cutoff energy, its r e ­
maining energy and charge a re deposited 
at that point. Otherwise, we continue 
for the next s tep. 

6. Deposition of Energy 
The target is divided into severa l 

regions which a r e subdivided further into 
thin sublayers called zones. The energy 



deposited in each zone is recorded fcr 
each sampled t rack. The energy allowed 
to be deposited is that dissipated by 
electrons in inelastic collisions result ing 
in the production of slow secondary e lec ­
t rons with energies below the chosen 
cutoff value. The energy given to s e c ­
ondary electrons with energies above the 
cutoff is not scored immediately. Sec­
ondary electron his tor ies a r e followed 
further so that their energy may be 
deposited in appropriate zones. 

Photon losses (bremsstrahlung) a r e 
not scored immediately. Rather, tliese 
photons a re allowed to penetrate further. 
Energy is deposited in zones through 
losses from the electrons set in motion 
by the photons. 

7. Deposition of Charge 
Deposition of charge is handled s im­

i lar ly to energy deposition. When the 
energy of an electron falls below that 
necessary to exit the zone boundary, a 
unit electron is recorded as deposited in 
that zone. When a secondary electron is 
created (knock-on, or photo-Compton) 
with sufficient energy to exit the zone, an 
electron is removed from that zone and 
followed until its energy falls below the 
cutoff and is deposited in a different zone 
(or until it totally exitsthe target ) . 
Electron-posi tron pai rs a r e excluded 
from this scheme because, on the average, 
their production does not lead to a net 
t ransfer of charge. 

PHOTON HISTORIES 

Photons may ei ther be created by 
processes such as bremsst rahlung or 
K x- ray emission, as mentioned in the 

section above, or they may be input 
direct ly as source par t ic les . Photon 
t ranspor t in a target is done in the 
following way. The total interaction c ross 
section, which is the sum of the photo­
e lec t r ic , Compton, and poir-production 
integrated c ross sections, is found in a 
table look-up. This table is part of the 
input data from OATAPAC. For a 
descript ion of how these tables o re 
formed, the reader is referred to 
Grodstein. In combination with this 
c ross section information, a random 
number is chosen to determine the path 
length to the point at which the photon 
in terac ts . If this point is o.itside the 
target , then the photon's energy and 
direct ion a r e tabulated. If the point is 
inside tile target , a random choice is 
made of the different interaction possibil­
i t ies with weights in proportion to each 
interact ion 's contribution to the total c r o s s 
section. If the choice happens to be 
Compton collision, the energy of the 
scat tered photon is chosen from a wave­
length distribution derived from the 
Klein-i\'ishina law. From the initial photon 
energy and direction and the scat tered 
photon energy, the directions of the 
scat tered photon and the scattered e l ec ­
tron a r e easily calculated. 

The photoelectric process yields photo-
electrons, x rays , and Auger e lect rons . 
The angular distribution of photoelectrons 

1 8 
i s pretabutated, based on Sauter and 

19 
Fischer c ross sect ions. X-ray emis ­
sion is discussed above in the section on 
electron h is tor ies . Finally, the energy 
distr ibutions for electron-posi t ron pai rs 20 a r e given by Bethe and Ashkin. 

Once the input photon's energy has 
fallen below the 1-keV cutoff, the code 



goes back and follows the h is tor ies of any 
e lect rons created by the above p rocesses , 
using the procedures outlined in the s e c ­
tion on electron h i s to r i e s . 

LIMITATIONS 

A limitation of multiple scat ter ing 
theory as present ly constructed is that 
electron energy loss and angular deflec­
tion a r e treated independently. This 
limitation is car r ied over into the random 
sampling of ETRANMS. Consequently, 
the correlat ion between large electron 
energy loss and angular deflection (knock -
on electrons, bremsst rahlung) is lost . 
However, for the case of the forward 
electron flux, e lectrons undergoing many 
small energy losses and angular deflec­
tions will dominate electrons which have 
been incorrect ly sampled as forward-
scat tered with a la rge energy l o s s . 

ORGANIZATION 

The organization of the ETRANMS 
program falls into four ca tegor ies : 

1. XSEC1—A c ros s section l ib ra ry 
s tored in the public file, CUTE. This 
l ibrary contains the c ro s s section data 
from B e r g e r ' s DATATAPE plus inter­
polated elements and useful compounds. 

2. DATA PAC — This is a program that 
accepts cer ta in specific data from the 
c r o s s section l ibrary , p rocesses it, and 
expands it to form tabular a r r a y s suitable 
for rapid look-up for the code ETRANMS. 

3 . ETRANMS —This is a Monte Carlo 
p rogram that genera tes , through random 
sampling, la rge sets of electron and 

Multiple scat ter ing theory is further 
res t r ic ted to collisions in which the target 
e lec t ron ' s initial velocity is much smal le r 
than the velocity of the incident electron. 
As the incident e lec t ron ' s energy-
approaches that of the K-binding energy, 
this constraint is violated. However, this 
becomes evident only for the mid- and 
high-Z elements , and even then this e r r o r 
is relat ively smal l , because only a few of 
the total number of target e lectrons a r e 
tightly bound. With the c r o s s section 
input to ETRANMS as presently constituted, 
a conservative low-energy limit is pro­
vided by the K-shell binding energy of 
the atom involved. 

Finally, the theoret ical t reatment in 
ETRANMS assumes random scat ter ing 
cen te r s , and will therefore be in e r r o r to 
the extent that diffraction and polarization 
effects a r e important. 

photon h i s to r ies on the bas i s of the in­
formation in the c ro s s section file createa 
by DATAPAC. 

4. ETRANED (for ETRAN EDIT) —This 
p rogram organizes and analyzes the out­
put of the Monte Carlo program, and 
through the use of other computational 
methods extends the usefulness of the 
information. 

As presently configured at LLL, 
ETRANMS is coded in standard For t ran 
and is compiled and loaded via the PUTT 
compiler . A list of PUTT options may be 
obtained by typing PUTT HELP / T V at 
a Teletype station. 

In o rde r to execute entirely from small 
core memory (SCM), ETRANMS has an 
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overlay s t ruc ture . There a r e seven 
pr imary (0-level) segments and six sec­
ondary (1-level) segments . The pr imary 
segments cannot execute a RETURN state­
ment; they can only exit by calling another 
p r imary segment (or by ending the run). 
Each pr imary segment must connect 
itself to ETRANMS files (input, output, 
c ross section, etc.) every t ime it is called. 
The secondary segments do execute 
RETURNS. 

The source file for ETRANMS is stored 
in sever, par ts , or links, a different lirk 
for each pr imary segment. These aoi.rce 
links (LINK0S, LINKiS, . . . , LINK6S) 
a r e currently stored in the l ibrary file 

CUTE. ETRMAKE, a small code written 
for PROXY, will extract the source links 
from CUTE, merge them, compile and 
load the code, and s tore all of the resul t ­
ing segments In a l ibrary file called 
ETRANMS. Figure 2 shows a listing of 
ETRMAKE. The execute line for 
ETRMAKE is: 

PROXY ETRMAKE / T V 

When ETRANMS is being compiled, 
severa l system routines a r e taken from 
the public file CUTE. These routines a r e 
*IOFILES, *lOFILEZ, *CHANE, -KVVIZ, 
and ^OVERLAY. 

EXE SCRAWL SMERG CUTE f 
LINKSl 
LINK0S L INKIS LINK2S L!NK3s> LINK4S LINK5S LINK6SI 
t f tPK>00 3 
I ALLS 
PL'TT <CUTE>LINKS,OL.B. I ISB00. 15*500} c . | e a n d | o a d 

I ALLS ) 
DESTROY ETRANMS 
«ALL\ 
COPY COPY ETRANMS L 260000 
IALL\ 
LIB ETRANMS NEWFILEI 
A LINK0I 
A LINKIJ 
A LINK2I 
A LINKSl 
A LINK4* 
A LI NX Si 
A LINK6* 
A ETR0100* )Sroro in library file 
A ETR010I I 
A ETR0I02I 
A ETR0I03) 
A ETR0I04J 
A ETR0I05I 
R0»> 
SI 
E 
IAL. \ 
• 
END 

Merge 

Fig. 2. Listing of ETRMAKE. 



/also located in CUTE is the c ross 
section file XSEC1 as well as DATAPAC, 
ETRANMS, and ETRANED. When 
DATAPAC is executed, the c r o s s section 
information is extracted from CUTE. 
Since XSEC1 is the f irs t file in CUTE it 
is accessed by the name CUTE ra the r 
than bringing it out of the public file 
CUTE. The file XSEC1 can be modified 
using RGXS. RGXS is a source file and 
is stored in CUTE. 

Each of ETRANMS's p r i m a r y segments 
pe r fo rms a specific function. ETRANMS 
spends a minimal amount of t ime getting 
over lays from la rge core (LCM). The 
following is a brief descript ion of the 
t a sks the p r imary segments perform: 

LINKp —Cal l s IOFILEZ t o s e t u p a i i o f 
the ETRANMS fi les. UNKfJ is never 
called again. 

LINK1—Stores default values into 
var iab les , r eads the input deck, and 
ca l l s DATAPAC (LINK6) if necessa ry . 

LINK2—Sets up elements from the 
c r o s s section file. 

LINK3—Sets up calculations for the 
problem and prints out several tables . 
U N K 1 , LINK2, and LINK3 a r e called 
once for every internal ETRANMS "run" 
(IRNMAX). 

LINK4 — This is the hea r t of ETRANMS. 
LINK4 does all the physics calculations. 
F o r every internal ETRANMS "run" it is 
called ISTATS number of t imes . 

LINK5 — P r i n t s the resu l t s of the cal­
culations and cal ls LINK4 if another 
ISTATS calculation is required or calls 
LINK1 for another "run" calculation. 

LINK6— This is the coding for 
DATAPAC. 

RUNNING A PROBLEM 

The actual running of a complete 
t r an spo r t problem may be done e t h e r 
direct ly by the user from a Teletype 
station or through batch (production) 
running. Examples of both these tech­
niques a r e discussed in the Appendix. 
This section desc r ibes the various codes 
and files necessary to ETRANMS, some of 
the NAMELtST var iables for ETRANMS 
and ETRANED, and how to execute the 
p r o g r a m s . 

1. Execution 
Any of the three routines (DATAPAC, 

ETRANMS, or ETRANED) may be run 
direct ly out of CUTE, or may f irst be 
t rans fe r red into the u s e r ' s pr ivate files 
(ei ther from CUTE o r photostore) and 
then run direct ly . The routine ETRANMS, 
for example, may be run in ei ther of the 
following ways: 

1) Directly out of CUTE: execute line 
is 

X C I T E KTRANMS I Kit .! : , IXI'l T ) BOX NO ll> T V 

After completion of the problem the 
routine ETRANMS will be stored in the 
u s e r ' s private files, and subsequent 
problems may be run without "X CUTE." 

2) Transfer to u s e r ' s file: 
EXE CUTE ETRANMS DR. / T V 

After "ALL DONE," then execute: 

E T R A N M S I F I E E , I N P l T> BOX NO II) / T V 

For the examples in this section it will 
be assumed that the routines already exist 
in the u s e r ' s file, so that only the execute 
line in item 2 above will be shown. 
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2. INPUT/OUTPUT Tiles 
The execution lines of the three routines 

specify input/output (I/O) files between the 
two parentheses , e.g., 

l.'TK,\.\i;l> ( IM'UT.OmiTTI HON NO II) T V 

This may also be written as 

I:THAM:II (iM'i r.oi rr-ioooo.P! MON NO ID T \ 

where OUTF is the output file name, 
10000 is the length of file in octal, and ,P 
is one of the options available. . P will 
cause the output file to be sent to the on­
line pr in ter . 

Fo r any of the routines, omitting the 
output file name causes the file to go to 
the high speed pr inter (HSP). Naming 
the file with no options causes the output 
file to remain on disk in the u s e r ' s file, 
and it must be sent o;it by the use r if he 
des i r e s printed output. !f no BOX NO is 
written on the execute line, output will be 
sent to box Cj54 as the default. 

Other options available a r e : 

.R for close read only, 
,D for close and destroy, 
.PUB for just open, 
.H for HSP (send to HSP when done), 
.P send to on-line p r in te r 1 when done, 
,L send to on-line pr in ter 2 when done, 
.TP for tape, 
.X for "just skip over ," 
.$ for destroy f i rs t then c rea t e . 

Unless otherwise specified the program 
will t ry to open any existing file; if un­
successful it will then t ry to crea te the 
file at the length specified o r 50K if no 
length is specified. Omission of all 
options is available. 

3. Routines 

DATAPAC 
The first s tep In running an electron/ 

photon t ranspor t problem is to crea te the 
abbreviated c ross -sec t ion l ibrary best 
suited for any specific calculations. This 
involves choosing the mate r ia l s and the 
maximum and minimum energies to be 
used in the calculation. The energy 
spread through which the electron his tor ies 
a r e followed is limited to about 64 energy 
bins, so that the fineness of the em rgy 
grid depends on the increment between the 
highest and lowest energy. For optimum 
accuracy, as small an energy spread as 
is compatible with the problem should be 
chosen. 

To c rea te the DATAPAC file for any 
mater ia l and energy range, the execute 
line i s : 

DATAIMC (NSEC'FII. n X 60K. (Xl'l- . O L T T . C U T E . I 'UIil 

HON \C) II) T V 

where 

XSECFIL is the name the use r gives to 
the c r o s s section file being crea ted . 

n is the number of separate elements or 
compounds to be called out of the c ross 
section l ibrary for inclusion in the 
DATAPAC-created file. Each eloment 
requ i res 60K octal spaces . If lor 
example n = 5, the actual entry in the 
underlined portion of the execute line 
would be 360K in octal (i. e., 5 X 60K in 
octal). 

INPF is the input file made up by the use r 
and described in the appendix. 

OUTF is the outout file name (may be 
omitted; output then goes to HSP). 

CUTE is the name of the large c ross 
section l ib ra ry . 
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.PUB indicates that CUTE is a public 
file. 
Upon completion of this program, the 

file XSECFIL will be placed in the u s e r ' s 
pr iva te files. From there it may be 
immediately used as part of the input for 
an ETRANMS problem, placed in photo-
stare, or placed on magnetic tape. 

An example of a typical input deck for 
DATAPAC is shown in the Appendix. 

The c ro s s sections and p a r a m e t e r s of 
some compounds that have ra ther universal 
use have been included in the l ibrary file 
equivalently as e lements . These a re such 
ma te r i a l s as water, air , bone, Lucite, 
etc. These compounds have IZtP > ipp 
(see NBS Circular 9836 (Ref. 1)), whereas 
the pure elements have IZIP = their atomic 
number . Compounds made up by the user 
specify IZIP = - 1 . 

The sequencing of mater ia ls in 
DATAPAC is unimportant . However, the 
NSET sequencing in ETRANMS is im­
portant and must be done in ascending 
o rde r . ETRANMS uses the set number 
from the DATAPAC rile to specify the 
elements and their c ro s s sect ions. 

ETRANMS 
The execute line for ETRANMS is: 

ETRANMS INSKOIL, lNI'KTK) ROX NO ID T \ 

The DATAPAC-created c ro s s section 
file (e.g., XSECFIL) and the ETRANMS 
input deck (e.g., INPETR) must be p r e s ­
ent in the u s e r ' s private file pr ior to 
executing ETRANMS. 

The ETRANMS problem may be run 
for e i ther e lect rons or photons as source 
par t i c les , e i ther monoenergetic or 
spec t ra l in energy input. The problem 

-1 

may be geometrically zoned for up to 
50 zones with up to five different mate­
r ia l s , and i p to 20 regions (a region is 
a grouping of zones of the same mater ial 
and thickness) . 

In the program, ETNA .VMS tabulates: 

1. Number and energy of electrons 
generated by knock-ons, pair production, 
photoelectric, Compton, and Auger effects. 

2. Number of e lectrons and photons 
reflected and transmit ted at slab 
boundaries , differential in energy and 
direct ion. 

3 . Energy deposition in each zone. 
4 . Absorbed energy as a function 01 

energy in thick t a rge t s . 
5. Production and emergence from the 

target of continuous bremss t rah lung and 
charac te r i s t i c x r ays . 

6. Electron deposition, D field, 
E field, and potential in each zone. 

The output file created is called 
HOUTPUT, and will be automatically 
sent to HSP unless otherwise specified in 
the execute line. 

The meaning of the NAMELIST va r i ­
ables in ETRANMS may be found in NBS 
Circular 9837. Variables added or 
expanded upon by LL1- a re listed in 
Table 1. 

There is an option within ETRANMS 
which causes part or all of an ETRANED 
deck to be created and punched. To 
exerc ise this option, place the variables 
IEDIT and BOXNO in the ETRANMS input 
deck. The punched cards will be deliv­
ered to the box number specified in 
BOXNO and a copy of the deck will r e ­
main in the u s e r ' s files with the name 
EDITA. The IEDIT options a r e given in 
Table 2. 



For [EDIT 2 or -1 jiTHANMS punches 
the following ETRANEl) variables or 
vectors : 

I MAX DLACON 
CAI. DEN 
NZ EAV 
TAG Z 
MORE QIN 

If ETRANMS is executed in a multiple 
run mode (1RNMAX •• 1), all of the above 
variables will be punched for the first run 
and the Z and OIN a r r ays a r e punched for 
each run as well a s the $INPUT and $ 
ca rds (lor use in ETRANED). On the last 
run ETRANMS punches a card denoting 
MORE p. Any other ETRANED informa­
tion must be specified in ETRANMS. 

Table 1. NAIUEI.IST variables added or expanded upon by LLL. For basic 
NAMEL1ST variables see NDS Ci rcu la r 9837. l 

TTY = 0 or 1 

C C M 

IUNT 

IUNT = 1 
IUNT = 2 
IUNT = 3 
IUNT = 4 

For TTY - (5, the problem begins running immediately. TTY = 1 
allows al ter ing of the input deck from the Teletype before the problem 
begins. When TTY = 1, whether the namelis t was al tersd or not, the 
direct ive $ must be typed to s t a r t the program. 
Fluence in the input beam (cal/cm"). This is used to calculate fields 
and voltages for a given fluence. 
Describes type of units for B or BR, the target thickness. If [UNT 
- +, then - B - is region boundaries. If IUNT = -, then -H- is delta 
between region boundaries . 
Enter - B - in CSDA units (continuous slowing down approximation). 
Enter - B - in g / c m 2 . 
Enter - B - in mils (also enter DENSE in g/cm ). 

3 
Enter - B - in cm (also enter DENSE in g/cm ). 

Table 2. 1EDIT options. 

[EDIT = (3 
IEDIT = 1 
IED1T - 2 

IEDIT = 4 

BOXNO - pH 
BOX CXX 

ENDED1T 

No edit; Q's and Z ' s not punched. 
Punches Q's and Z ' s . 
Expects EDIT cards after first $. A complete ET.SANED deck will 
be created and punched by ETRANMS. The deck will also be on disk 
under the name EDITA after ETRANIMS finishes. 
Same as 2 except DOSE (energy deposited in each zone) is a lso 
punched. If DOSE is punched it must be removed from the ETRANED 
deck before running ETRANED. DOSE is not a namelist variable in 
ETRANED. 
BOXNO and the first two words of TAG form the box number (address) 
and CD for the punched deck. 
Eiids EDIT input. 
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In o rde r to collect a set of s imi la r 
problems to es t imate s ta t is t ical accuracy, 
the ETRANMS problem may be run over 
and over, provided a new star t ing random 
number is used. This may be done by 
ei ther of the following procedures : (1) By 
inputting the variable IRNMAX L n into the 
ETRANMS input file, where "n" is the 
number of separa te runs des i red . This 
technique then requi res that the end o' 
file $ be followed by n - I $ETRAN $ 
c a r d s . Several different problems may 
be stacked by this method, provided that 
any changes in the input var iables are 
placed between the SETRAN and the $ of 
the success ive problems . (2) By writing 
into the ETRANMS input file a new random 
number und»r the variable INRAN. The 
code requ i res a "good" random number. 
The code automatically begins with one 
random number and will generate a new 
one for each success ive run in sequence, 
as in (1) above. However, when s imilar 
problems a r e input separate ly for s ta t i s t ics , 
it is suggested that the random number be 
obtained from the las t ETRANMS output 
file under the label of INRAN. 

If the allotted time runs out before the 
ETRANMS problem is completed, the 
problem may be res tar ted again by 
executing 

+ETRANMS / T V 

The output from the ETRANMS code is 
well labeled and. quite self-explanatory. 
F o r the most par t this output data existed 
in the original ETRAN 15 code. F o r our 
par t icular purposes, we wer'2 interested 
in computing the e lectr ic field and 
potential at a zone with reference to some 
ground plane, normally taken as the front 
surface of the sample, where the E field 

and potential a re set a rb i t ra r i ly to zero . 
Thus, we hove added data printout tor 
fields, voltages, and e lect rons born in 
each none. 

The quantities desired a re obtained 
from an integration of the Maxwell's 
equation V- D = p which reduces to a one-
dimensional Poisson ' s equation. D is the 
e lec t r ic displacement vector. 

The electrons deposited in . zone.. 
D field, E fieid, and potential a r e related 
in the following manner : 

D(n) -- C ,l°" 
D(n) E(n) = 

E „ + E i V = - - " „ "-* AX + V , , n 2 n n - I ' 

where 

D(n) is the elec*ric displacement vector 
at the back surface of the nth zone, 

C is a scaling constant (negative since O. 
a r e e lectrons) , 

Q. is the number of e lectrons in the i_th 
zone as computed by ETRANMS, 

e(n) is the permitt ivity of the nth zone, 
— = (j) for conductors, 

E(n) or E is the e lec t r ic field at the back 
surface of the nth zone, 

V is the potential of the nth zone with 
respec t to some referenced potential 
(e.g., V n = 1 = p), 

AX is the thickness of the nth zone, n — 

ETRA NED 
The auxiliary code ETRA NED is cap­

able of taking output information from 
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ETRANMS and giving charge deposition, 
D field, E field, and potential in each 
zone. It also can transfer charge from 
zone to zone (current conduction), give 
CRT output for Q, D, E, and V, and 
es t imate the mean and standard deviation 
for the run. At present there is a 100-
zone limit in ETRANED, although this 
can be enlarged easily. Thus, ihexc is 
latitude to add zones (e.g., gaps, voids) 
o r couple output from severt.1 ETRANMS 
problems into one ETRANED problem. 

In o rde r to check whether the zoning 
is fine enough, there is also an option 
that merges paired adjacent zones and 
then recalcula tes the charge, D and E 
fields, and voltage for the new zoning. 
In general , if the lat ter quantities do not 
change after rezoning, the original zone 
size was probably adequate. This option 
may be exercised twice for any ETRA^'^D 
problem. 

The execute line for ETRANED is: 
ETRANED (INPUT) BOX NO ID / T V 

The file INPUT is the data deck Input 
by the user . See the ETRANED Appendix 
for example. The ETRANED output file 
is named OUTEDIT. It will be automat­
ically sent to HSP, or it may be sent to 
output in any of the usual ways. 
KAMELIST input variables for ETRANED 
a r e given in Table 3. 

NOTE: In ETRANED, a false zone 
must be created at the front of the sample; 
thus, there a r e really n + 1 zones in the 
ETRANED problem while there were n in 
ETRANMS. The namelist variable, 
DIACON, QIN and DEN must have a value 
input for the first zone. DIACON and DEN 
may simply use the same values as they 
have for the first zone in ETRANMS. 
QIN must have some charge value input; 

<i.p,, the nunibe.- of backscattercd elortrony 
may be used. 

At present , tho es t imator of variance 
in ihe ETRANED code makes use 'jf 
severa l repetit ive runs of the ETRANMS 
problem, treating each run as a separate 
experiment, and obtaining the rmu 
deva t ion by standard technique!!. The 
e r r o r es t imates a re made only i n com­
puted voltages. Tlv.; voltages of interest 
to >. • were really those between a few 
a rb i t r a ry zones; e.g., we were interested 
in calculating the potential difference 
between two plates of a capacitorlikc 
sample, o r between several different 
l ayers in a dielectr ic and a ground plane. 
As input var iables In ETRANED, wc use 
VSTATi and VSTAT2, whore as many as 
five different pulred zor.es a r e specified. 
Thus, differential voltages between a 
specified zone in VSTATI (e.g., m) and 
a specified zone in VSTAT2 (e.g., n) a re 
summed over the several different runs 
and averaged to get the mean differential 
voltage, 

AV - i V (v L - V{) - i Y AV1 , 
mn k / \ m n) k /^ ran 

i A i = l 

where k is the number of separate runs. 
The roo t -mean-square (rms) deviation, 
CT, is computed from the variance 

a2 - , - U Y fcv " A V ' ¥ • k - 1 ? \ mn mn) 
i = l 

The common mode voltage, (V + V )/2, ° m n ' 
is averaged in a s imi la r fashion. 

VSTATI and VSTAT2 specify the zones 
between which the potential differences 
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Tab.e 3. NAMELIST input variables for KTRANED. 

TAG = ;1H 
KASE 
IMAX 
EAV 
CAL 

PLOTIT 
KEEFIT 

MORE 
MPY 

TTY 
NZ 
DIACON 
KZ 

wz 
OIN 
DEN 
Z 
VSTAT1 
VSTAT2 

Title or comment card; comment follows OH, same as in ETRANMS. 
Number of edit run. 
Number of par t ic les input. 
Average energy of input par t ic les (in MeV). 

2 
Fluence (cal/cm ) in input beam (used for scaling from [MAX and 
EAV). 
If - 1, plot Q, D, E, V as a function of position in target; if = 0. no plot. 
If = 1, s tore plot of Q, D, E, or V for future use or TIUDS viewing; 
if - 0, no s to r e . 
If = 1, more edit problems to follow; if p, no more to follow. 
= 1, 2, or 4 is rezoning option: 1 - no rezoning; 2 - success ive pai rs 
of zones a r e merged; 4 = success ive pa i r s of zones a r e nrergod again. 
Fields and voltages a r e recomputed after each rezoning. 
- 0 or 1 is Teletype control, s ame as in ETRANMS. 
Number of zones in problem. 
Relative dielectr ic constant for each zone. 
Zones to be shorted together; format is KZ(n) - m; connects zorie n 
to m (n > m) . 
Weighting factor Tor zones. 
Electrons deposited in each zone (obtained from ETRANMS). 
Density of mater ia l in each zone (g/cm ). 

o 
Zone boundaries in units of g/cm (from ETRANMS). 
= a, b, c, d, e 
= v, w, x, y, z 

These a r e zones over which s ta t i s t ics on voltage a r e calculated. 
Stat is t ics will be given for differential mode (V - V ) or common 
mode (V + V )/2, etc . , for pvired zones, a-v, b-w, c-x, C-y, and 
e-z , for as many as five different combinations, averaged over all 
thr runs in the EDIT problem. The zones need not all be different. 
The answer appears as the mean of the differential or common mode 
voltage with a sigma equal to the standard deviation of the samples . 

WHEN Specifies when to do the s ta t i s t ics on the voltages. If = 1, s ta t i s t ics 
a r e obtained before any rezoning; if = 2, after the first rezoning 
(MPY=2); if = 4, after second rezoning (MPY =4). WHEN defaults to 2. 

16-



a re calculated. Thus, VSTAT1 = 1, 
VSTAT2 = IP implies that differential 
voltage between zones 1 and lp (V, - V „) 
and common mode (V. ^ V,.,)/2 a r e com­
puted for each of the runs, summed, and 
averagad to get the mean and the r m s 

Several procedures and experiments 
have been undertaken to prove the r e ­
liability and accuracy of the code as 
adapted by LLL. The first such ve r i ­
fication was to check whether the in­
clusion of the mult imater ia l , multislab 
changes incorporated within ETRANMS 
would give consistent resul ts with the 
original code. Early calculations were 
done wherein the output data (in the form 
of forward- and back-scat tered electrons 
at boundary interfaces) from multislab, 
mult imater ial targets was compared with 
s imi la r forward- and back-scat tered out­
put data from s ingle-mater ia l targets and 
superposed by hand calculations. Agree­
ment was excellent. 

Several experiments done here at LLL 
and others collected from the l i tera ture 
have lent themselves well to code verifica­
tion of electron surface emission from 
various ta rge ts . Calculations have been 
made for electron or photon sources , 
monoenergetic or spectra l in energy input. 
Target mater ia l s have been meta ls and 
d ie lec t r ics . The comparisons between 

calculation and experiment have been 
21 

discussed in detail . Fur ther verifica­
tion comparisons between codes and ca l -

deviation on the samples computed. 
This averaging may ho done before or 

) after any rezoning (see variable WHEN*. 
The user may incorporate s imi lar 

procedures for any variables for which he 
may require s ta t i s t ics . 

culations have been made by Herger 
23 and Colbert and Dolan. ' 

In general , the agreement between 
calculation and experiment for electron 
surface emission or scat ter ing is good 
to ±30% for incident photons from 10 to 
100 keV in energy, and for incident e lec­
trons from 10 keV to 20 MeV for the 
ma te r i a l s studied. 

There remains one set o:' experiments 
where agreement between calculation and 
experiment has not been good. This is 
for the phenomenon of "charge t ransport ," 
i.e., motion of charge within a target 
sample, which has been reported by 

24 Weingart et al . We a re presently 
working on the reconciliation of this 
discrepancy. 

To underline the fast-running cap­
abilit ies of the ETRANMS code, a test 
comparison was made between ETRANMS 
and SANDYL, a s imi la r coupled electron/ 
phoion t ranspor t code applicable to one-, 
two-, or three-dimensional geometry and 

25 
developed by Colbert at Sandia Labora­
tor ies , L ivermore , For E relatively 
simple comparison in one-dimensional 
geometry, ETRANMS's running time was 
one-third that of SANDYL. 

Code Verification 
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Appendix: 
Sample Problem 

This is an example of a r a the r simple electron t ranspor t problem to be solved 
using the ETRANMS code. We wish to obtain the dose enhancement and charge t r a n s ­
port in a capacitorl ike sample of borosi l icate glass with aluminum elect rodes . The 
source is a bremsst rahlung spectrum of photons from a tantalum target . Electrons 
were accelerated into the tantalum by means of a Blumlein generator . 

The first step in the solution of any problem is to set up the proper geometry. 
This is generally straightforward, but attention must be paid to the allotment of zones 
among the mate r i a l s as well a s to the zone thickness In o rde r to optimize the informa­
tion obtained from the problem. The geometry for this problem iB shown in Fig. A - l . 

The target itself is made up of thvee regions (LMAX =3) : aluminum 0.4 mil thick, 
borosi l icate glass 2 mils thick, and another layer of aluminum 0.4 mil th 'ck. The 
aluminum layers a r e broken up into two zones each, and since we were pr imar i ly 
interested in effects within the g lass , It contained the remaining 46 zones, it is not 
necessary , in general , to zone the problem so that the number of zones is divisible by 
two (or four); however, it is necessary to do so if the rezoning option in ETRANED 
(MPY = 2 or 4) is to be exerc ised. 

The f irst calculational step is to set up the abbreviated c r o s s section file for 
rapid look-up by means of DATAPAC. We know that the highest energy in our input 
spectrum is 67 keV, so we call for an EMAX in DATAPAC slightly above this (71 keV). 

Spectral input 

2000 photons incident, 

I cal /cm 

Al 

0.4 mil 
(2 zones) 

Borosilicate glass 

( p = 2 . 5 7 g / c m 3 ) 

<p = 2 . 7 g / c m 3 

for aluminum) 

2.0 mils 
(46 zones) 

Al 

0.4 mil 
(2 zones) 

-Boundaries for 
detailed transport 
(LESPEC and 
LPSPEC) 

Fig. A - l . Geometry for sample problem. 
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SDTPAC TAG-0H ALUMINUM 
IZ1P*13 
EMAX».0 7I 
E H I N - . 0 0 1 
NREC«5 
S 
SDTPAC TAG»0H P^-YETHYLENE 
NSET«2 
1 Z I P « » I 2 
S 
SOTPAC TAG«0H BERYLLIUM 
NSET«J 
I Z I P « 4 
S 
SOTPAC TAG'0H COPPER 
NSET«4 
I 2 I P - 8 9 
S 
SDTPAC TAG-0H BOROSILICATE GLASS 
NSET»5 
I 2 I P - - 1 
JMAX=S 
Z=>5»8» 14 , 19.30 
U * 8 , 2 6 . 1 0 . 1 , 1 
S 

Fig. A-2. Sample DATAPAC input deck. 

The minimum energy is 1 keV. (Energies in ETRANMS problems a r e expressed in 
MeV.) We also know that we will be using this s a m e source on ta rge ts of several 
other ma te r i a l s , so to save having to c rea te severa l other DATAPAC files we have 
these elements in this one file which we call T9XBLUM. 

The DATAPAC input deck is i l lustrated in Fig. A - 2 . Note the full usage of the 
IZIP var iables , and that the only var iables that a r e listed in success ive se ts a r e those 
that change. Those var iables not listed a r e assumed to remain the same. 

This input deck was given the name 1NPBLUM. Thus, to run DATAPAC, execute 

X CUTE DATAPAC (T9XBLUM = 300K, INPBLUM, CUTE.PUB) BOX NO ID / T V 

After completion, the file T9XBL.UM will be in the u s e r ' s private file. Now to 
run ETRANMS, execute 

X CUTE ETRANMS (T9XBLUM, INPETR) BOX NO ID / T V 

The ETRANMS deck, INPETR, is shown in Fig. A-3 . 
In this problem, note that we have asked for multiple runs . Thus, IRNMAX = lp, 

and we have added a succession of nine $ETRAN $ commands. We have also set 
ISTATS = 2. This cuts the number of separa te subtotals within any given run to two. 
F o r a single run these commands a r e left out. Normally ISTATS = 1(3, and s ta t is t ics 
on a few quantit ies a r e obtained for every 10% of a run. 

We have asked for a full ETRANED deck to be punched. This is done by the 
o rde r IEDIT = 2. 
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SETRAN TAG=0H DOSE ENHANCE BOSIGL AL BLUM 
BOXNO-0H BOX CIS 
IEDIT-2 
IRNMAX=10 
1STATS-2 
NSETS-2 
NSET=>I.5 
TPCUT-.00100001 
IMAX»2000 
LZMAX=50 
LMAX»3 
JBF»2.46.a 
MAT-1.8.1 
B » 0 . 4 * 2 . 0 * 0 . 4 
IUNTo-3 
IFLUX-2 
TSAVE-.004 
CCM-1. 
DENSE=3.7.2 .S7.2 .7 
DIACON=0.,6."'.0. 
KSPEC»4 
JSPEC«=1B 
E S P o . 0 | 5 » . 0 1 7 . . 0 1 9 . • 0 2 J . . 0 2 3 . « 0 2 S # . 0 a 7 # . 0 8 9 » . 0 3 1 * . 0 3 3 » . 0 3 S . 
. 0 4 0 . . 0 4 5 . . 0 5 0 . . 0 5 5 ' . 0 6 0 . •065/' .070 
S P E C I N = . 1 0 . . 1 9 . . 2 8 5 . . 3 6 . . 4 7 . . 5 4 . . 5 8 . • 6 1 . . 6 2 . . 6 1 5 . . 6 0 . 
. 5 0 . . 3 9 . . 3 0 . . 2 2 . . 1 7 . . 1 2 . . 0 9 8 
S 
MORE-1 
VSTAT1=1»1»1.1»1 
VSTAT2=11.21»31.41.51 
WHEN-1 
XEEPIT=0 
PLOTIT"1 
ENDEDIT 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 
SETRAN S 

Fig. A-3. Sample ETRANMS deck. 

Upon completion of the ETRANMS run, a complete set of input data for ETRANED 
is available under the file name EDITA. The ETRANED source deck (EDITA) for this 
problem is shown (abbreviated) in Fig. A-4. 

To execute the ETRANED problem, write: 

ETRANED (EDITA) BOX NO ID / T V 

Any other input file may be used for other ETRANED runs. 
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SINPUT 
MORE-I 
V S T A T I » 1 » 1 » 1 » 1 , I 
V S T A T S - 1 1 . 2 1 , 3 1 . 0 1 , 5 1 
WHEN-I 
XEEPIT-0 
PLOTIT"1 
I MAX- 2 0 0 0 
CAL= 1 . 0 0 
NZ- 50 
TAG=0H DOSE ENHANCE BOSIGL AL BLUM 
MORE-1 
DIACON- 1 . . 2 * . 0 . 1 6 * 6 . 7 3 . 2 * . 0 
DEN- l . » S* 3 . 7 0 0 . 4 6 * 3 . 5 7 0 / 2 * 3 . 7 0 0 
EAV- . 0 3 3 5 5 3 2 
Z B . 0 E * 0 0 # 1 . 3 7 2 E - 0 3 * 2 . 7 4 3 E - 0 3 , 3 . 0 ? 7 E - 0 3 » 

3 . 3 I 1 E - 0 3 . 3 . 5 9 5 E - 0 3 / 3 . 8 7 8 S - 0 3 * 4 . 1 6 2 E - 0 3 . 
4 . 4 4 6 E - 0 3 , 4 . 7 3 0 E - 0 3 * 5 > 0 1 4 E - 0 3 < 5 . 2 9 6 E - 0 3 * 

. . . e t c . for Z's and Q's , ending with $ 

Fig. A-4. ETRANED source deck (abbreviated). 

ABKCON CONTROLLER FOR PRODUCTION RUNS 

For production or batch running, an example of an ORDER and an ABKCON" 
deck which will run both ETRANMS and ETRANED is shown in Fig. A-5 . The deck in 
Fig. A-5 accomplishes the following: 

1. Destroys any leftover files associated with ETRANMS. 
2. Reads ETRANMS, ETRANED, and the c ross section file (in this case , 

T9XBLUM) from a tape . 
3. Initializes ETRANMS. 
4 . Initializes ETRANED. 
5. If ths job is sense-switched, +ETRANMS and its associated files a r e written 

to tape (CL122, e.g.), ETRANMS is sense-switched and ETRANED is executed. 
Figure A-6 shows a deck where only ETRANMS is executed. 

' F o r an explanation of ABKCON see LLL Computation Division Rept. CIE-43. 
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*in 471BXX ETHAN!? KOVAR BOXCI 

*B 
*B THIS IS AN -ARKCON- JOB 
»B RESPONDS TO SW|. 
*B DO NOT HIT SW1. TWICE 
*T BD30A 
*T CLIS2 
*B READS -BD304-
*B WHEN SWI. IS KIT OR WHEN DONE — WRITES ON CLI22 
*B 
* XEQ ABKCON 
» XEQMES ABKINP 
* DATA ABKINP 
/BOX BOX CIS KOVAR ABKCON 
/SW1 5 50 
/CTL ALTER BOX / I .1 
/MSG ALL INPETR INPETR 
/MSG99END 
/CTL DESTROY ETRANMS HOUTPUT ETRDIIMP T9XBLUM ETRANED / 2 .2 
/MSG NO 
/MSG END 
/CTL RDFILES BD304 ETRANMS ETRANED T9XBLUM END / 5 1 
/MSG99END 
/CTL ETRANMS (T9XBLWM ) BOX CIS KOVAR ..ETRAN.. < 600 60 
/MSG99 
/MSci-9CTLJMP 7 
/CTL ADT *CL122 +ETRANMS ETRANMS HOUTPUT EDITA END / 5 1 
/MSG99END 
/CTL +ETRANMS 
/MSG5SSW1. 
/CTL ETRANED (EDITA ) BOX C1P KOVAR ..EP!T.» / 10 I 
/MSG99 
/CTL ALLOUT OUTEDIT / 10 1 
/MSG BOX CIS KOVAR ..SDIT.. 
/MSG99 
/FIL INPETR 
• • • ! ETRANMS input deck goes here 

/END 

Fig. A - 5 . Sample ORDER and ABKCON deck. 
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• ID 4 7 I B W ETRAN2 KOVAR 80XC I 
>>2 

• B 
*P THIS IS AM -ABKCOM- J09 UNDER MONITOR 
*B RESPONDS TO SW I. 
• R DO WOT HTT SW1. TWITF 
*T BD304 
*T CL122 
*B READS -TID3PIU-
*B WHEN SU1. IS HIT OH VHEN DONE -- WRITES OM CLI22 
«B 
*TIME ,.1 
• XEQ ABKCON 
• XEQMES ABK1WP 
• DATA ABKINP 
/BOX BOX C12 KOVAR ..ETRAW.. 
/SWI -11 -100 
/CTL ALTER BOX / 1 . ) 
/MSG ALL IMPETR IWPETR 
/MSG99END 
/CTL DESTROY ETRANWS HOUTPUT ETRDUMP T9XBLUW / 2 .2 
<MSG NO 
/MSG END 
/CTL RDFILES BD30.I) ETRANMS T9XBLUM END / 3 .3 
/MSG99END 
/CTL ETRANMS <T9XBLUM >BOX C12 KOVAR ..ETRAN.. / 600 60 
/MSG99 
/CTL * ETRANMS 
/TtSGSSSWl. 
/CTL ADT CL122 ETRANMS *ETRANMS HOUTPtTT END / 3 .3 
>MSS99EMD 
/FfL INPETR 

ETRANMS deck 

/END 

Fig. A-6. Deck in which only ETRANMS is executed. 
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