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1. INTRODUCTION

1.1 Overview of the HERMES System

HERMES (High Energy Radiation Monte Carlo Elaborate System) is
a system of Monte-Carlo computer codes that are necessary to
treat the different physics to be considered in computer simu-
lation of radiaticn transport and interaction problems. In ad-
dition HERMES offers powerful capabilities of Monte-Carlio ana-
lysis and of mevging the outcomes of partial programs into f£i-
nal results. An interfacing svstem - the "HERMES submission
file" - provides easy interchange of input/output data between
programs by standardized data structures and allows unproblema-—
tic extension of the HERMES system by introducing new programs.

The HERMES collection of physics programs permits the simula-
tion of secondary particle histories induced by primary parti-
cles of any energy up to the regime of high-energy physics and
down tc thermal energies, e.¢g. for neutrons. The particles,
that are considered by the programs of the HERMES system are
v, n, ¥, =7, z9, uf, e*, e=, 7. and light ions to A=10. The
development of particle cascades can be simulated within very
complex geometries and material configurations with only minor
restrictions.

The geometry description is identical for all Monte-~Carlo pro-
grams incorporated in HERMES and made in input terms of the
approved "Combinatorial Geometry (CG)" in a KFA extended ver-
gion.

The well established programs of the HERMES system in general
have been taken as original codes as far as possible. However,
to satisfiy the needs of some applications, e.g., the high ener-
gy calorimeter simulation, some extensions and changes became
necessary. Also the interfacing technigue by HERMES submission
files needs some additional programming. Therefore, the name
of the original codes were extended by a KFA suffix. All
changes made tTo the original codes are documented within this
report. For simplicity reasons, however, we refer to the ori-
ginal names throughout this document, e.g. HETC rather than
HETC~-XFA 2. Several of the svstiem codes, especially for ana-
lysis purposes, are provided by the authors.

To achieve portablility of the HERMES system, the original
coding of the programs was converted to the FORTRANT7 standard.
This, however, was verified only on two computer systems, the
IBM 3081 and the CRAY-XMP22.




1.2 Phyvsics with HERMES

The physical phenomencon to be simulated with HERMES is the
history of the secondary particles induced in matter by an in-
cident high energy particle. This typiczal propacgation process
of high ensrgy radiation in matter in general is referred to
as a particle cascads.

To demonstrate the range of physics covered by HERMES we give

a brief overview of the basic phenomenclogy associated with the
interaction of high energy particles with matter and with the
transport of such high energy radiation, as it may be produced
in particle accelerators or exists as cosmic radiation in
space.

The energy losses of high energy particles (> 1 GeV) travelling
through matter are mainly determined by production of secondary
particles. Thus. the main feature of the cascade is an initial
incresase of the particle intensiiv with depth and time. If the
energy of the produced secondary particles is high enough, they
in turn produce additional particles. There exists however a
physical limit for the desvelopment of the cascade, because the
initial energy of the primary particle is dissipated all over
the produced particles. Therefore, the multiplicities tend to
decrease agalin during the cascade procsess and fade away bacause
the average energy of the cascade particles decreases and a
greater fracition of the individual particle energy is now dis-
sipated by ionization losses. At the end of the cascade process
subseguent production of many low energy particles, mainly neu-
trong, takes place, known as the evaporation process.

The physics of a high energy cascade in matter igs to some ex-
tend determined by the type of the incident primary particle.
If we are bombarding matter with high-energy hadrons {(protons,
neutrons, pions etc.) & so called hadronic cascade is pro-
duced, which is often accompanied by an electromagnetic cascads
depending on the energy of the primary particle. If the primary
particle is an electron, a positron or a photon, a purely elec-
tromagnetic cascade is produced.

The interaction process cof particles with the nuclel of matter
may be considered as a particle cascade inside the nucleus,
thus the term "intranuclear cascade” is used to describe the
process creating a particle cascade inside the nucleus. The
nuclear cellision products can proceed to produce further col-
lisions with other nuclei to form the "internuclear" cascade.
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To analyze the particle shower and its distribution in enexrgy
and space, we have to determine the multiplicities, energy and
angular distributions of the particles generated by suitable
simulation programs. The development of electromagnetic showers
with their principal production processes - bremsstrahlung for
electrons and positrons, pair production for photons, becoming
energy dependent above 1 GeV ~ are very well described by guan-—
tum electro dynamics {QED-theory) over a wide energy range. In
HERMES this is taken into account by the EGS4 code,

In contrast to the electromagnetic shower, physics is consider-
ably more complex for hadronic showers, therefore, some re-
strictions exist on determination of the shower parameters in
detail as a function of energy in consistent theory, &.¢. guan-
tum chromo dynamics (QCD theorv). To study the relevant physics
associated with the interaction of high-energy hadrons with
matter, a verv potent theoretical model, the "Intra-Nuclear-
Cascade-Evaporation" model {(INCE), tresating nonelastic and
elastic interaction of high-esnergy hadrons with nuclei, is
available in the HETC (High Energy Transport Code) Monte Carlo
program.

Full use of the above described cascade physics, which can be
investigated by HERMES simulation, is made in high energy phy-
gics, especially considering high-energy calcorimeter tech-
nigues. All parts of the cascade contribute significantly to
the responses of these detectors freguently used in high energy
physics. To get an impressiocon of the HERMES capabilities, one
may consider the sample problem {a) in Appendix E.

The structure of the HERMES system is also highly in favour of
simpler or partial problems as compared to the calorimeter phy-
sics, e.g., problems which can be sclved with only one of the
phyvsics programs. In addition the system allows further treat-
ment of all those problems for which the single phvsics pro-
grams have been originally designed. However, with partly con-
siderable extended and enhenced analysis features. Two examples
for this type of applicaticn — namely cross-section computation
with HETC and thick-target particle flux calculations using
HETC and MORSE-CG are zazlso ¢given in Appendix E.
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2. GENERAL DESIGN CHARACTERISTICS OF THE HERMES
MONTE-CARLO SYSTEM

To simulate the histories, i.e. production, interaction with
matter and transport, of high energetic particles the latest
state-of-the-art radiation transport codes and event generators
are used in HERMES. A1l the codes employ Monte Carlo techni-
ques with 3 dimensional geomeirvy description. thereforse, it is
possible to treat in detail the reaction mechanism and the
transport of the high energy particles as well as of the low-
energy particles created. An overview of the main phvsics mo-
dels is given in the following section with some detailed de-~
scription of the codes HETC., MORSE, and EGS. All codss make use
of a common data interface named "HERMES Submission File" (see

Section 2.5).

2.1 Scheme of HERMES Performance

The problems which can be solved with the aid of the HERMES
system cover a wide range of incident particle energies and a
set of particle types. Therefore, the computational work had
to be shared between several Monte-Carlo codes, sach solving

a specific part of the gesneral problem. Currently three Monte-—
Carlc codes are implemented. namely HETC, MORSE~CG and EGS4.

We decided to use offline coupling of the codes, due to practi-
cal and scientific reasons:

- With off-line coupling it is much easier to implement addi-
tional Monte Carlo codes or to replace codes. Thus, HERMES
can be extended in an sasy way Lo represent the state of the
art, without need for changing of programs.

- Some problems, that require a large amount of computer power
(storage and CPU time), can be partitionsd in steps.

- The results of each step can be examined to find cut errors
as well as the statistical and physical guality of inter-
mediate results. Subseguent steps can be tailored according
to the statistical properties of pricr steps.

- Intermediate results may also improve the understanding of
the problem of the physical models used and the dependency
batween these medels,

The coupling procedures affect the flow of particles through
the system and the collection of results. We designed a general
data structure used by the programs in HERMES,
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- to accept particle sources generated in other programs,

- to submit particles for further treatment in other programs,

- to submit detector results at the end of esach independent
batch and at the end of a run.

A detailed description of the communication file structure is

given in Section 2.5. Particle and detector data flow is illu-
strated in Fig. 2.1.

Organization of HERMES

Particle Data Flow Program Detector Data Flow
n T[t ks
B HETC
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Fig. 2.1: Organization of the HERMES (High Energy Radiation
Monte Carlo Elaborate System) program system for
theoretical studies on beam materials intesraction
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Whenever a particle cannot be handled by a program, it may be
submitted to a HERMES submission file. Also the residual nuclei
from HETC are submitted to that file. Particles can be picked
up directly by another Monte-Carlo program. The residual nu-
clei, however, are processed by the auxiliary code NDEM (see
Section 2.2.4) which computes the de-excitation v's from these
nuclei and submits the 7's to another submission file.

In some cases (if no strict correlation is needed) it may be
sufficient to pick up only a repressntativ subgroup of all the
particles found cn a submission file. {(In a later release of
HERMES) we will provide a code to select particles from sub-
mission files, merge submission files and examine their con-
tents. The detector data submitted by the Monte-Carlo codes
working on the same problem can be handled bv the auxiliary
code STATIST (see Secticon 2.3.3).

HWe provide some subroutine packages with HERMES to aid the
Monte Carlo codes in solving problems, which are the same for
gach of the Monte Carloc codes.

The wmost important subroutine package is the Combinatorial Geo-
metry CG~L2 (see S=ction 2.3.1), which we have implemented in
HETC, MORSE-CG and EGS4. Therefore, the geometry description

of & problem can be made once for all codes. The Combinateorial
Geometry has been increased in its capabilities. A test program
has been develcped so that extensive testing of the geometry
setup can be made prior to the Monte Carlo runs. Additionally
we provide a set of routines named STATLIB which are used in
the analysis part of all programs and an input interpreter CMD
{see Secticon 2.3.4), which provides 2 standard tool to express
input for the Monte-Carlo codes. In the current release we use
CMD to setup the geometry input, test the geomeitry, setup the
input for the HETC-~analysis ccde 5IM and for the final sta-—
tistics code STATIST, which is used to combine the results

of different Monte-Carle codes working on the same problem.

In the analysis of coupled Monte-Carle runs we use trigger
events to identify the results coming from the same Incident
samnple. This sample may consist of one or more source events,
In applications, where mean values are of interest it is suit-
able to use batches of more than one source sevent, whereas in
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applications, where the fluctuations of physical propsrties are
also or of main interest, 1t is necaessary to use one source
event per batch. The statistical analvsis is done on the basis
of samples (i.e. batches).

It should be noticed, that the measurement of fluctuations pro-
hibits the use of most of the biasing methods, which are com-
monly used in Monte-Carlec programs to reduce the computation
time and increase the stability of mean value estimates. There-
fore, the Monte Carlo codes used in HERMES have been modified
to allow a2 maximum of analog (i.e. also unbiased) performance.

2.2 The Physics Modules
2.2.1 The Hadron Cascade Module HETC-KFA-2

HETC (High Energy Transport Code)} is implemented in a version
based on the original coding given in Ref., /1/. An overview
about changes, updates and physics involved is given bslow (for
details see Appendix A). The user, who is not familiar with

the original HETC should also read Refs. /1.,2,3/.

Name: HETC~-KFA-~2 {High-Energy-Radlation-Transport-Code,
KFA Version 2)
For simplicity reasons we refer to this
version alsc as HETC in this document.

Implementation: based on Ref. /1/ (Report ORNL-4744)

Extension: FORTRAN77 compatible on IBM3031I and
CRAY-XEMP22

Particleas n, p, xt, ut

transported:

Extension: 4, t, He®, «, heavy ions A < 20

Mechanism: - gellision medel - Intra-Nuclear-Cascade-

Evaporation {INCE)
(for p,n,nf;x” capture at rest; non-
elastic nuclear collisions; z9,d,t,He3, -
production: residual anucleil and resi-
dual excitation energy)

- charged particle iconization energy loss
{GE/dx)

- primary particle small angle multiple
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Coulomb scattering

- decay (weighted fashion) for ¥ and
g* in flight and at rest

- scaling model - automatic paramster
update for nonelastic collisions
above 3.5 GeV
{limited energy range for scaling
P/D - Epay € 25 GeV
5 -~ Epae € 15 GeV)

Extensions: - elastic collision module for p/n elastic

nucleus ceollisions up to 20 GeV

— high energy fission included in eva-
poration model

- automatic parameter update for By in
level density formula

- noniscotropic angular distribution of
evaporated particle

- analog decay for z*

Geometry: standard CG geometry interface

Extension: CG-K¥FA geometry module (see Section 2.3.1)
Additional submission of particles and nuclei for
Extensions: further processing (see Section 2.5)

structure of HERMES submission files)

2.2.2 Neutron-y Transport Code MORSE-CG-KFA

MORSE-CG (Multigroup Oak Ridge Stochastic Experiment with
Combinatorial Geometry) was implemented in a KFA version
based on the original code {see Appendix A}.

The user, who 1is not familiar with MCRSE should read
Refs. /4,5,6/. MORSE does a stochastic simulation on
neutral particle transport.

Name: MORSE-CG-KFa - {Multigroup Qak Ridoe Stochastic Experi-
(RN ment)
In this deocument we refer to this version
also as MORSE-CG.

Inplementation: based on Ref. /4/ (Report ORNL-4972)
Extension: FORTRAN77 compatible on IBM3081 and
CRAY-¥XMP 22




Source:

Extension:

Mechanism:

Extensions:

Geometry:
Extension:

Additional

‘extensions:

S

fixed neutron- or r-source or fission
feedback

submitted neutron- or y-source distribution
in phase space (see Section 2.5 about the
structure of HERMES submission files)

Elastic neutron nucleus collisions
including hvdrogen cecllisions; non-
elastic neutron nucleus collisions;
inelastic neutron nucleus collisions:
capture and fission: y production and
transport {(capture, fission, inelastic,
and nonelastic)

analysis of fluxes and reaction rates

in phase space

variance reduction methods: russlian
roulette, particle splitting, path length
stretching, simnulated absorption, and
productive nuclear colligion (n,2n, etc.),
importance sampling, leakage rejection and
albedo scattering

modifications in some parts from welighted
to analeg Monte Carlo (particle absorption
using russian roulette procedure, fission,
r—generation, inelastic scattering using
eplitting feature) to allow analog treat-
ment of particle yields for calorimeter
design

simultaneous implenmentation of wvolume-,
surface-, and point-detectors

escape, leakage current and fluxes at
surfaces

features in calculating light response
functions for scintillators

standard CG geometyry intsrface
CG-KFA gsometry modules (see Section 2.3.1)

— submission of fluxes and reaction rates for

further processing (see Section 2.8)

(2.g. light response or visible snergy

in scintillators)

binary storage of resulis on RSYST /7/ data
basze

revision of input to allow fast vector
assignment using REA formats

Yy rays are stored via HERMES submission
files for EGS transport
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Cross section ~ Multigroup cross section libraries for
standard: neutron and v's or coupled neutron-

v libraries in ANISHN or DTF4 format
Extension - multlgroup cross-section libraries in

RSYST format

2.2.3 The Electron-Photon Transport Moduls EGS4-XFA

The EGS4 (Electron Gamma Shower) was implemented in a KFA ver-
sion based on the original code (see Appendix A). The EGS com-
puter codes provide Monte-Carlo simulation of the coupled trans-—
port of electrons and photons with ensrgies from a few keV upto
several TeV. The user, who is not familiar with the EGS4 code

should read Refs. /8,9/.

Name: EGS4 (Electron Gamma Shower)
Implementation: based on Ref. /2/ {Report SLAC-255)
Extension: Standard user code (se2 Section 3.4)

FORTRANT77 compatible on IBM3081 and
and CRAY-XMP 22

Source: et, &7, v's

Extension: submitted electro-magnetic particle
sources (e¥,e”, 7's in phase space)
(see Section 2.5 about structure of
HERMES submission files)

Mechanism: - small and wide angle scattering
- bremssirahlung, pair production,
Compton scattering, Moeller effsct,
Bhabha effect, photo-elecitric effect
- annihilation
- continucus e¥, e~ energy loss
- step length correction (Rogers formalism)

Additional - submission of electron-, positron~ and

Extensions: gamma fluxes and currents, energy depo-
sition and reaction rates {(see Section 2.5
about structure of HERMES submission files)

&y

2.2.4 The NHucleus de-Excitation Module NDEM

The NDEM code is used to generate a y-ray source from the de-
excitation of residual nuclei, the assumption is made that all
particle decay modes have been exhausted; thus r enmission does
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nct compets with particle emission. The NDEM formslism is taken
from the Los Alamos PHT code /1i0/. The input to NDEM is a HERMES
submission file of the residuzl nuclei information recorded

by HETC. The y ray source also on & HERMES submission file can
be input into MORSE~CG or EGE4.

It is assumed that there exists a range of known energy levels
given by the Gilbert Cameron formulae /il/. The library of
level data is based on the CDRLB2 library with over 50,000
listed levels. If the excitation energy of a residual nucleus
lies between two levels, it is assigned randomly to the one or
the other of the lsvels with a probabilities that depend line-
arly on the distances from these levels. If the excitation is
above the maximum known level, the level is assumed to be in
the continuum.

The probability of a transition between levels is assumed to

be proporticonal to the Weisskopf single-particle estimates
/12/, unless specified by the library. For levels in the con-
tinuum andéd for known levels with unknown spin and parity, a
spin state is randomly assigned using the Gilbert Cameron spin
densities to generate a sampling distribution; parities, at the
present time, are assigned with egual probabilities. For a
transgition within the continuum to a state of given spin, the
transition probability is alsc proportional to the level den-—
sity for the final spin state.

The gamma cascade procedes with the above assumptions. For an
excitation energy lying in the continuum, transition to another
level in continuum competes with transitions to known levels.
If the initisl excitation energy lies within the known levels,
or a level has bsen reached by transition from the continuun,
the prcobabllity of a transition to lower levels is obtained
from library data, if available, or from the model ctherwise.
When specified in the library data, a 0+ to 0+ transition is
permitted to occur without ry emission {representing internal
conversion).

The ussr has the option of selecting the level of the physics
model to be used in the NDEM calculation. It is possible to
ignore the experimental branching ratios and perform & pure
model calculation. The user may alsc choose to treat all tran-
sitions as El transitions, corresponding to the model previcus-
ly emploved by Troubetzkoy /13/.

AT the present time, the emission of de-excitation y's is as-
sumed to be iszotropic in the lab frame, ignoring nuclear re-
coil.
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2.3 Geometry and General Anzslysis Programs, Statistics and
Auxiliary Codes

2.3.1 Three Dimensional Geomeirv Model based on Combinatorial
Geonetry

(1) Conception of the Combinatorial Geometry

The Combinatorial Geometry cuts space into pieces called input-
zones. Input—-zones consist of one or more code-zones. Code—
zones arve composed of one or more bodles. A problem description
as input to the Combinatorial Geometry starts with the defini-
tion of the bodies:

Definition of Bodies

Bodies are defined by the body type ( sphere, box, etc.), an
identification number and parameters which define location and

dimensions of the body.

For example a sphere with midpoint coordinates {(1.2,2)
and radius 6 can be described as follows:

SPH 8 1.0 2.0 2.0 6.0

Where "SPH" identifies the body as of types sphere; the refersnce
number is 8.

Each body divides space into two pieces: The area inside the
body and the area outside the body.

The area inside the body can be referenced by a poisitive body
identification number, whereas the area outside the body is
referenced by a negative body ldentification number.

Definition of Code-~Zones

Code-zones are coded as 3 seguence of body inside/cutside
references, e.g.,

+3 +4 -1

is a code-zone consisting of all points lying within body 3,
within body 4, but outside body 1.

Note, that code-zones are intersections of body inner and ocuter

areas!
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In the example above polints lying within bedy 3, but
not within body 4 do not belong to the specified code-zone.

Note, that all space must be completely defined by code-zones
and that code-zones should not overlap!

Definition of Input-Zones

Input-zZones are coded as a seguence of cecde-zones combined by
the OR operator. For each Input-zone a medium and region number
is specified, e.¢.,.

i 100 +3 +4 =10R +3 o

defines an input-zone with medium number 1 and region number 100.
It consist of all points inside body 3 and inside bodyv 4 but
outside body 1 and a2ll points inside body 3 and outside body 4.

Note, that input zones must not overlap!

When all zones are defined, every point in space will belong
uniguely to a medium and a region number.

Some medium numbers are reserved for special purposas:

- Medium -1 denotes the external veoid.
whenever medium -1 is entered , the transport
of the particle is terminated.
Medium -1 should be used as the outer bound of
a geometry. It iIs the only medium which may
consist of infinite areas.

- Medium 1000 denctes internal void.
Internal voids can bes used in MORSE to specify =a
vacuum area. Both the meaning of the calling
parameters and the action of the Combinatorial
Geometry program is different compared to normal
media, when medium 1000 is encountered. For HETC
and EGS4 one should use medium 86666, which is
treated as any other msdium in the geonetry
routines.

- Medium 999 is used to terminate zone-input.
¥o more information is reguired on that card.

For detailed information on input formats, body definitions, and
extensions of this basic concept, refer to Section 3.9.
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{2) XKFA-Extensions of the Combinatorial Geometry

Two types of extensions have been incorporated into CG:

- additional bodies have been implemented,

which help to avoid redundant surfaces, and

numerical problems caused by multiply defined surfaces.
-~ a method is provided to divide zones into sub-zones.

{a}) Additional Body Tvypes

In basic CG only finite bodies like SPH, RPP or RCC are
available. The use of these bodies can introduce unwanted or
redundant surfaces and (even worse) multiply defined surfaces.
Consider the following example:

To define a cylinder which is partitioned along the axis, one
could use a series of RCC bodies.

RCC 1 0. 0. 0. 0. 0. 1.
10.
RCC 2 o. 0. i. 0. 0. 1.
10,
RCC 3 Q. 0. 2. 0. 0. 1.
i0.
END
1 1 +1
I 2 +2
i 3 +3
599

Here we have multiply defined surfaces at z=1, z=2 and r=10.
CG may have to calculate the same intersection point up to 3

times, possibly with slightly different results due to numerical
uncertainties. This may cause numerical problems in the program,

at least computational work is increased.

RCC i o. 0. . 0. C. 3.
i0.
RCC 2 0. G. i. G. o. 15.
i5.
RCC 3 0. 0. 2. 0. 0. 15.
i5.
END
1 1 +1 -2
1 2 +1 +2 -3
i 3 +1 +3

9e9
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Above the same geometry is decribed without multiply defined
surfaces,

but this time 4 redundant surfaces are defined.

Such problems can be solved by defining semi-infinite bodiles.
We have implemented PLANES, where the half space lying in the
normal direction of the plane is considered to be the inside

of the body. The available planes are listed in Table 2.1. We
also made available CYLINDERS of infinite length (Table 2.2).

Table 2.1
Infinite Planes as CG Bodies

body tvype parameter points inside

PX K X ® > X

PY XK Y y > Y

PZ K z z > Z

P K UXUY UzZ D all points lving bevond a

PS

plane with normal direction
{(UX,UY,UZ) and distance D from
origin.

K SX B8Y SZUXUY UZ D all points lvling bevond a plane

with normal direction (UX,UY,UZ)
and distance D from (S3X,SY,S8Z)

The cvlinders are specified by a point (SX,SY,8Z) lving on the
a direction vector (UX,UY,UZ) for the axis and the

axis,
radius R.
Tabkle 2.2
Infinite Cylinders as CG Bodies
body type parameter axis direction radius
CX K 8% 8Y B2 R (1,0.0) R
CcY K S8X 8Y 82 R {(0,1,0) R
CZ K 8X 8Y SZ R (0,0,1) R
c K 8 8Y 82 UX UY¥ UZ R {UX,UY,UZ) R
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Using these bodies we can describe the above geometry
example as:

CZ 1 0. 0 o. 10
PZ 2 0.
BPZ 3 1.
PZ 4 2.
Pz 5 3.
END
i i +1 +2 -3
i 2 +1 +3 ~4,
i 3 +1 +4 -5
$e8

{(b) Subdivision of Zones

For many applications it is necessary to define mesh-like geo-
metry structures. In basic Combinatorial Geometry such structu-
res reduire large input {(because each mesh element has to be
defined separately), and much computer time is consumed because
the CG algorithm cannot take advantage of the regular stiructure
of a mesh. Normally this problem is sclved by writing special
problem dependent geometry codes. But this is z2lso not convenient
because of the large amount of manpower absorbed by such a work;
furthermore it is not trivial to construct a geomsiry code, when
the mesh structures are embedded in a non-regular environment.

Thus, a method has been developed to enable CG~L2 to handle
hierarchically organized geomsiry structures. Additionally
an input preprocesscor {(CHMD) has been designed to minimize
the amount of input data needed.

In CG~LZ the user may design the geometrv in up to three levels
of refinement. First the global zone structure is defined as
usual. Each zone which shall be subdivided in a subseguent

step is marked by the GO operator and the seguence number of
the code zone card sets where the subzones will be defined.
Additiconally the region number is chosen as a negative integer
number betwsen -1 and -989. The absolute value of this number
will be used as the first three digits of all subzone-region
numbers associated with this zone., Alsco the medium number can
be specified as an integer value less than -1 indicating the
medium will be assigned in the definition of the subzones.

The global zone structure is terminated by a card with IMED=T77
{or SUBGEO; in CMD language). Then the second zone card-set
starts, i.e., the card-set which is called with GO 3. Up to 10
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card-sets may be specified. The last one must be terminated
with 9% {or ENDGEO; in CMD language) as usual. The nesting
level of GO operations is limited to threse as mentioned above.
Thus, the resulting region numbers have ¢ digits (3 from each
nesting level). The assignment of the medium number may occur
in any of the 3 levels: A medium number > -2 in level one will
be used for zall subzones of level 2 and 3. A medium number

> —2 in level two will overwrite the media assigned in level 3.
Similarly the region number assignment is overwritten by the
first positive region number found in a refinement path.

Thase conventions allow the use of subzones with the same medium
but different region numbers or the same region but different
medium numbers.

Az an example we may consider a geometrical setup of a radiation
shield. Fluxes shall be mapped with respsct to the z-coordinate
and the radius around the z-axis. First the shield is described
as constructed. Al]l media are assigned positive. The reglon numbers
are set negative. & second zone card-set is used to define the
z-structure of the flux mesh and a third to define the r-struc-
ture. All regions of level one, which are to be mapped have the
GO 2 operator in the definition card. All z-zones defined in
card-set 2 refer to the r-structure (GO 3).

Then the regions found by the geometry will be of the form
[iregy] * 1000000 + [IZreg] * 1000 + [IRreqg]

2.3.2 The General-Purpose Analysis Module SIM

We have implemented an online-analysis subroutine package into
HETC, which is used to provide scoring of the physical results
of the HETC run. This package, named SIM, includes routines

to read-in user analysis requests (coded as CMD-commands),

to compute the contributions of an event to the detector sig-
nals, to provide estimates of the statistical errors of de-
tector signals and to interface HETC to the final processing
code STATIST. Table 2.3 presents the currently available
detector. types.
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Table 2.3
Available SIM Detectors

Type Symbol Description

i Y-{E,A,IR1) Yield of secondary particles from
the intranuclear cascade (INC)

2 Y-(E,A,IR1) ¥Yield of secondary particles from
evapeoration and fission model

3 ¥ (E,A,IR1) Yield of secondary particles

4 E (ctyp,IR1) Energy deposited by various depo-
sition schemes

5 Lg{ctyp, IR1) Scintillation light generated by

various schemes
6 3+(E,A,IR1-IR2) Forward particle current through
given surfaces

7 ¢+(E,A,IR1HIR2) Forward particle flux through
given surfaces
8 ¢ (E,A,IR1) Particle tracklength flux in

given regions
9 E+(ptYP,IR1-IR2) Particle energy passing given
surfaces.

Functional Description of the SIM Analysis

S5I¥ is called by HETC after each collision and after each par-
ticle flight. It scans all detectors defined to decide whetherv
the event will contribute to the detector signal.

¢ First the particle type is checked against the required type
in the DEFDET command.

o Then the region or surface index is found.
s Energy binning is performed, if reguested.

- wnen secondary particle vield, surface flux, current or
neutron tracklength flux is measured, the actual energy
of the particle is used to find the energy bin indew.

- when charged particle tracklength flux is measured, the
flight path of the particle is subdivided intoc pieces which
correspond to the path length travelled in the appropriate
groups using the slaowing down algorithm of HETC.
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e Angular binning is performed, if reguired.

- If a detector reference dirvection is given in ths DEFDET
command, the angle ls taken between the flight direction
of the particle and a detector reference direction.

- If a detector reference direction is not given and yields
are measured (detector type 1-3), then the angle is taken
between the flight direction of the particle and the flight
direction of the Incident particle.

- If a detector reference direction is not given and surface
flux or current is measured, then the angle is taken be-
tween the fiight direction of the particle and the normal
direction of the boundary in the intersection point.

At the end of each batch SIM keeps track of the mean detector
signals and the second moments of these signals. Optionally the
batch resulis are stored on & EERMES submission file (I0SIM)
for further processing in STATIST.

At the end of run SIM automatically computes the mean values
of the detector signals and the statistical errors of these
mean values.

No normalization is performed automatically except to the
number of source particlez. Thus, normalization has to be
performed per reguest of CMD commands at the end of run or
off-line using the binary files which can be produced to
store the SIM results.

A definition of the contributions (signals) derived by the
detectors follows:

{1) Particle ¥Yield Detectors (Tvypes 1-3)

measure the average number of secondary particles of type
"prt" generated in energy group IE, angle group IA and
region IR1(I) per source particle.

(2) Energy Deposition Detectors (Type 4)

measure the energy deposition [MeV] in 1¢ channels repre-
senting the various schemes of energy deposition, integrated
over the region volumes of regions IR1(i). The channels are
explained in what follows:
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Description

ionisation energy loss of protoans
ionisation energy loss of 't
ionisation energyv loss of =~

p, 27,7~ reaching their transport cutoff energy
are assumed to deposit the remaining kinetic
energy in place. Captured n~ mesons, however,
deposit their energyv through the collision
products and nuclesus excitation.

jonisation energy loss of gt
ionisation energy loss of yu~

stopped p's are assumed to decayv. We taks

(E + mocz)/(mocz) ® 33.328 MeV to be the ehnergy

of the electron (positron) and deposit this amount
in place. For p~ we substract .511 MeV representing
the mass of a captured e”.

Energy deposited by evaporation deuterons
Energy deposited by evaporation tritons
Energy deposited by evaporation He® ion
Energy deposited by evaporation e's.

Since this particles are transported in HETC, because
of their low range we assume that they depesit their
kinetic energy in place.

The recoil energy of the struck nucleus is also
depesited in place

kinetic energy of protons sescaping from geometry
kinetic energy cof neutrons escaping from geometry
kRinetic energy of n7 sscaving from geomatry
kinetic energy of n~ escaping from geometiry
kinetic energy of ut escaping from geometry
kinetic energy of g~ escaping from gesomeiry

The energy of escaping particles is measured in order
te provide an impression of the energy loss from the
target and must not be taken into account when the
total depeosition enervgy is measured. o :

Kinsetic energy of neutrons which are discarded (and
opticonally submitted for further trzatment)} below the
neutron cutcff energy
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Total energy of 70 {optionally submitted for further
treatment in EGS4)
The excitation energy of struck nuclei (coptionally
submitted for further treatment in NGEM and EGS4)

el Since this energy contributions cannot be handled by
HETC itself they are measured as source energy so far.
Normally the spread of this energy can be handled
by MORSE, EGS4, and NDEM.

Scintillation Light Detector {Type 5)

Detector Type 5 measure the "visible energy" deposited in [MeV]
integrated over the volumes of regions IR1{(i). This detector

is also divided into 19 contribution channels. Channels 10 to 1¢
measure energy as described above. There are no means avail-
able in HETC and SIM to convert these channels to the visible
energy fraction. The channels 1 to 9, however, can be conver-
ted using Birk's law. We have tabulated the scintillation light
as a function of particle energy for protons, charged pions

and muons and for the ions resulting from evaporation. The
tables are generated and stored along with the setup of

energy range tables in HETC.

B 1
L(E) = Speq / de (2.1)

For charged particles in flight
L(E} - L(E.)

is deposited, where E is the energy of the particle at the
start of the flight path and E. is the energy at the end.
Particles below transport cutoff are assumed to deposit
their energy without escaping the region, so L(E) can be
used. (For details see APPENDIX A.2.4).
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(4) Forward Current Detector (Tvpe 6)

This detector measures the number of particles crossing the
gpecified boundaries from region IR1(I) to region IR2(I)
(i.e. forward) per socurce particle in energv group IE and
angle group IA. It may be renormalized to [A] multiplving
it with the source current and normalizing it to the area
of the specified boundaries.

The dimension is 1/source particle.

(8} Forward Flux Detector {(Tvype 7)

This detector measures the {surface integrated) flux of par-
ticles crossing the specified boundaries from region IRI1(I)
to region IR2(I) {(l.e., forward) per source particle in
energy group IE and angle group IA. The contribution of the
particle is taken as wt/[cos{u,Ng)]

where wit is the statistical weight of the particle
u is the particle flight direction
Ny is the surface normal direction at boundary
creossing point.
The dimensicn is 1/source particle.

(6) Tracklength Detector (Type 8)

This detector measurss the (volume integrated) particle
flux [em] by tracklength of particle type "prit" in region
IR1(1), energy group IE and angle group IA. As mentioned
above the energy binning is splitting down the flight path
according to the appropriate energy groups. The dimension
is cwm/source particle.

{7} Energy Transfer across Boundariss (Type 9)

This quantity is measured in [MeV] on all specified boun-
daries from regions IR1{i) to regions IR2(i), separatelvy
for 7 particle tvpes

1 protons

2 neuirons

3 z*

4& n”

5 g+

& u-

7 icns (not yet implemented)

The dimensicn is MeV/source particle.
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2.3.3 The Statistics Module STATIST

STATIST has been created to combine the results of correlated
Monte-Carlo runs. It reads the detector results stored on HERMES
submission files at the end of each Monte-Carlo batch. Arith-
metical and logical operations can be applied on the loaded da-
ta to derive additional information from the detector output.
Detector logic like coincidence or veto can be simulated. Fi-
nally a set of physical guantities is available for each batch.
Fregquency distribution functions of these variables can be re-
guested. A set of statistical moments is computed for each fre-
guency distribution function including the mean value, the
fractional standard deviation, scewness, and kurtosis based on
empirical estimate statistics. Also the mean value, the f.s.d.,
the mode and the median of the groupsd data are shown in a histo-
gram. The mean and the f.s.d. of a Gaussian fit can be obtained
in the range Yz, * 20y, where pgg, 0y are the empirical moments.

The correlation between variables can be shown by means of
scatter plots. A linear regression procedure is provided to
measure the correlation of variables. The variable set derived
from loaded detector results can be stored on a file for fur-
ther processing in more advanced statistics modules like SAS

Ji4/ .

Since STATIST produces plets, it is not totally machine inde-
pendent. We offer routines which produce line printer plots to
overcome this problem (see APPENDIX D). The interfacing re-
guirements for a user provided graphic software can be found
also in APPENDIX D.

2.3.4 The Command Input Interpreter CMD

Since HERMES consists of a number of independent programs wWor-
king on the same problem, it would be helpful to have a problem
oriented standard input to avoid inconsistant and redundant in-
put coding. Furthermore this input should not require fixed
column formats which always cause troubles like misplaced input
items or dummies for data actually not needed. We also would
like to increase the legibilitvy of the input; this means input
items should be associated with names identifying their mean-

ing.

We made a very first approach to provide such a tool called CHMD
for input processing. Currently it is used to prepare geometry
input for the Monte Carlo programs, analysis input for HEIC and
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the input for the STATISY code. CHMD input tools for the mate-
rial data input of the Monte-Carlo codes and other parts will
fellow In subseguent releasses of HERMES.

CMD iz organized in svyntactic levels. The lowest level allows
free column input of constanis. In The second level we have im-
plemented a syntax of user variable and arravy definition. The
highest level is the mozt problem oriented one and provides
command and statement syntax.

2.4 Planned Future System Extensions

2.4.1 Fast Time-Dependent Neutron History Module DYHMO

The code DYMO (Dynamical Model) was specially designed to cal-
culate the dynamics of sampling calorimetry, that means the
time dependence of the various nuclear processes of the low-
energy nsutron component (Ekin,ngEcutézo MeV), released by the
HETC module.

In depleted uranium-scintillator calorimeters these are mainly
the number of fast fission processes, the number of fast fis-
sion produced secondary neutrons, the number of neutron capture
processes (mainly in BU, of minor importance for calorimetry
also in hydrogen) and the number of recoil processes in hydro-
geneocus materials (like scintillators TMP/TMS liguids or wrap-
ping papers). Meost important is the release of neutron kinetic
energy to the protons in the read-cut medium. Though the 3-di-
mensional MORSE-CG module can be operated in a time dependent
mode (which is more CPU time consuming, of course), the sepa-
rate code DYMO /15/ was developed.

D¥MO coperates in the homogenized (and infinite) material mix-
ture of the calorimester considered. The simplified use of a
homogeneocus (zevo dimensional) mnixture (called materizal mix,
sxpressed in atoms/cmS, corresponding to the thicknesses used)
ig justified by the fact that the mean free path for several
MeV neutrons is in the range of 10 to 50 mm, which is guite
large compared to the usual plate thicknesses of several mm's
only used in sampling calorimeters.

D¥MO uses small steps in time (e.g. 0.1 ns) to evaluate the
number of neutrons being affected either in their snergy o
lost by fission capture. After each step in time, all neutron
energy groups are updated in content according tc the group to

group transfer probability ngl(Eg):
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W(Eg»Egz,At) = p'wgg:(Eg}°Ax(Eg.At) {(2.2)

with p = effective density of the mix and
Ax = J(QEg/mnf * At = fictitious path of neutrons {2.3)

with masses m, and kinetic energy Eg. The time step At has to
be chosen so small that the reaction probability W is below a
certain value (e.g. 0.1) even for the highest neutron enexrgy
group and the highest group~to-group transfer probabilities
Wogt - Otherwise the result would depend on the choice of Eg and
of the reaction type.

DY¥MO is thesrefore not a Monte Carlo but a deterministic code,
iterating in time steps up to a certain limit, tvypically

1 pgsec. The group—-to-group transfer probabilities are extracted
from the same large evaluated nuclear data libraries used by
the MORSE-CG module.

The updating in time includes the gain of neutrons by fast
fissions (secondary or even tertiarv fissions; the primary
fission was the high-energy fission, calculated with the HETC
module). For the fast fission spectrum a Maxwellian distribu-
tion with kT=1.33 MeV is used up to now.

Since DYMO kesps continuously track of the neuiron spectrum
versus time and takes Iinto account the transition rates to all
neutron induced reactions specified, one can also determine the
abundances of the various nuclear r sources (neutron capture,
fast fissions, inelastic and nonelastic neutron induced reac-
tions) versus time by using coupled neutron-y cross-section
libraries.

For DYMO a surface less correction can be taken into considera-
tion, accounting for the fractional loss of those recoil pro-
tons, which gain enough recoil energy to escape from the scin-
tillator laver {(or other hvdrogeneous read-out media) into the
absorber (or cother nonactive media). Since there are no real
lavers in DYMO, this correction applies only for the mean.

The saturation effect of the read-out material is included in
the evaluation of the visible proton recoil snergy. As dis-
cussed in Section 2.3.2, Egu. {2.1) the ssaturation is described
by the KB parameter in the Birks formula. The energy of the re-
coil proton 1s determined by subtracting the neutron energy
(given as the mean 0f the corresponding energy group) after the
time step At from the energy before the time step, if the
transfer probability for elastic scattering on hydrogen was
used.
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2.4.2 The Myon Transport Module MEGS-CG

A& Monte-Carlo technigue is providsd to investigate the energy
loss of mucons in sanpling calorimetric devices. Two Monte-Carlo
codes have been combined to calculate the muon transport with

§ electrons-~, bremsstrahlung- and pair production and the trans-
port of thess secondaries (EGS4, Secticn 2.2.3). The passage

of a muon Iravelling through many intervleaved lavers of absor-
ber (high Z) and detector {low Z) sheeits results in § ray pro-
duction, bremsstrahlung and e¥,e” pair production. These
effects are energy and material dependent and are in general
guite different for absorber and detector lavers. § electrons
created in the abscrber can deposit part of their ensrgy in the
detector material and, vice versa, § electrons created in the
detector can deposit part of their esnergy in the absorber mate-
rial. Furthermore bremsstrahlung and pair production give rise
to electromagnetic showers, which can extend over several

lavers.

For the transport of the primary mucn we use the Monte-Carlo
code MUDEX of Lohmann, Kopp and Voss, CERN. This program ran-
domly produces 6 electrons, bremsstrahlung, r's and et,e”

pairs.

Interactions with ensrgy transfers below a given threshold are
taken into account by calculating a mean value for this part

of the energv loss. The energy is assumed to be deposited lo-
celly. In a second step, using EGS4, each of the produced
higher energetic § ravs, bremssirahlung and particls pairs is
followed through the calorimeter. We call the new code obtained
by linking MUDEX to EGS4 MEGS-CG /16/. Such a Monte-Carlo code
offers the possibility to calibrate sampling calorimeters with
the help of muons.

2.4.3 The Hadron Cascade Code FLUXA

At the higher energies of present interest, i.e. hundreds of
GeV, the most reliable model now available seems to be a multi-
chain fragmentation nmodel of hadron-nucleus colliision developed
and implemented into the Monte Carlo code FLUKA by J. Ranft et
al. /17/ following the work of A. Capella =t al. /18/.

HWe converted the FORTRAN IV version of FLUKABE intoc a FORTRANTY
version for being adapted to the HERMES system and the CG-geo-—
metry CG-=-L2. :
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An analysis package on SIM basis has been written which is ana-
log to SIM-HETC analysis routines. Coupling to the HERMES sub-
mission file is being prepared.

2.5 Structure of the HERMES Submission File

The modular structure of the HERMES code system reguires the
introduction of a2 convention for all inter-code communication

data.

We designed a simple sequential file structure for this
purpose. The data needed by the programs to communicate
are

- physical properties of pavticles which are to be trans-
ported through the physical domain of more than one
Monte-Carlo-code,

- trigger events like events like "start of run", "end of run",
"start of batch (event)" and "end of batch (event)”,
which help to identify correlated data, and

-~ detector output data.

For each of the above data items one or two records are written
on the HERMES submission file. All records begin with a record
name (CHARACTER*8) and a the record type (integer number) to
identify the meaning of the record. The following Tables 2.4-8
illustrate the structure of the records currently used.

Table 2.4
Format of trigger event records
item name typs description

1 VERB char*8 record name

2 KEY integer gituation key record type

3 ISEED integer current random ssaed

4 IRUN integer problem number

5 IBAT current batch number

6 IHIS current history number

7 NNEU integer no. of neutrons submitted (HET)

8 WPIO no. of z9 submitted (HET)

2 NNUC no. of excited nuclei submitted (HET)
i0 JOB char®8g Time stamp to identify the job
11  DATE '
i2 TIME
i3 dummy dummy words to get same record
14 dummy length of IBM and CRAY/XMP

i5 dummy
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Table 2.5
Types of trigger event records

VERB KEY situation

SOR pgm -1 Start of run

SOB pgm -2 Start of batch

EOB pgm -3 End of batch

EOR pom -4 End of run
Table 2.8

Format of particle submission records

item name type description
1 VERE char#*8 record name
2 KEY integer =0 for all particle submission records
3 ISEED integer current random seed
4 A real struck nucleus mass number
5 A struck nucleus charge number
8 B struck aucleus excitation energy [MeV]
7 TYP real particle type
8

particle site

particle direction cosines

particle energy [MeV]
T particle statistical limportance

[y
i
EHEICCON M

Table 2.7
Types of particle submission records

VERE KEY TYP description

N pgm 0 1. n (balow cut)
GAM pgm o 7. e

PIO pgm 0 3. 70

NUC*pgm 0 14. excited nucleus
E+ pgm 0 8. et

E- Dpgn 0 Q. e

MU+ pgm 0 5. ut

MU- pgm G 8. u-
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Table 2.8
Format of {detector) data array submission records

item nanme type description

1 VERB char=8 record name=data array namns
2 KEY integer record tvype

3 LEN integer total data array length

4 w1

8 N2 array dimensions

<] N3

7 Vi real

8 V2 arbitrary real information
] V3

io JOB char*8 time stamp of the
11 DATE generating job

i2 TIME

13 dummy not used
i4 dumniny

i5s dummy

The above data array control record is followad by a data record
of length LEN, representing the data array VERB(N1,N2,N3).
For integer arrays KEY must be 1, for real arrays KEY must bhe 2,
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3. INPUT DESCRIPTION AND OPERATION OF THE HERMES CODE SYSTEM

3.1 Guide to HERMES Operation

The organization scheme of the HERMES system iz illustrated in
Fig. 2.1 of Chapter 2.

The operation of HERMES proceedes in up to 7 steps:

(1) Generation of the Geometry Descripticn
Programs: CMD, CG-L2, GEOTEST routines

Input: CG-L2 input in CHMD language,
additional CHMD commands to test the
geometry setup (see Section 3.9)

Cutput: CG-L2 input f£fille in card image format,
test results (tables and viewgraphs)

Detailed description: Ssction 3.8

{(2) Run of HETC with Online Analvysis
Programs: HET/KFA2, SIM, CG-L2, CMD, STATLIB

Input: - CHMD-commands defining the detectors

for online analysis,
specification of materials, the particle
source, and the model options

- CG-L2 geometry input in card image
format

- a binary file containing nucleocn
cross-sections and evaporation data

output: - a print file containing the HET run
log and the online analvsis resultis
(from SIM}

- & HERMES submission f£file containing
low energy neutrons, 729 and the resi-
dual nuclei after INCE

- a HERMES submission fille containing
the SIM detector results for each batch

Detailed description: Secticons 3.2 and 3.7
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(3) MORSE Transport of Low Energy Neutrons

Programs:

Input: -

Output: -

Detailed dsscription:

MORSE/KF&, CG-LZ2

specification of model options,
particle source, materials used,
detectors

CG-L2 input in card image format

a submission file containing the
source neutrons (from HET)

a cross—-section library (e.g. EPR)
containing the neutron (and 7} group
cross—sections

a print file containing the MORSE run
log, and detector results

a HERMES submission file containing
v's from (n,y) processes

a2 HERMES submission file containing
the detector results of each batch

Section 3.3

(4) Generation of 7y Sources by NDEM from de-Excitation
of Residual Nuclei

Programs:

t

Input:

Output: -

Detailed description:

NDEM

a HERMES submission file containing the
nuclel to be de—excited

a library containing the decay modes
(level densities) of excited nuclei
specification of model coptions

a HERMES submission file containing the
r's generated

a print file

Section 3.5




{5} Preparation of
Programs:

Input: -

Output: -

Detailed description:

{6) Run of the EGS
Programs:

Input: -

Cutput: -

Detailed description:

Notel
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Material Data to be Used by EGS

PEGS4

specification of the materials to

be used

a data file containing data for the
photoelectyic effect, pair production
and Ravleigh scattering (Storm and
Israel)

g data file containing the Ravleigh
scattering form factor

& cross-section file to be used in
EGS4

miscellaneocus printed output, the
generated data and viewgraphs

Section 3.4.2

Code
EGS4/KFAl, STATLIB, CG-L2

specification of the model options,
material names, and the particle source
CG-L2 geometry input in card image
format

2 HERMES submission file which may
contain 29, e, et or 7

cross—-section data generated by PEGS

2 print file containing the EGS4 run
log and detector results

a HERMES submission file containing
the destector results of esach batch

Section 3.4

EGS4 may be used several times in the
same problem picking up EM sources of
different origins, namely

70 decay, residual nucleus de~excitation,
{n,r) reactions etc.
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(7) Final Analvsis of the Combined HET, MORSE and EGS Results

Programs: STATIST, CMD

Input: - a command file (CMD) specifying the
analysis to be mads
- one or more HERMES submission files
containing detector results from
Monte Carlo runs

Output: - viewgraphs of frequency distributions,
scatterplots, tables of statistical moments
- a binary file containing processed
results of each batch for use in SAS
or other statistical procedures

Notel STATIST can be used after each Monte Carlo
run to analyse intermediate results

Detailed description: Section 3.8

3.2 HET Input Description

HET input/output is illustrated in Fig. 3.1.

[ geomefry -
input

| problem
| description

s

HETC
e [6 detector

@ S
® STATLIB cata
S CMD

!

log file
detector
output
..#maﬁﬁhgmaﬁ

Fig. 3.1: HET input-output
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HET requires up to three input files:
- Unit 5 is used for primary input as decribed below.
- Unit INSUB is used for external source particles on a
HERMES submission file
- Unit INGEO is used for geometry-description input as
described in Section 3.6.
— Unit TIBERTP is used for INC cross-sections and EVAP data.

The primary input is read from unit 5. First CMD is called to
read in the detector definitions for online analysis. This part
of input must be terminated by the RUN command. Next to this
HET reads in a single namelist record &RUN containing the
physical parameters of the problem to be sclved. The vari-
ables used, their default values and meanings are given in
Table 3.1. (CMD see Section 3.7.1).

Finally CMD is called ageain to provide finzl processing of the ana-
lysed data. This CMD input section must be terminated with the
EXIT command.

Table 3.1

VARIABLE Default Description

IRUN i Identification number for the run
MAXCAS 2 Number of source events per batch
MAXBCH 2 Number of batches to be run

ISEED 123456789 Starting random seed

INSUB 0 Unit number for external source file in

HERMES format.

IosUB 0 Unit number of particle submission file in
HERMES format.

INGEO 5 Unit number of geometry input data read by
JOMIN

IOGEOD 5 Unit number for JOMIN print file

NHSTP 8] Unit number for history file

IBERTP =20 Unit number for INC EVAP data file

if >0 nucleon pion transport only
if <0 nucleon pion muon transport

EMIN(1) 15.0 Transport energy cut for protons [MeV]
EMIN(2) 156.0 Transport energy cut for neutrons [MeV]
EPICUT 1.0 Transport energy cut for pions [MeV]
EMUCUT 1.0 Transport energy cut for muons [MeV]

EMAX Maximum particle energy [MeV]

NiCOL 0 if >0 stop history after second generation

useful in debugging
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Table 3.1 continued

VARIABLE Default Descripticn

NPIDK i n~ capture option

£f =1 77 decay at cut-off energy

if =0 =7 are captured at cut-off energy

KEYDK 0 Pion decay-in-flight option
if =0 weighted decay to increase
number of muons
if =1 analog decay

NBOGUS i Option to correct residual nucleus
excitation with the recoil energy

NSPRED 0 Option to allow small angle multiple
Coulomb scattering of charged source
particles

NWSPRD 0 Option to report small angle multiple

Coulomb scattering to history file

NSEUDO 1 Option to report pseudo events to history
file
ISTRAG 0 Option to perform charged-particle rangs
stradgling.
TANG 1 Option to allow non-isotropic evaporation
IFISS 0 Option to allow high energy fission
IBO 1 Option to use automatic By in evaporation
BO 8.0 Level density parameter to be used in
evaporation
IELAS 0 Elastic scattering option
if =0 no elastic scattering performed
{except with 1H)
if =1 neutron elastic scattering
switched on
if =2 neutron and proton elastic scattering
switched on
MIMAT Number of media used (<17, except voids)
SO(M) 1.0 Detector efficiency of light detectors in
medium M
KB () 0.0 Saturation parameter of light detectors in

medivm M
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Table 3.1 coniinued

VARIABLE Default Description

DENH (M)

KEL (M)
A(L,M)
ZZ(L.M}
DEN(L, M)

LHT

HIA(B)
HIZ(5)
HIBE(3)
TIPSR

XS8R Y8R ZSR
X8IG ¥S8IG Zs81I¢G
USR VSR WSER

ESR
WTSR

Numerical density of 1H in medium M
[atoms/cm® *1.E24]

Number of elements other than 1H in medium M
Mass number of element L in medium M

Charge number of slement L in medium M
Numerical density of element L in medium M
[atoms/cm3 *1 . E241

O Switch for heavy ion sources
use 1 for 4 , 2 fTor t
3 for Hel , &4 for Hed

5 for arbitrary heavy ion

mass of arbitrarv heavy ion {( <20 )
charge of arbitrarv heavy ion
binding energy of arbitrary heavy ion

0 Source particle type
use 0. for protons , 1. for neutrons,
2. for zvt , 4., for =~
5. for u* ., 6. for u~
7. for d(LHI=1) , 8. for t(LHI=2)
¢. for JHe(LHI=3), 10. for “He(LHI=4)
ii. for heavy{LHI=5)
0 Starting coordinates for source particles

Standard deviations for XSR YSR ZSR

0.0 Direction cosines for source particles
0.0 Default refers to isotropic
0.0 distribution

Energy of source particles [MeV]
1.0 Statistical weight of source particles

Hote! source particle parameters may be omitted for external

sSourcses;
Note! Geometry
geometry

e.dg. when INSUE>0
input is read from unit INGEC., If INGEO=5, then
input must follow the HET/KFA2 NAMELIST record

‘on ‘the same file.
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3.3 MORSE~CG Input Description

MORSE-CG input/output is illustrated in Fig. 3.2.

Fig. 3.2:

MORSE-CG
- Unit
- Unit
- Unit

Unit

MORSE-CG
- Unit
- Unit
= Unit

- Unit
- Unit

.Unit-

cross-
sections

I HORSE- (G

® [

& enalysis

é

log fite
detector

MORSE-CG input-output

regquires up to four leogical units for input:

5 iz used for primary input as decribed below.

IHETTF is used for external source particles on a
HERMES submission file

INGEO is used for gesometry description as de-
scribed in Section 3.86.

IXTAPE is used for binary cross-section data
{e.g. the EPR library)

reguires up to six logical units for output:

<] is used for primary output

IOGEC is used for geomeiry description

I0ORSY is used for detector response data in RSYST
structure /f1i/

IGCHT is used for MORSE counters

ISIMTP is used for the detector response data file on

a HERMES submission file

IGAMTP is used for y raves of (n,r) coupled MORSE

runs on a HERMES submission file
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The primary MORSE-CG input is read from unit 5. Input to
MORSE-CG is written in card image or REA format as de-
scribed below (Section 3.3.1).

Geometry input is read from unit INGEO. If INGEO=5, geometry
input must follow the random walk module input in the same
file.

{1) Randwalk Module Input Instructions

The input read by subroutine INPUT1 is as follows:

Card A FORMAT (20A4)

Title card.
{Any character other than blank or alphameric in column

1 will terminate the job.)

Card A2 FORMAT (*)
IOCHNT Unit number for counter output
IORSY Unit number for RSYST /1/ ovuiput
INGEO Unit number for geometry input
IOGEC Unit number for geometry output
Card B FORMAT (*)
NSTRT Number of particles per batch; unused in

case of particle input from a HERMES
submission file

NMOST Maximum number of particles allowed in
the bank(s)
may equal NSTRT if no splitting, fission,
and secondary generation and no use of
HERMES submission file
otherwise NMOST > maximum number of partic-
les per batch

NITS Number of batches

NQUIT Number of sets of NITS batches to be run
without subroutine INPUT;
unused, must be 1

NGPQTN Number of neutron groups being analyzed

to simulate snergy cut).
NGPQTG Number of gamma ray groups to be analyzed.
NMGP Number of primary particle groups for which

cross sections are stored; should be same
ag NGP {(or the same as NGG, when NGP = 0) on
Card X¥B read by cross—-section nmodule
NMTG Total number of groups for which cross-
' sections are stored; should be same as HGP+
NGG as read on Card XB read by cross-sec-
tion module
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NCOLTP Unit number for collision file; to be set
greater than zero if a collision file is
desired; the collision file is written by the
user routine BANKR: not used in this version
of MORSE~CG

TADIM set greater than zero for an adjoint
problem

AXTIM unused variable

MEDIA Number of cross section media: should agree

with NMED on Card XB read by the cross-sec-
tion module.

For using the volume light detector, MEDIA must
be number of media + one extra medium for each
light response (containing ig)

MEDALB Albedo scattering medium is absolute value
of MEDALB;
if MEDALB = 0, no albedo information to be
read in,

MEDALB < 0, albede only problem - no
cross sections are to be

read,
MEDALB > 0, coupled albedo and transport
problem.
Card C FORMAT (%)
ISOUR Source energy group if > 0,

if ISOUR < O or ISOUR = 0 and NGFFS = 0,
SORIN is called for input of Card E1 and
E2.

NGPFS Number of groups for which the source

‘ spectrum is to be defined.

if ISOUR <= 0, NGPFS >=2.

ISBIAS No source energy biasing if set equal to
zero; otherwise the source energy is to be
biased, and Cards E2 are required

NOTUSD An unused variable

WISTRT Weight assigned to each source particle.

ERBOTHN Lower energy limit of lowest neutron ¢group
{eV) (group NMGP)

EBOTG ; Lower energy limit of lowest gamma-ray
group (&V) (group NMIG)

TCUT ... Age in sec at which particles are retired;

' ' if TCUT = 0, no time kill is performed.
VELTH Velocity of group NMGP when NGPQTN>O; i.e.,

thermal neutron veloccity (cm/sec) where
VELTH=SQRT( (WIS(I)+WTS(I+1))/2) - 1.383E+6.
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TABLE 3.2
Sample Group Input Number for Some
Representative Problems#*

Case A -~ Neuiron Only Cross Sections (22 groups)

Case B -~ Gamma Ray Only Cross-Sections (18 groups)

Case C - Neutron-Gamma Ray coupled Cress-Sections
{22-18 groups)

Input Case A Case B Case C Case C Cass C
Variable Top 14 Top 17 HNeutrons gamma— Neutron-
groups groups only ravs gamma-rays
Top 14 only Top 14
groups Top 17 Neutron

groups Top 17
gammna-rays

MORSE Input

NGPQTHN 14 0 i4 0 i4

NGPQTG 0 17 o 17 17 Card B
NMGP 22 i8 22 18 22 variables
NMTG 22 18 22 i8 40

NGP 22 i8 22 o 22+

NGG 0 0 0 ig is Card XB
INGP 22 is 40 40 40 variables

*For creoss sections with full downscatter. NDS=NGP, NDSG=NGG,
INDS=INGP, and ITBL~number of downscatiters + number of
upscatters +3.

Usually, ISGG=number of upscatters + 4: i.e. NUS+4.

+Must be = to total number of neutron groups in the data,

otherwise it picks up gammas from wrong location.

Card D1 FORMAT (*)
XSTRT
YSTRT } Coordinates for particles
ZSTRT
AGSTRT Sterting age for source particles
UINP Source particle direction cosines, if all
VINP -~} are zero, lisotropic distribution is assuned

WINP

Note! Source data on Cards C and Di will be overridden by
using a HERMES submission file
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Card D2 FORMAT (*)
IHETTP Logical unit number of HERMES submission
£file, if greater zero
ISIMTP Logical unit number of response data file

in HERMES submission file structure, if
gregter zsro

IGAMTP Logical unit number of gamma ray particle
file in HERMES submission file structure,
if greater zero

Cards E1 FORMAT (=)

{omit if ISOUR on Card C > 0 or if ISOUR = NGPFS = 0)
NGPFS valuess of FS, where FS equals the unnormalized frac-
tion of source particliles in each group.

Cards E2 FORMAT (*)

{omit if ISOUR > 0 or if ISOUR <= 0 and ISBIAS = 0)
If ISBIAS > 0, HGPFE values of BFS, the relative importance
of a source in group I is regquired.

Cards F FORMAT (REAG)
NMTG values of ENER, the energies (in eV) at the upper edge

of the enerdgy group boundaries.

Note! The lower energies of groups NMGP and NMTG were read on

Card C
Card G FORMAT (%)
(omit if NCOLTP on Card B <= 0)
NHISTR Logical unit number for the first collision
file
NHISMX The hichest logical unit number that a collision

file may be assigned to.

NBIND(J)},J=1,36 An index to indicate the collision parame-—
ters to be written on file
NCOLLS{J),J=1,13 An index to indicate the types of colli-

sions to be put on file

Note! unused in this MORSE-CG version
Note! See Table 3.3 for information concerning NBIND
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Table 3.3
Variables that may be Written on Tape (HNBIND)

J Variable® J Variable
i NCOLL ig WTRBC
2 NAME 20 ETAUSD
3 IG 21 ETA
4 U 22 AGE
5 v 23 OLDAGE
6 W 24 NREG
7 p:4 25 NMED
8 Y 26 NAMEX
g Z 27 HATEF
10 WATE 28 BLZHNT
11 IGC 29 BLZON
12 UGCLD 30 VEL{IG)
13 YOLD 31 VEL{IGO)
14 WOLD 32 TSIG
i5 XOLD ' 33 PNAB
16 ¥OLD 34 NXTRA
17 Z0LD 35 EXTRAL
18 OLDWT 36 EXTRAZ

* These variables are defined in tables 4.4 and 4.5 of Ref. /2/

Card H FORMAT(Z212)
RANDOM Starting random number
Card I FORMAT(*)
NSPLT Index indicating that splitting is allowed
if > 0.
NKILL Index indicating that Russian rouletite is
allowed if > O,
NPAST Index indicating that exponential transform
is invoked if > O
NOLEAK Index indicating that non-lezkage is in-
voked if > 0.
IEBIAS Index indicating that enevrgy bilasing is
allowed if > 0.
MXREG Number of regions described by geometry
input (will be set to one if <= 0.
MAXGP Group number of last group for which Russian

roulette or splitting or exponential trans-
form is to be performed. For adjoint,
set = NMTG or overstering result.

IOCNT option for Region output

Card I2 ' FORMAT (REAT)
{only if MHEREG < 0)
geomeiry regions

Card I3 FORMAT (REATI)
{only if MXREG = -2)
MORSE regions
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Card J FORMAT ( *)

(omit if NSPLT + HNKILL + NPAST =)
NGP1 From energy group NGP1 to energy group NGF2,
NDG inclusive, in steps of NDG and from region
NGP2 NRG1 to region NRG2, inclusive, in steps of
NRG1 NDRG, the following welght standards and
NDRG path-stretching parameters are assigned.
NRG2 If NGP1=0, groups 1 to MAXNGP will be used;

if NRGI=0, regions 1 to MXREG will be used
{both in steps of 1). Usually KDG=1 and NDRG=1.

WTHIHI Weight above which splitting will occur

WTLOW1 Weight below Russian roulette is played

WTAVEL Weight given those particles surviving
Russian roulstte

PATH Path-length stretching parameters use in

exponential transform (usually O0<=PATH<I1)

Note! The above information is repeated until data for all
groups and regions are input
End Card J with negative value of NGP1l (i.e. -1 /)

Note! In runs with guasi analog calculation of splitting, fission
and gamma production WTHIH1, WTLOWLI and WTAVELl must be 1.

Card K FORMAT (REAG)

{omit if IEBIAS on Card I<= 0}
((EPROB(IG,NREG}), IG=1i, NMTG), NREG=1,MXREG)
Values of the relative energy importance of particle
leaving a collision in region NREG.

Card L FORMAT(*)
NSOUR Set <=0 for a fixed source problem; other-
wise the source if from fissions generated
-in previous batch.
(NSOUR=1 for kges calculations)

MEISTP .- Index for fission problem, if <=0 no
S -fissions are allowed.
NKCALC . . The number of the first batch to be in-

cluded in the estimate of k; if <=0 no
estimate of k is made.

NORME ' .The weight standards and fission weights are
unchanged if <=0; otherwise fission weights
- will be multiplied, a2t the end of each batch,
by the latest estimate of k and the weight

standards are multiplied by the ratio of
fission weights produced in previous batch
to the average starting weight for the pre-
vious batch. For time-dependent decaving
systems, NORMF should be > 0.
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Card M FORMAT (REAG)

(omit if MFISTP on Card I <= 0)
(FWLO(T)}, I=1,MXREG) values of the weight to be assigned
to fission neutrons.

Card N FORMAT (REAG)

{omit if MFISTP on Card L <= ()
{(FSE(IG,IMED), IG=1,NMTG), IMED=1,MEDIA)
The fraction of fission-induced scurce particles in group
IG and medium IMED

Card O FORMAT (REAG)
(omit 1f NGPQTN=0 cr NGPQTG=0, i.e. include if coupled
neutron-gamma ray problem)

((GWLO(IG,NREG), IG=1,NMTG), NREG=1,MHREG)

Values of weight to be assigned to the secondary particles

being generated.

{2) Cross~Section Module Input Instructions
The input read by subroutine XSEC iz as follows:

Card XA FORMAT {20A4)
Title card for cross sections. This title is also written

on file if a processed file is written.

Card ¥B FORMAT { *)

NGP The number of primary groups for which
there are cross-sections to be stored.
Should be same as NMGP read on Card B in
randwalk module

NDS Number of primarvy downscatters for NGP
(usually NGP). Includes ¢(g g) in case
of downscatter cross-section matrix.

NGG Number of sescondary groups for which there
are cross sections to be stored

KD3G Number of secondary downscatters for HNGG
{usually NGG)

INGP S Total number of groups for which cross-

. sections are to be input.

ITEL. S Table length. i.e., the number of cross-

' sections for s=ach group (usuzally egqual to
nunber of downscatters + number of up—
scatter + 3)

ISGG Locations of within-group scattering cross-—
sections {usually egual to number of up-
scatter + 4}.




NMED

NELEM

NMIX

NCOEF

NsCT

ISTAT

Card XC
IRDSG

ISTR

IFMU

IMOM

IPRIN

IPUN

IDTF

IXTAPE
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Number of media for which cross—-sections
are to be stored:; should be same as MEDIA
read on Card B in random walk mcedule.

for using the wvolume light detector NMED must

be number of nmedia + extra medium for sach

light response

Number of elements for which cross-—-sections

are to be read.

Number of mixing table eniries

(must be >= 1),

Number of coefficients for esach slement,

including PO.
Number of discrets angles
(usually [NCOEF/21)

Flag to store Legendre coefficients if

greater than zero. {(must be

detector)

FORMAT(*)

= 1 for point

Switch to print cross-sections as they are

read, 1if > 0

Switch to print cross-sections as they are

stored, if > 0.

Switch to print intermediate rassults of

mean value calculation, if
Switch to print moments of
bution, if > O

Switch to print angles and
if > 0

Switch to print results of
coefficients, if > O

if = 1 message in case the

>0
angular distri-

probabilities,
bad Legendre

first moment is

wrong; in case P2 and P3 are wrong, they
are ignored and MORSE calculates just P1l.
Switch to signal that input format 1is
DTF-IV format, if > 0; otherwise ANISH

format is assunmed

Logical unit number if binary cross-section
file, set egual to 0 if cross—-sections are

read from cards. i1f negative,
. cessed cross—-sections and other necessary data
- from a previous run will be read; in this
.case (IXTAPE<QO) no cross-sections from

then the pro-

cards and no mixing cards may be input and

.- switches are ignored
- the absolute value of IXTAPE is the logi-

cal unit number




JXTAPE

I08RT

IGQRT

IRBA

ICRO

IBAD

Card XD
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Unit number of a processed cross-section

file to be written. this processed file

will contain the titls card. the variables

from common LOCSIG and the pertinent cross

sections from blank common

Unit number of a peint cross-section file

in 0B8R format

Last group (MORSE multigroup stiructures)

for which the 06R point cross-sections are

to be used (must be <= NMGP)

if IRBA=0, EPR-Library or $9-group Library

=1, cross sections generated by RSYST
are input. these cross-sections
do not contain the factor (2L+1),
80 they are multiplied by (2L+1)
in MORSE
=2, ANISN-formatied Library, e.g. LASL

Switch to print neutron to gamma transfer

cross—-sections, if > 0

Switch to print bad moments, if > 0

FORMAT (REAT)

{omit if IXTAPE <= Q)
Element identifievs for crogs section file, If element iden-
tifiers are in same order as elements on file, the afficiency
of the code is increased due {o fewer file rewinds.

Card XE

{omit if IXTAPE = Q)
If cress sections are in free-form, a card with ** in col-
umns 2 and 3 must precede the actual data.
ANISN format if IDTF <= 0:; otherwilse, DTF-IV format. Cross
sections for INGP groups with a table length ITBL for NELEM
elements each with NCOEF coefficients are read in.

Note! should not be used in this MORSE-CG version

Cards XF

FORMAT (*) MIXTNG TABLE

(omit if IXTAPE < 0)
NMIX (see Card XB) cards are required.

KM
KE

RHO

Medium number

" Element number occuring in medium KM {(nega-

tive value indicates last mixing operation

for this medium). If the medium consists of

only cone element, this has to be negative,
where KE is the cross section numbers read
on Card XD in order of the input

Failure to have a negative valus causes
code not to dgenerate angular probabilities
for that medium.

Atom density of element XE in medium XM
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Note! for each medium {scintilator material) for which visi-
ble energy 1ls to be calculated (by using the volums light
detector) an extra medium containing 1 must be defined
with the same density as the iy density in the scintil-
lator material.

Card XG

FORMAT(*)

(omit if IOGRT <= 0)

NXPM

{3) SAMBO Analysis
The following data

Card Aa

Number of point cross-section sets per

medium found on an 06R-file.

= 1, total cross-section only

= 2, total + scattering cross-section

= 3, total, scattering and v*fission
cross section

Input Instructions
are read from cards by subroutine SCORIN:

FORMAT (20A4)

Title information - will be immediately output.

Card BB
ND
NNE

NE
NT

HA
NRESP

NEX

. NEXND.

IORESP
IOFLUX

FORMAT(*)

Number of detectors (set =1 if <=0).

Number of primary particle (neutron} ensrgy
bins to bz used {(must be <= NE).

Total number of ensrgy bins (set =0 if <=1)

if NNE < NE the first NNE-1 energy bins and
the last one are used. There will be a message
in the output

Humber of time bins for each detector (may

be negative, in which case the absoltue values
of NT are to be read and used for each detector)
(set =0 if <=1)

Number of angle bins (set =0 if <=1)

Number of energy dependent response func-
tione to be used (set =1 if <=0)

Number of extra arrays of size NMTG to be

set aside (useful, e.g., as a place

to store an array of group-to-group trans-

fer probabilities for estimator routines)

must be >=1 for point detector

Number of extra arrays of size ND to be set
aside (useful, e.g., as a place to

store detector depsndent counters)

must be = NNE for volume light detector
Switch to print responses, if > 0

Switch to print fluence, if > 0
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Card BC FORMAT(A)
CHOICE Detector tvpe
V3G : volume flux detector
VL : wolume light detector
P : point detactor
8Q : surface flux detector
5C : surface current detector
SE : surface energy currsnt detector
Cards CC1-CC5 Detector information

Format: Card CC1l FORMAT(REAG)
Card CC2 FORMAT(REAG)
Card CC3 FORMAT(REAG)
Card CC4 FORMAT(REAIL)
Card CCB8 FORMAT(REAI)}

Note! The meaning of these input variables is totally depen-
dent on the detector type that is chosen!

(a) Velume Detector: VQ and VL

CC1 must be : F 0. ;

CC2 must be F 0. ;

CC3 mnust be : F 0. ;

CC4 IREG region number, where the responss

is tc be estimated
CC5 must be : F 0 ; for volume flux detectior
IMEDIA for volume light detector

medivm number of 1H IMEDIA(I) with
the same 1H density as ip the ma-
terial of detector IREG(I)

{b) Point Detector: P
CC1 X X-Coordinates of detector points
CcCi Y Y¥-Coordinates of detector points
cci z Z-Coordinates of detector points
CC4 must be F O ;
CC5 must be F 0 ;

{c} "Burface Detector: 5Q, 8SC, SE

CC1 U U,V,#W specify the zero degree
cc2 ety " direction for the desired detec-
CC3 SR S ' " tors, they reference to direction
C : cosines for angular dependent
calculations
CC4 IRl ' regione before surface crossing
cCh iRz regions after surface crossing

Note! In case of time dependent calculations with veclume or surface
detectors the lower limit of the fine time bin is set To 2ero.
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Note! In case of the point detector, the distance between the
%,v.2z points and XSTRT, ¥YSTRT, ZSTRT values and the
initial age, AGSTRT, will be used to define the lower
linit of the first time bin

Card DD FORMAT (2044}
Title or units for total responses for all detectors. Will
be used in columns 54 through 133 of the title prior to the

print of these arrays

Card EE FORMAT (20A4)
Title or units for each total response for all detectors

Card FF FORMAT (REAG)
Response function values. NMTG values will be read on each
set of FF Cards. Input order is from energy group 1 to NMTG
( order of decreasing energy)

Note! Cards EE and FF are read in the following order:
NRESP sets of (EE - FF) cards

Card GG FORMAT(2044)
{omit if NE <= 1)
Units for energy dependent fluence for all detector

Card HH FORMAT(REATI)

{omit if NE <= 1)
Energy group numbers defining lower limit of energy bins
(in order of increasing group number). The NNE (if > 0)
energy nust be egual NGPQTN: the NE entry must be set to
NMGP + NGPQTG for a combined problem, or else NGPQTG or
NGPQTH.

Card II FORMAT(20A4)

(omit if absolute value of NT <= 1)
Units for time dependent total responses for all detectors

Card JJ FORMAT (20344)

(omit if absolute value of NT <= 1 or NE <= 1 }
Units for time and energy dependent fluences for all detec-
tors.

Cards KK FORMAT { REAG)

ND Cards must be input
NT values of upper limits of time bins for each detecior
(in order of increasing time and detector number). The
values for each detector must start on a new card. Absclute
values of NT only are read if NT is negative. They are then
used for each detector




52

Card LL FORMAT({20a4)

(omit if NA <= 1)
Units for angle and energy dependent flusnce for all
detectors

Card MM FORMAT (REAG)

{omit if NA <= 1}
N2 values of upper limits of angle bins (actually cosine
bins; the NAth value nust egual one, that mesans the values
have to be specified in increasing order of cosine.

(4) Additional Input

Following is the input to the SAMBO analysis module, input cards
for user-written routines

For pcint detector only : CHOICE=P

For detailéd information about using the point detector see
Section A.4.2 of appendix A.

Card P1 FORMAT(*)
IDR(I,1}), HD values, giving the number of regions,
I=1,ND that are specified for sach detector 1

IDR = 0 : no specification of regions, i.e.
all regions are regarded

IDR > 0 : only those collisions avre regar-
ded, that occur in one of the re-
gions defined on Card P2

IDR < 0 : collisions, that cccur in one of
the regions defined on Card P2,
are disregarded

Cards Pl FORMAT (*)
{for each I with IDR(I,1) = 0 a new card with:)
IDR(I,J}, Regions for each detector

J=1,IDR{I,1}

For volume light detector only : CHOICE=VL
Card VL1 FORMAT{ *)}

NUMBR Number of light response functions-

NUMBR sets of following cards must be input
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Card VL2 FORMAT(*)
NDETEC Number of detector using this light
response function
s Scintillation efficiency of this light

response (fraction of lonization shergy
converted to fluorescent light energvy)

KB Saturation parameter of this light response
NEL Number of elementes {other than 1H) of detec~
tor mediunm ‘
DENH Atom density of 1y in detector medium
Card VL3 FORMAT (REAZI)
in NDETEC region numbers of detectors with
same medium and using this light response
function
Card VL4 FORMAT (REAG)
ZZ The NEL charge numbers of slements in this
medium
Card VL5 FORMAT (REAG)
A The NEL mass numbers of elements in this
medium
Card VL6 FORMAT (REAG)
DEN The NEL atom densities of elements in this
medium

3.3.1 Implementations in MOREBE-CG

MORSE-CG was implemented into HERMES to simulate low energy
neutron and gamma transport.

{1) Input and Output Files

To use MORSE in the context of HERMES an interface to HERMES
submission files has been included. This allows MORSE to
receive particle sources generated by other programs (HET,NDEM
or by MORSE itself). to report its resulis for further pro-
cessing (in STATIST) and tc write generatsed gamma-ravys to be
read in other programs as a source.

The analysis code of MORSE generates response data records
(in HERMES submission format) at the end of each batch, if
chosen. The verbs of all these records are in the following
form:
Rexu@EQCB with xxx is the response funcition number in
order as read-in from 001 to 989
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If chosen, the generated y rays will be written on a HERMES
submission file to be used in other programs, e.d¢., EGS4,

or in MORSE itself as source particles). Therefore, the energy
of the y ravs generated in r-enesergy group ¢ will be uniformly
distributed between the low and hicgh energy boundaries of this

group.

(2) The REA Format

To sinplify the input of data arrays, MORSE uses two subrou-
tines REAC and REAI, to input arrays from cards. REAI reads
INTEGER arrays, REAG REAL arrays. Each input of an array
begins on 2 new card. To read variable 'A', means the whole
array or an array element, in REA format use following syntax:
Where '0OP' is an operator given as one character,

' N' is the repetition factor given as INTEGER con-

stant

and ' V' is the value given as REAL constant for REAL
variable 'A' or INTEGER constant for INTEGER
variables

All elements should be separated by blanks;

Table 3.4

QP N Value Meaning

v A(T)=V I=I+1
R N v N-times : A{(I)=V ;. I=I=1
Q N M repeat the last M values N-Tinmes
F v £fill remainder of & with V
A N v N-times : A{(I)})=A(I-1)+V ; I=I+1
M N v N-times : A(I)}=A(I-1)*V ; I=I+1
/ Skip to next line
5 Skip to next line
H Terminate input (must be ths
T last '0P1)

b message occurs, when too many or too few values are given.

Examnples:

F 0. ; Fill the whole REAL vector with the value 0.

R 41 1 F 2 ; Vector elements A{1)}) - A(41) have the INTEGER
value 1, the remaining element the INTEGER
value 2.

5. A 4 2. means: A{l)=5., A{(2)=7., A(3}=8., &(4)=11.,

A(5)=13.
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{3) aAuxiliary Routine NDMMOR for y-Data Input

This program merges together the HERMES submission files gene-~
rated by NDEM and MORSE, both containing the produced y ravs.
Thus one single »un can be made for y rays produced by high and
low energy particles.

The unit numbers used by the program are:

- Unit 10 for the HERMES submission file generated by
HDEM

- Unit 11 for the HERMES submission file generated by
MORSE

- Unit 12 for the HERMES submission file genesrated by
NDMMOR

3.4 EGS4-HERMES Implementation

Tc use EGS4 in the context of the HERMES code system, a standard
user code has besn written, which solves the following tasks:

- Interfacing with HERMES submission files.

This allows EGS4 to accept particle sources generated by
other codes (NDEM, MORSE) and to repert its results for
further processing (in STATIST).

- Interfacing of EGS4 with the combinatorial geometry code
CG-L2. By means of this interface EGS4 can share the
geometry description used also in HET, MORSE etc.

- & standard analysis was incorporated to measure enevgy
deposition, flux and leakage current by tracklength of
particles dependent on type and resgion.

Since the user code is rather large, problem dependent data
{such as NMED, NREG, ECUT, etc.) are read-in from an input

file vather than being assigned in the MORTRAN source text.
Thus, EGS4 in the version used here can be used like a con-
ventional FORTRAN program. The FORTRAN scurce of the stan-

dard implementation is delivered along with the MORTRAN

source.

EGS newcomers are adviced to use the FORTRAN standard setup.
After some practice with EGS4 tutorials given in Ref. /3/, it
should be possible to understand the MORTRAN source of the
standard user code and to tailor it for special

puUrposes.

The analysis code of EGS4-HERMES generates four response data
records at the end of each batch:
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(1) EDEP@EOB (NREG,3,5)

energy deposition [MeV] per
- region 1 to NREG

- particle 1 e~

W
[
R

deposition in flight

deposition at ECUT/PCUT discard
deposition at AE/AP discard

leakage ensrgy loss

deposition of photo electrons generated
below cutoff energy

- tvype

G o D

(2) HARG@EOB (NREG,3,5)

freqguency of analysis calls per
- region

- particle

- type see above

(3) PHIBQEOB (NREG,3}

flux by tracklength [cm] per
- region
- particle

(4} EESC@EOE (NREG,3)

leakage current [arbitrary units] per
- region
~ particle

At end of run, the same information, averaged over all batches
is reported using the following data record names:

EDEP@EOR for energy depeostion,
HARGBEOR for calling freguencies,
PHIM@EOR for tracklength flux, and
EESC@ECR for leakage current. '
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3.4.1 EGS Input Description

EGS4 input/output is illustrated in Fig. 3.3.

Pt aninon s ook s R

{ Storm &

material
description

Shput ] =
problem N (eross-section
description ety
n—a\ /
EGSL
@ EG 1 5
@ SIM data
© STATLIB
log file
defector
output
e

Fig. 3.3: EGS4/PEGS4 input-output

This input description refers to the standard EGS4 user code
for the HERMES system. It is delivered along with some
additional macros to enable the user to construct his own

user code for special purposes.

Note, that a proper implementation of EGS4 into the HERMES
system reguires

- interfacing to combinatorial geometrvy {in HERMES version)!
- the correct coupling to HERMES submission files!
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EG34 rsguires upto four input files:

- Unit 5

-~ Unit INGEO

- Unit KMPI

-~ Unit INEGS

contains the primary Input {problem description)
as described below.

iz used for the geometrvy description.

For details of HERMES-CG input refer to

Section 3.6

is read by subroutine HATCH and must include the
cross-section data generated by PEGS4.

can be used to read in an external particle
source.

This file must be written in HERMES submission
file format as described in Section 2.5 of
Chapter 2.

The primary input on unit 5 is organized in a single
NAMELIST record &EGS. The items are described in Table 3.5,

Table 3.5

VARIABLE Default Description

IRUN
MHIS

MBAT

INEGS

IOEGS

INGEQ

ICGED

i identification number of the run

1 number of source particles started within
one batch., For external particle sources
HHIS is not used.If freguency distributions
are to be msasured, MHIS must be set to 1.

10 maximum number of independent batches to
be run.
o unit number of an external source particle

file in HERMES submission file format.
If INEGS=0 an internal particle source is
used.

o unit number of an output file in HERMES
submission file format. This file is used
to report the measured detector data for
further processing in S$TATIST.

5 input unit number for the combinatorial
geometry Iinput {(refer to Section 3.6). If
INGEQO=8 CG input must follow the NAMELIST
record.

8 ocutput unit number for the combinatoriazl
geometry print file (refer to Section 3.6)




KMPI iz
EMPO 8
IXX 123456789
NMED

MEDNAM (NMED )

ESTEPE (NMED)

NREG
LSTREG{NREG)

MED (NREG)

ECUT({NREG)

PCUT (NREG)
IRAYLR(NREG)

IQI

89

input unit number for the cross-sections
prepared by PEGS4 (refer to Section 3.4.2
for PEGS4 input)

cutput unit number for the cross-sesction
print file generated by HATCH.

initial random seed. This should be a large
odd integer number.

nuniber of mediz used. NMED must not exceed
18 which is alsc the limit in HET. If more
media are reguired the EGS4 user code is
to be changed. :

array of CHARACTER*24 strings containing
the media names as used in PEGS4.

array of real numbers. ESTEPE limits the
electron step size to an energy loss of
ESTEPE(i) percent in one step for medium i.
It is used by subroutine FIXTMX.

numbar of regions used in EGS4 (<1000).
array of integer numbers containing the
region key for each region as assigned by
the geometry package.

array of integer numbers containing the
medium index of the media to be used for
each region.

electron/positron cuteff energy for each
region.

photon cuteff energy for each region.
integer switches (0=0ff, 1=on) to toggle

coherent ravleigh scattering for each region.

particle type of source particles
-] = electrons
0 - photons
+1 - positrons
+2 - 79
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X1,¥1,.21 coordinates of source particles.
UL,VI, WL direction cosines of source particles.
EI total energy of source particles
WTI statistical weight of source particles.

Note! IQI, ¥I.¥Y,ZI, UIL,VI,WI, EI and HTI are not used for
external particle sources {with IWNEGS>0)

3.4.2 PEGS4 Input Description
PEGS4 input/output is illustrated in Fig. 3.3.

PEGS4 must be used tc generate cross section data for EGS4. The
program is ussd as designed by Nelson et al. /3,4/ without any

changes. Refer to /3/ for a detailed description of the code and

input. Here we only give a compendium of the input description.

PEGS4 regulires 3 input files:

- Input data for photoeleciric, pair production and Ravleigh
scattering {from Storm and Israel) is read from FORTRAN unit

number 8.
- Input data for Ravleigh scattering form factors is read from

FORTRAN unit 9.
- User input data, as described below, is read from unit 5.

PEGS4 generates output files:

- Data to be used by EGS4 is written on FORTRAN unit 7 in

card image format.
- Primary print output is written on FORTRAN unit 6.
-~ A copy of the data provided for EGS is written on FORTRAN

unit 10 in printer format.

PEGS user input consists of a set of processing options read in
2 loop. For each option PEGS4 reads

- & card containing the option name in {(A4) format,
- the namelist record &INP containing the parameters used for

the option,
- additional literal data needed for the option In fixed

FORTRAN formats.

Cards A: Set Energy Cutoffs

Al: FORMAT (A4)
ENER




A2:
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FORMAT (namelist)

&INP

AE = electron/positron cutoff energy [MeV]
AP = 7 cutoff energy [MeV]

UE = highest electron/positron energy [MeV]
UP = highest y esnergy [MeV]
SEND

Cards A are followed by a medium specification:

Cards B:

Bl

B2

B3:

B4

Setup an element medium

FORMAT (A4)
ELEM

FORMAT (namelist)
&INP
RHO = density {g/cms] (optional)
WA = atomic weight (optional)
IRAYL 1 to include Rayleigh scattering
0 otherwise
1 to allow unrestricted collision
stopping power
= 0 otherwise
IsSsSE = i to use user defined Sternheimer
density effect coefficients
= 0 otherwise
AFACT = a (=0 for ISSB=0) (see Ref. 3)
SK mg (=0 for IS5B=0)
X0 = xg (=0 for ISSB=0)

"

IUNRST

X1 = x4 (=0 for ISSB=0)
CBAR = (=0 for ISSB=0)
IEV = I{eV) (=0 for IS8B=0)
GEND

FORMAT (A24,8X,A24)
MEDIUM identifier assigned to medium data

IDSTRN identifier of Sternheimer coefficients

predefined in PEGS (see Ref. 3)

-~ FORMAT (A2)

SYM atomic symbol of the element

Cards C: Setup a medium as a mixture of elements

Ci:

FORMAT (A4)
MIXT




Cc2:

C3:

Cards D:

D1

D2:
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FORMAT (namelist)}

&INP

RHO = density of the mixture {g/cmS]

NE = pnumber of elements in mixture

RHOZ{(I) = relative amount of slement I in
mixture {(must be given for all
NE elemenis)

GASP = 0., for solid or liguid media

{default)
= gas pressure [atm.]

WA(I) = atomic welioght of slement I
(optional)

IRAYL = 1 to include Ravleigh scattering

IUNRST = 1 to allow unrestricted collision

stopping power
ISSBE = 1 to use user defined Sternheimer
density effect coefficients

AFACT = a (=0 for ISSB=0) (see Ref. 3)

SK = mg (=0 for ISSB=0)

X0 = Xg (=0 for ISSB=0)

X1 = X7 (=0 for ISSB=0)

CBAR = (=0 for ISSB=0)

IEV = I{eV) (=0 for ISSB=0)

&END

FORMAT (A24,6¥,Az24)

MEDIUM identifier assigned to media data

IDSTRN identifier of Sternheimer coefficients
predefined in PEGS {see Ref. 3)

FORMAT (24(A2,1X))
S¥YM(I) atomic symbols of all NE elements

Setup a medium as a compound of NE elements

FORMAT (A4)

‘COoMP

FORMAT (namelist)

&INP
RHO = density of the compound [g/cmS}
NE = number of elements in compound
PZ(I) = pelative number of atoms of
element I in compound
{must be given for all NE elements)
GASP = 0 for sclid or liguid media

{default)
= gas pressure [atm.]




D3:

D4

WA(I)

IRAYL

IUNRST

issB

AFACT
SK
X0

{1
CBAR
IEV
&END
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atomic weight of element I

{opticonal}

1 to inciude Ravieigh scattering

0 otherwise

i1 to allow unrestricted collision
stopping power

= { otherwise (default)

i to use user defined Sternheimer
density effect coefficients

= X (=0 for
= x4q (=0 for
C (=0 for

I{eV) (=0 for 1SSB=0)

FORMAT (224,86X,A24) ‘
MEDIUM identifier assigned to media data
IDSTRN identifier of Sternnheimer ceoefficients

FORMAT (24(A2,1X))
SYM(I) atomic symbols of all NE elements

= 0 ptherwise (default)
= a {=0 for
= mg (=0 for

ISSB=0)
ISSB=0)
ISSE=0)
ISSE=0}
ISSB=0)

predefined in PEGS {see Ref.

(see Ref. 3)

3)

After each medium definition the "plecewise linear fit" option
must be called to compute the cross section set needed by EGS.

Cards E:

El:

E2:

FORMAT (A4)

PWLF

FORMAT (namelist)

&INP &END

invoke the '"piecewise linear fit"

normally no parameters are needed. For

details refer to Ref.

3.

When the cross sections have been computed with PWLF use the

DECK option to store them on FORTRAN unit 7 for further
processing in EGS,

Cards F:

Fl:

save cross section data for EGS

FORMAT (A4)

DECK
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F2: FORMAT (namelist)
&INF &END
no parameter needed

For subseguent media the input must be continued with another
medium setup (ELEM, MIXT or COMP) followed by PWLF and DECK.
The last option must be the STOP option:

Cards G: terminate the PEGS run

Gi: FORMAT (&4)
STOP

G2: FORMAT (namelist)
&INP &END

no parameters nseded
Note! A slightly meodified user cods has been develcoped to run
EGS4 on the CRAY-IMP computer.
3.5 NDEM Input Description

NDEM input is illustrated in Fig. 3.4.

Fig. 3.4: NDEM input-output
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The NDEM run consists of two steps:

- TRX: translation of the level library from ASCII to bina-
rv code as read in NDEM

~ NDEM:calculation of the gamma rays from residual nucleil
on HERMES submission file written by HET

(1) Run of TRX

TR requires two input units:

- Unit 12 is used for primary input as described below
- Unit INBCD is used for BCDLIB, the level library in
ASCIT code

TRX requires three output units:
- Unit 6 is used for primary output
- Unit ICPHT is used for PHTLIB, the level library in bi-
nary code
- Unit LOUT is used for printed output {optional)

TRX input is written in card image format as described below

Card TRX1 FORMAT (*)
INBCD Logical unit number for level library ASCII file
ICPHT Logical unit number for level library binary file
LoUT Logical unit number to print level data, if > 0

Note! The file LOUT has more than 15000 lines.
Print is only usefull for general information about

level librarvy.

(2) Run of KNDEM

NDEM requires three input units
- Unit 5 iz used for primary input as described b=low
— Unit INUCTP is usad for HERMES submission file containing
the residual nuclei data
- Unit 30 is used for level library PHTLIB as created
by TRX in the first step

NDEM reguires two output units
- Unit 6 iz used for primary output
- Unit IGAMTP is used for NDEM output file containing gene-
rated 7y rays in HERMES submission file :

structure

NDEM input is written in card image or REA format as described
below and in Section 3.3.1.
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Card PHTI1 FORMAT (*)
Icc The level of phvsics to be applisd. Values of 0-4.
(For detailed information see Section 3.5.1)

NERG The number of energy bin boundaries to re-
present the de-excitation y spectra, if >0;
if <0, [NERG] energy bin boundaries from
10 keV in steps of 10 keV will be calcu-
lated

FNORM An overall weighting factor to be applied
to the printer and plotter output. The
default is 1.

KPLOT flag to turn on plotting.
=0 implies no plotting, default.
=1 requests plots

Card PHT2 Format(*)
INUCTP unit number of HERMES submission file con-
taining residual nuclei

IGAMTP unit number of HERMES subnmission file to
hold generated y ravs

ICPL switch to copy neutron records from INUCTP
to IGAMTP, if > 0 : usefull if IGAMTP
should be input tape for MORSE

Card PHTS3 FORMAT (REAG)
(omit, if NERG <=0)
ERGB NERG upper energy bin boundaries (in MeV)

for editing the de-excitation y spectrum
is reguired. NERG energies may be entered
from low to high.

3.5.1 The NDEM Model Option ICC
(1) ICC=0 : The Pure Continuum

When ICC=0 is specified, the continuum is assumed to exist at
all nulcear excitations above the pairing gap for the residual
nucleus. As a conseqguence, there is no line specitrum but
rather only a continuous y energy distribution. All tran-
gitions, within the continuum or from the continuum to the
ground state, are assumed to be El transitions.
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(2} ICC=1 : The Troubetzkoy {Ei) Model

For ICC=1, the nuclear energy levels specified in the data
library are used, the continuum is assumed to begin above the
highest specified level. However, all transitions, whether
continuum—-to-continuum, continuum-to-lisvel or level-to-level,
are assumed to be Ei transitions.

(3} ICC=2 : The Intermediate Model

When ICC=2, the model employed is really a hybrid between mo-
dels (2) and (4). The nuclear levels and their spins and parities
are obtained from the data library. The continuum begins

above the highest specified level. Howevey, all levels above

the lowest that has unknown spin and parity are also consi-

dered to have unknown spin. All transitions within or from

the continuum, cor that inveolve a level with unknown spin, are
treated as El1 transitions as in model (2). All transitions in-
volving only states of known spin and parity utllize the
Welisskopf single-particle transiticn model as in option (4).

(£4) ICC=3 : The Spin Dependent Model

When ICC=3 option gives the full model as described as option
(1}, with the exception that anvy experimental branching
ratios are ignored and a pure model calculation is performed
for the transition probabilities using the Weisskopf single-
particle transition estimates.

{8) ICC=4 : The Full Model with Experimental Branching Ratios

With ICC=4, the full procdure describsd as option (1) is em-
ployed, including the use of library-specified branching
ratios when available.

3.6 Description of Combinatorial Geometry Input

Combinatorial geometry input can be written either in card
image format, as described in the Section 3.6.2, or in CMD
command laguage. In CMD the user need noit care about column
formats, he can use symbolic variables instead of constants
to define gecometry data, and he can use general CMD commands
like LOOP etc. to simplify the input for regular geometric
patterns.
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3.6.1 Combinatorial Geometry Input in CMD Language

The user creates a file containing the geometry description in
CMD laguage. Then CMD must be called to compile this file to
card-image format input, which can be included in HET, EGS or

MORSE input files.

This should be done preferently using a suitabel procedure
within an interactiv operating system., For IBM-CMS users the
REXX procedure GEOGEN is available on the HERMES distribution

tape.

A summary of CG related CMD commands is given below.

{1} Use GEOCHMP Command to Start the Geometry Description.

GEOCMP nbody nzone nczone lenfpd lenma;
nbody = number of bodies used
nzone = number of input zones used
nczone= number of code zones used
lenfpd= length of floating point storage needed
lenma = length of integer storage needed

(2} Use the Following Commands to Define Bodies.

ARB owwl ... vw8 isi ... is6 ; arbitrary polvhedron

SPH k v r; ' sphere

RCC k vv hh r; rectangular circular cylinder

REC k vw hh rrl »rr2; " eliiptic cylinder

TRC k vw hh ri r2; truncated rectangular cone

ELL k vwi vw2 b; ellipsoid

BOX k vv hhi hh2 hh3; bosx

HWED k vv hhl hh2 hh3; wedge

RPP k xmin xmax ymin rectangular parallel spiped

ymax 2min zmax;

P kR uu 4 ; plane {hesse form)

PX k 4; plane rectangular on x
{v.2 plane)

PY k 4; plane rectangular on v
(.2 plane)

PZ B d; plane rectangular on =z
{x,v plane)

Ps k vwv uu d; pilane {(hesse form,shifted)

c v uvu r; evlinder

CX k vw r; i uu = ¥ direction

CY E v »; " ua = ¥ direction

CcZ kR vw r; " uu = z direction

END : end of body input
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kE = body kev number

vV = vertex vector

uu = direction cosinus of axis

rr = radius vector

hh = hight vector

¥ = scalar radius

d = scalar distance used in Hesse-form

{3) Use the Fellowing Commands to Define Zones

ZONE imed ireg condition-list; define geometry zone
SUBGEO ; start subgeometry-zone seat

define the medium returned by the geometry for the =zons
imed = -1 for external (black) voids

= 1000 for internal voids in MORSE

= §866 for internal voids in HET and EGS

< -1 to leave medium key undefined

define the region number returned by CG for the zone
ireg > 0 to define region number
< 0 to define only 3 digits of a composed & digit
region number

define the geometrical domaln of the zone-
condition list

syntax of condition list:

code-zone { OR code-zone ( ... }) (GO set-number )

syntax of code-zone:

ki k2
ki>0 means a2ll code-~zone points lie inside body ki
ki<0 means all code-zone points lie outside body ki

OR operator may be used to join code-zones together

GO may be used to paszs control to a subgeomatry-zone
et to subdivde the zone into subzones. The top

set of zone descriptions refers to sst number 1.

When SUBGEQ is encountered the set number is incre- -
mented

In set number 1 ireg<d will generate nreg=s-ireg®100000
The set called by GO0 from set number 1 will generate

nreg = ireg if ireg>0 or
nreg = nreg -ireg®1000 if ireg<0
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The et called from this level will generate
nreg = ireg if ireg>»0 or
nreg - nreg -ireg if ireg<0

Thus, the maximum hesting level cof zone descriptions is 3,
and the minimum ireg per level is -896.

(4} Terminate Card Image Input by ENDGEO

ENDGEO ;
terminates the gesometry input, the object output is

now available on unit 22.
(5} Use the Following Commands to Test the Geo Pescription
GEQIN in,io; load geo object

invokes subroutine JOMIN of the CG-L2 package
to read card image input.

LOOKZ ss; guery point properties
RAY ss uu  ravlength; ray tracing

PICHM ss ua vv size; medium picture

PICR ss un vV size; region picture

PICZ 88 uwa vv slze; zZone picture

NEXT : prepare for next picture
MARK iarea kline; shade "area" with "kline"
HEAD no text: define labesl 1 TO 7

g shift vector
uu direction cosines of u axis
vwv direction cosines of v axis

3.6.2 Combinatorial Geometry Input in Card Image Format

Card A: FORMAT(*®*) Header card 1

NUMB number of bodies (default 100)

NUMR number of input zones (default 100)

NCOD number of code zones {default 100)

LFPD length of floating point data needed (default 1000)
LMA . length of integer data needed (default 1000)

LOUT not used

IDBGO if 0, zone overlap will be checked by LOOKZ




Card B:

IVOpPT

MEDREG

Card C:

IPRINT

STRETCH

Cards D:
TYPE
INR
PARAM;

Note!
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FORMAT(*) Header card 2

voelume option

set all volumes egual to 1.0
invalid in this version
invalid in this version

read in NUMR volumes

bypass volume calculation

i D R = O

boundary optiocn

-1 return from GEOM at region boundaries
0 return from GEOM at all boundaries
1 return from GEOM at medium boundaries

FORMAT(*) Header card 3
tavlor CG printing

0 no print

1 print geomstiry descripticon

2 print description and storage dump

scale factor (default=1.)

FORMAT(2X,A3,1X,14,6E10.3) Body cards

Body type
body number
up to six parameters describing the body

There must be a card D for each of the NUMB bodies.

The last one must be "ENDY.

If a body requires more than six parameters,
cards must be used leaving TYPE and INR blank.
See Table 3.6 to find the parameters needed for body

input.

continuation
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Table 3.8
Types and Parameters

ARB Lk wvvl...vv8 isl...isb ; arbitrary polvhedron

SPH Lk vv v; sphere

RCC k vv hh r; rectangular circular cylinder

REC k vv hh rri rr2; # eliptic cylinder

TRC Lk vv hh ri1 r2; truncated rectangular cone

ELL Lk vwvl vv2 b; ellipscoid

BOX k wvv hhl hh2 hh3; box
WED k wv hhl hh2 hh3; wedge

RPP k xmnin xXmax ymin rectangulay parallel epiped

ymax zmin zZmax;

P k uu d ; plane (hesse form)

PX k 4; plane rectangular on X (V.2 plane)
PY k 4; plans rectangular on vy (%,.zZ plane)
PZ k 4; plane rectangular on z (%X.,v¥ plane)
PSs k vw uu 4; plane (hesse form,shifted)

C k v ua r; cylinder

CX k vy r; 1 un = X direction

CY vy r: " uu = v direction

Cz k vv r; n uu = z direction

END end of body input

k  body key number

v
uu
rr
hh

vertex vector
direction ccsines
radius vector
hight wvector
scalar radius

of axis

scalar distance used in Hesse-Torm

Card

IMED

& E:FORMAT(2I5,9

medium nunmbe
use 1000 for
-1 for

-2 to

777 to

299 to
blank on

(A2,I5}) Input zone cards

by
internal wvoid

external volid
leave unspecified

indicate start of subgeometry
terminate zone inpux
continuation lines
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IREG region number (blank on continuation cards)
use IREG>0 for normal regions
blank on continuation lines
TREG<0 to define three-digit part of the region
number in connection with the GO operator

OPi,Ni up to 9 geometrv conditions

Note! An input~zone consists of one or mors code-zones.
Each code zone "CZ" describes a set of points in space:
[ (Xcz,¥cz,Zcz) ]
Code zones may be combined to one input-zone using the
OR operator on card E.
A code zone is defined by one or more bodies, referenced
by number "Ni".
If Ni>0, all points of the code-zone must lie inside body
Ni; if Ni<0, all pcints of the code-zone must lie outside
body Ni.

If QPi="GO0" , then Ni refers to the input-zone card set
which is called for subdividing the zone into subzones.
Input—-zone card sets are numbered sequentialy. On input
they are separated by a card with IMED=777.

Zona input is terminated by a card with IMED=8%¢.

3.7 83IM Input Description

Detector input must be coded prior to the primary HET input,
using CMD commands. The analysis input consist of:

- One DEFDET command for each detector wanted
- A SIMIC command to specify the binary output of the detectors
~ A RUN command to switch back to the HET input.

At the end of run (i.e.,, after the HET input) additional
commands c¢an be used toc normalize detector results etc. This
input section must be terminated with the EXIT command.

There are some additional CMD commands which can bz used in both
analysis input sections to assist the user in defining data for

binning, normalization and some other useful technigues, e.g. to
enter data into arrays. These commands are described in the CMD

command language summary given in Section 3.8.

Here we will describe an easy to use method only:
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3.7.1 CHMD Commands for SIM Input

DEFDET name, type, prt, ud., ebin, abin., IR1, IRZ;

name

type

prt

ud

ebin

abin

IR1

- a four-character name used to identify all

arrays asscciated with the detector

the integer representation of the detector
type as described in Section 3.7.2.

a real value indicating the particle tvype
to be taken into account (not used for detector
types 4,5, and 9)

use prt = 0 for protons 7 for deuterons
1 feor neutrons 8 for tritons
2 for =t 9 for SHe ions
3 for =@ 10 for a's
4 for n~
5 for ut
& for u-

for flux and current detectors also prt=-1 can be
used Yo score source particles only.

iz a cartesian unit vector, indicating a reference
direction of the detector used for angle binning.
I% may be specified by three real constanis.

is a list of energy-bin boundaries in [MeV]
ordered from high to low (used in detectors 1-3
and 6-8, if desired}.

ebin may be coded as a list of real constants
enclosed in < >, all values separated by
blanks.

is a list of angles [°] ordered from low to high
for the angular binning in detectors of types

i-3 and 6-8. Abin may be coded as a list of real
constants enclosed in < >, all values separa-
ted by blanks.

is a2 list of region numbers as defined by the geo-
metry defining the regions to be used with the
detector.

IRl may be coded as a list of integer constants
enclosed in < > all values separated bv blanks.
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- is a second list ¢of region numbers used to defins
surfaces.
For detector types 6, 7 and 9 a surface is identi-
fied by the common surface of two regions IRi(i)

Parameters of the DEFDET command, which are not used, may be
omitted coding pesition holding commas only.

SIMIO [IOSIM iosim] [IORSY iorsvy];

iosim

iorsy

RUN;

EXIT,;

- unit number of a binary file on which the
detector results are to be stored after sach
batch and a2t the end-of-run in HERMES sub-
mission file structure.

If ilosim is specified, data records are gene-
rated for each detector defined. The record
names are constructed of the four-character
detector name followed by the string "@EOB"
at the end of batch and "@ECRY at the end-of-
ruan.

- unit number of an RSYST file /1i/ including the end
of run results of the dstectors.

The RUN command terminates the first analysis-input
section and returns control to HET-input reading
from the primary input.

EXIT immediately stops the execution of the
program

3.7.2 Available Estimator Types

{1} Secondary Particle Yield Detectors

DEFDET

DEFDET

name,1,prt,[ud]. [ebin]. [abin],[irl];
pvarticles generated in IHNC

prt may be 0.,...,6. for p,n,xt,n®

N A
name, 2,prt,[(udl,{ebinl,[abin],[iri],;

particles generated in evaporation and fission
prt may be ¢.,1,,and 7,...10. for p,n,d,t,HeS.a
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DEFDET name, 3,prt,{ud],[ebin],[abin], [irl];
particles generated in INC, evaporation and fission.

prt may be 0.,...,10.

When we define:

E - secondary particle energy

@ -~ the angle bhetween the secondary particle flight
direction and the detector reference dirsction "ud®

# - the angle between the secondarv particle flight

direction and the direction of the projectile
particle (ud must not be given)
IR - the region where the collision occcured.

then we can setup histograms of the following functions using
the given DEFDET commands

Y DEFDET name, type,pri;

Y(E) DEFDET name, type,pirt,  ebln;

Yi{ow) DEFDET name, type,pri.ud,  abin;

¥(g) DEFDET name,tvpe,prt,,,abin;

FT(IR) DEFDET nanme, type,prt,,,.,irl;

Y(E, o) DEFDET name, type,prt,ud,ebin,abin;
¥Y(E,8) DEFDET name, type.pri, ,ebin,abin;
¥(E,IR) DEFDET name, type,prit.ebin,,irl;
Y{E,o0,IR) DEFDET name, tvpe,prt,ud,cbin,abin,irl;
Y{(E.8,IR) DEFDET name, tvpe,prt,,ebin,abin,irl;
¥{w,IR) DEFDET name, type,pri.ud., ., abin,irl;
Y(8.,IR) DEFDET name, tvype,prt,, .abin,irl;

Example 1: Measurement of the number of protons generated by
evaporation and fission in regions 1 and 20 as
function of energy Y{(E,IR)

REAL EB(11);
DATA EB=<100. 80. 80. 70. 60. 50. 40. 30C. 20. 20. 0.>;

DEFDET PEVA,2.0.,.EB, <1 20>;

This example also illustrates the use of auxiliary CMD commands,
which help in defining data referencing them by name. The DATA
statement could alsc be coded as

DATA EB=<100. A 10 -10.>;

using fast-array input format. Refer to CMD language summary
for details. (Section 35.8) '
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Example 2: Measurement of the angular distribution of all
seondary neutrons with respect to the z direction
in steps of 10 degrees.

DEFDET NANG,3,1.,0. 0 .1.,,<0. & 9 10>;

again the binning data is coded in fast-array
input format.

{2} Energy Deposition Detector

DEFDET name,4,,,,.[irl];
energy and angle binning is not allowed
for detectors of type 4.
"pri” must not be specified.
irl may be used to specify the regions
where the detector is to measure the snergy
depesition.

{3) Scintillation Light Detector

DEFDET name,d,.,,,,[irl];
energy and angle binning Is not allowed;
“pri" must not be given
"irl" may be used to specify the regions
where gcintillation light is to be measured.

omitting "irl" in detector types 4 and 5§ results in a
summary over the whole geometry

DEFDET name, 4;
DEFDET name, 5;

(£} Forward Current Detectors

Count of the number of particles of type "prit" passing through
the region boundaries denoted by "iril" and "ir2", optionally:
binned in energy and angle per source particle,
Particle types allowed ave 0..1.,2.,4.,5.,8. for p,n,n
ut, g™ and -1. for source particles

=,

DEFDET name, 8,prt,[udl,[ebin],{abin],irl;

count particles leaving the regions iri{i)
DEFDET name,8,prt,{ud],[ebin],[abin].,.ir2;

count particles entering the regions ir2(i)
DEFDET name,8,prt,[(udl,[ebin],{abin].iri,ir2;

count particles passing from iri(i) to ir2(i)
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Consider
Is as the surface index according to irl and ir2.
E as the particle energvy on boundary
® as the angle between the particle flight direction
and the detector reference direction "ud®
¥ as the angle between the particle flight direction

and the normal vector of the surface at the inter-
section peint,

then we can setup histrograms of the forward current J' using
the following DEFDET commands,

J¥Is) DEFDET name,6,prt,,,,[irl],[ir2];
J+(E,IS) DEFDET name,8.,prt,,ebin,,[irl].[ir2};
I w,IS) DEFDET name,6,prt,ud,,abin, {iri],[ir2];
Jt(y,1I8) DEFDET name,8,prt,,.abin,[iri],[ir2];

J¥(E,0,I5) DEFDET name,6,prt,ud,ebin,abkin, [iri], [ir2]);
J+{E,¢,IS) DEFDET name,5,prt,,ebin,abin,[irl],[ir2];

Example 1: Count a1l p” escaping from the geometrvy.
The external void has region number 99,
DEFDET MUES.6,6.,.,,,<989>;

Example 2: Compute a double differential spectrum of n
entering regions 1 and Z with respect to the
z direction in 1 MeV energy bins and 30° angle
bins.
DEFDET NUES,6,1.,0. 0. 1.,
<1006, A 8892 -1.>
<0. A 7 30.>,,<1 2>;

{(53) Forward Surface Flug Detector

Measurement of the flux of particles of type "prt" passing
through the common region boundaries denoted by "irl" and "ir2"

per source particle,

optional energy and angle binnlng lis provided. Particle types
allowed are 0.,1.,2.,4.,5.,6. for p,n,x",z ,u%,p” and -1. for
source particles.

DEFDET nanme,7,prt, {ud}l. [ebin}, [abin],firi]),[ir2];

for details of the command svyntax refer te the description
of the forward current detector. "
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{8) Tracklength Flux Detectors

Measure the (volume integrated) flux of particles of type
"prt" in the regions specified by "irl". Optional energy
and angle binning is provided.

Particle types allowed are 0.,1.,2.,4.,5.,6. for p,n,z¥,n”,
g, u” and -1. for source particles.

DEFDET name,8,prt,[ud]l,[ebin],[abin],[irl]:

When ¢ is the angle between the particle-flight direction
and the detector-reference direction "ud"

and B iz the particle energy

ang IR is the considered region

then histograms of the flux ¢ [cm] can be defined as:

o} DEFDET name,b8,prt;

¢o(E) DEFDET name, 8,prt,,ebin;

o{o} DEFDET name, 8,prt,ud, ,abin;

¢ (IR} DEFDET name, 8,prt,,,,irl;

d(E, o) DEFDET name, 8,prt,ud,ebin,abin;
¢(E,IR) DEFDET name,8,prt,,ebin, . iri;
¢{w,IR) REFDET name,8,.prt,ud, ,abin,irl;
¢(E,w,IR) DEFDET name, 8,prt,ud,ebin,abin,irl;

(7) Detector for Particle Energy Passing Given Surfaces

This detector counts for the energy of all particles passing
through a given surface. All particle types are considered
simaltaniously. "prt" need not be specified. Energy and angle
binning is not provided.

DEFDET name,S,,.,,.,irl;
counts particle energy of particles having
region iri(i)

DEFDET name,9,,,,,,ir2;
counts particle energy of particles entering
region ir2(i)

DEFDET name.9,,,,.ivi,ir2
counts particle energy of particles passing
from iri{i) to irz(i)

When IS is the surface index as requested by iri(i)
and ir2(i) a table of energy E¥ is generated

E¥(ptyp,IS)
with ptyp is p n z¥ =z~ ot u~
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3.8 STATIST Input Description

STATIST input/output is illustrated in Fig. 3.5.

analysis 7}
requests |
\ detecior
STATIST o=
. cata
© STATLIB
o [MD
& graphic
log file
statistical ;

moments & |
diibui’ions

Fig. 3.5: STATIST input-output

STATIST input consists of

- one ore more HERMES submission files containing detector
cutput data from Monte Carlc runs,

- a command file containing the user requests of how to
select, combine and present the data stored on the sub-
mission files. The command file is read from unit 5 and
must be coded in CMD command language (seese Section 3.8).

3.8.1 Structure of the STATIST Command Fils
(1) Initialisation Section
The user must allocate array variables to kesp data that

are loaded from submission files, data computed in the data
antry section or static arrays like weighting tables etc.
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{2) Data Entry Section

This section represents a loop over all events (batches).

It comprises commands to

- load data from submission files,

- for arithmetical and logical operations on loaded data,
resulting in a set of variables V; of each event on a
file.

{3) Presentation {(Analysis) Sesction

In this section the user can request histograms of
- the frequency distribution functions of Vj,

- the statistical moments of Vi,

~ analysis of correlations beiwsen variables.

3.8.2 Syntax of STATIST Commands

The commands used in STATIST are CMD commands; for a complete
description of all CMD commands refer to the CMD command
language summary (Section 3.8).

(1) Initialization Ssction

(2)

Allocation of arravs:

REAL name (nl,nz,ns) {.,...1;

INTEGER name (nl,nz,ns) f....1;
Array specification is done iike in FORTRAN, upto 3 dimensions
are allowed.

Initialization of arravs:

DATA name = <list of data slements>;
only one array can be initialized in a DATA command. Sub-
sequent DATA commands for ths same arvay name overwrite
the preceading assignment.
The list of data elements may include constants and symbolic
segquences of constants {(like Rnv for repeat constant v n times
or Anv for add n-times constant v).

Pata Entry Section - Event Loop

This section begins with the STATIN command:

STATIN nv,neut:;
STATIN establishes a buffer for "nv" variables and "nevi"

events.
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LOAD unit, record name, array;
scans the HERMES submission file associated with unit
number "unit” for the next occurence of a data record named
"record name" and reads this record into "arrav'.
SET dest = srsy [srsgl[+...]:d
dest may be a variable name of dimension 1,
a subscripted array name.
srsy may be a variaeble of dimension 1,
& subscripted array name,
a constant.
SET can be used to compute linsar combinations of loaded
data items or to apply weights.
DOT 4 = s%sy [(ny,np,n3)]:
d array name of the destination matrix
s; array names of the source matrices
{nq,np,ng) if coded, then the dimensions of the arravs 4,
s1 and s, are temporarily overwritten and
d(nl,n3)=sl(n1,nz)*sz{na,n3) is calculated.
DOT calculates the innsr product (DOT product) of matrix
s¢ and matrix s, and stores it into matrix d.
DOT can be used to fold results with weighting tables.

Logical operations:
IF condition;
AND condition;
OR condition;
condition may be SYS{=SISg
Sre<SIrsy
Sr89>8rSy
IR, AND, and OR set the condition code examined in the
commands LIST and DROP.
DROP:
causes the current event to be discarded from the analysis.
DROP is executed only if the condition code set by IF, AND,
or OR is true.
LIST;
if the condition code set by IF, AND or OR is true, the
current event variables V; are printed.
VETO condition;
condition mavy be variable < constant
variable constant
variable > constant
VETO can be used to discard an svent from analysis.
VETC is eguivalent to IF condition;DROP;
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{3) Presentation (Analvsis) Section

BIN iv, from, to, nbin, label;
iv -~ the variable index of the variable V to be used
in construction of a histogram
from lowest binning limit
to - highest binning limit
nbin number of binning intervals to be used
label - descriptive text to be used in histogranm
output enclosed in inverse commas.
The BIN command results in the construction of a frequency
distribution plot of V{iv}, the computation of the empi-
rical moments of V(iv) and the groupsed moments of the asso-
ciated histogran.

H

FIT iv, from, to;

iv ~ index of the variable V(iv) to be fitted
from - lowest value of V{iv) to be used in the fit.
to - highest value of V(iv) to be used in the fit.

FIT computes the parameters of a Gaussian fit of the
frequency distribution function of V{(iv) in the range
<V{iv})<to.

SCAT ivx, ivy;
ivx - Iindex of V(ivx) tc be used on x axis
ivy - index of V(ivy) to be used on v axis.
SCAT generates a scatter plot of V(ivy) vs. V{ivx} in the
value window as specified in the corresponding BIN commands,
Scatter plots can be used to examine the correlation between
variables. The correlation factor is computed automatically.

This section ends with the STATIST command.

STATIST ioplot, splot, IOSAS;
igplot may be "print" to select line printer plotting or
plot" to select plotter software, which has to be
user provided.
splot is the size of viewgraphs in cm, if plotter
software is chosen. The features of this software are
discussed in Appendix D.
I0SAS is a unit number to store V for analysis in SAS.
"STATIST" must be followed by "nv" BIN commands to
specify the histogram parameters for the wvariable V{iv)
with iv=1 to nv,

The STATIST input must be terminated. by the EXIT command.
EXIT;
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3.9 CMD Command Language Summary

3.8.1 CMD Svyntactic Rules

In this chapter we describe the syntactic rules for all input parts
entered in CHMD command language.

CMD commands begin with a kevyvword (the command verb) identify-
ing the function of the command, followed by 2 list of parameters

and a semicoleon (:).

verb parameter-list;

Parameters can be:

- integer constants 123, -7

- real constants -4,5, 3,12E-10
- integer array constants <2 € 15>

- real array constants <i. 3. 7. 10.>
~ character sirings tetring'!

- vector constantis SK 10. 1. 7.

- variable names A, RVAL, I

-~ subscripted variable names B{(1,I.,J)

-~ Integer, real and character constants can be entered as in
FORTRAN read statements,

- Vector constants are used to enter the cosrdinates of points
in space or directions in space. They can be entered 5 ways:
1) 2 v = in kartesian coordinates
2) Sk x v = in kartesian coordinates
3) 88 » ¢ 8 in spherical coordinates
4) 8C r ¢ 8 in cylindrical coordinates

5} SN symbolic for 8X 0. 0. 0.
8X symbolic for $K 1. 0. 0.
8Y symbolic for 8K 0. 1. 0.
SZ symbolic for 8K ©. 0. 1.
®, ¥, 2, ¥, ¢, § may be real constants, names of real

variables and subscripted names of real array variables,

- Array constants are a list of constants and series expansions

separated by blank and enclosed in < >.
The following syntax items are zllowed in array constant input:

c - constant

Rnec - repeat n-times ¢

gnm ~ repeat n-times the last m values

A nc - add n-times ¢ to the last ¢

Mnec - multiply n-times with ¢

L ¢q € C3 - generate c¢'s starting with ¢; to cg in

steps of ¢y
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c; I ncg - interpolation of n values beiween
c; and cy in n steps
F c - £ill array with c

3.9.2 Commands Used to Define User Variables

REAL name (n4,ng,ng) [,...];

INTEGER name (ng¢,ns,ng) [,...];

name -~ 1 to 8 characters first alphsbetic

nj - integer constant or variable specifying up to
3 dimensions

Data can be entered into user variables by the DATA command
or the assignment statement.

DATA name = <array constani>;

array constants are explained above
Assignment statement;

destination=expression;

where destination may be the name of a single varizble or a sub-
scripted array name,

expression mav consist of constant-operands, variable or
subscripted array variables connected by numerical opera-
tors like in FORTRAN. Some numerical functions can be
used:

SIN, COS, TANW
SIND, COSD, TAND

and

gin, cos and tan of =
sin, cos and tan of angle
in degrees

ARC, DEG convert degrees to X and vice versa
EXP, LOG, LOG1O0 exponenitial and logarithmic
SQRT sgquare root
CEIL, FLOOR next integer »>x or <%, respectively
some functions are used in a different way than in FORTRAN
conventions:
MIN(arravy) minimum of all elements of an array
MAX (arravy) maximum of all elements of an array
PMIN{array) minimum of all positive elements of
an array
PMAH{arravy) maximum of all positive elements of
an arravy

SUM(arravy) sum of all

elements of an arrav.




86

When the destination of an assignment statement is an arrav or a
subarray written as

name(ll:hl, 12:h2, lsths),
then the assignment expression is evaluated for each subscript
of the destination in a loop structure

Do ia=13,h3

DO iz=12,h2

Do iimll’hl

name (i4,15,i3) = expression (i;,isz,ig)

ENDDO

In array assignments the expression may include arrays and sub-
arrays. The subscripts of arrav operands are incremented auto-
matically for each evaluation of the expression. When there are
constant arguments, undimensioned variable operands or array
operands avguments with fixed subscript in the expression their
associated values are repeated for each evaluation of the 2x-
pression. If the automatic incrementation of the subscript of

an array cperand runs out of the subscript range, the last valid
subscript is used for all subsequent evaluations of the expres-
sion. See the following examples for illustration:

Example 1
A(3:5,1) = B{T7:2) + C%3.;
results Iin

(3,1} = B(7) + C*3.;

A(4,1) = B(8) + C=*3.;

A(S,1) = B(9) + C=*=3.;
Example 2

REAL A{5)}), B{2);

A = B*5,;

results in

A(1) = B{1})*5,;

A(2) = B(2})*5.;

AB{3) = B{(2)%5.;

A(4) = B(2)=*5.;

B{5) = B(2)*5.;

3;9.3 Commands Used to Control User Variables

QN;

Query Names displays a list of all user variables
“allocated. c
DN name;

Display Name displays the values associated with a
user variable
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writes a user variable on unit 7

3.9.4 Commands Used to Control the Program Flow of the Input

terminates the program.

return to the calling application program.

continue input interpretation on unit iunit,.

Interpreter
EXIT;
RUN;
UNIT iunit;
LOOP n;
ENDL;

the input between LOOP and ENDL is repeated n-times.

FOR iwvar=ii,i2,
ENDFOR;

i3;

the input between FOR and ENDFOR is repeated like a
FORTRAN DO-loop.
name of an integer variable

integer start value for ivar

integer maximum (or minimum} value for ivar
integer increment of livar

ivar
il
iz
i3

GOTO line;

continue interpretation of input at the specified line

pnumber of the input file.

The commands described above can be used to prepare input data

for any application.

application dep

endent.

The following commands, however, are

3.92.5 Commands Used for Geometry Description

GEOCMP . nbody nzone nczone lenfpd lenma;

nbody
nzone
nczone
lenfpd
lenma

integer
integer
integer
integer
integer

number
nunber
number
length
length

of
of
of
of
of

bodies used

zones used

c-zones used

floating point data needed
integer data needed

GEOCMP must be the first command used for geometry description.
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Body definitions:

ARB

SPH

RCC

REC

k vvl...vv8 isl...isb;

k integer body reference number
vvl...vv8 8 vectors corners of thes body
isi...is8 6 integers surfaces of the body;

each surface is described
by a 4 digit Integer,
(digits representing the
index of the corner vvi)

definition of an arbitrarv hexahedron, defining the 8
corners and describing all 6 surfaces by 4 the corners
each.

k v r;

k integer body reference number
vV vector midpoint of the sphers
r real radius

definition of a sphere

¥ vv hh r;

k integer body reference number

vV vector midpoint of the bottom surface
hh vector height vector

r real radius

defines a rectangular, circular cvylinder starting
at point vv; axis direction and height are given
by hh; the radius is r.

k v hh rri rr2;

k integer body reference number

vV vector midpoint of the bottom surface
hh vector height vector

rri vector mayor half axis of the ellipsis
ry2 vector minor half axis of the ellipsis

defines a rectangular, elliptic cylinder stariing at
point vv. The cylinder axis direction and height are
given by vector hh. The major and minor half axes of
the ellipsis are given by the vectors rrl and rr2.




TRC

ELL

BOX

WED

8%
k vv hh ril r2:

-4 integer body reference number

vV vector midpoint of the bottom surface
hh vector height wvector

rl real radius at vv (bottom surface)
r2 real radius at vv+hh {top surface)

dafines a truncated, rectangular consa starting at point
vv with radius rl. Axis direction and length are defined
by vector hh. r2 gives the radius at the end of the
axis {(hh).

kv vvl vv2 b;

k integer body reference number
vvl vector location of focus f1

w2 vector location of focus £2

b real length of the major axis

defines an ellipscid.

k vv hhl hh2 hh3;

k integer body refersnce number

vV vector location cof one corner

hhi vector direction and length of the ist edge
hh2 vector dirvection and length cf the 2nd edge
hh3 vector direction and length of the 3rd edge

defines a box with 3 pairs of parvallesl surfaces. Star-
ting from one corner, 3 vectors are used to define the
direction and length of the edges of the box. hhl, hh2
and hh3 must be orthogonal.

k vv hhi hh2 hh3;

k integer body refesrence direction

Vv vector location cf one corner (from which
heights are defined)

hhi vectoy direction and length of ist basis edge

hh2 vector directicn and length of 2nd basis edgdge

hh3  vector height vector of the prisma

defines a wedge. A wedge is a rectangular prisma with
a rectangular triangle used as basis surface. vv de-
notes the location of the rectangular corner of the
wedge, hhl and hh2 describe the orientation and size
of the basic triangle and hh3 the height of the prisnma.
hhi, hh2 and hh3 must be orthogonal.
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RPP kxmin Zmax vymin vymax zmin zmax;
k integer body reference number
¥min real minimum x coordinate
Zmax real maximum X coordinate
ymin real minimum v coordinate
vymax real maximum ¥ coordinate
zmin real minimum z coordinate
zmax vreal maximum 2z coordinate

defines a rectangular (coordinate-axis) parallel epiped
(brick).

The feollowing commands define semli-infinite bodies.

P k uu 4;
4 integer body refsrance number
uu vector normal direction of the plane
d real distance from coordinate crigin

defines a2 plane in space using Hesse form. All
points lyving beveond this plane (looking into normal
direction}) are inside the body.

Special planes are:

PX k¥ d;
PY k d4;
PZ k &;
k integer body reference number
d real distance from coordinate origin
uu - is defzulted to the %, v or z direc-

tion, respectively

To simplify the preparation of input we alsc defined a shifted
Hesse form..

BS ek vwwouu 4d; .
O k integer body reference number
S tats -wvector shift vector
uu vector normal direction of the plane

a real distance from vv
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Circular cylinders of infinit length have been implemented as:

C k vwu r;
CX kv ;3
cy k vw r;
Cz vy r;
k integer body reference number
vV vecior any point on the cylinder axis
uu vector the direction of the cylinder axis
(may be defaulted by the command
verb to X, v or z direction)
r real radius of the cylinder
END;

The body input must be terminated by the END command.

Commands used for geometry zone input:

ZONE imed ireg code-zone [OR code-zone] [...] [GO subgo];
imed integer medium number
-1 for black holes
<-1 to suspend assignment to a
subseguent sub-geometry
ireg integer region number
if <0, 2 digit part of a 9 digit
compound region number
code-zone one oF more integer
body reference numbers
if >0, all points of the code~zone
lie within the body
if <0, all points of the code-zone
lie outgide the body

OR kevyword logical operator te join code-zones
together to one input zone
Go keyword indicates that the zone will be sub-

divided into subzZones
subgeo integer jdentify the zone-card set to be used
for subdividing the zone

SUBGEQ;
indicate the start of a new sub-geometry (zone-card set}.
Zone card sets are sequentially numbered from 1 to 10.

ENDGEO;
' indicates the end of the geometry description
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in, io;

in integer unit from which a precomplied geomeiry
' input is read

io integer unit for printed output

Commands used to test the geometry description: these commands
can be used when the geometry is loaded using GEOIN.

LOOKZ

RAY

vV
vV vector location of a point to be examined

LOOKZ will printout the point, the regicn and medium
number and the internally used zone number.

ss uu 4d;

5 vector starting location of the ray
uu vector direction of the ray

d real length of the ray

RAY performes ray-tracing, starting at location vv in
direction uu to the distance 4.

Position, region number, medium number and zone number
is printed out at vv, at each intersection point with
a geometry boundary and at the end of the ray vv+d*uu.

The following geometry-test commands can be used on an inter-
active operating system providing the graphic software.

PICZ

PICHM
FPICR

s uu vv 4;

&S vector midpoint of the picture

uu vector ¥—-direction of the picture
vy vector yv—direction of the picture
d real size of the picture

PICZ generates a picture plot of a plane cut through
the geometry. The lower left corner of the plot refers
to the space coordinates ss-d¥uu-d#*vv, the upper right
corner to ss+d¥uu+d®*vv. The zone boundaries will be
plotted.

sSs uu vv 4;

ss uu vv d4;

PICM plots medium boundaries, PICR the regicn boundaries
PICZ, PICH, PICR will prepare a picture which can be
completed interactivelvy using the fellowing commands.
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GRNXTF;

n;
n

integsr

g3

nunber of points to be examined

The user is prompted for n points (input with the
graphic cursor). At each point the zone region or
medium number will be indicated.

the picture is completed and the next picture can be
prepared. GRNIETF offsrs the picture for output on an
additional device.

3.9.6 Commands Used in SIM

See also Section 3.7.1

DEFDET

name,
name

type

prt

ud
ebin

abin

iri

ir2z

ype,
name

integer

real

vector
real
array
real
array
integer
array
integer
array

part,
variable

ud, ebin, abin, iri, ir2;

4 character name used to identify
all arrays associated with the
detector

detector tvpe

- cascade yvield

- evaporation vield

- total vield

- energy deposition

- scintillation light

- forward surface current

- forward surface flux

- tracklength volume flux

- energy passing surfaces
article type
proton 6 u
neutron 7 deuterons
'l 8 tritons
20 g 3He ions
7 10 «

O WM = O W o ;W & W =

detector reference direction
energy bin limits descending
[ MaV]

angle bin limites ascending
[°}

list of region numbers

{from region)

list of region numbers

{to region)
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3.9.7 Commands Used in STATIST

The STATIST commands are described in Section 3.8.2. Here we give
only a summary of the command syntax.

STATIN nv, nevi:

nv integer nuomber of wvariables
nevt integer number of events
LOAD unit, recordid, array;
unit integer unit number of submission file
record-id name record nams
array name variable name
SET dest=srsl {*srs2] [+...];
dest name destination
subscripted namsa
srsi name operands
subscripted name
constant
DoT dest=srsi*srs2 [{(ni,n2.n3)];
dest name destination matrix
srsi name source matrices
i Integer temporary dimensions
IF srsl symbol srs2;
srsl name items to be compared
subscripted name
constant
symbol < comparison operator
>
AND srsl symbol srs2;

see above

CR srsl symbol srs2;
see above

DROE;

LIST;
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Analvsis

STATIST

BIN

FIT

SCAT
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srsl svmbol constant;
srsl name

subscripted name
symbel <

>

Commands

ioplot, splot, iosas;

ioplot PRINT plot option
PLOT
splot real plot size in cm

iosas Integer unit number for SAS output file

iv, from, teo, nbin, label;

iv integer variable index

from real lower binning limit

to real upper binning limit

nbin integer number of binning intervalls

label string degcriptive text in inverse commas

if, from, to;

iv integer variable index

from real lower limit for Gaussian fit
to real upper limit for Gaussian fit
ivx, ivy;

dv=x integer index of x-variable

ivy integer index of y-variable

3.9.8 Commands Used for Graphic Output

CMD includes an interface to the

GR software. Since this software
other installation, a functicnal
routines is given in Appendizx D.

vroutines

to simulate a subset of

line printer.

GRSTRT;

GREND;

turn on graphic software

KFA graphic software called
cannot be installed at any
description of the GR sub-
We, however, provide some
the GR :software on a simple

turn off graphic software
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CHXAXS

CHYAXS

CHCURV

CHEARS
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tchart-~titie':
define the chart title

scale, from,to, 'title';

scale,from,to, 'title';
define the chart axis

scale

from
to

Tritle™

may be LIN or LOG for linesar or logarithmic
scaling of the axis

lower limit for the axis

upper limit for the axis

if ‘from' or "to' is not given, it will be
set automatically

text to be written at the axis

%x,v,colour,symbol, line, 'text’®;

define a
%

Y

colour

symbol

line

Ttext!

real array of abscissa

real array of ordinates

given as variable name or array constant
integer value defining the cclour of the
curve

i black
2 red

3 blue
4 green

integer value defining the symbol to be
drawn at each point Ej:Y

0 no symbel

i symbol number i {(maximum 13)

0 no lines between points

1 straight lines beiween points

is a descriptive text which will be plotted
in the legend field of the chart.

The text appears in the same colour as the
curve and will be preceded by a piece of
line and the maitching symbol.

X,¥,colour,symbel,line, "text’;

“define a

X

¥
colour

bar-curve {(histogram)

real array of group limits

real array of ordinates per group
integer value defining the colour
1 black

2 red

3 blue
£ green




symbol

line

Ttext!’
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integer value defining a symbol to be placed
in the group midpoints

¢ no symbol

i svymbol number i {(maximum is 13)

0 no bars drawn

1 draw bars

function description to be placed in the
legend field of the chart

CHLGND colour,symbol, line, 'text';
define a text to be placed in the legend field of the

chart
colour

symbol

line

Ttext!

CHNEXT;

integer value defining the text colour
1 black

2 red
3 blue
& green

integer value defining a symbol to prefixed
to the text

C no symbol

i symbol number i (maximum 13)

integer value defining a piece of line as
prefix to the text

0 no line

1 draw line

text to be placed in the legend field of the
chart

show current chart and clear chart-memory

CHART;

invoke a chart input panel.

The panel summarizes the above chart commands. It can
be used on VM/CMS systems and uses the VM/CMS editor
and svstem product interprater REXR.
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APPENDIX A
MODIFICATIONS OF THE ORIGINAL MOKNTE CARLO CODES USED IN HERMES

Below modifications to the original program versions contained
in the HERMES system are described. The main emphasis was laid
on better physics in the programs. Because these modifications
are not published elsewhere, we give a detailed description
here.

A.1 Modifications of HETC

A.i1.1 Model for Elastic Scattering of Protons and Neutrons
up to 20 GeV

(i} Introduction and Summary

Elastic scattering is usually not taken into account in EHETC
code calculations. While present versions of the code contain
programming to allow the user to input elastic scattering cross
sections (presently restricted to energiss below 100 MeV and
only for neutrons), such input data are not readily avallable.
{Furthermore, the angular scattering distribution is assumed
to be of the form a+b-cosf, which is very approximate.) There-
fore, the elastic scattering capabilities of all present ver-
sions of the HETC code are incomplete, and almost all calcula-
tions are made with elastic scattering neglected, the assump-
tion being that at high ensrgies the angular change and ensrgy
loss from elastic collisions is small.

However, there are several situations related to accelerator
shielding, visible enerqgy in high energy physics calorimeters,
heat deposition in materials etc. where elastic scattering
gffects may bhe important. Therefore, we have modified the HETC
code to include in a general wav the effects of high-energy
elastic collisions to improve the physical models.

The approach used for arriving at neutron and proton high-ener-
gy elastic scattering cross sections and angular distributions
for incorporation into HETC is described. Elastic cross-sec-—
tions from several sources have been compared, and we have
adopted neutrons values from the HILO library /1.,2/ in the
energy range from 15 MeV to 150 MeV, and values from the NASA
library /3/ from 150 MeV to 20 GeV. For protons, cross sec-
tions from the NASA library are used above 100 MeV, and elastic
scattering for protons at lower enerdgies is neglected. An ap-
proximate expression based on the optical model is used for the
scattered angular distributions. We have made optical model
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calculations and comparisons with experimental data to check
the validity of this approximate angular distribution, and find
it to be sufficiently accurate. Also, the details of the HETC
code modifications to implement elastic scattering are given.

{2) Assessment of Elastic Cross-Ssctions

0

&
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Fig. A.1: Comparison of neutron elastic cross sections for

iron from various sources

Elastic cross-sections for neutrons have been collected from
several sources for comparison. For example, Figure A.1 com-
pares several sets of data for iron including: (a) Cross-sec-
tions from the low-energy (<19.6 MeV) DNA library /4/. which
is based on ENDF data. (k) Cross sections from the ORNL high-
energy (€400 MeV) HILO library /2/. These cross-sectlions were
generated using the ORNL optical model code GENQOA. (Explicit
values for o,; are not available from the library; these were
provided to us by Dr. Alsmiller of ORNL.) (c) Cross sections
from a NASA compilation for the energy range 100 MeV to 22.5
GaV /3/. These are theoretical estimates from numerical solu-
tions cf the coupled-channel Schroedinger eguations. (d) Cross-
sections from the LASL multigroup library /5/. (This library
doaes not take into account elastic scattering; the elastic
cross—-section shown is the difference between the library
values for the total and non-elastic cross sections.)
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{e) Results from optical model calculations reported by Wilson
/5/. {£) The measurements of Schlimmerling et al. /6/ in

the ~400-1000 MeV range, and the measurements of Bellettini,
et al., /7/ at 20 GeV. (g) Optical model calculations which
we have made using the A-THREE code /8/ and the parameters
used are also described later.

The main conclusion from Figure A.1 is that there are large
differences in the data in the ~102-103 Mev range. In particu-
lar, the HILO values appear incorrect »150 MeV. (This is also
the case for other slements. {This is meanwhile corrected by
Alsmiller et al. /8/ in the HILOB6 release.) To check this,

we have made optical mode calculations using the A-THREE code
for the same optical model parameters as used by ORNL in gene-
rating the HILO library, and we obtained essentially the same
results as ORNL. Thus, this discrepancy in the HILO high-energy
elastic cross sections is not attributable to the optical model
code used by CRNL. The reason for the apparent error in the
HILO cross sections at 2150 MeV is probably that the optical
model parameters used by ORWL, which were taken from the work
of Becchetti and Greenless /10/ and based on fits to data <50
MeV are not applicable at high-energies.

The A dependence of the HILO elastic scattering cross section
at high energies alsc differs substantially from the NASA
values. For example, at 400 MeV, GeleZ/S for the HILO librarvy.
whereas aeleo'94 for the NASA library. (The NASA values are
in good agreement with the measured /7/ dependence of
0o1=A1+0% for energies >10 Gev.)

Note from Figure A.1 that the HILO and NASA cross sections
agree at 150 MeV. At very high energies, the NASA cross sec-—
tions are in very good agreement with the measurements of
Bellettini, et al. /7/. Therefore, for incorporation into

HETC to treat neutron elastic-scattering, we have made a tabu-
lation of o,y vs. E values for various A using HILO values in
the energy range from 15 to 150 MeV and NASA values from 150
MeV to 20 GeV (with linear E interpolation and log-log A inter-
polation). The values used for both neutrons and protons are
given in Tables A.1-A.3.




102

Table A.1: Input data used for high-energy neutron elastic
cross sections (millibarns)
Energy Element
(MaV) He C 0 Al A Fe Br Ag Ba Pb
100 87 i82 225 358 499 623 186 987 iis2 1535
125 61 171 217 345 483 6i4 782 o84 1161 1537
150 58 i62 210 335 469 G605 115 978 1155 1535
175 49 141 i87 229 423 558 729 028 iioé 1487
200 38 113 154 248 355 482 546 834 1006 1383
225 33 ioo 137 222 320 441 599 7178 245 13186
250 30 a0 125 202 292 406 558 729 892 1285
300 24 75 107 173 253 356 497 854 807 1152
400 23 70 28 161 235 331 464 611 757 1088
600 29 86 117 ig2 280 382 525 584 840 1184
1000 36 102 136 220 319 425 574 742 203 1254
2000 41 114 151 242 347 461 615 790 955 1314
5000 40 ii0 i47 237 339 453 607 782 9456 1306
10000 37 102 138 222 31¢ 430 581 752 213 1288
22500 34 25 129 206 298 406 552 716 874 1223
Table A.2: Input data used for low-energy neutron elastic
scattering cross sections (barns)
Energy Element
(MeV) 10p N 0 Na Mg Al
15 0.94 0.82 0.90 0.98 0.88 0.0 1.09
20 0.95 0.95 C.97 1.04 1.00 1.14 1.18
25 0.984 0.%4 1.00 1.09 1.10 i.20 1.24
30 0.88 .88 0.99 1.06 i.16 1.22 1.28
40 0.75 0.75 0.92 0.94 1.14 1.16 1.23
50 0.63 0.61 0.78 0.8O 1.03 1.06 1.16
60 0.50 0.50 0.863 0.68 0.84 0.88 0.93
80 .31 0.37 0.40 0.44 0.566 0.860 0.63
100 0.22 0.25 0.28 0.31 0.40 0.43 0.46
Energy Element
(MeV} Si X Ca Cr Fe Ni
is 0.72 0.83 1.08 0.89 1,10 i.1i8 1.32
20 1.00 1.08 1.24 0.94 0.85 0.98 1.00
25 i.08 1.19 1.34 1.07 1.10 i.0¢ 1.08
30 i.23 1.258 1.31 1.25 1.30 1.27 1.24
40 1.27 1.30 1.38 1.51 1.63 1.65 1.64
50 1.18 1.23 1.28 1.53 1.77 1.80 1.83
60 1.01 1.04 1.15 1.17 1.30 1.34 1.38
80 a.567 0.73 0.82 Q.85 0.886 1.01 1.05
100 0.48 0.54 0.861 0.63 0.73 0.78 0.81
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Table A.3: Input data used for proton elastic collisions

Energy Element
{(MeV) He C 0 A1 A Fe Br Ag Ba Pb
100 67 182 225 365 524 639 8311 1015 1204 1588
125 61 171 217 354 511 632 809 1013 1202 1583
150 58 162 210 342 495 622 802 1006 1196 1576
175 49 141 187 306 445 574 755 956 1054 1527
200 38 113 154 253 370 492 665 854 10386 14186
225 33 100 137 226 331 449 614 794 870 1344
250 sC 80 125 204 301 412 576 742 910 127%
300 24 75 107 175 258 360 502 659 814 1158
£00 23 70 o8 161 236 331 464 610 575 1085
800 29 86 i17 1¢0 276 377 516 672 822 1158
1000 36 102 136 220 318 425 573 7140 S00 1251
2000 41 114 151 243 350 4863 621 797 2966 1330
5000 £0 110 147 237 342 455 612 188 255 1319
10000 317 102 138 222 321 432 584 756 1009 1277
22500 34 95 i2¢ 207 298 4086 553 717 8716 1225

{3) Optical Model Calculations

To make predicticns cof og] and dogy /A0, we have obtained an op-
/8/ from Brookhaven Natio-

nal Laboratory and made calculations for various cases. The
basic features of the code and the model parameters which have

tical model code called

been used here are discussed briefly below.

"A-THREE"

(a) The A-THREE Optical Model Code

The A-THREE code predicts the total cross-section, elastic
cross-section, and the angular distribution of the scattered

particle for charged of uncharged incident particles. Basical-
ly, the code numerically solves the center-of-mass Schrodinger
eguation for a nuclear potential having the form

. 5
Vir) = Vypg{r) + 1 Vim(r) + Vso(r)l o + Vcoul(r)'

where the terms represent the real,

imaginary,

spin-orbit,
Coulomb parts of the potential. The following forms are allowed
for specifying these potentials:

and
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Voel(r) = -Vgfql(r) - Vifa(r)
Viplr) = -Wgf{r) - Wygq(r) - Wogp(r)
Vgolr) = (h/mpc)? Viggh(r)

Veoull(r) = ha(r)

where various functional forms for £, ¢, and h are zllowed,
such as Woods-~Saxon, Gaussian, or arbitrary forms which are
input point-by-point.

(b} Optical Model Parameters

The A-THREE code does not include values for the above parame-
ters - these are supplied by the user for particular cases of
interest, and are usually obtained from studies which have been
made to infer optical model parameter fits from comparisons
with experimental data.

We have made A-THREE code calculations using the parameters
given by Becchetti and Greenless /10/. In terms of the above
A—-THREE variables, the Becchettl and Greenless parameters are
{(in MeV):

Vg = 5.3 - 0.32E - 24(N-Z)/A; vy =0
Wog = 0; Wy = 0.22:E - 1.6; Wp = 13 - 0.25E - 12(N-Z)/A

Vg = 6.2
According to Becchetti and Greenless, if the energy and target
variables are such that any of the above parameters are nega-
tive, they should be set to zero. For f,(r) and g¢g;(r) a Woods-
Saxon potential is used, and for gs(r) and h(r) the derivation
of a Woods-~Saxon form is used - e.g.:

£f{r.R,a) 1 + exp(r—R)/a]‘1

i

g{r,R,z) 42 {df/dr)

For incident charged particles, a uniform charge distribution
out to radius R. is assumed for the Coulomb potential:

Veoullr) = (Z-z-e2/2Rg) - [3-(r2/R.?)1, for r <R

Z°z=e2/r, for » 2 Re

{Z,z are the charges of the incident particle and target}.
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Wo, Vgo: and four sets of R and a in the expressions for f4,
g1+ G0, andé h.

It is important to note that the parameters given by Becchetti
and Greenless are based on fits to experimental data for target
nuclei having A > 40 and neutrons and proteons with E < 50 MeV.
However, they were used up to 400 MeV by ORNL in generating the
HILO neutron cross section library. Note from the above expres-
sions that Vg, Wi, and Wy all become zero for E > 170 MeV
{using for example N, Z, and A for iron), and so both the real
and imaginary terms become zero. Thus, the reason for the dis-
crepancy in the old HILO elastic cross sections > 150 MeV indi-
cated in Figure A.l1 appears to be because the optical model pa-
rameters used are not valid at such energies.

(4) Assessment of Angular Distributions for Elastic
Scattering

Several approaches have been considered for obtaining the angu-
lar distributions for the elastically scattered neutrons or
protons, namely: an approximate optical model distribution and
a semi-empirical formula based on measurements at very high
energies. While in principle the A-THREE code could be used to
generate such angular distributions for use in HETC, there are
two practical difficulties: (1) optical model parameters are
not available for A-~-THREE input over the wide energy and target
mass range of interest, and (2) a very large volume of data
would need to be generated and processed. Therefore, the ap-
proach we have used is to test the applicability of the simple
formulae by making comparisons for a small number of selected
ceses with A-THREE optical model calculations and, where avail-
able, experimental data. It should be noted that these simple
formulae are needed only for predicting the shape of the angu-
lar distribution. That is, the absolute magnitude of the diffe-
rential scattering cross sections is not needed for the Monte
Carlc selections, as the normalization is provided by the oo
values discussed in the previous section.

{a) Approxzimate Opitical Mecdel Distribution

For the simplified special case cf treating the nucleus as a
black disk of radius R diffracting the deBroglie wave length

of the incident particle, a rather simple form for the elastic
scattering differential cross section is predicted by the opti-
cal model (e.g., /11/):
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Ji-[2+R-sin(8/2) /&1 ) 2

doe/dn  ~ RE/x2 (
2.R.sin(6/2) /%

where
¢ center-of-mass scattering angle
Jy = Bessel function of first kind, first order
R = rg-al/3 4+
A = H.c/p.c
AMe = 1.9732 x 10711 MevV cm
pc = [E-(E + 2m)]%/2

The value for rg in the above formula is somewhat of an adjust-
able parameter. We have used rg = 1.4 Fermis for all of the re-
sults shown here.

Figures A.2 and A.3 indicate how the angular distributions pre-
dicted by the above approximate formula vary with target nucle-
us and neutron enargy.

—
(%

E=100MeV

oo
[8.0]

o]
=

Relative Differential Cross-Sechion

Lo

0 10 20
Neutron Scattering Angle [degreel

Fig. A.2: Predicted angular distributions of elastically
scattered 100 MeV neutrons with various target
nuclei
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Relative Differential Cross Section

Neutron Scaftering Angle [degree |

Fig. A.3: Predicted relative angular distributions of
elastically scattered neutrons of various
energies from iron nucleus

We have made some optical model calculations of angular distri-
butions using the A-THREE code and the Becchetti and Greenless
parameters to compare with the approximate formula. Comparisons
for 15 and 100 MeV neutrons scattering on iron are shown in Fi-
gure A.4. '

We have also compared the approximate angular distribution for-
mula with the elastic scattering distributions measured by
Bratenahl et al., /12/ for 84 MeV neutrons incident on Al,

Cu, and Pb, and good agreement is obtained (Figures A.5-A-7).

Therefore, this approximate optical model expression for angu-
lar scattering distributions appears adeguate for the energy
range where the tests have been made {<£ 100 MeV).




Fig. A.4:
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Comparison of angular distributions for 100 and 15 MeV
neutrons elastically scattering from iron. Optical
model results were computed using the A-THREE code and
the potentials of Becchetti and Greenless. Distribu-
tions predicted by approximate formula normalization
to optical model calculations at 0° :
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Fig. A.5: Predicted angular distribution of elastic scattering
of 84 MeV neutrons compared with the measured data
of Bratenahl, et al.
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Fig. A.6: Like Figure A.5 but for copper
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Fig. A.7: Like Figure A.6 but for lead

(b} Empirical Elastic Scattering Angular Distribution

The guestion arises as to whether the above angular distribu-
tion is accurate at higher ({(>100 MeV) energies. Experimental
data on angular distributions in the ~100 MeV to few GeV energy
range are almost nonexistent. However, one series of measure-
ments has been made by Bellettini et al. /7/ for 20 GeV pro-
tons on various target nuclei. Ranft /13/ has arrived at a
semi-empirical formulza to describe these data, which has the
following form:

For A < 62,
do/an ~ &£1:6%exp(14.5.20-66.¢y + 1,4.80.-33.exp(10t),
and for A > 62,

do/sde  ~ A1-83.exp(60.a0-33¢) + 0.4.240-40.exp(101),

where
t = mementum transfer in (GeV/c)? = —2p2(1-cose)
P = momentum of scattered particle
8§ = center-of-mass scattering angle.
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{The total elastic cross section based on these measurements
at 20 GeV is ooy ~ 6.38-81:04 pp, which is in good agreement
with the values of the NASA data.)

(c) Comparison of Angular Distribution Formulae

Example comparisons of the approximate optical model angular
distribution with the empirical scattering formula are given
in Figs. A.8-A.11 for iron, for neutron energies of 100, 250,
400, and 1100 MeV.

Comparisons show that the distributions predicted by the itwo
formula are very similar for all energies and target nuclei.
The largest difference is at low energy {100 MeV). As shown in
Section A.1.1.4a) the approximate optical model formula gives
good agreement with experimental data at 100 MeV. Therefore,
there is some basis for adopting this formula at low energies,
and since there is little difference between the two formula
at high energies, we have incorporated the approximate optical
model distribution into HETC for predicting scattering distri-
butions at all energies.

—
2

[ron
100 MeV

Empirical

0
Approximate ~

Optical Model

<

Relative Differential Cross-Section

0 10 20
Neutron Scattering Angle [degreel

Fig. A.8: Elastic scattering angular distributions for iron,
100 MeV
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Fig. A.11: Elastic scattering angular distributions for iron,
1100 MeV

(6) Implementation of Elastic Scattering into the HETC Code
{a) Elastic Cross Sections Used

For computing elastic scattering in HETC, we have incorporated
neutron cross-sections from the HILO library /2/ in the ener-
gy range from 15-100 MeV, and values from the NASA compilation
/3/ at higher energies. The elastic cross section values used
as HETC input are given in TABLES A.1-A.3, and the energy de-
pendence is illustrated in Fig. A.12 for neutrons. Log-log in-
terpolation of the data base values is used for both energy and
target mass number interpolation. Fig. A.13 illustrates the
target mass interpolation and extrapolation for several ener-
gies.

For protons, elastic cross~sections from the NASA compilation
/3/ are used. These cross-sections are available only for

2100 MeV, and elastic scattering by protons below 100 MeV is
neglected in HETC. This is not an important approximation for
most applications because protons in this energy range predomi-
nately slow down and stop due to ionization energy losses
rather than undergo nuclear collisions. The proton cross sec-
tion values are essentially the same as for neutrons, bul sepa-
rate values for protons have been incorporated. -
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Fig. A.12: Energy dependence of neutron elastic scattering
' cicross-sections (in barn) used as input, examples
shown for carbon, aluminum, iron, and lead nuclei
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{b) Angular Distribution

The approximate optical model angular distribution formula dis-
cussed in Secticon A.1.1.4 is used for both neutron and proton
scattering.

To determine the neutron or proton scattering angle, a random
selection is first made of the variable x from the probability
distribution function :

£(x) « [Jq(x)/x]2

where a series expansion is used for evaluating the Bessel
funection:

Jy(xy/x ~ 1/2 - %2716 + x*/384 - x5/18432
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where the range of x is from 0 to the first zero of J;, which
is Xyay = (0.610)27. Random selections are made from a cummula-
tive histogram of f(x) from x = 0 to Xpyas-

The angle (center-cf-mass cosine) for a nucleon of energy E
scattering from a nucleus of mass A is then (from Section
A.1.1.4):

cosf = 1 - x2 . 1/(2.[7.085x10"3.a1/3. fE(E+1878) + 1]12)

(c)} HETC Code Modifications

The option for using elastic scattering is specified by setting
a new input variable IELAS with the meaning:

TELAS 0, don't use elastic scattering
= 1, use elastic scattering for
neutrons only
= 2, use elastic scattering for
neutrons and protons,

fl

This is the only input variable relevant to elastic scattering;
all cross-section values are incorporated in the code in data
statements.

For neutrons, all elastic scattering collisions are "real". For
protons, both "real"” and "pseudo" ceollisions can occur for
elastic collisions. Pseudo collisions are allowed for protons
because the proton elastic-cross-section varies between events
at different spatial points due to ionization. For proton
elastic collisions, the same formalism as for non-elastic col-
lisions is used. Thus, the path length is selected based on the
maximum cross section with respect to energy. Then for a colli-
gion at the end of the path, the probability of a "real" colli-
sion is the ratio of the cross-section at the energy where the
cellision takes place to the maximum c¢ross section. Using this
method, the correct energy dependence of the cross section is
preserved along the proton flight path.

If a real elastic collision occurs, the A and Z of the residual
nucleus is set to be the same as the target nucleus, the number
of "cascade" particles (NOPART) is set to 1, the evaporation
particle array (NPART{I)) is zeroed, and EREC is set to the
kinetic energy of the recoil nucleus. As a key to readily de-
note elastic scattering collisions, the excitation energy of
the residual nucleus (which by definition is zero for elastic
scattering) is set to -992%. Thus, for collision records, real
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elastic scattering events can be identified by NCOL=2 and
EX=-93899, (For pseudo collision records, no distinction is made
between non-elastic and elastic ceollisieons).

Deleted Subroutines

The following subroutines formerly used in treating elastic
scattering have been removed: RELAS, CK, and SIGELS. Also, the
common block ELSTIC, as well as all former input variables re-
ferring to elastic scattering, have besen removed.

Modified Subroutines

INPUT: all reads of former elastic scattering removed,
and calls two new subroutines ESNEUT and ESPROT
(described below) added to get elastic-cross
sections.

GETFLT: adds elastic cross section to non-elastic cross-
section to get total cross—-section for selecting
flight path.

DKLOS: includes elastic cross-section to get proper total
cross section for collision event selection.

CASCAD: determines whether collision is elastic:; and if so,
determines element struck, and calls new subroutine
KINELS for kinematics calculation to get post-
collision parameters.

ERUP: this subroutine usually increments a counter {NEGEX)
if the residual excitation energy (EX) is negative;
since the key for elastic scattering is EX=-89%9,
the NEGEX counter is not incremented for elastic
collisions.

New Subroutines

SELCST: selects cosé for the elastically scattered nucleon by
calling subroutine SELJ1 to select the parameter x;
function FX computes [Jl(x)/x]2

ESNEUT: provides g,; arrays for neutrons; the values for
61 from the HILO library are stered in subroutine
HILONX and og3 from the NASA library are stored in
subroutine NASANX,

ESPROT: provides o,) arrays for protons; calls subroutine
NASAPX to obtain o,; values based on the NASA
library for protons.

KINELS: computes elastic scattering kinematics; given cosé
(center-of-mass) for scattered nucleon, incident
nucleon energy., and A& of struck nucleus, this sub-
routine returns the scattered nucleon energy and
direction cosines, and the recoll nucleus energy.
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PSGELS: computes macroscopic elastic scattering cross-
section for each elsment of medium; performs
energy interpolation to get cross—-section at
end-of-path energy.

NSGELS: computes macroscopic cross section for neutrons,
for each element in medium and total for medium.

A.1.2 Evaporation Model Modifications

The standard version of the HETC code (i.e., the version dis-
tributed by RSIC) contains version 4 of the EVAP evaporation
model. The updated version described here will be refered to
as EVAP-&

{1) Updated Input Dats

In the evaporation model calculations, atomic masses are used
in determining binding energies. These mass data (in terms of
mass exXcesses) are stored on tape, read as input at the start
of each transport calculation, and stored internally as the
WAPS array, as defined in APPENDIX B.

EVAP-4 uses the evaluated 1964 Atomic Mass Table values /14/.
&t present the latest evaluated data are the 1977 Atomic Mass
Evaluation by Wapstra and Bos /15/, and it is these data that
have been put on the input data tape for EVAP-5.

In the standard EVAP-4, the WAPS (I,J) array was dimensioned
WAPS (250,20), with I egual to the mass number of the nuclide
J an index defining a particular isotope for a given A, and the
following algorithm for retrieval:

J A-2Z-J' + 10

J (A-1)/(1+124/42/3)

It was found that thils method did not properly represent the
new data. That is the Z and A range for the above method did
not cover the range of the input values. In EVAP-5, the WAPS
array is dimensioned WAPS (25,11) and WAPS(I,J") denote nucli-
des with I=A (as before) but J"=1 represents a "starting" Z
value for this A. Then WAPS (I,1) corresponds to Zyip:
WAPS(I,2) corresponds to Z,ip+tl, etc. These ten Z values for
each A then allow all of the Mass Table values to be contalned
in the WAPS array, as illustrated in Figs. A.14-3.16.
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Fig. A.16: Nuclide A and Z range covered by updated input data
for evaporation model. The symbols denote nuclides
for which data are available and stored on the input
tape {(Data for A=180-250 shown above)

Another change was made in the procedure used when a nuclide
mass is required that is outside of the range of the input
data. The binding energy calculation involves the mass diffe-
rence for two nuclides. In EVAP-4 if input data were not avail-
able for one or both nuclides, the Cameron semi-empirical mass
formula (discussed in APPENDIX B) was used. Thus, in computing
the mass difference, one mass could be computed from the mass
formula and an input value used for the other nuclide. This can
lead to what appear to be unrealistic mass differences. Thus,
in EVAP-5, a consistent procedure is used - i.e., if one nu-
clide is outside of the range of the input data, both nuclide
masses are computed using the mass- formula. A new function rou-

tine,
FUNCTION QNRG (Al1,Z1,A2,Z2)

computes the mass differences using this method.

{2) Level-Density Options Added

In EVAP-4 thejlevel'density'parameterfislcomputed as

a = A/Bg (1+Ya2/a?)
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with Bp=8, Y¥=1.5, and A=A-2Z. The quantity in brackets differs
little from unity, so the method assumes a linear mass depen-
dence,

a ~ A/By Mev™l.

From experiments on nuclear level spacing, it is observed that
the level density is sirongly influenced by nuclear shell
structure, with the densities for magic or nearly magic nuclei
several orders of magnitude lower than for mid-shell nuclei
/18/. Therefore, an input option has been added to EVAP-5 to
use a method for specifying the level density parameter which
takes into account shell effects.

Baba /16/ has compiled level densities from neutron resonance
measurements for some 200 iscotopes. These data are shown in
Fig. A.17. These values (Table A.4) have been stored on the
evaporation input data tape as the array APRIME (250), which
is read immediately after the WAPS array. An input option
allows the above method to be used, or a constant value for Bg
can be input.

16 20 Z4 28

Level density parameter [1/Mev]
12

T T T T T T T T T T T

o a5 a6 s & 100 120 140 180 18D 200 220 240

Mass number

Fig. A.17: Level density parameters deduced by Baba /A.16/ from
neutron resonance experiments (x symbols). The
e symbol denotes our rather arbitrary interpo-
lated values for masses not measured. The linear
dependence of A/8 is usually assumed in HETC
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Table A.4
Level density parameter values used as input for the evaporation
model "variable Bp" option. The integer values are mass numbers
and the other numbers are in the corresponding level density
parameter values (in MeV~ 1), as plotted in Fig. A.4

1 0.13 49 6.77 97 16.16 145 19.51 183 21.16

2 0.25 50 6.91 98 14.71 146 19.87 194 22.30

3 0.38 51 7.26 99 15.69 147 20.39 195 21,75

4 0.50 52 7.20 100 14.0¢ 148 20.90 186 21.19

5 0.63 53 5.86 101 18.56 149 21.85 197 20.72

6 0.75 54 8.06 102 16.22 150 22.89 198 20.24

7 0.88 55 7.81 103 16.67 151 25.68 199 21.34

8 1.00 56 7.82 104 17.13 152 24,64 200 19.00

9 1.13 57 8.41 105 17.00 153 24.91 201 17.93
10 1.25 58 .13 106 16.86 1564 23.24 202 17.85
11 1.38 59 7.1¢ 107 15.33 155 22.85 203 15.70
i2 1.50 60 8.35 108 15.61 156 22.46 204 13.54
13 1.863 61 8.13 109 16.77 157 21.98 205 11.78
14 1.75 62 8.02 110 17.93 158 21.64 206 10.02
15 1.88 63 8.93 111 17.45 159 21.75 207 10.98
16 2.00 64 8.90 112 16.97 160 21.85 208 10.28
17 2.13 65 9.69 113 17.88 161 21.77 209 11.72
18 2.25 66 9.65 114 17.58 162 21.69 210 13.81
19 2.38 67 10.55 115 15.78 163 23.74 211 14.46
20 3.94 88 9,38 116 16.83 164 21.35 212 15.30
21 2.63 69 9.72 117 17.4%9 165 23.03 213 16.16
22 2.75 70 10.868 118 16.03 168 20.68 214 16.¢99
23 2.88 71 11.98 119 15.08 167 21.81 215 17.84
24 3.55 72 12.176 120 16.74 i68 20.77 216 18.68
25 4.35 73 12.10 121 17.74 169 22.18 217 19.53
26 3.25 74 12.886 122 17.43 170 22.58 218 20.37
27 3.38 75 13,03 123 18.14 171 22.55 219 21.22
28 3.96 76 12.81 124 17.06 172 21.45 220 22.06
29 3.63 77 12.54 125 19.01 173 21i.16 221 22.91
30 3.75 78 12.65 126 17.02 174 21.02 222 23.75
31 3.88 79 12.00 127 17.02 175 20.87 223 24.80
32 4.82 80 12.69 128 17.02 176 22.09 224 25,44
33 4.44 81 14.05 129 18.51 177 22.00 225 26.29
34 4.43 82 13.33 130 17.20 178 21.28 226 27.13
35 4.43 83 13.28 131 16.175 179 23.05 227 27.98
36 4.42 84 13,23 132 16.97 180 21.70 228 28.82
37 4.863 85 13.17 133 16.94 181 21.45 229 29.67
38 5.86 86 8.66 134 16.91 182 22.28 230 30.71
39 5.81 87 11.09 i35 17.69 183 23.00 231 30.53
40 5.85 88 10.40 136 15.55 184 22.11 232 31.45
41  5.49 89 13.47 137 14.58 185 23.56 233 29.63
42 6.18 90 10.17 138 14.35 186 22.83 234 30,15
43 7.11 91 12.22 139 16.55 187 24.88 235 30.65
44 6.96 92 11.62 140 18.29 188 22.64 236 30.27
45 7.20 93 12.95 141 17.80 i8¢ 23.27 237 29.52
46 7.173 94 13.15 142 17.05 180 23.8% 238 30.08
47 6.41 95 13.57 143 21.31 191 23.92 239 29.80
48 6.85 96  12.87 144 19,15 182 23.84 240 29.87
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{3) Option for the Treatment of Emitted-Particle Angular
Distribution

In the standard HETC code using the EVAP-4 model, emitted eva-
poration particles are assumed to be isotropic in the laborato-
ry system. There are two effects which can cause the actual
distribution to be non-isotropic: (a) for high bombardment
energies, the nucleus which evaporates the particles can have
rather large angular momentum, and (b) the evaporating nucleus
is in movement during particle emission with a certain recoil
energy. The dominate effect on emitted angular distribution is
the nuclear recoil rather than angular momentum /17/. To in-
dicate the general functional dependence and magnitude of an-
isotropy., an approximate relationship for the angular distribu-
tion (in lab system) of evaporated neutrons is /17/

Ww{e)y -~ 1 + (v*/v)cosﬂ

where v is the neutron velocity and v® is the center-of-mass
velocity. As an example, for 600 MeV protons incident on a lead
nucleus, the angular distribution of 1-MeV neutrons then is
W(8)=1+0,23cosf, so the W(0°)/W(90°) anisotropy is roughly 20%
for this case, and larger for lighter nuclel.

Los Alamos has recently modified their version of HETC to take
into account the recoil direction of the residual nucleus du-
ring evaporation. Evaporated particle directions are selected
from an isotropic center-of-mass distribution, and this angle
and the recoil direction are transformed to give non-isotropic
angular distributions in the laboratory system. These modifica-
tions were kindly provided to us by. R.E. Prael of Los Alamos,
and have been incorporated in the KFA HETC version as an op-
tion. This reguired changes to the following subroutines: MAIN,
DATAHI, ERUP, RECOIL, DRES, and WTAPE. If this option is selec-
ted, the direction cosines U, V, and W are written on the
history tape for each evaporated particle. We have made only

a few runs using this option: it seems to work properly but has
not been throughly tested. It should be noted that this option
is available at present only when using EVAP-5; it is not in-
corporated in the RAL fisslion model,

{4) Option for High-Energy Fission

The fundamental basis of all of fission models is the statisti-
cal model of fission developed by Fong /18/. Basically, the
assumption is that the fission process is "slow" (i.e., the nu-
cleus exists in an eguilibrium state at any time), so the pro-
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bability of a particular fission mode (state of the fission
fragments) is proporticnal to the density of guantum states at
the time of splitting. From the Fong theory, the fission mode
probability is expressed as a function of eleven variables:
N{(A;, Ay, 21, Zo, C, D, K, E, Ey, J3, Jp), where the subscripts
denote the fission fragments; A, Z, and j denote mass number,
charge number and angular momentum, and the remaining are ener-
gy variables (C, Coulomb; D, deformation; K, translational; E,
total; and E,, excitation}.

The high-energy fission models developed differ in the approxi-
mations made in arriving at a practical implementation of the
above general expression and in the physical data used. It is
not the purpose here to evaluate these various approximations.
Indeed, many of the approximations are interdependent, making
judgement of the practical importance of particular assumptions
difficult. From evaporation theorvy (e.g., /18/}, the probabi-
lity of particle emission of type i with kinetic energy E is
expressed as

Pi(E) « (254+1) « my « E « 0es(E) - o (E'),

with Sj= spin, mj;= mass, and ¢.4= cross section for compound
nucleus formation in the inverse reaction. The level density
for excitation energy E- is given by

x

o (E') = 0y + exp(2(a - E -5)1/2),

where og and a are constants for a given nucleus and 6 is the
pairing energy. The level density parameter, a, is given by

a = A/Bg(1+Y(A-2Z)2/a%),

and ¥~1.5. From various analyses, By is in the range from about
8 to 20 MeV (e.g., /19/}).

The high-energy fission model of the Rutherford and Appleton
Laboratories developed by F. Atchison was implemented in the
code /20/ (details in Refs. /21,22/). From the intranuclear
cascade we get the high energy products plus the residual
nucleus which is in a highly excited state. Next the guestion
is whether or not it is undergoing high energy fission. If not,
2 particle is evaporated (i.e., & neutron, proten etc.) and the
same guestion is asked again for the remaining, still excited
nucleus. In this way all steps of de-excitation are treated.

On occurence of fission, two excited nuclel are produced which
then decay again by evaporation. In other words, the fission
neutrons come from exactly the same processes as the other eva-
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poration neutrons, except that the masses of the evaporating
nuclei are lower. The problem in implementing a code in HETC
which takes fission into account is, of course, that one has

to make some decisions, namely whether or not fission is to oc-
cur and what will be the scission parameters of the fragments
(mass, charge, recoil, excitation).

The Rutherford Appleton Laboratory fission model written by

Atchison is based on several general assumptions:

¢ Fission competes at all stages of nuclear de-excitation,
with fissjion probabilities that vary with the nuclear
state.

¢ Post-fission parameters depend only on the state of the
nucleus at the time of fission and not on the previous
sequence of events leading to the state of the nucleus
at the time of fission.

¢ Only binary fission occurs. While ternary and high-order
fission have been observed (e.g., /23/), they occur with
probabilities which are insignificant for the practical
applications of interest here.

s HNucleons and charge are conserved between the fissioning
nucleus and the two fission fragments. Thus, low-energy
neutrons are not emitted at the time of fission, but arise
either from the de-excitation of the nucleus before fission
following the intranuclear cascade, or from the de-excita-
tion of the fission fragments.

Specific assumptions used in the RAL model fto determine the
fission probability and post-fission parameters are given
below.

{a) Fission Probability

The decision as to whether fission occurs during de-excitation
is determined by randomly selecting fission with probability
Pf=(1+Pn/Ff)’1, where T, and 'y are the neutron and fission
widths, respectively.

For high-Z nuclel in the actinide region, the fission barrier
is relatively constant at about § MeV, and Pg is not strongly
dependent on excitation snergy E° (e. g., Gavron, et.al. /24/).
Therefore, the model assumes Pg=0 for E *<6 MeV and Py indepen-
dent of E° above 6 MeV, with values determined from the ex-
pression of Vandenbosch and Huizenga /25/:

P o A
log (I'p/Tg) = ¢(Z) A + ¢(Z)
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Here 2 and g are the charge and mass numbers of the fissioning
nucleus, and ¢ and ¢ are tabulated functions which depend only
on Z. In the code, the above expressionﬁis used for 89&2&99,
with fission not considered for higher Z.

In the sub-actinide region, the results of experiments show
that Pg¢ is strongly dependent on E* (e.g., Barashenkov, et.al.
/26/), and for the RAL model Atchison has made fits to experi-
mental data using statistical model expressions to determine
Pg. Separate fits are made for neutron emission and fission

to allow separate level density parameters. The expressions
for neutron emission are:

Py = Cp + (Cplg + Cgal/31,+22/3(c 1 +C5I0))
¢, = 0.352 C, = 1.68 Cg = 1.93

Cy = 0.76 Cs = ~0.05

Ig = (2a,)71 ((S,-1.0)exp(S,)+1.0)

I; = (8ap%)7 1 ((28,2-65,+6)exp(S,)+5,%-6)

a, = (A-1)/8
S, = 2(ay(E -B")1/2
B' = separation energy - pairing energy

The expressions used for fission are:

Lg= ((Sf—l)exp(sf)+1)/af

Sg=2 (ag(E¥-Ef))1/2

Eg=Cg~Cq(Z2/8)+Cg(Z2/A)2

Cg=B'+321.2 Cy=16.7 Cg=0.218

= 2 - 2

ag/an=Co+Cyo ((Z9/R)-Cy;)

Cg=1.09 Clo=0.011 Cll=31.09
The above expressions are used for Z<88. The fit parameters for
the fission barrier Eg and the level density ratio, ag/a,, are
based on data for Z<85, so the model fits are used for extra-

polation to obtain the fission probability in the Z=85 to 88
region.
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(b) Post-Fission Parameters

At this 901nt fission has occurred for a nucleus hav1ng charge
Z, mnass A excitation energy E and recoil energy Er' and we
desire to determine the corresponding parameters for each of
the fission fragments.

The selsction of the masses for the fission fragments depends
on whether the fission is symmetric (a wide, single peak for
the fragment mass distribution} or asymmetric (two peaks). For
22/A<35 only symmetric fission is allowed, and the mass A, is
selected from a Gaussian distribution of mean A= A/2 and width
OA-012+013U+014%2- where C;15=3.97, C53=0.425, Cy4=-2.12 x 1073,
and U is the excitation above the fission barrier: ﬁ=§ -Eg.
This symmetric fission mass distribution is based on the syste-
matics given by Neuzil and Fairhall /27/. If Z>88, the fission
enerdgy barrier is determined in the following way, based on the
work of Seaborg and Vandenbosch /28/: Eg=Ci5+Cig 22/A where
C15=-0.36 and C;5 has the values 18.8, 18.1, 18.1, and 18.5

for odd-odd, even-odd, odd-even, and even-even nuclei, respec-
tively. For ?<88, Ef is calculated using the expression given
earlier under the fission probability calculation. With A4
determined, the mass of the other fission fragment is A2=3—A1.

If ?2/3>35, competition between symmetric and asymmetric
fission is allowed, with the asymmezric probability being
asy=‘F/(1+F) where F=4870exp(-0. 36E ). For asymmpetric fis-
sion, A, is se‘ected from a Gaussian of mean A=140 and width
65=6.5, and then AZ—A Aq.

The charge of the first fragment Z; is selected from a
Gauss;an distribution of mean Zl and width oz=2, where
Z{= (z+21;22)/ 2, Z;=C1584/(2C15+A;2/8), and Cy5=65.5.
Then 22=Z—ZI .

Az an example for the fission probability computed using the
RAL model for various isotopes Fig. A.18 is attached.

The total kinetic energy of the fission fragment in the center-
of- —mass ET, is selected from a Gaussian dlstrzbutlon having
mean ET—O 1322/A1/3 11.4 and width op=0. 084ET These relations
are based on evidence of the strong correlation of fission
fragment ‘kinetic energies with the Coulomb repulsion parameter
%2/31/3 of the fissioning nucleus (e.g., /23/), and data
which suggest? that the kinetic energies are narrowly distri-
buted about Ey. The klnetlc energy of each fragment in

the center-of-mass, is El—AzET/A and EQ—ET E1 Isotroplc
emission in the center-of-mass is then assumed to obtain the
kinetic energies E; and E, in the laboratory system.




128

10°

a2
ol

R oy orpen
o 6 5

107" -

hpiolyric X

107 4———

=0 e g

!
7
%féﬁ

%
i

Ty

-
i
)
Vi
L §
IS %%;
‘£§ 10% i __E ”%
= 3
£ !
o o
: b
Q.
107 /é
10° —

175 200

225 250

Mass Number

Fig. A.18: Probability of fission using RAL model for various
isotopes arbitrarily selected over the range from
A=175-250. The top, middle, and bottom curves are
for assumed excitation energies of 100, 50, and
20 MeV, respectively. (The model assumes that the
fission probability is constant for excitation
energies above 6 MeV for isotopes having Z above 80)

The excitation energies of the fission fragments is then

determined by an energy balance: E1*=

E, =E; Ap/A;, where B denotes binding

AT Ay by !
(A /A){(E +B{+By-B-Eg) and
energies.

A.1.3 Thick~Target Transport of Low-Mass Heavy-Ion Beams

The standard version of the HETC code
+ - +

x*, =7, u¥, or u as source particles.

tions were made {for opseration on CDC
"l1ight" heavy ion beams having 2<A<10

allows protons, neutrons,
Previously, modifica- "
computes) to treat

/29/. The programming

for this capablility has been converted for operation on:IBM -
computers and incqrpprated'in the HETC-KFA wversion.
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The basic¢ theory is described in Ref. /29/, and only a short
summary is given below. The key assumption is that projectile
particles can be treated as a cluster of nucleons, and nonelas-
tic interactions computed as the sum of the effects of indivi-
dual computed using the same intranuclear-cascade evaporation
model as used for nucleons and pions. This assumption becomes
worse as the A of the projectile increases, because for heavier
projectiles a cascade can be induced in the projectile particle
as well as in the target nucleus. Thus, the model is expected
to be applicable for 4, t, He, and alpha beams, The A at which
the model becomes invalid is not well defined. The programming
for the model allows beams up to A=10.

The basic procedure used when z ncnelastic ccellision occurs is
as follows (see also Ref. /29/):

{a) The energy of each nuclecon of the projectile is set to
EN=(Ei—Bi)/Ai, where E and B are the kinetic and
binding energies of the ion. (These binding energies
are set internally for A<4, and must be specified as
input for A>4).

(b) A configuration for the nucleus of the ion is specified.

(¢} Impact parameters and a cascade-evapoeration calculation is
performed sequentlially for each nucleon of the cluster.

(d) Collisions with hydrogen target nuclei are computed using
the same p-p and p-n cross-sections as used by the intra-
nuclear cascade code.

{e) All atomic processes (ionization energy loss, ranges, etc.)
are scaled from relations for protons.

Semi-empirical formulas are used for total ion—nucleus cross-
sections. There are no pseudo collisions as in the case of nu-
cleon and pion transport. The additional subroutines for heavy
particle transport are indicated in Ref. /29/.

Some results of calculations using this method are given in
Ref. /29/ for a few cases: (za) neutron production for 160 MeV
deuterons incident on thin targets of various materials, (b)
energy deposition in a thick aluminum target for 1-GeV alpha
particles, and (c¢) energy deposition in & thick U-238 target
from 330 MeV deuterons. From these cases, the model appears to
give reasonably good predictions, but it has not been exten-
sively tested.
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A.1.4 Miscellaneous Updates

{1} Corrections of the Charged Particle Slowing Down
Algorithm in Range Calculations

In the former HETC-XFA version the charged particle enerqgy loss
is calculated by interpolation from a predefined energy range
table.

At the beginning of a flight path r=R(E) gives the range of the
particle until cutoff energy will be reached. At the end of a
flight path Ec=r™! (r~path) gives the remaining energy. If the
particle passes from one material to another, a new range is
chosen based on the material being entered and the energy at
the medium boundary.

Both the range and the final energy are interpolated from the
range table which has been setup in 200 logarithmic steps of

E. Only the proton range is tabulated, whereas for n¥ and ﬂt the
range is scaled using the relation

Ri(Ej) = (my/mp) - 2,2/2;2 - Rp + ((mp/mj)Eg)
62(Rj(E3)) = (my/mg) - o2 « [Ry(Ep(my/my))]

where mp . Zp and Rp are the mass, charge and range-function of
a proton, and m;, Z;. Ry and E; are the mass, charge, range-
function and energy of any particle of interest. (Ranges are
calculated using the code SPAR /37/.)

Both the scaling as described above and the logarithmic inter-
polation of the range tables (especially in invers direction)
caused the amplification of numerical errors of the tabulated
data. Furthermore the integration scheme used to calculate the
range from dx/dE was rather simple. Thus for applications where
small path lengths are fregquently used (such as sampling calo-
rimeters) the numerical uncertainties could cause perceptible
errors in the energy loss.

Therefore, we have implemented separate range tables for z% and
#i to avoid scaling. We changed the interpolation above 150 MeV
to linear interpeclation. This seems to fit better the shape of
the energy range curve and we avoid the precission loss due to
the usage of the log function. In the logarithmic part of the
table we stored the logarithm of the range along with range it-
self to speedup the interpolation routine. At last we changed
the integration algorithm and use now the DCADRE function of
the IMSL /3C/.
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In practice these changes have sclved the problem so far. Al-
though in future releases of HERMES this procedure will be
changed again to implement user selected and tested function
setups and offer the slowing down for other particles.

{2) Range Straggling

In some applications involving low-energy charged particle
sources in which the fraction of the beam particles that slow
down and stop from ionization energy losses rather than undergo
nuclear collision is significant, it is necessary to take into
account the statistical fluctuations in energy loss. These
fluctuations result in a variable range distribution (i.e.,
range "straggling"). In the standard version of HETC only mean
ranges and average energy losses are computed. In the HETC-KFA-2
version energy-loss fluctuations and range straggling are in-
corporated for the primary beam particles.

The straggled range distribution is taken to be Gaussian about
the mean range with a variance given by /31/:

E (1-1/282) . K(E)
o%R; (E-E')=4zez;2n f (S;(E))™3dE
BE' (1-8%) - (1+(2mg/mg)7)

where azRi(EwE‘)= the variance of the range distribution for
a particle of type i slowing down from kinetic energy E to E',

e = the electron charge,

Z; = the charge fo the particle slowing down,

n = the electron density of the stopping medium,
K = the binding correction factor,

82 = [(E¥+1)2-11/(E%+1)2,

Y = E/micz,

me = the electron mass,

y = (1_32)—1/2,

S; = the stopping power.

The factor K takes inte account the binding effect of the ato-
mic electrons at low E.

Ranges. are chosen from the distribution

1 (R;-Rj) 2
p(R;}dR; = ———————— . eXp- dRr;
o?R; Jf2n 20%R;

where R; is the mean range.
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{3) Low-Energy Transport Cutoffs

An option has been added to allow different cutoff energies for
ionization and nuclear collisions for charged particle trans-
port. For protons the input parameter ELOP was used as the
energy cutoff for both nuclear ceollisions and ionization. Now,
ELCOP is for nuclear collisions only, and a new input parameter,
EMIN(1), is used for the proton ionization energy cutoff. New
input parameters, EPICUT and EMUCUT, have been added as cutoff
energies for charged pions and muons, respectively. Thus, the
ionization cutoffs are independent for different charged parti-
cles, whereas formerly the pion and muon cutoffs were fixed re-
lative to the proton cutoff specified.

The EMIN array in labeled common /COMON/ now contains the joni-
zation energy cutoffs for charged particles and the neutron
collision cutoff. The collision cuteoff for protons, ELOP, is
now passed through the new common /ECUTP/.

{(4) Coulomb Scattering

In the versions of HETC distributed by RSIC there was a problem
in that the Coulomb scattering subroutine SPRD did not properly
update certain variables at material boundary crossings. This
problem was corrected already in HETC/KFA-1 /32/.

(5) Treatment of Pion Decay

Neutral Pion Decay:

Neutral pions (z%) have a very short half-1life and are assumed
to decay at the collision site where they are created. Only the
source distribution is provided in HETC. The photons from z%-
decay can be obtained either in EGS4, or in STATIST taking into
account the ry~ and the Dalitz-decay channels.

Charged Pion Decay:

For charged pions "in flight" (e.g., before coming to rest due
to ionization energy loss), both decay and nuclear collisions
are taken into account. x+—particle which come to rest ars
assumed to decay or undergo nuclear capture, depending on the
setting of the input option (the choice depends upon the den-
sity of the target material).
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Pion decay in-flight is determined by defining a "macroscopic
decay cross section", which analogeous to the macroscopic cross
gsection used for nuclear collisions. If the option is specified
that n -particle become captured when stopped, the capture pro-
ducts are computed using the INC model, with the initial exci-
tation corresponding to the rest-mass energy of 139.6 MeV. The
main properties are given in Table A.5.

Table A.5: Properties of pions and muons

(1) Decay Properties

particle mean lifetinme CTg decay model
to Is] [m]
n* 2.6x1078 7.8 at e pt oy
7~ 2.6x10°8 7.8 S
ut 2.2x1075 ~660.0 at - et wg vy
u- - e Yy Ve
20 0.87x10-18 ~ 10”8 20+ vy (98.799%)
20 - reTe™ (1.198%)

(2} Decay Cross Sections

Ip(E) = lfzdecay (macroscopic decay cross section)
with
2decay = % ' T = r + Tg + v [(decay mean path)

[1-(n/c)?2171/2)

i

(t‘:-ro-rolr

The mean decay time in the rest frame is r0=2.6x10“8 s for
pions and 2.2x10°% s for muons. According to Table A.5 the nean-
free-path for decay can be written

_for pions,
4
L
decay

7.8{(E/139.6+1)2-111/2 [n]

and for muocns

(il
fl

660[(E/105.7+1)2-111/2  [n]
decay
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{The production and transport of neutrinos is not included in
the present version of HETC. This extension will be made in a

next HERMES release).

The original coding of HETC does not allow charged pion decay
to occur explicitly. An option is included to allow analog =n-
decay. In this context analeg decay of charged pions in-flight
means, that the decay path length - see above - is sampled from
a distribution function using the velocity and the mean life-
time of the pion. If the decay path length is exhausted before
reaching a collision point, the pion is discarded and z muon
is produced. Weighted decay of charged pions - in the original
coding of HETC - means the statistical weight of the pion is
reduced along the flight path length by the decay probability
during that flight. The weight assigned to the created muon
corresponds to the weightloss of the pion.

Weighted decay will improve the statistical error of the pro-
duced muons and should be used if mean values are important,
whereas analog decay should be used if event-by-event fluctua-
tions will be considered.

A.2 Modification of MORSE-CG

The base program source used is MORSE-CG in Ref. /33/.

A.2.1 Particle source
{1) Fixed point source

NSTRT identical particles are started in one run. The characte-
ristic parameters for one particle, starting point, direction
and age are defined on Card D1, starting weight of all partic-
les is given on Card C.

{2) HETC Neutron Source

A1l neutrons, generated by the present HETC are saved on the
HERMES submission file by their parameters, name, energy, direc-
tion, location and weight. HETC creates an amount of neutrons
varyving from baitch to batch. MORSE starts neutrons as found

on file instead of using NSTRT.

For more detailed information about submission file see

3.4 Structure of Submission Tapes.
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A.2.2 Crogs-Section Libraries for MORSE

There are three types of cross-sections MORSE accepts:

{1) Library with ANISN structure, preceded by a special
head-record, for instance EPR /34/.
The first three lines of an ANISN structured library
are formed by oup, V0§, Orot: Cross-section data
contain the factor (2L+1).

(2) ANISN-formatted libravy, e.g. HILO /2/,AMPX-created
data.
Cross section matrix as in (1) preceded by an ANISN-
standard format header record.

{3) Library, created by the program system RSYST, e.d.
53-, 60—, 99-group structured library /35/.

- An RSYST-~created library always consists of five head
records, containing og¢, Ctps Oapr YOF: Ogot: followed
by a complete cross-section matrix, that is not multi-
plied by (2L+1). MORSE ignores the first 2 head records
and multiplies the matrix data by (2L+1).

The position of Cg-g that separates the upscatter
matrix {(line 6 to IHS-1) from the downscatter matrix
(IHS to ITBL) is given by IHS; no structure with IHS=0
can be used in MORSE.

{See input description MORSE-CG, Section 3.3).

A.2.3 Changes of Partly Analogous Simulation in MORSE

MORSE does not use analog collision kernels, This means that
no decision is made on the collision type. Each collision is
taken to represent elastic scattering, inelastic scattering,
absorption, fiszion and n,7y process at a time. The final state
of a collision is computed as a compound of the final states
of the distinct collision types. '

This means, the statistical weight of the incident particle is
multiplied by the non-absorption preobability including the mul-
tiplicity of n,xn collisions. The final group and direction is
selected from the cross-section set which also represents the
superposition of eslastic and inelastic cross sections,

Fission neutrons are not included in the scatter matrix of the
cross section because those would dominate the spectrum. Thus,
fission neuirons are generated as secondary particles. Their
statistical weight was derived from the differential fission
probability table. The amount of fission particles used was
taken from the FWLO array of the MORSE input.
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r's have been generated in a similar way; the r-weight was set
to the generation probability ur*p(n,r) and the number of y's
was taken from the GWLO (the y weight table).

This method of simulated Monte-Carlo results in correct mean
value estimates of flux and collision rates. On the other hand
it will not create physical particle histories rather than sta-
tistical representatives of classes of histories having the
same physical properties. Fluctuations are normally reduced,
speeding up the code.

However, if fluctuations should be measured themselves one has
to use a higher degree of analogism with the physical behaviour
of particle histories. Therefore, we have changed the algorithm
of v generation and fission neutron generation using v*Pgjgg
and y*pn’y to find the weight of secondaries to be generated.
Then we divide this weight into portions of FWLO or GWLO, re-
spectively. Setting FWLO and GWLO to one will then result in
the generation of the physically correct amount of fission neu-
trons and y's. Setting the russian roulette weight and the
splitting weight to one will have the same effect for absorp-
tion and n,xn scattering.

Although, these changes adjust the number of secondary parti-
cles with respect to the distinct collision type, the collision
remains a superposition of different possible types. This pro-
blem cannot be solved without separating the cross-sections in-
to the various collision channels which in effect would mean,
that we have to use a completely new Monte-Carle program with
completely new cross-section data.

A.2.4 Avalilable Estimators

Six different estimaters are available in the MORSE release:
- Volume detector: volume-flux and volume-light
- point detector

- 8urface detector: surface flux, surface current
and surface energy current
- Volume detectors:

{1} Volume flux detector

The volume flux in energy group E is calculated by

¢(E)Vol = f£/HNM { WTy * ETATHi)

[ I e T4
H.M -3
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with b global normlization factor
NM number of source particles started in all
batches
M number of bathes
Nj number of evenis in batch j
WT weight of neutron i before collision

ETATH; distance neutron i has to travel within the
same medium (usually called as track length)
Vol Volume

There is the probability to estimate energy-, time-, time-
and energy-, or angle- and energy dependent values, with a
normalization to AE, At, and AG. To get a certain response

NE
Ry = L ¢(E)yp) . Resg
g=1

the user has to specify response functions and multiply them
with the determined flux ¢(E)yg)-

(2) Volume Light Detector

The volume light detector is used to measure scintillation
light induced by neutron scattering. Only scattering with
1y is taken into account. Thus the detector measures the
light generated by recoil protons. At each scattering point
the detector decides whether the neulrons were scattered

at 1H or not, using the differential hydrogen scattering
probability

OCse (1H) * NlH(med)

Pig =
Lipy (med)

(med = medium in which scattering takes place.)

The neutron is assumed to generate a recoil proton with
energy uniformly distributed between zero and the neutron
energy. The generated proton is assumed to be stopped within
the scintillator.

Using Birk's law /36/ we can calculate the light response

of the proton using ranges calculated via the SPAR code /37/

Ep de Ep 5%
LP(EP) = f e dE = [ dE
0 dEp 0 1+kB(dE/dx)p
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where S is the scintillation efficiency and kB a gquenching

factor

Folding Lp(Ep} with the distribution function of Ep for a
given neutron energy E, will result in the mean scintilla-
tion effect of th neutron '

En
/ Lp(Eg)dE

Ln(Ep)

Lh{Ep) is calculated for each neutron group boundary. For
simplicity L,(E,) is considered to be linear in E for a
given energy group. Thus for group g we can use

Lg = (Ln(Eg’) + Ln(Eg-}-l)) /2
as the mean light response of a neutron in group ¢.

Ceonseguently, the visible energy induced by neutrons of
energy ¢group g is calculated as

M Nj
ELg = f/NM ¥ L Wr; * Lg
j=1 i=i
with £ = global normalization factor
NM = number of socurce particles started in all
batches
M = number of bathes
Nj = number of events in batch jJ
WT; = weight of neutron i before collision
Lg = light response as described above

To get the volume light response over the total range

NE
Ry, = ¥ (ELg . Rresg)
g=1
the user has to specify response functions resg.
An example of the light response for neutrons is given
in Appendix E.
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- Point Detector

The point detector calculations performed by MORSE is using
the "next-event” estimator which scores, from each collision
point {collided) or source point (uncollided), the probabl-
lity of the next event being at the dx x in energy group ¢
is calculated as

M Nj (WTi)j*e_uij*Pij
¢(E,r) = £/NM z I
J=1 i=1 (xj4rp) 2+(vy4-vp) 2+ (25 5-2p) 2
with (WTi)j = weight of the particle leaving event 1 In
= batch J
£33 = number of mean free path between event
= gite and detector
Pij = probability, per steredian, for a par-
= ticle to be scattered into the detector
= direction
= in case of uncollided flux calculation,
= pijis assumed as 1/4 =
X1 ¥prZp = coordinates of detector point
Xijj.¥1j+%21j = coordinates of event point
NM = number of source particles started in all
= batches
M = number of batches
Nj = number of events in batch j
i = global normalisation factor
r = coordinates of the detector

MORSE outputs for all detectors the energy dependent flux as
well as the uncollided and the total response using response
functions resy

NE
Rp = I (¢(E,r) - Resg)
g=1

More detall informations about the subroutines SDATA,
RELCOL and EUCLID is given in the MORSE manual /33/.

Calculations with point detector are extremely time con-
suming. To diminish time, the user should specify reglons,
that are valid for the estimation, i.e., collisions, which
do not occur inside of these regions, will be disregarded.
It has to be emphasized that the user should exclude only
such regions which will not significantly contribute to the
flux at the detector.
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For detail information about additional input for point
detector see Section 3.3 MORSE Input Description.

- Surface Detector
{1) Surface Flux Detector

Surface flux in energy group g is calculated by

M N
${E)gyups = L/NM - } EJ (WTi/abs(ccsi))g
j=1 i=1
with £ = global normalisation factor
NM = number of source particles started in all
batches
M = number of batches
Nj = number of events in batch jJ

cosine of angle between direction of flight
and the normal to the passed surface

WT 3 = weight of neutron before collision

Surf surface of the detector

COSi

[

The surface is defined by its regions on both sides. All
particle passing this surface are counted disregarding
direction of flight. The flux is not normalized to the
surface. Total flux is calculated in cases of response

function input,.
(2} Surface Current Detector

the surface current is computed as

Ny
) (WIi)g

(3) Surface Energy Current Detector
The surface energy current is computed as

J = £/NM - (WI;*Eg)g

n =
R
1,
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with Ej energy of neutron i uniformly distributed be-
tween Eg and Eg+1.

The surface response for all surface detectors is calcula-
ted, if response functions Resg are specified.

A.3 Modifications of EGS4

The EGS4 code is from the physical point of view adopted to the
HERMES system as it is. Only the implementation, input-output-
and the geometry interface is changed. This is described above

in Section 3.4. It is assumed here that the user is familiar with
EGS4 physice, otherwise he should read the EGS4 user's manual
/38/ and associated literature /39-40/ where a very detailed
description of the physics models is given.
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APPENDIX B
DESCRIPTION OF INPUT DATA USED BY THE EVAPORATION
MODEL IN THE HETC CODE

B.1 Theory and Historical Background

The basic evaporation model theory used In the original HETC code
/1/ is that of Weisskopf /2/, with much of the method of im-
plementation based in the work of Dostrovsky. et al. /3-5/.

The evaporation model used in HETC is an evolution of an evapo-
ration code called EVAP. originally written by Dresner /6/ with

a series of revisions by Guthrie /7, 8/; the nature of these
revisions are indicated in TABLE B.1.

Table B.1
Basic Differences in EVAP Series of Evaporation
Model Codes

Evaporation Code Comments
1 EVAP /6/ original code
2 EVAP-2 /1/ only 6 types of evaporated

particles considered instead

of 19 in EVAP

updated nuclear masses allows
8Be as a residual nucleus to

split immediately into two

a particles

recycles (up to a max. of 10

times) if get kinetic energy

selected greater than allowed
by excitation energy

3 EVAP-3 /7/ like EVAP-2 except effects of
kinetic energies of recoil
nuclei taken into account

4 EVAP-4 /8/ identical to EVAP-3 except for
"improved-termination" scheme
for particle emission

These '"stand-alone" EVAP codes have been Iincorporated as subrou-
tines (and used in conjunction with the cascade model) tec treat
high-energy nuclear collisions in the thick-target radiation
transport code HETC, and its predecessors NMTC and NTC, as indi-
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cated in TABLE B.2. Various updates have been made for the nu-
clear mass data used, and this is azlso indicated in TABLE B.Z2.

Table B.2

Overview of Nuclear Data Input Used in the EVAP
Series of Evaporation Model Codes

Evaporation Transport Code Nuclear Mass Data Used

Code Used in

1 EVAP NTC /g8/

(b)

{a) from tables compiled

by Wapstra (1955) /11/
and Huizenga (1955)
/12/ for bases where
measured masses exist
semi-empirical formula
of Cameron (1857) /13/
for nuclei not measured

2 EVAP-2 and NMTC /10/ (a)
EVAP-3

(b)

Mattauch, et al. (1965)
/14/ tabulation of
binding energies
Cameron semi-empirical
mass formula /13/ for
nuclei not tabulated
by Mattauch et al.
"shell-plus-pairing”
energy corrections for
Z or N < 13 from Peele
and Aebersold /15/
rather than from Cameron

3 EVAP-4 HETC /1/
({RSIC Version)

same nuclear data as
EVAP-2 and EVAP-3

4 EVAP-4' HETC
(unpublished) {some versions)

updated nuclear masses
from Wapstra and Gove
{1971) /186/

The evaporation data input described in this paper corresponds
to that used by EVAP-4, which is the form of the evaporation mo-
del used in the version of HETC distributed by the Radiation

Shielding Information Center (RSIC}.
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B.2 Comments on Calculational Methed

Some of the input data for the evaporation meodel consists of
pre-computed functions which are used in various steps of the
calculation. To define the meaning of these, and other input
data, we briefly summarize here some of the steps of the evapo-

ration calculation.

The probability P;(E) that a nucleus excited to energy U will
emit a particle of type 1 having kinetic energy E is assumed to

be expressed as
Pi(E) = gy mj+Eroo;(E) w(E"), (B.1)

where g4 1is the number of spin states, m; is the emitted parti-
cle mass. o.; is the inverse cross section (i.e., the compound
nucleus formation cross section corresponding to bombarding the
residual nucleus with particles of type 1 and energy E), E¥ is
the excitation energy of residual nucleus (E*=U—Q—E, where Q is
the binding energy of particle i), and o is the density of ener-
gy levels of the residual nucleus.

The form for e used is
o (E¥) « expl2-[a-{E~5)]1/2) (B.2)

where § 1s the pairing snergy and

a = A/By - (1+4YAZ2/A2),

with A=mass number, Bp=8 MeV, ¥Y=1.5, A=A-2Z, and Z=charge num-
ber. {Since Egs. (B.1l) and {(B.2) are always involved in ratios
in the computations, constants have been omitted.) (see updsates
in Appendix A, Section A.1.2).

The inverse cross section is taken to be the geomeiric cross
section modified by an empirical expression to take into account
energy dependence, and a Coulomb barrier correction for charged
particle emission. For neutrons,

GenlE) = n-R%-a(l+B/a) (B.3.1)
a = 0.76 4+ 1.93.a"1/3 (B.3.2)
aB = 1.66.472/3 - 0.05 (B.3.3)

1.7-41/8 (B.3.4)

a
1
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with R in units of fermions (1 fm=10"13 cm). For charged particle
emission,

oci(E) = =-R%2.(1+C;) - (1-kyV3/E),

for E>k;-V;, and zero otherwise. Here V; is the Coulomb barrier
calculated from the classical electrostatic expression and the
factor ki is inserted to take into account in an approximate way
barrier penetration effects. The numerical values used for Cy
and k; are mainly those chosen by Dostrovsky, et al. /4/ to

give a good fit to continuum-theory cross sections. Values for
protons and alpha particles are given in Table B.3, and the
others are determined from the following relations:

kd_ = kp+0.06 Cd = Cp/2
ky = kp+0.12  Cy.g = Cp/3
ky = k,-0.06  Cy = C,=0

The expression used for Coulomb barrier is
Vi = 23 + Z - e2/(R+Ry) (B.4)

where e is the electron charge and Ry is zero for protons and
1.2 fm for all other particle types.

Table B.3
Parameters Used for Computing Inverse
Charged-Particle Cross Sections

z Kp Cp K,
10 0.36 0.08 0.77
20 0.51 0.00 0.81
30 0.60 -0.06 0.85
40 0.66 -0.10 0.89
50 0.68 -0.10 0.93
60 0.69 -0.10 0.97

>70 0.69 -0.10 1.00

The first step in computing particle emission from an initial
nucleus having A, Z, and U is to determine the total (over all
energy) emission probability for each particle type which is

P; = Pji/(
i

P;), with

o

1
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Pi = gi-mi-IEhoci(E)-w-{U—Qi—évE}dE
where the upper limit of the integration is U-Q;-¢ and the lower
limit is k;-Vj;. (This equation is applicable, of course, only if
emission is energetically possible —- i.e., if U>k;-Vi+Q3+95.
Otherwise, P;=0).

Based on the work of Dostrovsky, et al. /3/, this integral is
performed analytically. The result {within a common numerical
factor) is:

for neutrens,
Py = A%/3 .. (I(S) + B-Iy(8)) €S, (B.5.1)

and for charged particles,

P; = (gi-'mij/2) - {1+C;)a%2/3.1,(5).€S (B.5.2)
where
S = 2-(ar(U-k;V;-Q;-8))1/3 (B.5.3)
Ig(s) = {(2a)~1 (s-1+e75) (B.5.4)
I;(8) = (8a?)~l(2s2-6s+6+e 5. (52-5)) (B.5.5)

The kinetic energy selection for the evaporated particle is
based on the equation

N(Ej)dE; = Ty 2.W;-exp(-W;/T;)dE;

where Wi=E;~k;V; and T;=1/2<W;>. The Monte Carlo selection of
E; is realized by setting

Ei = QTi -« X o+ kivi

where X is selected from the distribution (x-exp(-x)), which is
equivalent to setting X equal to one-half the sum of two random
numbers on the interval (0,1}. The expression for Ty, is, for
neutrons,

Ty = 1/2:-[Ip(8)+8:I4(S)] / [I1(S)+8+Ig(8)] {(B.6.1)
and for charged particles,

T; = 1/2°32(S)/11(S), where (B.6.2)

Io(8)=(32a3)71(85%-4852+1205-120+e~5.[54-1252+120]) (B.6.3)
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After a particle is evaporated, the procedure is repeated with
updated nucleus parameters:

A" = A-Ay; z' = Z-Zji; U' = U~Qi-Ej

B.3 Description of Evaporation Model Input Data

The HETC code reguires an input data tape in which the first
part consists of data used by the intra-nuclear-cascade model,
and the second consists of data used in the evaporation model
calculation. The input data arrays for the evaporation model are
listed in TABLE B.4 (in the order in which they appear on the
data tape), and are discussed below.

The arrays PO, P1 and P2 are pre-computed functions which are
used in evaluating the S dependence of the functions Ip, I,, and

I, (Egs. (B.5.4), (B.5.5), and (B.6.3)), and are defined as fol-
lows:

PO = 1/2.[{8-1)exp(5)+1] exp{-50)

Pi = 1/8-[(252-6S+6)exp(S)+S%-6]exp(-50)

P2 = (4/32).[853-4852+4120S-120+exp(~S) o

o (54-12352+120)] / [252-68+6+(S%-1)exp(-S)]

The values stored on tape have been computed for 5=0.0 through
$=100,0 in steps of 0.1, for a total of 1001 values for each ar-
ray. Over this S range, the expressions in the brackets for PO
and Pl can vary over many orders of magnitude; hence, an arbi-
trary normalization factor of exp(-50) is included.

For all variables dependent on the evaporation particles (Items
4 through 8 in Table B.4) the order assumed is neutrons, pro-
tons, deuterons, tritons, helium-3, and alpha particles. Thus,
Ia=1, 1, 2, 3, 3, 4, and 1I2=0, 1, 1, 1, 2, 2.

The RHO array contains values for the radii of evaporated parti-
cles (corresponding to R; of Eg. (B.4)) in units of 1.7 fermi-
ons. Thus, RHO(J)=0.0 for J=1 or 2, and RHO(J}=0,70588 for J=3
through 6. o
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Table B.4

Definition of Input Data for HETC Evaporation Model

Array Dimension Definition
i PO 1001 pre-computed functions
2 P1 1001 used in evaluating
3 P2 1001 Ig, I;, and I, (see text)
4 IA 6 mass numbers of possible
evaporation particles
5 IZ 6 charge number of possible
evaporation particles
& RHO 6 radius of evaporation particles
7 OMEGA g {not used)
8 EXMASS 8 mass excess values (in MeV) of
evaporation particles
9 CAM2 130 shell-plus-pairing energies for nuclei
having charge number 1 through 130
iO CAM3 200 shell-plus-pairing energies for nuclei
having neutron number 1 through 200
11 CAM4 130 pairing energlies for nuclei having
charge numbers 1 through 130
12 CAMS 200 pairing energies for nuclei having
neutron numbers 1 through 200
13 T 3,17 constants for computing inverse
cross sections (see text)
14 RMASS 297 RMASS = Al/3, for A = 1 through 295
15 ALPH 297 ALPH = 0.76 + 1.93 4™1/3 for
A = 1 through 295
16 BET 297 BET = (1.66A72/3 - 0.05)/ALPH,
for-A = 1 through 295
17 WAPS 250,20 atomic mass data in terms of mass excess

values (in MeV); WAPS(I,J) corresponds
to & nuclide with mass number I=34,
J=isobar index (see text)
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The EXMASS array contains mass excess values in MeV units for
the evaporated particles, which are used in computing the Q val-
ues of Eg. (B.5.3) in the following way. Let M(Z,A) denote the
mass of an excited nucleus which evaporates a particle of mass n,
leaving a residual nucleus of mass M'{Z',A')}), so

Q=M (Z2',A") + m — M(Z,4)

In terms of mass excess, M(Z,A) A+AM{Z,A), etc., where AM deno-
tes the mass excess. Therefore, Q can be written as

Q = AM'(Z',A") - AM(Z,A) + 4&m

where Am=EXMASS is the mass excess of the emitted particles. The
numerical values stored are from the binding energies given in
the 1964 Mass Tables /B.14/, converted to mass exXcess values as
described in Ref. /7/.

The CAM array contain shell and pairing energy corrections,
which are terms in the semi-empirical atomic mass formula of
Cameron /13/. This formula is used to compute the mass excess

of all nuclei for which data are not available from mass tables
{as discussed later in connection with the WAPS array). The for-
mula used is that given in Eg¢. {(B.l1} of Cameron's 1957 paper

f13/:
AM(A,Z) = [8.3B87A-0.783Z+EtEg+E+E,] + S{Z,N}) + P{Z,N)

Expressions for the terms E,, (volume energy), Eg {surface ener-
gy)., E. (Coulomb energy), and E, (Coulomb exchange energvy),
which are functions of only Z and A, are given in Cameron's
paper. In HETC, the guantity above in brackets corresponds to
FUNCTION CAM(A.,Z). The terms S and P are empirically determined
corrections to the reference mass formula to take into account
shell effects and "pairing" energie (i.e., the extra stability
of nuclei with "paired" neutrons and protons). It is assumed
that 8 and P can be written as independent functions of the neu-
tron (N=A-Z) and proton numbers:

S{Z,N} = S(Z) + S(N); P{(Z,N}) = P{Z) + P(N)

The input data arrays correspond to:

]

CaM2 = S(Z) + P(2); CAMS S{N) + P(N)

i

CaM4 P{Z}; CAMS P(N)
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In the code, these arrays are used in the mass formula,

ENERGY(A,Z} {code variable name)

AM(Z,A)

CAM(A,Z) + CAM2(Z) + CAM3(A-2Z)

I

and for the pairing energies alone (e.g., Bg. {(B.5.3}}),
§ = P{(Z) + P(H)
or in the code variable names,
CORR = CAM4({(Z) -+ CAMS(A-Z).

The numerical input values for CAM2(Z) and CAM3(N) for Z=13
through 130 and N=13 through 200 are those given in Table 1 of
Cameron's 1957 paper. For Z=1 through 12 and N=1 through 12, the
values given in Table 2 of Peele and Aebersold (158/ are used.
For CAM4(Z) and CAMS(N), the wvalues for Z=13 through 130 and
N=13 through 200 correspond to (the negative of) the wvalues in
Table 1 of Cameron's 1958 paper, and the values for lower Z and
N are {(the negative of) the values given in Table 4 of Peele and
Aebersold.

The T array contains values for the parameters used in computing
inverse cross sections. The numerical wvalues in this array are
the same as given previously in Table B.3, with T(1,3)=kp,
T(2,J)=k,, and T(3,3)=Cp. The index J=1, 7 denotes the values

evaluated at the seven charge number intervals given in Table B.3.

The next three arrays contain values for A-dependent functions
evaluated at A=1 through 2¢5. RMASS is used in computing the
target nucleus radius, Eq. (B.3.4), and ALPH and BET correspond
to o and 8 as defined in Egs. (B.3.2) and (B.3.3). It should he
noted that while these arrays are dimensioned 297, the values -
on tape for array locations 296 and 297 are not meaningful.

The WAPS array contains atomic mass data in terms of mass excess
values in MeV units. WAPS(I,J) correspond to a nuclide with mass
numnber I=A and J is an iscobar index, which is defined as

J A - 2Z - JV + 10, with

1

It (&4 - 1)/(1 + 124/42/3)

where J and J' are integers.
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For the data tape used with the EVAP-4 version of the evapora-
tion model, the atomic mass data on tape are taken from the 1964
Atomic Mass Table /B.14/. For locations in the WAPS array where
values are not available from the 1964 tables, they have been
generated and stored in the WAPS array using the Cameron formula
/13/. It should be noted that while the WAPS array is dimen-
sioned 20 for each A, the J and J' algorithms for storage and
retrieval are such that only 10 values are meaningful for each
A. Values needed for A and Z outside of thls range are computed
by the code using the Cameron formula,
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APPENDIX C
PROBLEM INDEPENDENT INPUT TO THE CASCADE MODEL

C.1 Introduction

HETC needs problem independent data for the intranuclear cas-
cade- and evaporation model calculations. The purpose here is
to describe the input data used by the intranuclear cascade
model. (The sources of the data described here are not dis-
cussed; they have been given by Bertini /1/.)

The nuclear-data input tape contains § records of information
used by the intranuclear cascade model, followed by 13 records
of data pertaining to the esvaporation model (Table C.1). In
this chapter, we define these first 5 records; the evapeoration
model data arrays are defined in Appendix B.

Tazble 1. Nuclear model data arrays used as input to the HETC
code. Records 1 - 5 are for the intranuclear cascade model,
Records 6§ - 18 for the evaporation model,

Record No.
No. Words Arrays
1 600 CRSC(1)...CRSC(600)
2 600 CRSC(601)...CREC(1200)
3 600 CRSC(1201)...CRSC(1800)
4 - 600 CRSC(1801)...CRSC(2400)
5 29849 DCLN(80), DCIN(115), PPAC(19),
POAC(19), FMXSN(161), FMXDN(Ll3C)
FMXSP(117), PDCI(60), PDCH(55),
DCHN(143), DCHNA{36), DCENB(&0),
PSPCL(158), PDPCL(130), SPCLN(158),
DPCLN(130), FSLN(176), FRINN¢161},
DMIN(¢101), PPSCL(1l7), PHKSCL(l1i7),
PMSCL(117), PWNSL{1ll7), PCFSL (234),
FRIPN(117), PNMI(10l), PNFSL(234),
PNEC(126), PNNEC(1268), PMXC(126),
PMEC(1268), PPEC(126), PEC(176),
ECN(176), PPDC(6426), PMDD(6426}),
PMDX(6426), PNDD(6426)
6 3003 PO(1), P1(1), P2(1)...PCO(1l001),
P1(1001), P2(1001)
7 12 IA(L) ... .TA(6), IZ2(1)...I1Z(6)
8 12 RHO(1)...RHO(6), OMEGA(1)...OMEGA(6)
g 6 EXMASS(1)...EXMASS(6)
10 130 CAM2(1})...CAM2(130)
11 200 CAM3(1)...CaM3(200)
12 130 CAM&(1) .. .CAM&(130)
13 200 CAM5(1)...CAM5(2040)
14 21 (T(I,J),J=1,7), I=1,3)
13 297 RMASS(1)...RMASS(297)
16 297 ALPH(1l)...ALPH(297)
17 297 BET(l)...BET{2%7)
18 5000 ({WAPS(L,J),I=1, 250}, J=1,20)

In Section C€.2 the input data arrays are defined. and some are
displaved graphically in Section C.3.
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C.2 Definition of Input Arravs

A brief description of each input data array is given in Table
C.2 and some further comments are given below.

Table 2. Definition of input data arrays for intranuclear cascade model.

Arra Array No Ener AR{HeV) for
to. Name Words Description Range %ﬁe?) Tabulation
1. CRSC 600 CRSC (1) through CRSC (600) contains the - ---

following nuclear data for & = 1 through
60: (a) mass number, A; (b} radial bound-
aries (3) defining nuclear regions, (c)
nucleon density per nucleon for each
region, and {d) Fermi energy per nuclecn
for each region.

2. CRSC 600 CRSC (£01) through CRSC (1200) contains --- ---
nuclear data like Record 1 for A = 61
through 120.

3. CRSC 600 CRSC (1201) through CRSC (1800} contains --- ---
nuclear data like Record 1 for & = 121
through 180.

4. CRSC 600 CRSC (18013 chrough CRSC (2400) contains --- ---
nuclear data like Record ! for & = 181
through 239. (Data included for A = 240
to fill record, but not meaningful.)

5. DCLN 80 neutron-proton differengtal cross section 0 - 300 20
(energy dependence of coefficients for
angular distributions)

6. DBCIN 115 same meaning as Record 5 300 - 740 20

7. PPAC 19 %* - p absorption cross sections (im cm®) 0 - 360 20

Table 2. Definition of input data arrays for intranuclear cascade model (con't)

_j;- Arra No. Energy AE(HeV) for
ég?y Hamey Yords Description Range (MeV) Tabulation
8. POAC 19 t® - p absorption crobs section (in cm®) 0 - 360 20
9. FHXSN 161 maximum velue of pion mass distributcion 300 - 2500 20

vs, relative kinetic energies for nucleon-
nucleon sinzle produccion reactions

10. FHXON 13¢ pion mass sampling distribution for 920 - 3500 20
nucleon-nucleon double pion production

11. FHXSP 117 like record 9 but for pion-nucleon 180 - 2500 20
aingle pion production

12. PDCI 60 proton-proton differential cross sections, 440 - 1000 -—
tabulated at 440, 590, 650, 800, and 1000 HeV

13, POCH 33 proton-proton differential cross sections, 1000 - 4400 --
tabulaced ar 1000, 1400, 2170, 2%00, and
L4400 MeV

4. DCIN 143 per ceni scattering in backward direction 660 - 3500 20
for neutron-proton differencisl cross
sections

15. DCINA 36 neutron-proton differencial cross sections 630 - 3520 --
in forward divection tabulared at &30, 1540,
2560, and 3520 MeV
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Table 2. Definicion of input data arrvays for intranuclear cascade wodel (gcon't)

Array ArTay No. Energy AE(MeV) for
Ho. Hame Hords Deseription Range (HaV) Tabulation
16. DCHNE 60 neutron-proton differential cross sections 630 - 3500 --

in backward directions, tabulated at 630,
2040, 2280, 2850, and 3500 Mev

17. PsbuL 158 pruton-proton single pion production cross 160 - 3500 20
sections (in cm®)

18 PDPCL 130 proton-proton double pion production eross 920 - 3500 20
sections (in cm?)

19. SPCLN 158 neutron-proton single pion production cross 360 - 3500 20
sections (in cm®)

26, bPCLN 130 neutron-proton double plon production cross 920 - 3500 20
sections {(in ¢m®)

21. FSLN 176 probabilicty of producing two isobars in 0 - 3500 20
nucleon-proton double pion production

22, FRINN 1l tabulated values of integrals for isobar 300 - 3500 20
sampling as a function of nucleon-nucleon
relactive kinetic energies

23, DHLN 101 tabulated values of integrals for isobar -- --
sampling for nucleon-nucleon collisions as
a fFunction of the variable R, for R values
From 0.0 to 1.0 in steps of 0.01

dable 7. Definition of inpur data arvays for intranuclear cascade wodel. {con’c)

Energy AE(MeV} for

Array Array tho .

o Name Words Deseription Range (MaV) Tabulation

24, PPSCL 17 s* - proton single pilon production cross 180 - 2500 20
sections (in cm?)

25, PNSCL 117 ¥® - proton single pion producrion cross 180 - 2500 20
sections (in cm?)

26, PHSCL 117 s~ - proton single pion production cross 180 - 25600 20
seccions {im cm?)

27. PNNSL 117 t® - neutron single pion production cross 180 - 2500 20
section (in cm?) :

28, PCFSL 234 final states for =- - proton single 180 - 2500 20
production

29, FRIPN nz like Record 22 but for pion-nucleon 180 - 2500 20
collisions

jQ, PNMT 101 like Record 23 but for pion-nucleon - -
collisions

i1. PHFSL 234 final states for =® - proton single pion 180 - 2500 20
production

32, PHEC 126 7 - proton elastic scattering cross 0 - 2500 20
sections (in cm?)

33, PRHEC 126 1° - neutron elastic scattering eross 0 - 2500 20

sections (in cm®)
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Table 2. Definicion of inpur data arrays for intranuclear cescade model. (con't)
Arra Ho. Energy EE(HeV) for
Aﬂ;:? N:mey dords Description Range {(HeV) Tabulation

34, PHXC 126 - - proton charge exchange cross 0 - 2500 20
sections {in em®)

35. PMEC 126 ¥~ - proton elastic scattering ¢ross 0 - 2500 20
sections (in cm®)

36. PPEC 126 ¢t - proton elastic scattering cross 0 - 2500 20
seccions (in cm®}

i Y 7PEC 176 proton-proton elastic scattering cross 0 - 3300 20

sections (im em?)

18. ECH 176 neutron-proton elastlc scattering cross 0 - 3500 20
sections (im cm®)

3%. PPBC 6426 cummulative sampling distribution in cose e - 2500 20
for ' - proton differential cross sections

40, MDD 6426 cummuiative sampling distribution in cose ¢ - 2500 20
fur «= - proton differencial scattering

i cross sections

41, PHUX 6476 vamsulative sampling distribucion in cos 8 0 - 2500 20
tur s~ - proton differential charge exchange
cross sections

42, PROD 6426 cumnulative sampling distribucfon in cose D - 2500 28
fFor ¢° - proton differential scattering
cross sections

C.2.1 The CRSC Array

The first array, CRSC, contains 10 wvalues for each target Mass
number, A, from A=1 through 240. (Values for A=240 are not mea-
ningful, although values are stored just to complete the re-
cord). For each A, the following values are stored (where
i=1,2,3):

Word
Designation Descripticn
1 A, target mass number

2 - 4 Rj., the radial boundaries of nucleus A,
dividing the nucleus into 3 regions -
a central sphere and two surrounding
annuli {in cm)

5 - 7 p3/A, nucleon densities per nucleon for
each region, divided by an arbitrary
normalization factor of 10390 {in cm"s)

8 - 10 Eif. Fermi energy per nucleon for each

regicn {in MeV)
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The radial boundaries are defined as those radii where the nu-
cleon density has decreased to a specified value of its central
value. A continuous radial dependence of nucleon densities are
assumed /2/:

p(r) = pg - [exp({r-c)/zq) + 1171

where p{=normalization factor, c¢=1.07x10713 . a1/3 cm, and
z1=0.545%10713 cm. The R; are then defined by p(Rj)=a; - 0(0),
with «;=0.90, @5=0.20, and «3=0.01,

The number of neutrons or protons in each region is assumed to
be the same as for the nucleus as a whole, that is,

ni{N) = neutron density (per 1030) in region i
= (pij/A) + N, and

n;(Z) = proton density (per 1030) in region 1
= (p3/R) - Z

In the Fermi gas model, where the nucleus is considered as a
collection of free nucleons, the Fermi momentum of particles
bound in volume 0 is conventionally written as {(e.g., /3/).

Pe = (322)1/3 « ny2n - (as0)1/2

and the corresponding kinetic energy is Ef=(Pf)2/2M. The input
nucleon densities correspond to p;/A=1/0, and the input Fermi
energies (per nucleon) correspond to

Bf £ 3

E-; = E*/A = (3h®p;/8n)/2M

The Fermi energies of neutrons and protons in each region then
are

Fal
gf () = 8f; . (a-2)2/3  ana  Ef,(z) = Ef; . 22/3

C.2.2 Differential Cross-Section Data

The differential cross section data are represented in one of
three formats: (a) as expressions of the form A+B(cosd ) where
the coefficients are input data, (b) as tabulated values cor-
responding to the areas under the angular distribution in Acoss$
intervals, or {c¢) as tabulated cummulative frequency distribu-
tionsg in u=cosd. The method used for each cross section is
given in Table C.3.
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Table 3. Methods used in representing differential
gscattering cross ssctions.

Crosgs Enargy

Saczions {MaV) Hethod Arrey
g%tn-p) 0-300 (a) foxward scattering; DCLN

Ap + BF {cogé)

(b} backwazd scartering;
Ag + By (cose)”®

300-740 {a) forward scattering: GCIN
Ap *+ By {cosa)?

(b} backward scattering:
Ay + By {cogd)"®

§60-3520 tabulated valuas for au DCENA
intervals, u > ¢
" "880-3520 | tabulated values for u DCHNB
intervels, v < @
g9 (p- 0- ae-
#-p) 500 {assumed isotroplc in
& canter-of-mass)
440-1000 tabulated values for su OCL
intervals
TU1000-4400 | (as above) PDCH
%E(:°-p) 0-2500 | cummmlative frequency dis- PPDC
< eribuctions in u, determined
from phase shift analysis
%%(w--p) ! 0-2500 (as above) EHDD
%%(*°'PJ ! 0-2500 (as above) PHDD
Le(amep c.00) 0-2500 (a8 sbove) PHDX

For n-p scattering, forward and backward scattering are treated
separately, with the per cent of scattering in the backward
direction specified by the DMHN data array. For p-p scattering,
the angular distribution is assumed svymmetric about x=0.

The pion-proton scattering and charge exchange cross sections
are based on the phase shift data of /4/ and the formalisnm
given by Bertini /5/. At each energy, values of u defined by

u
R = [ plp)du
_1 .

are tabulated corresponding to R=0 to i.in steps of 0.02f
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C.2.3 Data for the Isobar Model

For single pion production collisions produced by an incident
particle having relative kinetic energy E,, the probability of
creating an excited isobar of mass m is, according to the
Sternheimer-Lindenbaum model /6/

P(m,En) = G - og/p(m) » F(m,Eyp)

where C is a normalization constant, 03/2(m) is the total cross
section for the pion-nucleon system {evaluated at the pion ki-
netic energy corresponding to the total system center~of-mass
energy m), and F is the phase space available. The arrays FMXSN
an FMXSP pertain to selecting from the F distribution for inci-
dent nucleons and pions, respectively. The arrays FRINN and
DMIN are used in selecting from ¢ for nucleon-nucleon colli-
sions, and FRIPN and PNMI are used in selecting from ¢ for
pion~nuclear collisions,

For double pion production, the masses of the iscobars are ex-
pressed as

P(ml,mz,Er) =k - 0'3/2(71’!1) ¢ 03/2(m2) . F(ml,mg,Er)
and the FMXDN array contains data needed in selecting from F.

The three remaining input arrays containing data used by the
isobar pion production model are FSLN, PCFSL, and PNFSL, which
are related to specifving final states. FSLN is the probability
of two iscobars in nucleon-nucleon collisions, PCFSL is for n -
proton final states, and PNFSL is for nouproton final states.

C.3 Plots of Input Data

Some of the input data are shown graphically in Figs. C.1 to
C.8. The points shown in these graphs are the data points of
the input data -- e.g., the data points vs. energy are at the
energy values of the input data without any extrapolation or
interpolation.

Figs. C.1 to C.3 show the contents of the CRSC input array. The
total cross sections for all reactions are shown in Figs. C.4
to C.8.
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APPENDIX D
USER INTERFACING

D.1 Graphic Software Interface

The CMD command interpreter used by the HERMES system includes
an interface to the KFA graphic softwares called the GR Software.
The @GR software is used to produce a series of viewgraphs. As
this software is not portable it is necessary for the user, if
he wants to use the graphic tools of HERMES, to provide a soft-
ware which can be invoked by the following subroutine calls

and performs the described functions.

The fivst call must be
CALL GRSTRT(35,8)

now unit 8 is used for plot ocutput until
CALL GREND

terminates the ¢graphic software. Whenever a viewgraph has been
gensraited

CALL GRNXTF

displays the viewgraph on the terminal and/or plotter. The
graphic memory is cleared and the GR Software is ready for
the next viewgraph.

Scaling:
The dimension of a viewgraph is assumed to be 28.7%38.5 cm.

CALL GRSCLC(XLL,YLL, XUR, YUR)

defines a window with lower left corner at XLL, YLL and upper
right corner XUR, YUR all measured in cm.

CALL GRSCLV(XA,YA,XB.YB)

defines the matching user values for the lower left and the
upper right corners of the cm frame. The cm units refer to

a plotter device with scaling factor 1, other devices need a
scaling factor #1 to fit 28.7%39.5 to the possible device
coordinates. This may be included in the device driver soft-
ware or can be set by calling

CALL GRFCTR({FACTOR)
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Routines for simple drawing primitives are:
CALL GRJMP(X,Y)

move the pen to point X,Y (of the user value frame) without
drawing

CALL GRDRW(X,Y)
draw a line from current position to X,¥
CALL GRJIMPS(X,Y.ISY)

move the pen to X,Y without drawing and then draw svmbol number
IsY

CALL GRDRWS(X,Y,IS8Y)

draw a line from current pen position to X,Y and then draw
symbol number ISY.

Polvlines can be plotted with
CALL GRLN({X,Y,HN)

move the cursor to X{1),¥{1l) and draw lines to X({i).¥(i) for
i=2 to N.

CALL GRCHN(X,Y,N, ISY)

draw polvyline with symbol number ISY at each X{(i), ¥Y{i}).
Text may be included with

CALL GRTXT(X,Y,LEN, Text)

at position X,Y. Additional routines are available to define
drawing and text attributes:

CALL GRNWFN(IPEN)
selects a new pen. This can be used to define colours e.g.
e : .
CALL GRFONT(ifont)
a character font can be selected and with

CALL GRCHRC(height.,angle, intens)
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the height of characters (in cm)., the text angle and intensity
can be selected. Finally, '

GSTXAL(IA,K 4}
selects the text alignment as

IA=1 right justified
I1A=2 centered
IA=3 Jeft justified.

The subroutines described above form part of the low level
graphics offered in the GR Software. Some additional routines

of the second level are used by CMD as well. This second level
provides automatic linear and logarithmic scaling and, therefore,
needs FORTRAN unit number 4 to store data until all user data

is available and automatic scaling can be done. We use the
routines KURVEF and GRBLD.

CALL KURVEF(X,Y,N,ISTYLE)

defines a polvline or polymarker to be drawn and stores it on
unit 4. X(N) and ¥(N) are real arrvays containing the coordinate
data. ISTYLE defines how to draw the curves.

ISTYLE=(2*IPEN-1)*100+ISY

where ISY is the symbol number 1 to 13 or -1 for no symbol.
IPEN denotes the colour of the curve. Thus, KURVEF can be
used for polvlines and polymarkers.,

.CALL GRBLD(XCM,YCM, IXSC,IYSC,XMIN, ¥MAX,VYMIN, YMAX,KEY)

reads all data stored by KURVEF and draws all curves in one
{or more) frames.

The parameters of GRBLD decide the appearance of the picture,

XCM,¥CM are the lengths of X and v axis in cm coordinates.
On the first call GRBLD issues a
CALL GRSCLC({3.,35,3+XCM,3.5+YCM) and
CALL GRSCLV(0.,0.,XCM,¥YCHM).
If ¥CM,YCM are given negative the lower left corner
of the cm frame remains as it has been set by the
user before calling GRBLD, and the upper right corner
is set to (lower+left)+{XCM,YCM). S
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set the axis scaling

2 linear scale
102 linear scale with ¢grid lines
-2 logarithmic scale

~-102 logarithmic scale with grid lines
0 no axis (data 1s linear)

value frame used for user data
866. — use automatic minimum or maximum

number of curves plotted in one frame,

666 all curves, GRNXTF is called autcomatically
-666 all curves, GRNXTF is not called

use -686 to combine GRBLD with text drawing etc.

Some routines included in CMD extend the graphic interface
providing some useful techniques of calling graphic for
special purposes.

GRHEAD (TEXT)

writes a chart title

GRXLAB({TEXT)

Wwrites a title at the x axis

GRYLAB({TEXT)

writes a title at the v axis

GRLAB3 (HEAD, XLAB,YLAB)

writes the chart title and titles for the x and
y axis

GRLGND(IPEN,ISY,ILIN,LTXT,TXT)

add a line of text (of length LTXT) to the legend
field of the chart using pen (colour) IPEN and pre-
fixes the text optionally by a piece of line
(if ILIN=1) and a symbol ISY

GRCURV(X,Y,N,IPEN,ISY,ILIN,LTXT,6 TXT)

conmbines a call of KURVEF(X,Y,N,ISTYLE)
with a call of GRLGND(IPEN,ISY,ILIN,LTXT,TXT)

GRREIST(X,Y,NY,ISTYLE)

constructs a curve from X{(0:N) and Y{N) data group
entries and invokes KURVEF
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GRBARS({X.,Y,NY,IPEN, ISY,ILIN,LTXT,TXT)
combines a call to GRHIST with a call to GRLGND

GRFCMD
finally compiles the graphic commands and calls

the appropriate graphic routines,
D.2 Interfacing of User Provided Monte-Carlco Evaluation Codes

Interfacing for user written particle sources and analysis pro-
grams 1s possible, however, it has to be done in FORTRAN level.

The STATLIB subroutine package may provide programming aid for
design of user detectors. For further details contact the authors.
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APPENDIX E
SAMPLE PROBLEMS

Three examples of different HERMES use are ¢given in this section.
The necessary input is completely given following the guide for
HERMES operation of Section 3.1. The sample outputs are reported
as excerpts, because of their enormous length. They are given

in full size on the HERMES distribution file.

E.1 Sample Problem I
High Energy Calorimeter

This is a simplified geometrical setup of a test calorimeter
experiment, which is shown in detail in Fig. E.1 in a 9 tower
multilayer structure. The simplified CG version is shown in
Fig. E.2, where the 8 outer towers are considered as one,
surrounding the central tower. The layer structure is also
shown in this figure. & n~ beam of 5 GeV was assumed to hit
the central tower in z-direction.

o] WAVELENGTH
SHIFTER

1200mm

[,

200m

Fig. E.1: Experimental Setup
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?2&9 { Z-grouping 6x12cm 1x9.9¢cm)
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ngfsdc'_”‘%j/////[n//////-f-__ uranium plate 0.30 cm

Fig. E.2: Geometrical Setup
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E.1.1 Input Files for Sample Problem I

(1} Geometry Description in CMD Language

GEOCMP &12 435 435 4600 16000;
/ Define z structure body data
/ IBO body reference numbers
INTEGER IBO(410);
DATA IBO=<1000 A 52 1 2000 A 52 1 3000 A 59 1
4000 A 59 1 5000 A 59 1 6000 A 59 1
7000 A 48 1 8000> ;
/ ZB thickness of 409 z layers
REAL ZB{410);DATA ZB=<0. 0.3 0.05 0.25 Q 135 3 0.3 >;
/ Accumulate thicknesses to get coordinates
ZB(2:410)=2ZB{1:409)+ZB(2:4£10};
/ Start body input with z structure
FOR I=1,410;
PZ IBO(I) ZB(I);
ENDFOR;
/ Add two bodies to define the x-y-structure
RPP 500 -10. 10. -10. 10. -10. 90.;
RPP 501 -30. 30. -30. 30. -10. 90.;

END;

/ Start ZONE INPUT with course structure
ZONE -2 -1 500 +1000 -8000 GO 2; / Central tower
ZONE -2 -2 501 =500 +1000 -8000 GO 2; / Outer towers
ZONE -1 3 =501 +1000 -8000; / Side wvoid
ZONE -1 4 =1000 ; / Front void
ZONE -1 5 +8000 ; / Rear void

/ Next define subgeometry data

/ low bounds of z-slabs are defined in IBO(1:40%)

/ high bounds are defined by exclusion of bodies IB0(2:410)
INTEGER IB1(409); IB1=-IB0O(2:410); / copy exclusion to IB1
/ define slab medium numbers

INTEGER IMO(409);DATA IMO=<1 6666 2 Q 135 3 1>;
/ define slab region number
/ all U will be region 1
/ all intermedium voids will be region 2
/ scintillator regions will be numbered as
/ Itower * 1000000 + Iz * 1000

INTEGER IRO{409);

DATA IR0O=< 1 2 -1 Q 19

12-20Q19

-3 Q 19
~4 ¢ 19
-5 Q 19
-6 Q 19
-7 Q 15
1 >;

/ now setup subgeometry zones as defined above
SUBGEOD;

FOR I=1,409;

ZONE IMO(I) IRO(I) IBO(I) IB1(I);

ENDFOR;

/ End of geometry compillation

ENDGEQ;
/ Load geometry object file from unit 22;
GEOIN;

/ Return to terminal input for test

UNIT 5;
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(2) Input to HETC and SIM

//REWO31H1 JOB ($SACCOUNTS), 'TEST1-HET',TIME=(64),REGION=3000K,

// CLASS=C ,MSGCLASS=A

/*%JOBPARM L=15

/*PASSWORD $MVS

/*ROUTE PRINT CMS

//HET EXEC GFORTV,NAME=HETKFA2,DS='REW031.HERMES'

//G.FT20F001 DD DSN=REW071.HET86.BERT,DISP=SHR,LABEL=(,,,IN) BERTP

//G.FT21F001 DD DSN=REWO031.HETSUB.TEST1,DISP=SHR I0SUB
//G.FT22F001 DD DSN=REWO31.HETDET.TEST1,DISP=SHR 10SIM
//G.FT96F001 DD DUMMY 10DUMN
//G.FT25F001 BD * INGEO
S$INCLUDE TEST1 GEO-O

/:‘.-

//G.SYSIN DD *
/ request detector output for each batch to unit 22
SIMIO IOSIM 22,
s / load geometry object file from unit 25, print log. on unit 6
GEQIN 25,6;
/ define detectors
/ 1. scintillation light in any SCSN38 region
DEFDET EVIS,5,,,,,< 1001000 A 6 1000 2001000 A 6 1000 >;
/ 2. energy deposition all regions
DEFDET EDEP,4;
/ 3. energy leakage into side,front and rear void
DEFDET ELGS,9,,,,,,<3 & 5>;
RUN; / return to het primary input
&RUN
MAXCAS= 1, MAXBCH=1000,
EMIN(I)=1., EMIN(2)=14.9, ELOP=20., EPICUT=2.23, EMUCUT=1.69,
IBERTP=-20, IOSUB=2]1, NHSTP= 0, INGEO= 0, IOGEO= 6,
TELAS=2, ISTRAG=0, IANG=0, IFISS=1,KEYDK=1,

MXMAT=2,

NEL(1)=2, DENH(1)=0., KB(1)=0.,
722{1,1)=92., A(1,1)=238., DEN(1,1)= 4.7932E-2,
272(2,1)=92., A(2,1)=235., DEN(2,1)= 1.4607E-4,

NEL(2)=1, DENH(2)=4.8295E-2, KB(2)=8.5E-3,
Z2(1,2)= 6., A(1,2)= 12., DEN(1,2)= &4.8295E-2,

TIPSR=4., ESR= 5000, , EMAX=53000.,
XSR=0.,YSR=0.,25R=0.001, USR=0.,VSR=0.,WSR=1.,
&END : o :
EXIT;
/%
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.3791E-03 R 64 0.0 F 0. ; E O CARD N
R 100 1. R 21 0. Q 2 121 ;  GAMMA PROB.'S GWLO(NNTG,HMXREG) CARD O
MATERIALIEN EPR WQ PS VON FT20 CARD XA
100 100 21 21 121 126 4 3 4 563 0f CARD XB
0000000200000 00 / CARD XC
66 A51127451 /¢C H
262 A5 1253 A5 1 ;U238 U235 CARD XD
1 3 4.7932E-2 U238 CARD XF
1 -4 1.6607E-4 + U235
2 2 & 8295E-2 H
2 -1 4.8295E-2 +C
3 -2 4.8295E-2 H

ANALYSIS INPUT CARD A4
14 100 121 o 0 1 0 100 1 1/ CARD BB

VL
FoO.; CARD CCX
FO.; CARD CCY
£ 0. ; CARD CCY
1001000 & 6 1000 2001000 A 6 1000;

F3;

. CARD DD
/ VISIBLE ENERGY IN SCSN38 ; 7X INNER, 7X OUTER, 7X QUTER TOWER EXTRA

R 100 1. /
Fo ;

CARD CG
141201 ; CARD HH

1 / NUMBR

14 1. 0.0085 1 4.8295E-2 / NDETEC S KB NEL DENK
/ /ID = REGION NUMBERS
1001000 4 § 1000 2001000 & & 1000;

F 6. ; 7z

F 12, ; A

F 4.8295E+2 ; DEN
//G.FT32F001 DD *

612 435 435 4600 16000 0 0
4 0
0 1.000E+00

PZ 1000 0.000

PZ 1001 0.300

PZ 1002 0.350

PZ 1003 0.600

PZ 1004 0.900

PZ 1005 0.950

PZ 1006 1.200

PZ 1007 1.500

PZ 1008 1.556

Pz 1009 1.800

PZ 1010 2.100

PZ 1011 2.150

PZ 1012 2.400

PZ 1013 2.700

PZ 1016 2.750

PZ 1015 3.000

PZ 1016 3.300

Pz 1017 3.350

PZ 1018 3.600

PZ 1019 3.900

PZ 1020 3.950

PZ 1021 4.200

PZ 1022 4.500

Pz 1023 4.550

PZ 1024 4,800
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3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3042
3043
3044
3045
3046
3047
3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
4000
4001
4002
4003
4004
4008
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
6023
4024
4025
4026

4027

4028
4029

4030

4031
4032
4033

30.299

30.349

30.599

30.89%9

30.949

31.199

31.499
31.549%
31.79%
32.09%
32,148
32.39%
32.699
32.749
32.999
33.299%
33.349
33.59¢9
33.899
33,949
34,199
36.499
34.549
346.799
35.099
35.149
35.399
35.69%9
35.74%
35.993%
36.299
36,349
36.599
36.899
36.94%
37.19%
37.499
37.549
37.799
35.098
38.148
38.398
38.698
38.748
38.998
39.298
39.348
39.598
39.898
3%.948
4£0.198
460.498
4£0.548
4£0.798
41,098
41,148
41.398
41.698
41,748
41,998
42,298
42,348
42.598
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4034
4035
4036
4037
4038
4039
4040
4041
4042
4043
4044
4045
5046
6047
4048
4045
4050
4051
4052
6053
L4054
4055
4056
4057
4058
4059
5000
5001
5002
5003
5004
5005
5006
5007
5008
5009
5010
5011
5012
5013
5014
5015
5016
3017
3018
5019
5020
5021
3022
5023
5024
5025
5026
5027
5028
5029
5030
5031
3032

5033

5034
5035
5036

42.898
42.948
43.198
43.4%98
4£3.548
43.798
44,098
44,148
44,398
44,698
44,748
44,998
45.298
45.348
45.598
45.8%8
45.948
£6.198
46.498
46.543
£6.798
4£7.098
4£7.148
467.3%8
4£7.698
47.748
4£7.998
48.298
48.348
48.598
48.898
48.948
£9.198
49.498
49.548
49.798
50.098
50.148
50.3%8
50.6%8
50.748
50.998
51.298
51.348
51.598
51.898
51.948
52.198
52.498
52.548
52.798
53.03%8
§3.147
53.397
53.697
53.747
53.997
54.297
54.347
54.597
54.897
54.947
55.187




5037
5038
503%
5040
5041
5042
5043
5044
5045
5046
5047
5048
504%
5050
5051
5052
5053
5054
5033
5056
5057
5058
5059
6000
6001
6002
6003
6004
6005
6006
6007
6008
6009
6010
6011
6012
6013
6014
6015
6016
6017
6018
6019
6020
6021
6022
6023
6024
6025
6026
6027
6028
602%
6030
6031
6032
6033
6034
6035
6036
6037

6038

6039

55.497
55.547
55.797
56.0%7
56.147
56.397
56.6%7
56.747
56.997
57.297
57.347
57.597
57.897
57.947
58.197
58.497
58.547
58.797
59.097
59.147
59.397
59.697
59.747
59.997
60.297
60,347
60.5%7
60.897
60.947
61,197
61.497
61.547
61.797
62.097
62.147
62.397
62.697
62.747
62,997
63.297
63.347
63.597
63.8%7
63.967
64.197
64.497
64,567
64,797
65.097
65.147
65.397
65.697
85.747
65.997
66.297
66,347
66.597
66.897
66.947
67.197
67.497
67.547
67.797

ig2

6040
6041
6042
6043
6044
6045
6046
6047
6048
6049
6050
6051
6052
6053
6054
6055
6056
6057
6058
6059
7000
7001
7002
7003
7004
7005
7006
7007
7008
7009
7010
7011
7012
7013
7014
7015
7016
7017
7018
7019
7020
7021
7022
7023
7026
7025
7026
7027
7028
7029
7030
7031
7032
7033
7036
7035
7036
7037
7038
7039

7040
70641
7042

68.097

68.146

68.396

68.696

68.746

68.996

69.296

69.346

69.596

69.896

69.946

70.196

70.496
70,546
70.796
71.096
71.146
71.396
71.6%6
71.746
71.996
72.296
72.346
72.5%6
72.896
72.946
73.196
73.4%6
73.546
73.796
74,096
74,146
74.396
74.696
74.745
74.996
75.296
75.346
75.596
75.8%6
75.946
76.1%6
76.496
76.548
76.796
77.09%
77.146
77.396
77.6%6
77.746
77.996
78.296
78.346
78.596
78.896
78.946
79.196
79.496
79.546
72.7%6
80.096
80.146
80.39%6




PZ
Pz
PZ
Pz
Pz
PZ
A
RPP
RPP

7043
1044
7045
7046
7047
7048
8000

500

501

80
80.
80.
8l.
81
8l.
8l.
=10,
=30.

500
501
=501
=1000
8000

.696

746
996
296

346

596
896
000
000

1000
=500
1000

1000 -1001

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012

-1002
=1003
=1004
=10035
=1006
-1007
=1008
=1009
=1010
=1011
=1012
=1013

1013 -1014

1014
1015
1016
iol7
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1022
1030
1031
1032
1033
1034
1035
1036
1037
1038
103¢
1040
1041
1042
1043
1044
1045
1046

=1015
=1016
=1017
=1018
-1019
=1020
=1021
=1022
=1023
=1024
=1025
=1026
=1027
=1028
=1029
=1030
=1031
-1032
=1033
=1034
<1035
=1036
=1037
-1038
-103%
- 1040
=]041
1042
-1043
-1044
-1045
-1046
=1047

10.000
30.000

=3000GC
1000
=8000
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=10.000
-30.000

2
-8000G0

16.000
30.000

2

-10.06090
=10.000

20.000
90.¢00




1647

1048

1G49

1050

1051

1052

1053

1054
1055

1056
1057
1458
105¢
2000
2001

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2033
2036
2037
2038
2039
2040
2041
2042
2043
20464
2045
2046
2047
2048
2049

-1048
~1049
-1050
=1051
~1052
-1053
=1054
-1055
«1056
~1057
=-1038
=105%
=-2000
-2001
=2002
-2003
-2004
=-2005
-2006
=2007
=-2008
=2009
-2010
=2011
-2012
=2013
-2014
-2015
-2016
=2017
-2018
-2019
-2020
=2021
=-2022
=2023
-2024
-2025
-2026
=2027
<2028
-2029
=-2030
-2031
-2032
=-2033
-2034
=2035
-203%
-2037
~2038
=2039%
-2040
=2041
=20462
-2043
-2044
=2045
~2046
2047
-2048
-2049
-2050

184

2050
2051
2052
2053
2054
2053
2056
2057
2058
2059
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3028
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
30462
3043
30464
3045
3046
3047
3048
3049
3050
3051
3052

=2051
~2052
-2053
-2054
~2053
-2056
-2057
-2058
-205%
=-3000
~3001
-3002
=3003
-3004
=3005
=3006
~3007
-3008
-3009
=301C
=3011
-3012
-3013
=3014
=3015
=3016
=3017
-3018
=301¢9
=3020
=3021
=3022
=3023
=-3024
=3025
-3026
=3027
-3028
-3029
~3030
=3031
-3032
=3033
=303&
=3035
=3036
=3037
-3038
=303¢9
=3040
=3041
~30642
=3043
=3044
=3045
-3046
=3047
-3048
-3049

=3050

-3051

-3052

-3053




3053
3054
3053
3056
3057
3058
3059
4000
4001
4002
4003
5004
4005
4006
4007
4008
£009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
L020
4021
022
4023
4024
4025
4026
4027
46028
4029
4030
4031
4032
4033
4034
4035
L2386
4037
4038
4039
4040
4041
5042
4043
L0044
4045
4046
L047
£048
4049
4050
4051
4052
4053
6054
4055

-3054
-3055
-3056
~3057
3058
3059
4000
-4001
4002
-4003
-4004
~4005
4006
4007
-4008
4009
4010
4011
-4012
4013
4014
-4015
4016
<4017
-4018
4019
4020
4021
-4022
-4023
<6026
4025
~4026
4027
-4028
4029
~4030
4031
<4032
<4033
46034
4035
4036
-4037
-4038
~4039
-4040
4041
04042
~4043
~404%
4045
-4046
4047
«4048
~4049
4050
-4051
-4052
-4053
4054
-4055
-4056

i85

4056
4057
4058
4059
5000
5001
5002
5003
5004
5005
5006
5007
5008
5009
5010
5011
3012
3013
5014
5015
5016
5017
5018
5019
5020
5021
5022
5023
5024
50235
5026
5027
5028
5029
5030
5031
5032
5033
5034
5035
5036
5037
5038
5032
5040
3041
5042
5043
5044
5045
5046
5047
5048
5049
5050
5051
5052
5053
5054
5055
5056
5057
5058

=4057
=4058
=4059
=5000
=5001
-5002
=5003
=5004
=5005
-5006
=5007
-5008
«5009
=5010
=-5011
=5012
=3013
=501%
=5015
=5016
-3017
=301
=5019%
=-5020
=5021
=5022
=3023
=5024
=5025
=5026
=3027
~5028
=3029
=5030
=5031
=5032
=5033
=5034
=5035
=5036
=5037
~5038
-5039
-5040
=5041
=5042
5063
=5044
=5045
=504686
=3047
=5048
-504%
<5050
=5051
-3052
-5053
=5054
=5G55
=5056
-5057
-5058
-505%




5059
5000
6001
6002
6003
60604
6005
6006
6007
6008
6009
6010
6011
6012
6013
6014
6013
6016
6017
6018
6019
6020
6021
6022
6023
6024
6025
6026
6027
6028
6022
6030
6031
6032
6033
6034
6035
6036
5037
6038
6039
6040
60641
6042
6043
6044
6043
6046
6047
6048
6049
6050
6031
6052
6053
6054
6055
6056
6057

6058

6059
7000
7001

-6000
-5001

-6002
=6003
-5004
=-6005

6006
=60487
=6008
-6009
=-6010
=5011

-6012
-6013
=6014
=-56015
-6016
=6017
=-6018
=-6019
=-6020
=6021
-6022
-6023
=-6026
-6025
=-6026
6027
-6028
=6029
=6030
=-6031
-6032
=6033
«6034
=6035
=6036
=-6037
=-6038
-6039
=G040
~6041%
-6042
-6043
6044
-6045
-6046
=6047
-6048
=6049
=6050
=-6051
-6052
-6053
6054
=6053
=-603&
=6057
=-6058
-6059
-7000
=7001
~7002
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2 -7

1 1
1000

2 =7

1 1

1000 2

z -7

1 1

1000 2

2 -7

1 1

1000 2

2 =7

1 1

1000 2

2 -7

1 1

1000 2

2 -7

1 1

1000 2

2 =7

H 1

1000 2

2 -7

1 1

1000 2

2 =7

1 1

1000 2

2 -7

1 1

1000 2

2 -7

1 1

1000 2

2 -7

1 1
1000

2 -7

1 1

1000 2

2 -7

1 1

1000 2

2 =7

1 1

999 :

/*EOQF

1002
7003
7004
7005
7006
7607
7008
7009
7010
7011
7012
7613
7014
7015
7018
7017
7618
701%
70620
7021
7022
7023
7024
7025
7026
1027
7028
7029
7030
7031
7032
7033
7034
7035
7036
7037
7038
7038
7040
7041
7042
7043
7044

7045

7046
7047
7043

=7003
-7004
-7005
=7006
=7007
-7008
=7009
=7010
=7011
=7012
-7013
-7014
~7015
=7016
=7017
=7018
=7019
=7020
=7021
=7022
=7023
=7024
-7023
=7026
=7027
-7028
-7029
=7030
=7031
7032
=7033
-7034
=7035
-7036

.=7037

7038
~7039
-7040
=7041
=7042
=7043
=7044
=7045
=7046
=7047
-7048
-8000
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(4} Input to NDEM (not applied in this problem)

(8} Input to PEGS

//REWO31P1 JOB ($SACCOUNTS),PEGS4,CLASS=C,MSGCLASS=A,REGION=2000K,
// TIME=(4)

/*JOBPARM L=15

/*PASSWORD $MVS

/*ROUTE PRINT CMS

//  EXEC GFORTV,NAME=PEGS4,DS='REW031.HERMES'
//G.FTO6F00L DD SYSOUT=*

//G.FTO7F001 DD DSN=REW031.PEGS4.TEST1,DISP=SHR
//G.FTO8F001 DD DSN=REW071.PEGS4.PEPR,DISP=SHR,LABEL=(,,,IN)
//G.FTO9F001 DD DSN=REWO071.PEGS4.FORM,DISP=SHR,LABEL=(,,,IN)
//G.FT10F001 DD SYSOUT=*,KDCB=(RECFM=UA,LRECL=132)
//G.SYSIN DD * FTOSF001

ENER

&INP AE=0.711,UE=5000.,AP=0.10,UP=5000., &END

COMP

&INP NE=2, RHO=1.044, PZ=1.,1.,

AFACT=0. ,CBAR=0.,SK=0.,X0=0.,X1=0.,IEV=0.,

&END

SCSN38

H C

PWLF

&INP &END

DECK

&INP &END

MIXT

&INP NE=2, RHO=19., RHOZ= 99.97,0.03, WA=238.,235.,

AFACT=0. ,CBAR=0.,5K=0.,X0=0. ,X1=0.,IEV=0.,

&END
URAN

U v

PWLF

&INP &END
DECK

&INP &END

STOP

&INP &END

/s‘r
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(8) Input to EGS (for xo—processing)

//REW031$$ JOB ($SACCOUNTS), 'TEST1-EGS4' ,CLASS=C,MSGCLASS=4,
// REGION=2000K,TIME=(128)

/*+JOBPARM L=15

/*PASSWORD $MVS

/*ROUTE PRINT CMS

// EXEC GFORTV,COND=(9,LT),NAME=EGS4,DS='REW031.HERMES'
//G.SYSIN DD *
&EGS
IRUN=1, MHIS=1, MBAT= 500, IXX=123456789,
INEGS=1,I0EGS=2, INGEO=5,I0GE0=6,

NMED=2,
MEDNAM= 'URAN', "SCSN38 "',
ESTEPE=  0.005, 0.01,
NREG=19,

LSTREG= 1001000,1002000,1003000, 1004000, 1005000, 1006000, 1007000,
2001000,2002000,2003000,2004000,2005000, 2006000,2007000,

1, 2, 3, &, 5,
ECUT=  7%1.511, 7%1.511, 1.511, &4*0.,
PCUT=  7%0.100, 7%0.100, 0.100, 4%0.,
MED= 752 742, 1, 4%0,
TRAYLR= 19+%0,

IQI=-1, EI=5.E3, XI=0.,YI=0.,2I=0.01, UI=0.,VI=0. WI=1.,WTI=1.,
&END
$INCLUDE TEST! GEO-0

/-.‘.-

//G.FTO1F001 DD DSN=REW031.HETSUB.TEST1,DISP=SHR SOURCE FILE
//G.FTO2F001 DD DSN=REW031.EGSPIO.TEST1,DISP=SHR EGS DETECTOR FILE
//G.FT12F001 DD DSN=REW031.PEGS4.TESTL,DISP=SHR HATCH INPUT

//G.FTO8FG01 DD DUMMY
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(7} Input to STATIST

J/REH031§$ JOB (5$ACCOUNTS), "TEST1-STATIST' ,TIME=(,30),REGION=C0GOK,
i CLASS=C ,HSGCLASS=4

/eJOBPARM L=13

J[% testl statist

/*PASSHORD $HVS

JSROUTE PRIKT CHS.REWO031

// EXEC GFORTV,DS="REWO31.HERMES® NAME=STATPRT
[= grafic workspace ( line printer grafic }
//G.FTO4F001 DD UNIT=TENMP,SPACE=({TRK, (10,2)).DISP=(NEY,DELETE}
1= grafic output { line printer grafic )
//G.FT08F001 DD SYSOUT=L,DEST=(CHS ,REW031}

/7= submission files

//G.FT10F001 DD DSN=REW031.RETDET.TESTI1,DISP=SHR
//G.FT11F001 DD DSN=REW031.HORDET.TEST1,DISP=SHR
//G.FT12F001 DD DSN=REW031.EGSPIQ.TESTL,DISP=SHR

//G.SYSIN DD =

/ Testl STATIST

/] 1) define data arrays for STATIST enslysis

/ 1.1) setup arrays to read in HET, MORSE, and EGS{piO} detector records
REAL EDEP(19):

REAL FHET(14,19),FMOR(14),FPI0O(19,3,5);

/ 1.2) setup arrays to keep the sums

/ over all contribution types of interest

REAL EHET(14} ,EMOR(14) ,EPIO(19) ;

/ 1.3) setup weight arrsys used to extract the contributions of intervest
REAL WHET(1%9) JHHMOR(1) WPIO(15) :

DATA WHET=< 1. 1. 1. F 0.>;

DATA WMOR=1.;

DATA WPIO=< R 3 1. R 3 1. R3 1. R3 0. 0. 1. 0.>;

/ 1.4) setup an array to sum over all scimtillator regions
REAL SCINT(19);DATA SCINT=<R 14 1. F 0¢.>;

/ 1.5) setup variebles for fimal event results

REAL EVCHG(1),EVPIO(1),EVNEU(1};

/ 2) start event processing (7 variables 450 events}
STATIN 7,450;

/ 2.1) load detector records from submission files

LOAD 10,EVIS@ECB,FHET; / KET DIFFERENTIAL PULSE DISTRBUTION
LOAD 10,EDERGECE,EDEP; / HET GLOBAL ENERGY DEPOSITION

LOAD 11,RO01@EQB, FMOR; / MORSE VISIBLE N ENERGY

LOAD 12,EDEPGEQB,FPIO ;/ EGS  VISIBLE PI0 ENERGY

/ 2.2) extract main contributions

DOT EHET=FHET*WHET; J/ EXTRACT EVIS

DOT EMOR=FHOR™WMOR; / EXTRACT EVIS

DOT EPIO=FPIO™WPIO (19,15,1);/ EXTRACT EVIS

/ 2.3) sum over all scintillator regions

DOT EVCHG=EHET¥SCINT (1,14,1);

DOT EVNEU=EMOR®SCINT (1,14,1);

DOT EVPIQ=EPIO®SCINT (1,19,1);

/ 2.4) assign V containg 7 variables
/ for each event, Y is stacked into EVENT
$ET V{ 1)=EDEP(1)}+EDEP{2)+EDEP(3);
SET V( 2)=EDEP(17);

SET V( 3)=EDEP(18};

SET V( &)=EVCHG(1);

SET V{( S)=EVNEU(1};

SET V{ 6)}=EVPIO(1);

SET V{ 7)=V{4)+V(5)+V(6);
/3 start end of run analysis

BIN 1,0.,5000., 50, Edep p,pi+,pi-';
BIN 2,0.,1000., 50,°' Esub n';

BIN 3,0.,5000., 50,' Esudb pi0';




BIN
BIN
BIN

BIN

4,0.,500.0, 50,' Evis
5,0.,100.0, 50,"' Evis
6,0.,500.0, 50,' Evis

7,0.,500.0, 50,' Evis

190

p,pit,pi-';
n';
pi0’;

p,pit,pi-,n,pi0’;

/ NOTE: FIT and SCAT require a previous call of BIN
for the variables wanted,

/
FIT

7;

SCAT 1,4;
SCAT 2,5;
SCAT 3,6;
STATIST PLOT;

EXIT;

/‘.‘.‘




/JOB-10 = REWO3 1K1 05/03/88 12:36:16

I / request detector output for gach batch %6 unit 22
I+ SIMTO 10SIM 22;

I / toad geometry object file from ualt 25, print fog
I3 GEOIN 25,

HUMB. OF BODIES {HUKMB) ui12

NUMB, OF REGIONS [NUMR) B35

NUMBER OF CODE REGIONS {NCOD} L3%

LENGTH OF FDP ARRAY [ LMXX] ¥600

LENGTH OF MA ARRAY {LMYV} 15000

MODIFIED tHPUT (LOUT) 0

VOLUME IHPUT OPTION {IVOPT) b MOV USED

BOUNDARY OPTION ([MEDREG) L]

DEBUG OPTION { iDBGO) ¢

MACHINE EPS = ©.100000E~07

IPRINT=
STRETCH= 1, 00000005*00

NUMBER OF BODIES ui2
LENGTH OF MA =-ARRAY 2885
LENGTH OF FPD-ARRAY 4543
SUB=-GEOMETRY #2

NUMBER OF ¢NPUT ZONES ik
NUMBER OF CODE ZONES 41y
LENGYH OF INTEGER ARRAY 6619
13 / defina detectors

[H / 1. scingiliation tight in any SCSN3I8 region

1: DEFDET EVIS,5,,,,,< 1001000 A & 1000 2003000 A & 10
I: / 2. engrgy depssition sli reglons

I+ DEFDEY CDEP, U,

I i 3. anargy leakege Into nide,front amnd rear void
I: DEFDEY ELOS,9,,,,.,,<3 & 5>;

| s RUN; / return to het primary input
MAXBCHsiooo FRERTP==-20 EMIN(1)= 1.000E¢00 ELCOP

. on unlis &

00 >;

2.000€+01
5,000£203

o

MAXCAS= 1 tOSUB = 21 EMIN{Z2)= 1,490E+01 CTOFE = 0.000E400
=
=

FRUN = 1 MHSTP = -0 EPICUT = 2,230E+00 EMAX
o - EMUCUT = 7.6%0E+00G BOC

MI1COL =0 HPIDK =% NBOGUS =1 NSEUDO=T

NSPRED=D NWSPRD=0 ISTRAG =0 [ANG =0

IFtS8 =1 180 wl  (GEOM =0 KEVDK w1t

IELAS =2

ISEED » 123456789 &

LHI =0 HIA{S}= 0.0 HIZ({(5)= 0.0 HIBE(S)= 0.000E+00

/BERTTP(1): 1=N=C DATA READ FORM UNIT 20

JBERTTP({1): EVAP DATA READ FORM UNIT 20

FISSI0N OPTION SELECTED

HS { GMX 0.12000E~-23 C. 640820204 G.20000E-24

THIS |18 MEDIUM 3

DEXH=0,000000E+00 NELa 2 -80=1, 000E+00 “KB=_ 0, 000E400

2y 1, ¥)=92.0 A{ 1, 1)=236.0 DEN[ 1, }}=4.793200E-02

ZZ( 2, 1)=92,0 A( 2. 1)=235,0 DEN{ 2, ¥1)=1,460700E-04

JHIS 13 MEDIUM 2

DENN=Y, B29%00E-02 MEL= 1 S0= 1.000€¢00 KBz B8.500C-03

ZZ{ 1, 2= 6.0 A{ ¥, 2)= 12,0 DEM{ 1, 2)=4,829500E-02

"GEOMETRICY X-SECTIONS IN (1/CM)

8.0

NUCLID5: 1 2 3 . L)
MEDIA

1 1,.2568E-01 3.8128E-0U

2 3.7396E-02

MANINUM H=1 X=SECTIONS N {1/CH)

QOE+00

0.00000E+00

0.67TT00E-25

0

Z)

WIS pue 2IFEH Jo andano

adel uo o7ta yo=alqo Axaswosn {1)

T warqosg ordues I03 1dIS02XFE SOIT4 anding z 14
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CTyP

U

“MEDIA PROTONS NEUTRONS Pi+ PIO Pl-
: 1 G.,0000E+0C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

o e ie2 - 5, T95HE-Q2 3, 136LE-02  9.6590E-03  0.0000E+00  3.2696E-03
" TRANSPORT X~SECTION = SUM{"GEOMETRIC") + MAX. H-1 + MAX. DECAY X-SEGTIONS IN {1/CM)

.'_ WT

P MEDIA _PROTONS NEUTRONS - . PI+ PO Pl MUE+ MUE-
crae e A 1.2626E-01 1.2626E-01 1,3329E-01 0.0000E+00 1.3329E-01 8.8943E-05 8,8943E-05
L o & - 9.53D0E-02  6.8759E-02 5.4078E-02 0.0000E+00 U4.7689E-02 8.8943E-05 8,8943E-05
- 'SOURCE DATA: 4
SUUXYZ o= 70,000 7 0.000 0.00% GAUSSIAN DISTRIBUTED WITH
CURYZ SIG.= 0,006 0,000 0.000 TRUNCATED TO RADIUS
R = 0.000 IF R>0
= 0i0800 0.0000 1.000¢ IF = 0.,0.,0. -> ISOTROPIC
Lo 1.000
- E = 5000.000 GAUSSIAN DISTRBUTED WITH
E 81G.= 0.00 .
MiGOMIN 1

¢61



==> SOR HET IRUN= 1
JSUBMIT(1): 10SUB=21
JHETI(1): SKALING TURNED
~-> 508 HET iBAT= 1
/BERTTP({1):

ISEED= 123456789
ON
ISEED= 123456789

JDRESF(1): USING 1977 WAPS DATA

I~N-C DATA READ FORM UNIT 20

[=Y=XaXe]

PSEUDO
DECAY

-«> EOB HET IBAT= T ISEED= 1486727229 NHI1S= 1 CPU= 27.05SEC,
MEDIUM SORS CASC SLOW ESCP PSEU ABSO BRDY SCATY
1 1 61 9 3 16 6 7 0
2 0 7 2 2 1 1 728 0
6666 0 0 0 0 1 0 722 0
TOTAL 1 78 13 5 22 T 2167 0
/SUBMIT(1): MEUTRONS: 156, Pl0: 2, NUCLEIl: 24
-=> 508 HET IBAT= 2 ISEED= 1486727229
--> EQOB RET {BAT= 2 ISEED= 1453333397 NHIS= 2 CPU= 2.7iSEC,
/SUBMIT(): NEUTRONS: 102, PIO: 2, NUCLEl: 122
=«> EOR HET | RUN= T ISEED= 6062545303 NHIS= 1000 CPU= 1877.56SEC.
MED I UM SORS CASC SLOW ESCP PSEU ABSO BRDY SCAT
i 000 29539 13443 3009 6137 3b7h 375957 0
2 0 6128 2665 696 5767 115 380467 0
6666 0 0 0 145 201 0 377238 Y
TOTAL 1000 35667 16108 3850 12105 35891133662 0
REAL PSEUDO REAL PSEUDO
NONHYDROG NONHYDROG HYDROGEN HYDROGEN
COLLISIONS COLLISIONS COLLISIONS COLLISIONS
MEDIUM 1 0,15077E+05

MEDIUM 2 0.20560E+04

0.58720E+04
0.29300E+0h

0.00000E+Q0
0.13570E+04

0.00000E+00
0.27060E+04

COLLISIONS

0.76600E+03
0.11300E+03

REAL
ELASTIC
COLLISIONS
0.17936E+05
0.28300E+0L

PSEUDO COLLISIONS WITHIN INTERNAL VOID BY PARTICLES OF

TYPE 1 TYPE 2 TYPE 3 TYPE &4 TYPE 5 TYPE 6
0.15000E+02 0.16200E+03 0.30000E+01 0.00C00E+00 0.21000E+02 0.00000E+00
wEES COLLISION INFORMATION FOR NUCLEONS ABOVE 3n9s5.0 MEV AND CHG. PIONS ABOVE 2495.0
REAL PSEUDC REAL PSEUDO PSEUDO REAL
NONHYDROG NONHYDROG HYDROGEN HYDROGEN DECAY ELASTIC
COLLISIONS COLLISIONS COLLISIONS COLLISIONS COLLISIONS COLLIS!IONS
MEDIUM ¥ 0.310020E+04 0.52100E+03 0.00000E+00 0.00000E+Q0 0.85000E+02
MEDIUM 2 0.89000E+0Q2 0.23000E+03 0.10000E+02 0.150008£+02 0.6U4000E+02
-=> NEGEX= 35 LOWAZ= 27 NWTC= 4
JSUBMIT(1): NEUTRONS:1%4132, PI0O: 1136, NUCLE!: 16528

PSEUDO
ELASTIC
COLLISIONS
0.96000E+02
0.17000E+02

TYPE 7

0.00000E+00
MEV, %ot
PSEUDO
ELASTIC
COLLISIONS

g6l




MED I UK
1

2

VOID
MEDIUM

<
o

M ZTONZTON=ZON=TON =TGN =

MEDIU

<
[=]
o —-

MEDI

VOi
MEDIU

VOID

WiRSYS: NO RSYST-TAPE AVAILABLE

SOURCE=-FRACTION
1.000E+Q0
0.000E+0D
0.000E+00

INELASTIC C./SOQURCE

1.160E+01
3.298£+00
0.000E+00

ABSORPTION /SOURCE

3.47LE+Q0
1.150£-01
0.000E+00
P FLUX (CM)
1.165E+01
9.859E+00
1.95LE+00
Pi+ FLUX (CM)
4. 166E+00
3,478E+00
6.936E-01
MU+ FLUX (GM)
3.633£-02
2.987E-02
6.348E~03
P YIELD
1. 773E+01
3.882E+00
0.0G0E+00
Pl+ YIELD
8.671E-01
1. 159E=-01
0. 000E+00
Pi= YIELD
2.027E+00
2.061E~01
0.00DE+00
MU+ YIELD
1.093E-03
9.814E-OU
0.000E+C0
D YIELD
3,821E£400
6.372E-02
0.000E+00
HE3 VYIELD
4, 9uoE-01
1,386E=-02
0.000E+00
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%ERR
0.00
0.00
0.00
ZERR
1.41
2.11
0.00
FERR
2.08
9.4y
0.00
ZERR
2.68
2.66
2.70
ZERR
5,89
5.90
5,89
ZERR
98.78
99.23
93.58
%ERR

2.4
0.00
ZERR
4,35
10.78
0.00
FERR
2.70
8.42
0.00
YERR
100.00
100,00
- 0.00
ZERR
2.66
14.75

‘JERR
6.68
34,17
0.00

ELASTIC €. /SOURGE

1.803E+01
2.84T7E+00
0.000E+00
FISSION
6.965E+00
0.000E+QQ
0.000E+00
H FLUX (CM)
1.550E+402
1.283E+02
2.568E+01
Pl FLUX (CM)
1.915E+01
1.581E+01
3.161E+00
MU= FLUX (CM)
7.024E-03
8.303E-04
1.661E-08
N YIELD
1.487E+02
4.,g18E+00
0.000E+00
PIO YIELD
1. 404E+00
1.361E=-01
0.CG00E+00

MU= YIELD
2.053E-03
0.000£+00
0.000E+00

T YIELD
h,217E+00
1.018E-02
0.000E+00

- HEW YIELD

8.091E+00
1.749E+00

0.000E+00

/SOURCE

YERR
1,65
2.42
0.00
ZERR
7.52
0.00
0.00
ZERR
1.59
1.59
1.60
%ERR
2.26
2.28
2.27
%ERR
87.26
100.00
100.00
FERR
1.29
2.43
0.00
?ERR

10.74
0.00

ZERR
70.68
0.00
0.00
ZERR
2.37
33.42
0.00
ZERR
2,42
4.39
0.00




VISIBLE ENERGY DEPOSITION

DETECTOR NAME =
DEPOSITION-TYPE=

P

EVIS

REGION ENERGY

1601000 1.457E+01
1002000 1.678E+01
003000 1.184E+01
1004000 7.719E+00C
1005000 5.026E+00
1006000 3.029E+00
1007000 1.538E+00
2001000 8.957E-01
2002000 1.816E+0Q0
2003000 2,.82LE+00
2004000 2.996E+00
2005000 2.663E+00
2006000 1.808E+00C
2007000 1.187E+00

DEPOSITION-TYPE= Pl+

REGION

1001000 1.515E+00
1002000 2.039E+CO
1003000 1.628E+00
1004000 9,60LE-D1
1005000 6.260E-01
1006000 4, 107E=-01
1007000 2.009E-01
2001000 3.357E-02
2002000 1.885E-01
2003000 3.845E-0%
2004000 3.U69E-01
2005000 2.515E-01
2006000 1.331E-01
2007000 1.083E-01

ENERGY

DEFOSITION~TYPE= Pl=

REGION ENERGY

1001000 1.719LE+Q1
1602000 9.155E+00
1003000 &6.180E+00

ZERR

5.411
4,327

7.943
9.862
12.326

ZERR

1856

ENERGY DEPOSITIED
DETECTOR NAMEL = EDEP

DEPOSITION=-TYPE ENERGY
P 8.Ty2E+02
Pl+ 1.163E+02
Pl= 5.595E+02
MU+ 1.068E+00
MU= 2.733E-01
D 4. 305E+01
T 4.723E+01
HE3 9.373E+00
ALPHA 1.597E+02
RECOtL 1.914E+03
P LEAK 3.875E+0
N LEAK 3.965E+02
Pl LEAK 2.951£+01
Pl= LEAK 1.236E+02
MU+ LEAK 1,2899E£+00
Hu- LEAK 0.000E+00
N SUBMIT 4., u23E+02
PIC SUBMIT 8.861E+02
EXI. sSuBMIT 1. 124E+02
ENERGY ON SURFACE
DETECTOR MNAME = ELOS
PARTICLE=TYPE= p
REGION1 REGIOKZ ENERGY
0 3 3.663E+00
¢ 4 1.006E+01
0 5 2.503E+01
PARTICLE-TYPE= n
REGION1 REGIONZ ENERGY
0 3 1.616E+Q2
0 b 1.075E+02
4] 5 1.273£+02

1:EXIT;

%ERR

34. 4560
16.121
20.071

ZERR
L.099

5.486
7.871




HERMES TESTI 14 DETEKTOREN CARD A

HSTRT MMOST NITS HQUIT HGPQTN  NGPQTGC NMGP NMYG  HCOLTP tADJH  MAXTIM  MEDIA  MEDALB
113 2500 450 1 100 2% 100 12% 0 Q 58.00 3 0

150UR NGPFS ISBIAS WISIRTY EBOTN £BOTG Tourt - VELTH
3 3 ¢ 1.0000E406 1.0000£-0% 1,0000E4CU  1.0000£-07 6.2%230E+05

XSTRT YSTRY ZBTRY AGSTRY yine VINPg . WINP
0.000£+00 0.000QE+00 0.000E+00C 0.000E400 0.000000 ©.000000 ©.000000
eaa NI T~NUMBER OF HERMES SUBMISSION ¢ 50

GROUF PARAMETERS, GROUP MUMBERS GREATER THAN 100 CORRESPOND TCQ SECOMDARY PARTICLES
GROU?P UPPER EDGE VELOCITY

{EV) {CM/SEC)
1 1.42900E4+07 5,.211%£¢09
2 1. 35008407 4,95T6E+DD
120 2. 0000E+05 2.9979E+10
21 1.0000E+05 2,9979E<+10
1MITIAL RANDOM NUMBER = ISFATIIA
MSPLTe 1 WKILL= ¢ MPAST= O NOLEAN= © IEBIAS=T O MAREG= 3 MAXGP=12%

WEICHT STANDARDS FOR SPLITTING AND RUSSIAN ROULETTE AND PATHLENGTH STREVCHING PARAMETERS

NGPY  MDG NGPZ  NRGY MORG NROZ WYHIHT WTLOWY WTAVE? HNU
0 0 0 0 0 ¢ 1.0000E+00 1,0000£+00 1,0000E+00 9,0000E+00
NSGUR= O MFISTP= 3 MKCALC= O HORMF= O
FuLOWs= 1.00000E400, 1.00000E200, 1.00000£+00,
SOURGE DISTRIBUTION FOR FiSSION NEUTROMS
GROUP 1MED= 1 iMED= 2 EMED= 3

] 8,1220€-05 0.0000E200 B, 1220E-05
2 1.1330E+08 0.0000E+00 1.1330E-00

120 0.0000E400  0,0000£400  ©.0000E+00
121 G. 00008400 0.0000E+00 0.0000E+00

CWLOW( 1G, HREG)

GROU? REGIOW ¥ REGION 2 REGIOW 3
i 1.0000E+00 1., 0000E+00 1.0000E<00
k4 1.0000E+00 1.0000E%00 1.0000E-00

o8 $.0000E+D0 1.0000E+00 1.0000E400
99 1.0000£+00 1. 0000E+00 1.0000E+00
100 1.0000£400 ¥, 0000E+DY 7.0000E+00

NUMB, OF BODIES (NUMB) biz

HUMB, OF REGIONS {NUMR) L35

NUMBER OF CODE REGIONS (NCOD} L35

LENGTH OF FDP ARRAY {LMMX] 4600

LENGTH OF ™MA ARRAY {(LMYY) 16000

MODIFIED 1NPUT (LOUT} 0
VOLUME THPUT OPTEION { IVOPT) & NOT USED
BOUNDARY OPTION (MEDREG) ]

Fgu0W Fo andang (g)

95T
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- DEBUG OPTION (1DBGO})

" MACHINE EPS = 0, 100000E-07

I PRINT= 0

STRETCH= 1.0000000E+00

NUMBER OF BODIES Li2
< LENGTH OF MA =-ARRAY 2885

"LENGTH OF FPD=ARRAY L4543

- 'SUB-GEOMETRY #2
- ‘NUMBER OF INPUT ZONES Lk
NUMBER OF CODE ZONES Ly

- LENGTH OF INTEGER ARRAY 6619

NGEOM= 10295, NGLAST= 29103




MATERIALIEN EPR wWQ P5 VON FT20

NUMBER OF PRIMARY CROUPS [NGP) 100
NUMBER OF PRUMARY DOWHSCATTERS (NDS) 100
MUMBER Of SECONDARY GROUPS ({NGG) 21
NUMBER OF SECONDARY DOWNSCATTERS (NDSG} 21
NUMBER OF PRIM#SEC GROUPS [ INGP} 121
TABLE LENGTH (1TBL) 12
LOC OF WITHIN GROUP {SI1G GG) (150C) b
HUMBER OF MEDtA {NMED)

NUMBER OF [NPUT ELEMENTS (NELEM) ]
NUMBER OF MINING ENTRIES {MMIX] 5
MUMBER OF COEFFICIENTS {NCOEF) [
MUMBER OF ANGLES (MNSCT) 3
RESTORE COLFF (ISTAY) [
ADJOINT SWITCH (FROM MORSE) 0

{NPUT/OUTPUT OPTIONS
1RDSG (AS READ)
{STR {AS STORE)
IFMU {MUS)
tMOM {MOMENTS )
1PRIN {ANGLES, PROB)
(PUN { IMPOSSIBLE COEF)
CARD FORMAT {(DTF)
INPUT TAPE (IXTAPE) 2
MORSEC TAPE {JXTAPE)
O6R TAPE (!0GRT)
16QPT (LAST GRP, O6R}
CROSS-TAPE AUS RSYST
1CRO CROSS. FOR MEDIA
M TO & TRANSTER
PRINT OF BADMOMENTS

OO0 OQQQLODCOOLR

ELEMENTS FROM LIBRARY TAPE
IDERTIFIERS &4 65 66 67 68 69 127

ELEMENT 1 121 124
ELEMENT 2 127 12t 124
ELEMENT 3 262 121 24
ELEMENT [ 253 121 24
STORAGE ALLOCATIONS

CROSS SECTIONS START AT 22104

LASY LOCATION USED (PERM) 148707

TEMP LOCATIONS USED 764848 TO 950000
EXCESS STORAGE {TEMP) 636147

ELEMENT 1 64 i2i 124
ELEMENT 1 65 121 124
ELEMENT 1 66 721 124
ELEMENT i 61 123 124
ELEMENT 1 68 121 124
ELEMENT L 69 129 120
ELEMENT 2 127 121 124
ELEMENT 2 128 121 124
ELEMENT 2 129 121 124
ELEMENT 2 130 121 124
TLEMENT 2 133 21 124
ELEMENT F 132 121 124
ELEMENT 3 262 121 24
ELEMENTY 3 263 1214 izh
ELEMENT 3 264 1219 124
ELEMENT 3 265 129 28
ELEMENT K) 266 123 124
ELEMENT 3 267 121 24
ELEMENT L] 253 21 12h

j=RegY]

COOODOO0ODe0OS00CA0

CARD XA

130 131 %32 262 263

266 265 266 6267 253 254 255 256 257 258

64C 1274 100N-21C GPS P& B0OOK

127H 1269 Y0ON-21G GPS P8 800K WATER BOUND
262 PO U-238 1262 100N-21G P8 BOOK MOD 17
253U=235 1261 100N-21C GPS P8 800K 1NF DIL

64C 1274 100N-27G GPS PB BOOK
65C 1274 J00N-21G GPS P8 B80O0XK
66C 1274 100M-21G GPS P8 BOOK
67C 127h 100N-21G GPS P8 BOOXK
68C 1274 100N-21G GPS PB 800X
69C 127h T00N-21C GPS PB GOOX

12711 1269 100N-21C GPS PB BOOK WATER BOUND -

128H 1269 100N=-21C GPS P8 BOOK WATER BOUND
1290 1269 100N-21C GPS PB BO0K WATER BOUND
130K 1269 T00N-23C GPS PB 800K WATER BOUND
1314 1269 100N-21GC GPS P8 800K WATER BOUND
1328 1269 100N-270 GPS PG 800K WATER BOUND
262 PO U-218 1262 100M-21G P& 800K MOD 17
263 P1 U-238 1262 100M-21C P8 800K MOD 17
264 P2 ¥-238 1262 100N-21C P8 B8O0K MOD 17
265 P3 U-238 1262 100N-23C PO BOOK MOD 17
266 Pl Y-238 1262 100M-21C P8 600X MOD 17
267 PS5 U-238 1262 100M-21C P3 800X MOD 17
253U-235 1261 100K-21G6 GPS P8 800K INF DIL

07/25/8h
07/25/80
07/25/84
071/25/8L

07/25/84
0r/25/84
Qt1/25/8h
07/25/84
07/25/84
07/25/84
07/25/84
07/25/84
07/25/64
07/25/84
07/2%/8l
07/25/84
07/25/80
07/25/84
Q7/25/84
07/25/84
07/25/84
07/25/84
07/25/84

86T



ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMERT
MEDIA
MEDtA
MEDIA
MEDIA

MEDIA

2
2
3

BANKS START
LAST LOCATION USED 186201

ErEEs

MIXING TABLE
CONTAINS ELEME
CONTAINS ELEME
CONTAINS ELEME
CONTAINS ELEME
CONTAINS ELEME
AT 0 1ugTo2

254
255
256

. 297

258

NT
NT
NT
NT
MT

NS W

-t

121 124
121 124
121 124
121 124
121 124

WITH
WITH
WITH
WITH
WITH

DENSITY
DENSITY
DENSITY
DENSITY
DENSITY

254U-235
255U-235
256U-235
257U-235%
258U-215

ooC0oC

b,7932E-02
1. L460TE-OL
h.8295E=-02
4.8295E-02
4.8295E-02

1261
1261
1261
1261
1261

100N=-21G
100N-21G
100N-21C
100M=-21G
100N-216G

GPS
GPS
GPS
GPS
GPS

P8
P8
P8
P8
P8

800K
800K
BODK
800K
800K

INF
INF
INF
INF
INF

07/25/84
07/25/84
07/25/84
07/25/84L
07/25/84

661




ANALYSIS INPUT CARD AA

MD= $0, NME=100, NE=12%1, NT= O, WA= O, MRESP= 1, NEX= 0, NEXND=100
IORESP=1 10FLUKX=?

DEY X A\ F4 MEDI HEDZ
Y0 IS SET YO 0.0 IN ALL CASES

i 16091000 . QO00E 006 0.000CE+00
2 1002000 ©.0000E400 9,0000E200
3 1003000 0. 000CE+00 0. CO0CE+00
& 1000000 0.0000L+00 0. GO00E+00
5 1005000 0. 0000E+00 0.0000E200
& 1006000 0.0000E+00 0. 00008400
7 1007000 0, C000E200 ¢, 0000E ¢Q0
@ 2001000 0., 0000E+00 ©.0000E+0Q
¢ 2002000 ©.0000E400 9.0000£200
10 2003000 ©.0000E200 0.0000E 200
1 2004000 0.0000E<400 0.0000E200
12 2005000 ¢#.0000£400 0,00001 <00
13 2006000 G,0000E400 0.0000E£40C
i 2007000 ©,0000E400 0.0000E¢00
GROUP RESP[ 1}
| 1,0000£+00
2 1.0000£400
120 0.0000E+00
121 0.0000E200 o
CHUMBER OF PRIMARY ENERGY BINS 100 o
CTDTAL MUMBER OF ECMERGY BUMS 121 O
o LOWER LOWER
CRIN MO, O ULIMIT ENMERGY DELTA
) GROUF LIMIT £
: 1.890E+07
¥ : 1 1., 350€+07 1, 400406
2 voiig 1.,220E+07 1. 300E%06
- 120 120 1,000£+0% - 1.000E+0%
123 129  1.000E+0L 9,000E+00

NUMBER OF TIME BINS O

S er RMUMBER OF ANGLE BINS O
" UPPER LIMITS OF COS!ME BINS

.: "7375 CELLS USED BY ANALYSIS, 756h24 CELLS REMAIN UNUSED,

DETECTOR MO 1 REGION MO 10607006 MEEL = 1 DENH = ©.u4829500E-01 5= 1.00 KB = 0.8499999C-02
2= 6.0 A= 2.0 DEM = Q,bE29LBLE~DY

DETECTOR WO 2 REGION NO 1002000 NEL = DEMK = 0.4829300E-01 5= 1.00 KB = 0,8u499999L-02
Z e 5.0 A= 12,0 DEN = Q.4829484E-0%

DETECTOR we' 13 REGION NO 2006000 NEL = 1 DENM =  0,4829500E~0% 5= 1.00 KB = 0.3u499999L-02
zZ= §6.0 A4 = 2.0 DEN = 0.R28294B%E~07




DETECTOR NO 14 REGION NO 2007000 NEL = 1 DENH = 0.4829500E-01 $= 1.00 KB = 0.8499999€-02
e : . Z= 6.0 A= 12,0 DEN = 0.4B29484E-01
ENERGY~GROUP " LIGHT RESPONSE

1 0, 3694288E+01

2 110, 3236586E+01

3 : 0.2839271E+01

98 - ©0.2533569E-06

99 .0.2002612E-06

100 . 0.2002612E~06

102




TIME REQUIRED FOR INPUT WAS 3 MINUTES 51 SECONDS .
YOU ARE USING THE DEFAULT VERS!ION OF STRUN WHICH DOES NOTHING.

#EESTART BATCH L] RANDQM= I5FATIIA
SOURCE DATA
HET-1DENTIFIKATION: REWO 31HY 05/0 3/88 i2:3 6:16

YOU ARE USING THE DEFAULT VERSION OF SOURCE WHICH SETS WATE TO DOF AND PROVIDES AN ENERGY 1G.
WTAVE 1AVE VAVE VAVE WAVE XAVE YAVE ZAVE AGEAVE
7.80LE+Q2 19.25 0.0314 0.0012 ~0.0682 -3.82LE+00 8.615E~01 3.818E+07 0.000E+00

NUMBER OF GOLLISIONS OF TYPE NCOLL

SCURCE SPLIT(D) FISHN GAMGEN REALCOLL ALBEDO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV
156 863 97 971 5u9lL 0 23706 22 0 191 1874 3703
TIME REQUIRED FOR THE PRECEDING BATCH WAS 22 SECONDS .
##®START BATCH 2 RANDOM= 696C252A
SOURCE DATA
WTAVE 1AVE UAVE VAVE WAVE XAVE YAVE ZAVE AGEAVE

1.021e+02 20.15 0.0721 ~0.0215 0.0%27 -1.233E+00 -3.514E-01 4, 5L7E+Q1 0.000E+00

NUMBER OF COLLISIONS OF TYPE NCOLL
' SOURCE SPLIT(D) F1SHN GAMGEN REALCOLL ALBEDO BORYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV
102 bis b3 u29 2572 0 11217 20 0 100 872 1783

TIME REQUIRED FOR THE PRECEDING BATCH WAS 8 SECONDS .
###START BATCH bS50 -~ RANDOM= 6278807E
SOURCE DATA

WTAVE IAVE . UAVE VAVE WAVE XAVE YAVE ZAVE AGEAVE
1.832E¢02 21.51 0.0559 '0.026C -0.0038 4,764E-01 2.013E400 U4.309E+01 0.000E+00

“INUMBER OF COLLISIONS UF'fvPE'NCOLL
SOURCE SPLIT{D} FISHN  GAMGEN REALCOLL  ALBEDO BDRYX  ESCAPE E-CUT TIMEKILL R R KILL R R SURY
157 763 62 7192 hss2 0 19248 23 0 165 1586 3159

TIME REQUIRED FOR THE PRECEDING BATCH WAS 12 SECONDS .

GAMLOST FISGEN
0 97

GAMLOST F ISGEN
o 140

GAMLOST FISGEN
0 25647

¢0¢



 DETECTOR

SWwN =00 AN WA «

vkt o

0.0000E+D0

_"RESPONSES{DETECTOR)

UNCOLL FsD
RESPONSE UNCOLL
0.0000E+00 0.00000
0.0000E+00 0.00000
0.0000E+0C 0.00000
0.0000E+00 0.00000
0.C000E+QQ 0.00000
0.0000E+00 0.00000
0.Q00D0E+00 0.00000
0.0000E+G0 0.00000
0.0000E+C0 0.00000
. 0.0000E+00 0.00000
0.0000E+00 0.00000
- 0.0000E+00 C¢.00000
.0.0000E+0Q0 0.00000
0.00000

/ VISIBLE ENERGY IN SCSN38 ; 7X INNER, 7X OUTER, 7X OUTER TOWER EXTRA

TOTAL
RESPONSE
5.5550E+00
6.6532E+00
L4.,9863E+00
3.5615E+00
2.3326E+00
1,2973E+00
5.1285E~-01
2.3704E+Q0
3.7826E+00
4. 0207E+00
3.U266E+00
2.5918E+00
1.8419E+00
9.0301E-01

FSD
TOTAL
0.05651
0.05022
0.05195
0.06393
0.08263
0.10683
0.15913
0.05214
0.04301
0.03782
0.04k21
0.0547Y
0.06765%
0.10086

CARD DD

£oe



DETECTOR NO. 1
ENERGIES
1. 4906407
7.037£-08
0.309
1.350E407
1.162€-07
0.224
1.220€+07
9.177E-08
0.261
1.110€407
1. U56E-07
¢.193
DETECTOR NO. 1
ENERGIES
2.000E+05
0.000E+00
0.000
1.000E+05
0.000E+00
0.000
1.000E+04
EXTRA ARRAYS OF LENGTH ND
EXT1{ 14)
( 1) 0.369429E+01
( 9)  0.369429E+01
EXT2{ 14)
( 1) 0.323659E+01
( 9)  0.323659£+01
£100( )
( 1) 0.883867E-07
{ 9)  0.883867E-07

TIME REQUIRED FOR THE PRECEDING 450 BATCHES WAS

o0 oC

0
0

FLUENCE( ENERGY,DETECTOR)
2 3

PLUQTE-QT 1.056E~07 5.278E-08
0.246 0.257 0.366

1.162E~07 6.639E-08 6.639E-08
0.22h 0.309 0.309

1.606E-07 9.751E~08 7. 45TE-08
0.183 0.266 0.350

1.707E-07 9.537€-08 1.154E-07
0.170 0.237 0.221

FLUENCE{ ENERGY, DETECTOR)
i2 13 4

0.000E+Q0 0.000E+00 0.000E+0Q

0.000 0. 0600 0.000
0.000E400 0.000E+00 0.000E+00
0.000 0. 000 0.000
.369H29E+01  0.369429E+01
369429E401 0. 369429E+01
L323659E+01 0, 3236596401
.323659E401 0. 323659£+01
.883867E-07  0.883867E-07
.883867E~07 0.883867E~07

oo QO

0.
0.

CARD GG
5 6 T 8 ) 10
3.518E-08 2.346E-08 5.864E-09 2.932E-08 4.691E-08 5,864E-08
0.470 0.498 1.000 0.5 0.351 0,344
b.h26E-08 5.533E-09 0.000E+00 2.213E-08 6.639E-08 7.192E-08
0.35 1.000 0.000 0.h98 0.285 0.274
6.883E-08 1.147E-08 1.147E-08 5.162E-08 5.162E-08 6.883E-08
0.330 0.706 0.706 0.330 0.398 0.285
6.023E~08 3.012E-08 3.012E-08 5.019E-08 8.031£-08 7.027E-08
0.309 0,806 0. 406 0,34y 0.276 0.263
CARD GG
. 369429E+01 0.369U429E+01 0.369429E+01 0.36%U29E+01 0.369429E+01
. 369429L+01 0.369u429E+01 0.369429E+01
.323659E+01 0.323659E+01 0.323659E+01 0.323659E+01 0.323659E401
.323659E+01 0.323659E+01 0.323659E+0)
883867E-07 0.883867E-07 (0.883867E-07 0.883867E-07 0.883867E-07
883867E-07 0.883867E-07 0.883867E-07

1 HOUR 17 MINUTES 13 SECONDS .

¥02
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NEUTRON DEATHS " NUMBER ) WE i GHT

KILLED BY RUSSIAN ROULETTE 527385 3.12670E+05

ESCAPED 13776 ' 1.37760£+04

REACHED ENERGY CUTOFF o 0.00000£+00

REACHED TIME CUTOFF 53040 5.30400E+04
#® NEXT RANDOM NUMBER 1S 3CBOBA3E

TOTAL CPU TIME FOR THIS PROBLEM WAS 73.38 MINUTES,
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{4) Nco Output of NDEM
{5) Output of PEGS on Tape

{6) Output of EGS

/JOB=1D = REY03102 05/09/85 08:32:18
| RUN= 1 HHIS= i MBAT= 500 NSKiP= 0
IKEGS= 1 1QEGS= 2 1KGEDs 5 JOGEC= & KHPI= i2 UHPO= 8
LXK= 123456789
gl= =1 Ei= 5,0008¢03 Hils 1.000E400
Xl= 0,000E+00 Y= ©,000E400 Z1= 1,000€-02
U1= 0.000E+00 Vi= 0,000E400 Hi= 1,000E+00

NMED= 2 KREGs 19
£GS SUCCESSFULLY 'HATCHED' FoOR 2 MEDIA.
soccecnn HEDHAM secscscs ESTEPE AE AP
URAH 5,000E-03 7.110£-01 1,000E-D1
$CSH3B 1,000E-02 7,110E<01 1,000E-01
REGION LETREG HED gouT PoUT 1RAVLE
i 1001000 2 §.5%9E400 1.000E-01 0
2 1002000 2 1.511E¢00 1.000E-01 0
3 1003000 2 1.511E¢00 1.000E-01 0
4 3004000 2 1.513£¢00 1.000E-01 0
5 1005000 2 1,511E400 1,000E-01 0
é 1006000 2 $.511E+00 1.000E-01 9
7 1007000 2 7.511E400 1.000E-01 0
8§ 2001000 2 1.511E400 1.000E-01 0
9 2002000 2 1,511E400 1,000E-01 0
10 2003000 2 1,511E400 1.000E~01 0
i1 2004000 2 1.511E+00 1.000E-01 0
12 2005000 2 1,511E400 1.000E-01 0
13 2005000 2 1.511E400 1,000E-01 0
i 2007000 2 1.511E400 ¥.000E~01 0
15 1 1 1.511E400 1.000E-01 0
16 2 0 0.000E400 0,000E%0Q0 0
17 3 0 0.000E+00 ©.000E¢0D 0
13 i 0 0.000E+D0 0.000E¢00 0
15 5 0 0.000E+00 0.000E+00 0
NUMB, OF BODIES (NUMB) a2
NUMB, OF REGIONS (HUMR) 435
HUMBER OF GODE REGIONS (KCOD) u3s
LENGTH OF FDP ARRAY (LMXX] 4600
LENGTH OF HA ARRAY (LHYY) 16000
HODIFIED 1HPUT (LOUT) 0
VOLUME INPUT OPTION [ 1VOPT) 4 NOT USED
BOUHDARY OPTI0H (HEDREG) 0
DEBUG OPTION ( I1DBGO) 0

MACHINE EPS = 0O.100000E-07

| PRINT= 0

$TRETCH= 1.00000008+00

HUMBER OF BODIES 4i2
LEKGTH OF BA -ARRAY 2885
LENGTH OF FPD=ARRAY 543

SUB-GEOHETRY 42

KUMBER OF IHPUT ZOHES 4k
HUHMBER OF CODE ZONES 414
LEMOTH OF INTEGER ARRAY 6610

£08 EGS ] k] 7 TBATxz 5,805 1X4=z-152758863%
£08 EGS ] 2 7 T8AT= 23,038 XM= BTLUE9OYT
E0B EGS T e99 1 TBAT= 9,559 IXX= =5&670779
£0OB EGS T 500 1 TBAT= 0.098 iXX= ‘°55670779

EHERGY DEPOSITION IH MEV WITH 1ARG=0
EGS=-DET REGION E- BERR GAKMA FELRR E+ ZERR SUMME ZERR
1 1001000 4.280E<00 12.36 0.000E<0D Q.00 3.050E+00 11.94 7.290E+00 11.88




1002000
1003000
1004G00
1005000
1006000
1007000
2001000
2002000
2003000
2004000
2005000
2008000
200700?

PP N AUy
SO G =) O A S e BN i O 0D D ) O IS G Y

VS

SUMME

ARG ALL REGIONS

1
0
1
2
3
4
FREQUENHCY OF 1ARG=Q
EGS-DET REGI0OH
1 1601000
19 5
SUMME

ARG ALL REGIONS

|
¢
1
2
3
]
FLUX !N CM
EGS-DET REGION
1 1001000
19
LEAKAGE CURRENT
£065=DET REGION
1 1007000

5

4.782E+00
1.281E400
2.05LE+00
1.208E+00
4.585E-01
3.697E-01
2,086E=-02
7.859€-02
4.133E-02
1.224E-01
1,428E=01
1.,025£-01
5.358€=-02
2.607E+02
0.0Q0E+00
0.000E¢00
0, 000E+00
0.000E+00
2, 776E+02

£a
2.776E+02
2,983E402
2.604E+01
1,2228+00
0.000£400

E-

1,165E+02

0.000E+00
1.680E+0h

.

Ee
1,680E+0k
95.539E702
2.8UTE%0Q2
7,T47E=-02
0.000E+00

Ee
2.470€400

+

0.000E+00

£a
G.000E<+DO

1.251E-02

10.75
12,94
17.50
23.15
27,54
39,54
33.85
h2.23
46,79
42,94
33.%4
32. 77
57.07
5.26
0.00
0.00
.00
¢.00
5.26

ZERR
5.28
5.29

25.33
0.00

ZERR
i2.36

0,00

TERR
0.00

57.63
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0.000E+QD
0.000€E+00
0.000E+00
0,0C0E=00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0. 000E+00
0.000E+Q0D
0. 000E+00
0.000QE<Q0
0.000E+G0
. 000E+00
. 000E+00
0.0C0E+00
0.000E+00
0,000E+C0
0.000E+00

CAMMA
0.000E+00
0.000£+00
1. 189E-01
1,282E+01
4, 8UBEXDI

GAHMA
1. 405E+02

0.000E+00
2.U490E+03

GAMMA
2.490€+03
0. 000E+00
1.479€+01
2.128E+00
§.201£202

GAMMA
5.605E+01

0.000E2D0

GAMMA
0.000E+00

3. 136E-01

e
EQR EGS i 500 500 REW03102 05/09/88 08:32:13
TOTAL TIME USED soamees
HULTIPLE SCATTERING PER EVENT

TREIED FAILED

21251.11 1.98

FRACTION FAILED{Z]
0.02

0.00
0.00

0.00

ZERR
5.6u
0.00
5,51
16.72
5.30

ZERR
11,79

0.00

TERR
0.00

u5.16

3.095E+00
2,285E+00
1.609E+00
9.260E-01
3.210E-01
263E-01
52E-02
26E-02

1£=02

-

wd P\ it G o 2 B3PI N

0.000E+00
0.000E+Q0
0.000E£+00
1.870E%02

E+
1.870E+02
H.512E¢01
1.436E-01
1.050E+00
0,000E+00

E+
6.784E+D1

0.000E+00
B.UTIEX03

[
LUTIERD3
L099E+01
L625E+00
.316E-02
.DODE+00

QU

£+
1.7858%00

0.000E+00

£+
0.000E+00

§,228E=-03

ZERR
5.1
5.31
6.09
27.01
0.00

ZERR
11,94

G.00

FERR
0.00

70.64

.000E+00

SUKME
3.248E+02

0.000E+00
2. 76TE=0L

SUMME
2. 767E+0U
6.0u48E202
3.021E+02
2.259E+00
b,201E+02

SUMKME

SURME

ZERR
5.30
5.29
5.32
16.81
5.30

TERR

%ERR
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(7} Output of STATIST

1:/ Testil STATIST

i/ 1) define data arrays for STATIST analysis
it/ 1.1) setup arrays o read in HET, MORSE, and EGS(pi0) detector records
I: REAL EDEP{19); ) ;
I: REAL FHET(tl4,19),FMOR(14),FP10(19,3,5);

1t/ 1.2) setup arrays to keep the sums

1:/ over all contribution types of interest
i+ REAL EHET(1h)} ,EMOR{ 14}, EPIO{9) H

is/ 1.3) setup weight grrays used to thract the contributions of interest
i REAL WHET({ 19} JHMOR(1) ,WPEO(15) H

i: DATA WHET=< 1. 1. i. F 0.>;

{: DATA WMOR=1,;

l: DATA WPIO=< R 3 1. R3 1. R3I 1. R30. 0O, 1, 0.>;
I+/ 1.4} setup an array to sum over all scintillator regions
!: REAL SCINT{19);DATA SCINT=<R 14 1. F 0.,>;
l:/ 1.5%) setup variables for final event resuits
1: REAL EVCHG{1),EVPI0(1)},EVNEU({1);

t:e/ 2} start event processing (7 variables 450 events)
I+ STATIN 7,450;

I:/ 2.1} load detector records from submission files
I+ LOAD 10,EVISBEOB,FHET; / HET DIFFERENTIAL PULSE DISTRBUTION
1+ LCAD 10,EDEP@EQB,EDEP; / HET GLOBAL ENERGY DEPOSITION
l: LOAD 11,R001QE0B, FMOR; / MORSE VISIBLE N ENERGY
l: LOAD 12,EDEPREOB,FPIO ;/ EGS VISIBLE Pi0 ENERGY
1;/ 2,2) extract main contributions

1: DOT EHET=FHETHWHET; J/ EXTRACYT EVIS
1; DOT EMOR=FMOR®WMOR; / EXTRACT EVIS
1: DOT EPIO=FPIO®*WPIQ (19,15,1);/ EXTRACT EVIS
1:/ 2.3) sum over all scintillator regions
I: DOT EVCHG=EHET#SCINT (1i,14,1);
t: DOT EVNEU=EMOR®SCINT {1,14,1};
i: DOT EVPIO=EPIO®SCINT (1,19,1);
I
t
|
|
|
i
i
H
|
i
I
H
1
f
I
|
|
i
!
|
|
|
1
|
H
1
f

:/ 2.4) assign V containg 7 variables

: for each svent, V is stacked into EVERT
: SET V{ 1)=EDEP{1)+EDEP{2)+EDEP(3);

: SET v{ 2)=EDEP(17):

1 SET V({ 3)=EDEP{18}
: SET v UL)=EVCHG(1}
: SEY V(- 5)¥=EVNEU(1)
: SET VW 6)=EVPIO(1):
v SET V[ Tl=v{k}+v(5)+V(6);

2/ 3) start end of run anaiysis

v BIN 1,0.,5000., 50,° Edep pi pi+,pi="

“ e e an

: BiN 2,0. 1000.. 50,' Esub
: BiN 3,0.,5000., 50, ' Esub plO"
: BIN 8,0.,500.0, 50," Evis p'pi+,pia',
¢ BIN 5,0.,100.0, 50,' Evis n';
: BIN 6,0.,500.0, 50, Evis piQ';
: BIN 7,0.,500.0, 50,' Evis p,pi+,pi~,n,pi0";
: / MNOTE: FIT and SCAT reauire a preVlous cail af BIN
A for the variables wanted.
: FIT 73
SCAT 1,4;
: SCAT 2,5;
SCAT 3,6;

i STATIST pPLOT;




/JOB~1D =
SOR HET
PGHM MOR
g¢
SOR HET 1 G
Bi-VARIATE MOMENTS
VARIABLE X

Y

Edep p,pi+,pi-
Evis p,pi¢,pi=

Esub n
Evis n

Esub pi0

Evis pi0
UNIVARIATE DATA
VAR IABLE

Edep p,pit,pi-

Esub n

Esub pi0

Evis p,pi+,pi-

Evis n

Evis piC

Evis p,pi+,pl=,n,pild
EMPIRICAL MOMENTS

VARIABLE

Edep p,pi+,pi-

Esub n

Esub pi0

Evis p,pi+,pi-

Evis n

Evis pi0

Evis p,pi+,pi=,n,pi0
GROUPED MOMENTS

VARIABLE

Edep p,pit,pi-

Esub n

Esub piQ

Evis p,pit,pi-

Evis n

Evis pi0

Evis p,pi+,pi=,n,pi0
FITTED MOMENTS

VARIABLE

EdeP p,pi+t,pi=

Esub n

Esub pil

Evis p,pi+,pi-
Evis n

Evis pi0

Evis p,pi+,pi-,n,
M:STAT3:
1: EXIT;

i0
HUMBER OF EVENTS READ
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REH03112 05/26/88 09:27:47
0

REWO31H1 05/03/88 12:36:16
REW10102 05/17/88

REWO31H1 05/03/88 12:36:16
REW03112 05/26/88 09:27: h?

STATIST
MEAN{X}
MEAN(Y)}

1.542E+03
1.218E+02

L.530E+02
L, 38LE+01

8.984E+02

b, 179E+01
STATIST

N-EVENTS

450.

L50.

450,

450.

L50.

50,

450,
STATIST

MEAN
1,542E+03
L.530E+02
8.,984E+02
1.214E+02
L. 384E+01
LO179E+01
2,070E+02

STATIST

MEAN

1,540E+03 5.

4.548E+02
1.215E+03
1.274E+02
4., 402E+01
5.657E+01
2.070E+02
STATIST

FROM
0.000E+00
0.C000E+00
0.000E+00
0.000E+00D
0.0C0E+0D
0.000E+00
1.219E+02

450

STD(X)
STD(Y)

COV(X,Y)
RHO{ X, Y) B

5.538£+02 2,310E+04 7.534E-02

bk,

575E+01

9.119E-01 5.225E+00

1.705E+02 2.764E+03 9.503E-02

1
1

5.

5.

1
1

b,

1

5.
Iy,

1
1

4,
T,
5.
L,

0.
0.
0.
0.
0.
0.
2.

LT97E+01 9,017E-01 7.834E-01
.032E+03 5.041E+0L 4,730E-02
Q0LE+O1 9.759E-01-7.079E-01
REW03112 05/26/88 09:2T7:47
N~ZERO N=-LOST MINIMUM MAX I MUM
0. 0. 1.949E+02 3.154E+03
2. 0. 9.265E+00 9.338&E+02
i1i7. 0. 1.394E+02 §,.T715E+03
0. 0. 1.291E+01 2.382£+02
2, 0. 3.501E-01 9.,972E+01
118. 0. 1.809E+00 2.12QE+02
0. 0. 5.315E+01 3.310E+02
REW03112 05/26/88 09:27:47
STD FSD SCEWNESS KURTOSIS
538E+02 35.92 1.457E-01~1,846E-01
.686E+02 37.21-2,205E-01 6.329E-02
.032E+03 114.90 1.461E+00 1,669E+00
575E+01 37.69 2.040E-01-3.898E-01
. T85E+01 40,71 5.751E-02 2.595E-02
003E+01 119.72 1.489E+00 1,598E+00C
252E+01 20,.54~3.960E-01 4.850CE-~O01
REW03112 05/26/88 09:27:47
STD FSD MED! AN MODE
S572E+02 36.18 1.524E+03 1.250E+03
.65TE+02 36.44 b, 608E+02-6,660E+02
.032E+03 84 .94 8.650E+02 3.500E+02
585E+01 37.77 1.186E+02 1.050E+02
TE6E+0] 40,712 b, 390E+01 4.900E+MN
076E+O 89.73 3.971£+01 1.500E+0)
283E+01 20.50 2.091E+02 2.050E+02
REW03112 05/26/88 (9:27:47
T0 N=FI1T MEAN FsD
Q00E+00 0. 0.000£+00 0.00
000E+00 0. 0.000£+00 0.00
000E+00 6. 0,000E+00 0.00
Q00E+0Q 0. 0.000E+00 G.00
O00E+00 0. 0.000E+00 .00
00CE+DD 0. 0.000E+00 0.00
920E+02 L28. 2.097E+02 17.08




m =<t

! =T eV T

1: N.LE. 1.200E+00
2: N.LE. 2.800E+00
) 3: N.LE. 3.600£+00
STATIST Fig., 1% REW03112 05/26/88 09:27:47 4: N,LE. 4.800E+CO
#IQHH 42 e ey  E E e e L T e e e o) 5: M,LE. 6.000£+00
6: N.LE. 7.200E+00
5.000 + 7: N.LE. 8.4L00E+QQ
! 8: N.LE. 9.600E+00
! 9: N,LE. 7.080E+Q1
I A: N.LE. 1.200E+01
L.500 + mean(X) 1.542E+03
| std(X) 5.538E+02
| mean{Y) 1.2t10E+02
] std{Y) 4.575E+01
} cov{X,Y) 2.310E+04
5.000 ¢ " rho(X,Y) 9, 119E-01
Y= AX + B
A 7.534E-02
! . B 5.225E+00
3.500 T .
3.000 T e
}
|
}
2.500 T
| oo ..
| 1 11 - 11..1
| L
2.000 + Tt 21 2.. 111
i 1 21 121, 1 1
: 1 1%i223..1 1
| 1 1 i21,.1 1
! 111112 41,.219 1
1.500 + T2 3..181 1
[ 11 241, .23412
| 1 14224, .351 31
| 11 24, . A621%
| i, . 5244 21
1,000 + 1116, .596442 1 1
] 33 .62845
| 3 3 ..3833111
! 121..37%21
[ 21,.33231 1
0.500 + 11 ..401 1
i ..3123 1
| ..33
] o..12 0%
2
0.000 [ =e=—=muw-- o - .- e o - - — e - - <
0.000 0.714 1.429 2.143 2.857 3.571 u.286 5.000 #10%% +3

Edep p,pi+,pi~

0T?e



0 - M

=

STATIST Fig. 2 REW0O3112 05/26/88 09:27:u7
#1QHH 2 e e T e e e T E T P P e P )
1.000 T
i 3
i 3 .
0.900 T 3 .
i 3
{ e
! 33
0.800 + 3 .o
] 33 .
| 33 -
i 3 3 3 33 .
| 3 33 3 3., 3
G.700 + 3 3 .3
{ 3 3 3 333
i 3 7 .
| 3 53 3 ..
| 3 3 33333, 3 3
0.600 + 3 533 335.. 3
i 3% 7333 .3 3 3
i 3 33 3 3 ... 7 3 5
| 3 3 3 37.35 3 33
f 3 53333..5 3
0.500 + 57 3 577. 535 3 5
] 3 9557..9535 33 S
| 555353..3533 55
| 3 3573.3 57 3 33
| 3 335 ..733 133 3 3
0.400G + 3 3533.35 53 37 3 3
i 333975..57553 3 33
| 5 335. 5 533 3 3
| 5 3..73 A 353
| 33 .933555 5
0.300 + 3 33..55375333 5
3 57. T3 3 3
33..5353 3 5 33
337 53 3
333.. 33 5 323 3 3
0,200 + .55 3
| .33 33
3
7
0.1700 ':' 3
]
i
0.000 ,~-=====n- N S — E SR Fmmm ¥ . e s oo AU +
0.000 0.286 0,429 0.571 0.714 0.857 1.000

£sub n

TR

P DGO = A T A =
==
e
™ m

w1Q#H 43

5.000E-01
1.000E+00
1.500E+00
2,000E+00
2.500E+00
3.000E+00
3.500E+00

. 4.000E+00
. 4,500E+00

5.000£+00

L,530E+02
1.7056+02
4. 384E+0
1.797TE+01
2.764E+03
2.017E-01

9.503E-02
7.83LE-01

112
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STATIST Fig., 3 REW03112 05/26/88 09:27:47

HIQuH 42 R R S R TR N R S NN S T S S e T s s e — e
5.000 ?
|
I
4.500 T
I
|
k. 000 T
[
|
3.500 =
!
!
]
i
3.000 ?
|
|
2.500 +
!
-2.000 + 1...
1 ca
111,
| 1 co1
1.500 + 1
1 i1 11
1 T 1 . 1 1
L T B
1 LN I B
1.000 + L LR R R 1
| 1 1.. 111
I LI 1
| 11..011 1
| 1 ... 11t
0.500 + | R A PRV AR R
| B R P B B
| 1111...1911 11
bo1it,..1141 3
) IRR R
0.000 ,..~=eemmwm e ———— Forrm e —— Form e ———— e e Fmmmme e e +
0.000 0.71y 1.429 2.143 2.857 3.5M 4.286 5.000

Esub pi0

M. LE.
N.LE.
N.LE,
N.LE.
N.LE.
N.LE.
N.LE.
N.LE.
N.LE.
N.LE.

[P

-+

A% we e owr

PR IR ITWN -

mean(X)
std(X)
maean{¥)
stad(yY)
cov(iX,Y)
rho(X, Y)

Y= A <+ 8B
A

B

*10%# 43

1.170E+01%
2.340E+01
3.510€E+01
4. 680E+GT
5.850E+01
7.020E+01
8. 190E£+01
9.360E401
1.053£+02
1.170E+02

8.984c+02
1.032E+03
b, 1798401
5.00LE+01
5.041E+04
9.759€E-01

4,.730E-02
=7.079E~-01

Z1¢




e B3 CoO0

#IQWH 41 mEmmmma

3.500

3.150

2,800

2.450

2.100

1.750

1.400

1.050

0.700

0.350

STATIST Fig., & REW03112 05/26/88 09:27:47

PR R Y
P )

.

e & = & % 8 = = e

e I |
& e 4 @

« + 4 a
LR

P R ]

.......

...........................

0.000 0.714 1.429 2,143 2,857 3.5 L.,.286 5.000

Edep p,pi+,pi-

Events 450

D-events 0
lost 0
min, 1.9U49E402
max. 3.154E403
tmpirigal Moments
mean 1.542E+03
std 5.538E+402
fsd 35.92%

scewness 1,.457E-01
excess -1.846E-01
Grouped Moments

mean 1.540E403
std 5.572E+02
fsd 36.18%
median 1.524E403
mode 1.250E+03
w1QHE +3

€1e




IS0

Events 150
2

Q-events
losg 0
STATIST Fig. & REW03112 05/26/88 09:27:47 min, 9.265E400
#1Q#% 4% P e e Y T T TP e ey Py max. 9,338E+02
Empirical Moments
2.800 + mean L, 530E+02
| S e std 1.686E+02
i P . fsd 37.21%
| . . .. scewness-2.205E-01
| . - eXCess 6.329E-02
2.520 + P . Grouped Moments
| . . . mean b, SUBE+Q2
| P - std 1.657E+02
| v e .. fsd 36.44%
| e e e median 4, G60BE+02
2.240 T e e e mode -6 .660E+02
i e
] e e .
| e e e e
1.960 + N .
i e e e e e
1,680 * . .
1.400 + Lo o
1.120 + Lo )
i v s .
0.840 + o .
0.560';’ e .
i A :
| e ‘e
I . .
0.280 .. . e i
0.000 [Siommmmestonmmmnne bommmmens bommemenns T— S L
0.000 0.143 0.286 0.u29 0.571 0.714 0.857 1.000 #10## +3

Esub n

AN
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STATIST Fig. 6 REW03112 05/26/88 09:27:47
#10#*% +7 22000000 mocconsorooscosoooosomssoosnoooomssoosmeoommas

2.790

2,480 + .

a = s s o+ 3 % e 4

2.170 +

1.860 +

[ T . T SR TS )

t1.550 +

1,240 +

PR T

0.930

0.620

.
.
a4 % o= .

PR

0.310

.

e o e 4

)
.

0.000

[ W, ot e o R

0.000 G.714 1.429 2.743
Esub piD

2.857

3.571

5,000

Events u50

D-events 117
lost 0
min. 1.394E+02
max. b, 7T15E+03
Empirical Moments
mean 8.98u4E+02
std 1.032E+03
fsd 114,909

scewness 1.461E+00
excess 1.669E+00
Grouped Moments

mean 1.215E+03
std 1.032E+03
fsd 8l.94%
median 8.650E+02
mode 3.500E+02
#10%* 43

S1g




w300

#10H% 43

L,600

b, 140

3.680

3.220

2.760

2.300

1.840

1.380

0.920

0.460

0.000

PR T

STATIST Fig. 7

REWO3112 05/26/88 09:27:47

R Y

0.714

L mmmee——— e +--

P ]

e

1.429 2.143

Evis p,pit,pi-

IR R

2.857

......

5.000

fvents us0
O-events 0
iost 0
min. 1.291E+01
max., 2.382E£+02

Empirical Moments
mean 1.214E402
std L, 575E+01
fsd -37.69%
scewness 2.040E-01
excess «3.898E-01

Grouped Moments
mean 1.210E402
std L,.585€+01
fsd 37.77%
median 1.186E+02
mode 1.050E+02
H1QHH 42

912



a3 CO0

®1Q%9 &

2.600

2.340

2.080

1.820

1.560

1.300

1.080

0.780

0.520

0.260

3

A

L fmm o —————— - . e o o o o

0.143

STAT!

ST Fig.

0.286

LVvis n

0.429

T S T

0.571

0.714

-----

0.857

1.000

Events 450
O~events 2
lost 0
min. 3.501E-01
max, 9.972E4+01

Empirical Moments
mean b, 38HEXOT
std 1.785E+01
fsd ko, 71%
scewness 5.751E-02
excess 2.595E-02

Grouped Moments
mean 4., U402E+07
std 1.766E+01
fsd 40.129%
median 4. 390E+01
mode 4.900E+01
#IQHH 42

Ltz



weae3ICoOO

E1QHR 4

5.400

b.860

4,320

3.780 .

3.240

2.700

3

2.160 .

1.620

1.080

0.540

0.000

.
-
-
.
.

S mrmmm————— Fon - dmmmm————

0.000

0.714

STAT!ST Fig. 9 REWC3112 05/26/88 09:27:47

1.429 2.143 2.857

Evis pid

........................

L.286

5.000

Events 450

O-events 118
lost 0
min, 1.80%E+00
max, 2.120E+02
Empirical Moments
mean 4, 179E+01
std 5.003E+01
fsd 119.72%

scewness 1.,482E+00
excess 1.598E+00

Grouped Moments

mean 5.657E4+01
std 5.076E201
fsd 89.73%
median 3.971E+01
mode 1.500E%01
®1Q## 42

812
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STATIST Fig. 10 REW0O3112 05/26/88 09:27:47
*10** +1 e e e e e b
L.855 ¢
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E.2 Sample Problem II

Double-Differential Cross-Section Calculation

This is an example using the "thin"-target option of HETC to
cailculate double-differentail cross-sections. This test case
considers an 800 MeV proton beam on lead.

E.2.1 Input Files for Sample Problem II

(1) Input to HETC and SIM

//REWI01PB JOB ($SACCOUNTS),THIN,TIME=(60),REGION=3000K,
//  CLASS=K,MSGCLASS=A
/*JOBPARM [=15
//* PB-208 800.MEV P ON PB THIN TARGET, PROTON YIELDS
/*PASSWORD $MVS
J*ROUTE PRINT CHMS
//HET86 EXEC LGFORTV,COND=(9,LT)
//L.SYSPRINT DD DUMMY
//L.SYSUT1 DD UNIT=TVIO,SPACE=(6400,180)
//L.LOD31 DD DSN=REWO31.HERMES,DISP=SHR
//L.SYSIN DD *
INCLUDE LOD31(THIN)
INCLUDE LOD31(HETKFA2)

ENTRY HET
/:‘r
//G.FT20F001 DD DSN=REW(071.HET86.BERT,DISP=SHR,LABEL=(,,,IN) BERTP
//G.FT26F001 DD SYSQUT=*,DCB=(RECFM=UA,BLKSIZE=133) ECHO

//G.SYSIN DD *
REAL THE(5);DATA THE=< 0. 15. 45. $0. 180. >

REAL E(33);DATA E=< 800. A 14 -50. A 3 -25. A & -5. A 5 -1. >
DEFDET CASP,1,0.,$Z,E,THE;

DEFDET EVAP,2,0.,$Z,E,THE;

DEFDET YLDP,3.0.,$Z,E,THE;

DEFDET CP00,1,0.;

DEFDET CNOO,1,1.;

RUN;
&RUN
MAXCAS=500, MAXBCH=20, IRUN=1, ISEED=123456789,
EMAX=800., ESR=800., WSR=1., TIPSR=0.,
EMIN(1)=1., EMIN(2)=15., EPICUT=2.23, EMUCUT=1.69, ELOP=20.,
1OSUB=0 , IBERTP=-20, NHSTP=0,
TELAS=0, ISTRAG=0, IANG=1, IFISS=0,KEYDK=0, IB0O=1, B0O=8.,
MXMAT=1,
NEL{1)=1, DENH(1)=0.,
22(1,1)=82.,A(1,1)=208.,DEN(1,1)= 1.000,
&END
EXIT;

/.\
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E.2.2 Output File Excerpt for Sample Problem II

{1) Output of HETC and SIM

/JOB-ID = REW1OIPB 05/02/88 23:53:05

I: REAL THE(5);DATA THE=< 0. 15. 45, 90. 180. >

I: BEAL E(33);DATA E=< 800. & 14 -50. 4 3 -25. 4 & -5. 45 -1. >
1: DEFDET CASP,1.,0.,5Z,E,THE;

I: DEFDET EVAP,2,0.,$Z,E,THE;

1: DEFDET YLDP,3,0.,$Z,E,THE;

1: DEFDET CP00,1,0.;

I: DEFDET CHOO0,1,1.;
1:RUN;

MAXBCH= 20 IBERTP=-20 EMIN(1)= 1.000E+00 ELOPF = 2.000E+01
MAXCAS= 500 I0SUB = O EMIN(Z)= 1.500E401 CTOFE = 0.000E+00
IRUN = 1 NHSTP = § EPICUT = 2.230E+400 EMAX = §.000E+02

EMUCUT = 1.690E+CG0 B0 = 3.000E+00

NICOL =0 NPIDX =1 NBOGUS =1 HSEURO=1
NSPRED=0 NWSPRD=C ISTRAG =0 IANG =1

IFISS =0 IBO =1 IGECH =0 KEYDX =0

IELAS =0

ISEED = 123456789

LKI =0 HIA{5)= 0.0 HIZ(3)= 0.0 HIBE(5)= 0.000E+00

/BERTTP(I): I-N-C DATA READ FORM UNIT 20

/BERTTP(I): EVAP DATA READ FORH UNIT 20

NON-ISOTROPIC ANGLE OPTION SELECTED

HSIGHX 0.12000E-23 0.64500E-24 0.20000E-24 0.00000E+00 0,67700E~25
THIS IS MEDIUM 1

DENH=0.000000E+00 NEL= 1 S0= 1.000E+00 KB= 0.000E+00

ZZ( 1, 1)=82.0 A( 1, 1)=208.0 DEN( i, 1)=1.000G00E+00

"GEOMETRIC" X-SECTIONS IN (1/CH)

NUCLIDS: i 2 3 4 3 6
7 8 9 10
MEDI&

1 2.4615E+00
HAXIMUM H-1 X-SECTIONS IN (I/CH)

MEDIA PROTCNS NEUTRONS PI+ PIO PI-

1 0.0000E+00  0.00C0E+00 0.0000E+00 0.CO00E+CO0  0.00COEHGO
TRANSPORT X-SECTION = SUM(“GEOMETRIC") + HAX. H-1 + MAY. DECAY X-SECTIONS IN (i/CH)

HEDIA PROTONS HEUTRONS Pi+ Pib PI- HUE+
i»fU'E..

1 2.L615E+00 2.4615E+00 32.4686E+0C 0.0000E+00 2.4886E+00 8.8963E-05
8.8943E-05 .
SOURCE DATA:

TYP = 0.
RYZ = 0.000 0.000 0.000 GAUSSIAN DISTRIBUTED WITH
XYZ 5iG.= 0.000 0.000 0.000 TRUNCATED TO RADIUS
R = 0.000 IF R>Q
U = 0.00006 0.0600 1.,0000 IF = 0.,0.,0. => ISCTROPIC
WT = 1.660
E = B800.000 GAUSSIAN DISTRBUTED WITH
£ 5IG.= 0.000
M: YOU ARE USING THIN TARGET SETUP
-=> SOR HET IRUN= 1 ISEED= 123456789
--> S0B HET IBAT= 1 ISEED= 123456789

JBERTTP(I): I-N-C DATA READ FORM UNIT 20

/DRES{I): USING 1977 WAPS DATA
--> EQOB HET  IBAT= 1 ISEED= 876852125 NHIS= 3500 CPU=  45.37SEC.

HMEDIUM SORS CASC SLOW ESCP  PSEU  ABSO  BRDY  SCAT

1 500 361 4] 0 139 o 0 0 o
65666 0 0 0 0 0 t] o 0 ¢
TOTAL 500 361 ¢ o 139 0 ] 0 0
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--> 50B HET  IBAT= 2 ISEED= 876852125
--> EOB HET  1BAT= 2 ISEED= 1939235471 NHKIS= 1000 CPU=  40.19%SEC.
HMEDIUM SORS CASC SLOW ESCP PSEU  ABSO  BRDY  SCAT

1 500 356 0 0 144 0 0 1] 0
6666 0 0 Q 0 0 0 0 Q 1)
TOTAL 500 356 ) 0 144 0 0 1] ]
-=> EZOR HET IRUN= 1 ISEED= 1734564103 NHIS=100060 CPU= 782.%7SEC.
MEDIUM SORS CASC SLOW ESCP PSEU  ABSO  BRDY  SCAT
1 16000 7155 0 0 2845 o 0 0 1]
6666 0 ¢ ¢ o ) ¢ 4 0 0
TOTAL 100CC 7155 0 ¢ 2845 ¢ 4] a o
REAL PSEUDO REAL PSEUDO PSEUDO
REAL PSEUDO
NONHYDRCG NONHYDROG HYDROGEN HYDROGEN DECAY
ELASTIC ELASTIC
COLLISIONS COLLISIONS COLLISIONS COLLISICNS COLLISIONS

COLLISICNS COLLISIONS
MEDIUH 1 0.71550E+06 0.28450E+04 0.00000E+Q0Q 0.00000E+Q0D 0.000C0E+00

0.00000E+00 0.00000E+Q0

PSEUDO COLLISIONS WITHIN INTERNAL VOID BY
PARTICLES OF

TYPE 1 TYPE 2 TYPE 3 TYPE & TYPE 5
TYPE 6 TYPE 7

0.00000E+00 0.00000E+00 0.00C00E+0Q 0.00000E+0C G.0C00CE+0D
0.00000E+00 0.0000GE+GO

-=> NEGEX= 0 LO¥AZ= O NYIC= O
HEDIUH SQURCE-FRACTION %ERR
1 1.000E+00C 0.00
VOID 0.000E+00 0.00
HEDIUH INELASTIC C./SOURCE ZERR ELASTIC C. /SOURCE  ZERR
1 7.185E-01 0.53 0.000E4+00 0.00
¥oID 0.000E+00 0.00 0.000E+00 0.0
HEDIUM ABSORPTICN /fSOURCE %ERR FISSION /SOCURCE  ZERR
i 0.000E+CG 0.00 0.000E+00 0.00
YoIb 0.CO0E+0C 0.00 0.000E+00 0.00
HEDIUYH P FLUX (CH) ZERR N FLUX (CH) ZERR
1 0.000E+00 0.00 0.0C0E+00 .00
YOID 0.0CG0E+00 0.00 0.000E+00 0.C0
HEDIUM PI+ FLUX (CH) *ERR Pi- FLUX (CH) ZERR
1 0.000E+00 6.00 0.000E+00 0.00
YoID 0.000E+00 0.00 0.000E+00 0.00
HEDIUM HU+  FLUX (Ci) ZERR MU= FLUX (CH) %ERR
1 0.000E+00 0.00 ¢.0Q0E+00 ¢.00
VOiD 0.000E+00 6.00 G.000E+OC 0.00
HMEDIUM P YIELD TERR N YIELD *ERR
1 1.685E+00 0.94 9.687E+00 0.72
VOID G.000E+00 0.60 0.000E+00 c.00
HEDIUH PI+ YIELD ZERR PIO YIELD ZERR
1 9.640E-02 1.59 1.097E-01 2.74
voiD 0.000E+00 0.00 0.0COE+Q0 0.00
HEDIUM PI- YIELD %ERR

1 6.220E-02 4,19




223

YOID G.000E+00 3.00
HEDIUM HU+ YIELD ZERR
1 0.000E+00 0.00
VOID 0.000E+00 ¢.60
HEDIUM )] YIELD ZERR
1 5.790E-01 1.28
voiD 0.000E+00 ¢.00
HEDIUH HE3 YIELD EERR
1 2.680E-02 6.84
voID 0.000E+00 0.060
W:RSYS: NO RSYST-TAPE AVAILABLE
YIELD DEITECTOR FOR P FROH INC
DETECTOR NAHE = CASP
THETAl= (.000E+00 THETAZ= 1.500E+01
E-HIGH E-LOW INC-YIELD ZERR
§.000E+02 7.500E402 1.9%30E-02 6.48
7.500E+02 7.00QE+02 1.050E-02 11.38
7.000E+02 6.500E+02 1.200E-03 18.73
6.500E+02 6.000E+02 1.200E-03 35.04
6.C00E+02 5.500E+02 2.100E-03 17.58
5.500E+02 5.00QE+02 3.500E-03 19.39
5.000E+02 4 ,.500E+02 2.800E-03 22.23
&.500E+02 &.000E+02 5.100E-03 14,36
4. 000E+02 3.500E+02 5.800E-03 13.21
3.300E402 3.000E+02 4,900E-03 15.24
3.000E+02 2.500E+02 5.200E-03 12.60
2.500E+02 2.000E+02 &.300E-03 13.08
2.000E+0Q2 1.500E+02 3.300E-03 12.63
1.500E+02 1.000E+02 6.300E-03 10.87
1.000E+02 7.500E401 3.000E-03 19.04
7.500E+01 5.00Q0E+0] 5.100E-03 14,91
5.000E+01 2.500E+01 7.300E-03 9.38
2.500E+0] 2.000E+0Q1 1.200E-03 24.72
2.000E+01 1.300E+01 4.200E-03 20,11
1.500E+01 1.000E+01 3.300E-03 17.18
1.000E+01 5.000E+00 6.000E-04 42.58
5.000E4+00 4.000E+00 0.Q0CE+0C 0.00
4,000E+00 3.00QE+GO 0.000E+00 0.00
3.000E+00 2.000E+C0 0.000E+00 0.00
2.000E+00 1.000E+0C 0.000E+0C 0.00
1.G00E+00 0.00GE+CO0 0.00CE+00 0.060
0.0COE+Q0 0.00CEXGD 0.000E+00 6.00
0.000E+00 0.00QE+CO 0.000E+0O 0.00
0.00CE+00 0,000E+00 ©.CO0E+00 0.00
0.000E+G0 0,000E+0Q ¢,000E+00Q 0.00
0.000E+C0 0.000E+Q0 0.0QC0E+00Q 0.60
©.000E+00 ©.000E+00 Q,000E+00 0.00
THETAl= 1.300E+01 THETA2= &.500E+01
E-HIGK E-LOW INC-YIELD ZERRE
8.000E+02 7.500E+02 9.000E-04 34010
7.500E+02 7.000E4+02 7.800E-03 13,01
7.000E+02 6.50G0E+02 1.340E-02 8.60
6.500E+02 ©.000E+02 8§.300E-03 10.08
6.000E+02 5,500E+02 8,300E-03 8.06
5.500E+02 5.000E+02 9.500E-03 6.81
5.000E+02 &_.500E+02 1.060E-02 10.16
4 ,500E+02 4.000E+02 1,340E-02 7.43
4. 000E+02 3.50QE+02 1.570E-02 7.17
3.500E+02 3.000E+02 1.760L-02 6.57
3.000E+02 2.500E+02 2.420E-02 7.76
2.500E+02 2.000E+02 2.590E-02 7.01
2.000E+02 1.500E+02 3.610E-02 5.17
1.500E+02 1.000E+402 3,900E-02 4.28

MU~ YIELD
0.000E40C
0.000E+C0

T YIELD
S.LL4E-01
0.00G0E+00

HE4 YIELD
1.130E4+20
0.000E+00

LERR
0.00
0.00
ZERR
1.79
.00
ZERR
1.12
.00
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1.000E4+02 7.500E+01 2.730E-02 5.83
7.500E+01 5.000E+0! 3.190E-02 4.95
5.000E+01 2.500E401 4.670E-02 4.95
2.500E+01 2.000E+01 1.540E-02 7.94
2.000E+01 1.500E+01 2.640E-02 5.67
1.500E4+01 1.000E+01 2.620E-02 7.30
1.0600E+01 5.000E+00 6.400E-03 12.54
5.000E+00 4.000E+00 0.000E+00Q 6.00
4 . 000E+00 3.000E+Q0 O.CCOE+00 0.00
3.000E+00 2.000E4+00 0.000E+00 0.00
2.000E+00 1.000E+00 0.000E+00 .00
1.000E+00 0.000E+00 0.000E+00 .00
0.000E+00 G.CO0E+00 0.000E+QO 0.00
0.000E+00 ¢.000E+00 0.000E+00 0.00
0.000E+0Q 0.000E+00 0.000E+QD 0.00
0.000E400 0.000E+00 0.000E+G0O 0.00
0.00CE+00 0.000E+00 §.000E+Q0Q 0.00
0.000E+00 0.000CE+00 0.CO00E+0Q0 0.00
YIELD DETECTOR FOR P FROM INC
DETECTOR NAME = CPOO
INC-YIELD %ERR
1.401E4+00 0.92
YIELD DETECTOR FOR N FROM INC
DETECTOR NAME = CNOO
INC-YIELD %ERR
2.800E+C0 6.75
I:EXIT;

MESSAGE SUMMARY: MESSAGE NUMBER - COUNT
212 9
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E.3 Samp.< Problem IIT

Thick-Target Particle Flux Calculation

This is an example for particle flux calculation performed
on a "thick" target formed by an iron cylinder as depicted
in Fig. E.3., The fluxes are determined in different regions,
energy bins and for different particle types. The target was
hit axially by a 1 GeV proton pencil beam,

_~ P=20cm
- p=50cm
- r=100cm
r=120cm

Fig. E.23: Geometrical Setup
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E.3.1 Input Files for Sample Problem ITI

(1) Geometry Description in CMD Language

/ Test3 geometry
GEOCMP 8 13 13 ;
/ Body input

PZ 1 0.
PZ 2 25.;
PZ 3 50.;
PZ 4 100.;

cz 11 SN 2.;
CZ 12 SN 5.3
CZ 13 SN 10.;

RCC 20 0. 0. -1, 0. 0. 102. 12.;
END;
/ Zone input

ZONE 111 +11 +1 -2
ZONE 112 +11 +2 =3
ZONE 113 +11 +3 =4
ZONE 121 +12 ~11 +1 ~=2;
ZONE 122 +12 -11 +2 -3;
ZONE 123 +12 =11 +3 -4
ZONE 131 +13 =12 +1 -2;
ZONE 132 +13 =12 +2 -3;

ZONE 133 +13 =12 +3 =45

ZONE 6666 61 +20 +13 ~-1;

ZONE 6666 62 +20 +13 +4;

ZONE 6666 63 +20 -13;

ZONE -1 80 -20;

ENDGEQ;
/ Load geometry cbject file from unit 22;
GEOIN; '
/ Return to terminal input for test
UNIT 5;
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(2} Input to HETC and SIM

//REWO31H3 JOB (SSACCOUNTS), TEST3-HET',TIME=(4),REGION=3000K,
!/ CLASS=C,MSGCLASS=A
/*JOBPARM L=15
/*PASSWORD $HMVS
/*ROUTE PRINT CHS
//HET EXEC GFORTV,NAME=HETKFA2,DS='REW031.HERMES'
//G.FT20F001 DD DSN=REW071.HET86.BERT,DISP=SHR,LABEL=(,,,IN) BERTP
//G.FT21F001 DD DSN=REWO031.HETSUB.TEST3,DISP=SHR 108UB
//G.FTC7F001 DD SYSOUT=P,DCB=(RECFM=F,LRECL=80,BLKSIZE=80),
// DEST=(CHMS,REW031)
//G.FT25F001 DD * INGEO
$INCLUDE TEST3 GEO-D
/%
//G.SYSIN DD *
/ setup detector regions
INTEGER IR1(9);DATA IRI=<11 12 13 21 22 23 31 32 33>;
/ setup detector energy bins
REAL EP(12),EN(9);
DATA EP=< 1000. 750. 500. 250. 100. 50. 25. 20. 15. 10. 5. 1.>;
DATA EN=< 1000. 750. 500. 250. 100. 50. 25. 20. 15. >;
/ setup detectors
DEFBET PHIP,8,0.,,EP,,IRL;
DEFDET PHIM,8,1.,,EN,,IR1;
RUN; / return to het primary input
&RUN ‘
MAXCAS=20, MAXBCH= 50,
EMAX=1000., EMIN(1)=1., EMIN(2)=14.9, ELOP=2Q.,
IBERTP=-20, I0OSUB=21, NHSTP= 0, INGEQ=25,
IELAS=2, IANG=1, IFIS5=0,

MEMAT=1, DENH=0., NEL=1, ZZ=26., A=56., DEN=.08460,

TIPSR=0., ESR= 1000, , ZSR=-.5, WSR=1.,
&END
/ PHL.n(E,z,r) is available on PHINEEOR
/ PHI.p(E,z,r) is available on PHIP@EOR
/ save detector output for later processing with CMD
/ TEST3 DETECTOR OUTPUT
SAVE PHINGEOR;
SAVE PHINFSD;
SAVE PHIP@EOR;
SAVE PHIPFSD;
EXIT;

/:’f




228
{(3) Input to MORSE

//REW1015S JOB ($SACCOUNTS),TEST3,TINE=(128),REGION=6000K,CLASS=C
/4*PASSWORD $HVS
/*JOBPARY L=20
/*ROUTE PRINT CHS
// EXEC LGFORTV
//L.LOAD DD DSN=REWO31.HERMES,DISP=SHR
J/L.SYSIN DD =
INCLUDE LOAD{MORSE)
INCLUDE LOAD{CGL2)
ENTRY HORSCG
//G.FT50F001 DD DSN=REW031.HETSUB.TEST3,DISP=SHR,LABEL=(,,,IN)
//G.FT20F001 DD DSN=REW031.EPRLIB,DISP=SHR,LAREL=(,,,IN)
//%.FT21F001 DD DSN=REW101,TEST3.MORDET,DISP=SHR
//C.SYSIN DD #

HERMES TEST3 9 DETEKTOREN CARD &

G 0326 / CARD A2

200 2500 50 1 100 21 100 1210 058 1 O/ CARD B
1100 1.0E40 1.0E~-&4 1,0E+4 1.0E-7 .6293E+5 [ CARD C
0. 0. 0. 0. 0. 0,0 7 CARD D

50 / CARD D2

/  ENERGIES (EV) CARD F

0.145E+08 0.135E+08 0,122E+08 0.111E+08 0.10CE+08 0.9053E+07 C.819E+07

0
0.741E+07 0.670BE+07 0.607E407 0.549E+07 0.497E407 0.449E4H07 0.407E+H07
0.368E+07 0.333E+07 0.301E407 0.273E+07 0.247E407 0.223E407 0,202E+07
0.183E+07 0.165E+07 0.150E+07 0.135E407 0.122E407 0.111E+07 0.100E407

0

¢]

0

T T Sy, ey ey,

0.907E+406 0.821E+06 0.743E+06 0.672E+06 0.608E+06 0.550E+0& 0.498E+06
0.450E+06 0.408E+06 0.369E+06 0.334E+06 0,302E+06 0.273E+06 0.257E+06 /

0.224E+06 0.202E+06 0.1B3E+06 0.166E+06 0.150E+06 0.136E+06 0.123E+06 /
0.111E+06 0.865E405 0.674E405 0.525E405 0.409E405 0.318E+05 0.248E+05 /
0.193E+05 0.1SOE+0% 0.117E405 0.912E404 ©.710E+04 0.553E404 0.431E20L /
0.335E404 0.261E204 G.203E+04 0.158E+04 0.123E+04 0.951E+03 0.T749E+03 [
0.583E403 0.456E+03 0.356E403 0.275E+03 0.214E+03 0.167E403 0.130E+03 /
0.101E+03 (.789E402 0.614E+02 0.479E+02 0.373E402 0.290E+02 0.226E+02 /
0.176E+02 0.137E402 0.107E402 0.832E+01 0.648E+01 0.SO04E+01 0.3%93E+01 /
§.306E401 0.2385+01 0.186E+01 0.144E401 0.113E401 0.876E+00 0.683E+00 /
0.532E4+00 0.414E+00 G.140E+08 0.120E+08 0.1C0E+08 0.800E+07 0.7S0E+G7 /
0.700E+07 0.650E+07 0.500E+07 0.550E+07 0.500E407 0.450E407 0.400E407 /
0.350E+07 0.300E+07 0.250E407 0.200E+07 0.150E+07 0.100E+07 0.400E+06 /
0.200E+06 0.100E+06 : E O CARD F
000035FAT314 / C&RD H
11000 11210 / C4RD I
G000 O0 1.0E+0 1.00E+0 1.0E+0 O.CE+Q / CARD J
-1 / E O CARD J
0000 / CARD L
Fil.; GAMMA PROB.'S GWLO(NMTG,MXREG) CARD O
HATERTALIEN EPR YQ P3 VON FT20 CARD X4
100 100 21 21 1231 1264 11 1t &2 O CARD XB
0C00000200000 00 / CARD XC
19431 ; FE
! =1 B.4600E-2 FE CARD XF
ANALYSIS INPUT CARD AA
9 100 121 0 0 2 0 6 11/ CARD BB
vQ
FoO.; CARD CCX
FO. ; CARD CCY
Fo.; CARD CCY
11Aa21242131421;
FO;
CARD DD
/ NEUTRON FLUY [CH]
R 100 1. /
FoOo. .

/ GAMMA FLUX [CM]
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R 100 0. /
F1i. ;
CARD GG
141201 ; CARD HH
1 / NUMBR
14 1. 0.0085 1 4.8295E-2 / NDETEC S KB NEL DENH
/ /ID = REGION NUMBERS
1001000 A 6 1000 2001000 A 6 1000;
F 6. ; ZZ
F 12. ; A
F 4£.8295E-2 ; DEN
//G.FT32F001 DD *
8 i3 i3 1000 1000 0
A 0
0 1.000E+00
Pz i 0.000
PZ 2 25.000
PZ 3 50.000
PZ 4 100.000
CZ 11 0.000 9.000 ¢.000 2.000
CZ i2 0.000 0.000 6.000 5.000
cZ 13 0.000 0.000 0.000 16.0600
RCC 20 0.000 0.000 -1.000 0.000 0.000 102.000
12.000
END
1 11 11 1 -2
1 12 11 2 -3
1 i3 11 3 ~t
1 21 12 ~11 1 -2
i 22 12 -11 2 -3
1 23 12 -11 3 -4
1 31 i3 -12 1 -2
1 32 i3 -12 2z -3
i 33 13 “12 3 b
1000 61 20 13 -1
1000 62 20 i3 &4
1000 63 20 -13
~1 30 ~20
999

/*EQF




{1) Geometrvy Object File

PZ
PZ
PZ
PZ
CZ
CZ
CZ
RCC

<2}
st
=}

e i e T i B S R SRy

6666
6666
6666
-1
999

—t
i Sl ¥ B SRS

12
13
20

11
12
13
21
22
23
31
32
33
61
62
63
30

Lo N = R+ ]

0
25.
50.

100.

0.

g.

o

0.
i2

i1
i1
11
12
12
12
13
13
13
20
20
20
~20

13

1.000E+00
.000

000
000
000
000
000

.000

000

.Q00

1

2

3
-11
-11
-11
-12
-12
-12
13
13
=13

13

0.000
0.000
0.000
0.000

2
3

W= N
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E.3.2 Qutput Files Excerpt for Sample Problem III

10060

0.000
0.000
0.000
-1.000

1000

2.000
5.000
10.000
0.000

0.000

102.000




/JoB=10 = REWOIIHI 05/1%/88 08:53:4k

I:/ setup datector regions

t: INTEGER IRY{9}:;0ATA IRIz<i! 12 13 21 22 23 31 32 33>;
b:/ setup detector ganargy bins

s REAL EP{72),ENLO);

I: DAYA EP=< 1000, 750, 500. 250. 100. 50. 25. 20. 1%. 0. 5. i.»;
I: DATA ENM=< 1000. 750. 500. 250. 100. 50. 25, 20. 15, >;
i:/ satup dotectors

l- DEFDET PHIP,8,0,,,EP,,IRT;

t: DEFDET PH!N.B.?...EN..IR1:

s RUN; / retwuern to bat primery input

HAKBCH= S0 1BERTP=-20Q LEMIN{1}= },000E2400 ELOP = 2,000E<0%
MAXCASs 20 10SUB = 27 EMIN(2)= 1.090E+0% CTOFE = 0,0000+00
1MUY = ¥ONHSTP = O EPICUY = O,0C0E+00 EMAX = 1,000L+03

EMUCUT = O, 0008400 BO u §,000E400

CHICOL =0 HPIDK w1 NBOOUS wi  NSEUDO=Y

HEPRED=0C NWSPRD=0 §STRAG =Q ([ANG =%

IFI8S =0 fBO i IGEOM =0 KEYDK =0

PELAS =2

ISEED = 123456789

LHi w0 HIA{S)s 0.0 HIZ(5)= 0.0 HIBRE(5)= 0,000E+00
/BERTTP(1): 1=N-C DATA READ FORM UNIT 20

JBERTIP{1): EVAP DatA READ FORM UNIT 20
NON- I SOTROPIC ANGLE OPTION SELECTED
HS 1 GMX 0.120006-23 0. 6UPM2E-2N 4., 20000E-24 0., 00000E+00 0.67700E=-25

CLTHEE 1S MEDIUM
L DENH=0.000000E+00 MEL= 7 S50= 1,000E400 KB= 0.Q005+0C

i 2EU 1, 1)m26.0 A( 1, W)m 56,0 DEN{ 1, 1}wB.85999TE~02

PGEOMETRICY X=SECTIONS 1M {1/CM})

NUCLIDS: H 2 3 [ 5 & 7
. MEDIA
] 1.1592E-01 .
MAXIMUM M-% X-SECTIONS IN {1/CM}

-MEDIA' ... PROTONS NEUTRONS Ple Pi=
] 0.0000E400 0.0000£400  0.0000€+00 0. 00005+00 0. 0000E+00
?RANSPORT X=SECTION = Sum| ccomzvauc") 2+ MAX, Hel <+ MAX, DECAY X~SECTIONS IN {1/CM)

MEDIA PROTONS NEUTRONS Ple Fi0 Pl- MUE+ MUE=
i) 1.1592€-01  1,1592€~01 1.2643E-0% O,0000E¢400 1,.2603E8-01 1,1582E-04 1,1582E-04
SOURCE DATA:
ive E.d [
WYL @ 0.000 2.000 =0,500 GCAUSSIAN DISTRIBUTED WITH
XYZ §iG,= 0.000 0.000 0.000 TRUNCATED 70 RADIUS
R = 0.000 IF R>D
vy # 0.0000 0, 0000 1.0000 1F = §,,0,,0, -> I1SOTROPIC
WY = 1.00C
£ @ 1000.000 CAUSSIAN DISTRBUTED WiTH
£ 8iG.»

. 0.000
M:GOM!IN INGEDC=2% IOGED= &

NUMB, OF BODIES {NUMB} [
HUMB, OF REGIORS [NUMR} 13
NUMBER OF CODE REGIOWNS ([NCOD) o 13
LERGTH OF FDP ARRAY (LRKXX]) ; 1000
LENGTH OF MA ARRAY [LMYY) i000
HODIFIED INPUT (LOUT) s

VOLUME ENPUT OPTION (1VOPY) ©C 07 4 NOT USED
BOUNDARY OPTION {MEDREG) : [+
DEBUG OPTION {1DBGO) [

MACMENE EPS = 0.100000£-07

iDD 1T e n

10

z)

(

WIs pu= QiI¥H Jo anding

1ee




STRETCH= 1.0000000E+00
"NUMBER OF BODIES 8

" LENGTH OF MA ~ARRAY 57

CLENGTH OF FPO~ARRAY 100

o NUMBER OF ENPUT ZONES 13
NUMBER OF CODE ZONES 13

o LENGTH OF INTEGER ARRAY 238

JRUN= 1 ISEED= 123456789

~-> SOR HET
/SUBMIT(1): 10SUB=27 . . . -
~-> S0B HET . 1BAT= 1 ISEED= 123456789

/BERTTP(t): i~N=-C DATA READ FORM UNIT 20
FORES(1): USING 1977 WAPS DATA

--> EOB HET  IBAT= . 1 ISEED= 2139219343 NH!S= 20 CPU=  12,16SEC.
MEDIUM  SORS CASC SLOW ESCP  PSEU  ABSD BRDY  SCAT
3 0 109 130 0 &1 3 135 0
6666 . 20 0 0 33 0 0 34 0
TOTAL 20  -109 130 33 61 3 169 0
/SUBMIT(1): NEUTRONS: 130, PlO: 3, NUCLE!;: 57
~e> EOR HET = . IRUN= 1 USEED= 1781818119 NHIS= 1000 CPU= 153.94SEC.

MEDIUM . SORS _CASC SLOW ESCP PSEU ABSO

1 50 6564 7001 0 3198 216
6666 1000 0 0 1517 .7 0
TOTAL 1000 6564 70017 1517 3245 216
. REAL PSEUDO " REAL
NONHYDROG ' - ' NONHYDROG 'HYDROGEN
“COLLISIONS . .COLLISIONS "COLL1SIONS

MEDIUM 1 0.35420E+04 0.2737T0E+0Y 0.00000E+00

PSEUDO COLLISIONS WiTHIN

TYPE 1 - STYPE 2 TYPE 3
0.70000E+01 0.38000E+402
~-> NEGEX= 3 LOWAZ= (

0. 10000E+01
0
/SUBMIT{1): NEUTRONS:

NWTC=
7987, PlO:

BRDY SCAT

6740 0
1523 0
8263 0

PSEUDO
HYDROGEN
COLLISIONS
0.00000E+00

TYPE b

0.00000E+00

184, NUCLE1I: 3538

0

0

0

0

0

0
PSEUDO
DECAY

COLLISIONS

0.11000E+02

TYPE 5
0.00000E+00

REAL
ELASTIC
COLLISIONS
0,32380E+04

INTERNAL VOID BY PARTICLES OF
TYPE 6
0.00000E+00D

PSEUDO
ELASTIC
COLLISIONS
0.45000E+03

TYPE 7
0.10000E+01

gee




MED UM
i

VoOID
MEDIUM
1

voID
HMEDIUM
1

VOID
MEDIUM
1

VOID
MEDIUM
i

voID
MEDIUM
1

VoI D
MEDIUM
1

VoiD
MED UM
1

YOID
MEDIUM
1

VOIiD
MEDI UM
1

voiD
MED | UM
1

VOID
MEDIUM
1

volD

WiRSYS: NO RSYST-TAPE AVAILABLE

SOURCE-FRACTION
0.000E+00C
1,000E+00

INELASTIC C. /SOURCE

3.326E+00
0.000£+00

ABSORPTION /SOURCE

2.760€-01
0.000E+00
P FLUX (CH)
2.358E+01
7.383E-01
PI+ FLUX {CM)
7.715E=-01
4,02UE-Q2
MU+  FLUX (CM}
2,785E-03
3.8L4E-04
P YIELD
8.662E+00
0.000E+00
Pl+ VYIELD
2.179E-01
0.000E+00
Pl= YIELD
1.059E-01
0.000E+00
MU+ YIELD
7.825E-04
3.346E-04
0 YIELD
L4.570E-01
0.000E+00
HE3 YIELD
1.010E=-01
Q.000E+00

233

10.77
27.05

7,14

YERR
8.70
0.00
%ERR
1%.40
100.00
YERR
5.84
0.00
YERR
11.00
0.00

ELASTIC C. /SOURCE -

3.688E+00
0.000E+00
FISSION
c 0.000E+00
0.000E+00
R FLUX (CM)
2.9U0E+01
3.977E+00
Pl= FLUX {CHM)
2.502E-01
1.856E-02
MU= FLUX (CM)
1.021E-03
7.651E-05
N YIELD
1. 1U8E+01
0.000E+00
P10 - YIELD
: 1.839E~-01
0.000E+CO

MU= YIELD
3.97HE-0O4
0.000E+00

T YLELD
1.110E~01
0.000E+00

HER YIELD
5.988E-01
C.000E+00Q

/SOURCE

“¥ERR
2.52
GERR
0,00
-0.00

ZERR
2,60

“4ERR
15.13
41,30
ZERR
2k, 51
53.63

CTUERR
- 1.94

0.00

. %ERR

16.79
0.00

"BERR
20.98
Q.00
BERR
9.480
0.00
%ERR
3.82
0.00
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FLUX DETECTOR fOR P

DETECTOR HAME = PHIP
REGICN1= 11 REGION2= 0
E-HIGH E-LOW PHI ‘ZERR
1.000E+G3 7.500E+02 1,135E+01 1.6U
7.500E+02 5.000E+02 1.982E+00 4,36
5.000E+02 2,.500E+02 7.813E-01 7.35
2.500E+02 1.000E+02 ©2,172E-01 L.76
1.000E+02 5.000E+01 4,632E-01 4,88
5.00CE+0Q1 2,500E+01 2.360E~01 4,09
2.500E+07 2.000E+07 4,486E-02 3.63
2.000E+07 1,500E+071 4, 322E-02 3. 44
1.500E+01 1.000E+Q1 4.320E-02 3.40
1.000E+01 5.000E+00 4,284E-Q2 3.35

5.000E+00 1.000E+00 -2.607E-02 3.05

FLUX DETECTOR FOR N

DETECTOR NAME = PHIN
REGION1= 11 REGION2= 0
E-HIGH E-LOW PHI ZERR
1.D00E+03 7.500£+02 1,907E-01 18.40
7.500E+02 5.000E+02 3.181E-01 18.71
5.000E+02 2,500E+02 9, 127E=01 9,32
2.500E+02 1.000E+02 1.U6K3E+0D 5.79
1.000E+02 5.000E+01 1.148E+00 6.52
5,000E+01 2,500E+C1 1.094E+00 7.04
2.500E+07 2.000E+01 3.437E-01 9.77
2.000E+G1 1,500E+01 5,862E=01 9.17
REGIONI= 12 REGION2= 0
E-HIGH E-10W PHI YERR

1.000E+03 7.500E+02 6.895E-04 100.00

e s o D T Y D D KD D S CM TR O R TR AR D G0 4D O hn D G G ur ke O D e N G o N O D YR KD O EP G A O D R NI e W K R ED AR A GP KN G R

PHI.n(E,z,r) is avaiiable on PHINGEOR
PHI.p{E,z,r) is available on PHIPEEOR
save detector output for later processing with CHMD
TEST3 DETECTOR OUTPUT
AVE PHINGEOR;
AVE PHIKNFSD;
AVE PHIPEEOQR:
AVE PHIPFSD;
XIT;

“n e we es am
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CMD Sawve File

REAL PHINGEOR{

8,

DATA PHINBECOR=<

1.907E-01 3.181E-01
1.094E+00 3.437E-01
6.895E-04 1.025E-01
2.145E-C1 5.589%9E-02
0.000E+4G0 1.88%E-02
5.104E-02 3.063E-03
1.0675E-01 1.976E-01
1.441E400 4.5377E-01
4.842E-02 8.952E-02
5.894E-01 1,55%E-01
0.000E+0C 0.000E+00
8.420E-02 9.328E-03
1.619E-02 1.148E-01
1.628E+00 5.130E-01
7.823E-02 1.615E-01
8.324E-01 2.383E-01
1.126E-02 4.414E-02
2.678E-01 4.400E-02

>/

REAL PHINFSD

g,

DATA PHINFSD =<

1.871E-01
$.769E-02
1.000E400 3.463E-01
1.58%E-01 1.973E-Q1
0.000E+00 1.000E+00
3.870E-01 8.872E-01
2.60%E-01 1.876E-01
5.774E-02 1.00%E-01
4.733E-01 3.009E-01
1.177E-01 2.143E-01
0.000E+00 0.000E+00
3.128E-01 8.476E-01
6.368E-01 2.554E-01
6.410E-02 1.006E-01
&,193E-01 2,317E-01
1.147E-01 1.807E-01
1.000E+00 4.840E-01
2.043E-01 3.972E-01

1.840E-01
7.037E-02

>-/

REAL PHIP@EOR(

i,

DATA PHIP@EQR=<

1.982E+00
4. 488E-02

1.135E+01
2.360E-01
2.607E-02
0.000E+00
4.493E-02
4.3%94E-03
0.000E+0G
1.058E-02
6.094E-04
3.556E-02
&.970E-02
6.164E-03
0.000E+C0
2.8B7E-02
2.272E-03
0.000E+CO
4. 721E-03
2.472E-04
0.000E+00

1.853E+00
8.279E-03

0.000E+G0
1.668E-03

3.389E-01
1.453E-02

1.454E-01
5.040E-03

0.000E+00
T7.377E-04

7.748E-02

235

I,

9.127E-01
5.862E-01
2.712E-01
1.173E-01
2.115E-02
7.134E-03
6.795E-01
7.18BE-01
3.477E-01
2.181E-01
8.035E-02
2.693E-02
5.668E-01
§.026E-C1
4,.979E-01
&.193E-01
1.49%E-01
6.9561E-02

L,

9.320E-02
%.167E-02
1.791E-01
1.516E-01
5.884E-01
6.789E-01
8.007E-02
7.584E-02
1.735E-01
1.503E-01
3.781E-01
4,033E-01
1.0%1E-01
§.117E-02
1.278E-01
1.377E-01
3.245E-01
3.087E-01

1,

7.813E-01
£.322E-02

1.341E+00
7.753E-03

4.312E-02
1.472E-03

4. 187E-01
1.3258-02

3.607E-01
4.631E~03

6.810E-03
6.3L2E-04

2.164E-01

933

1.463E+00
2.883E-01
3.764E-02
1.656E+400
5.868E-01
1.02%E-01
1.633E400
1.0&2E400

3.382E-01

%);

5.7928-02
1.3%4E-01
3.802E-01
5.117E-02
8.848E-02
2.614E-01
7.556E-02
1.006E-01

2,143E-01

9

9.172E-01
4,320E-02

1.876E-01
7.390E-03

2.223E-01
1.257E-03

5.820E-01
1.185E-02

2.188E-01
4,171E-03

5.375E-02
5.368E-04

2.076E-01

1.148E400
2.637E-01
1.482E-02
1.631E400
5.670E-01
6.867E-02
1.595E+00
7.951E-01

3.578E-01

6,519E-02
1.397E-01
4.611E-01
6.737E-02
1.057E-01
3.262E-01
7.051E-02
9.272E-02

1.818E-01

&,632E-01
4, 28LE-02

1.008E-01
7.263E-03

3.568E-02
1.066E-03

2.235E-01
1.053E-02

6.879E-02
3.773E-03

1.332E-02
&.04IE-04

1.093E-01




VOO NWO WS

> /

.920E-02
.942E-03
.00CE+00
.240E-02
.604E-03
.O00E+00
.728E-03
.267E-04

REAL PHIPFSD
DATA PHIPFSD

HNOWMMOWMPOMMNMONOLDOHFRWMWREESOWM®WO W M-

v
~

.63BE-02
.093E-02
.050E-02
.000E+0C0
.936E-02
.091E-02
.000E+00
.971E-01
.841E-01
.735E-01
.564E-02
.692E~02
.000E+Q0
.654E-02
.246E-02
.000E+00
.618E-01
.461E-01
.0OQE+00
.276E-02
.997E-02
.000E+00
.177E-01
.25%E-02
.000E+00
.142E-01
.878E-01

4

3.

6.
8.766E-02

.594E-03

.665E-02
.486E-03

.000E+00
.132E-03

¢ 11,
=

.360E-02

628E-02

682E~-02

.000E+00Q
.817E-01

.538E-01
.276E-02

.196E-01
.567E-02

. O00E+00C
.47%E-01

.575E-01
.787E-02

.B64E-01
.051E-01

. B00E+00
.087E-01

236

1,

.345E-02
AG2E-02

.951E-02
.599E-02

.642E-01
. 760E-01

.063E-01
.195E-02

.565E-01
.889E-02

.821E-01
.470E-01

.329E-01
.&73E-02

.208E-01
.052E-01

.000E+00
. 042E~01

&
3

1
8

-

£y

1
7

2
2

1
6

—

- W

.891E-03 7.045E-03

.063E-01 1.823E-01
.010E-03 &.636E-03

.008E-02 2.425E-02
.026E-03 1.069E-03

9);

.760E-02
.400E-02

.011E-01
.855E-02

.727E-01
.718E-01

.755E-02
.936E-02

.123E-01
.782E-02

.358E-01
.305E-01

.381E-01
.978E-02

.355E-01
.106E-01

.223E-01
.891E-01

.537E-03

L429E-02
.180E-03

.500E-02
.008E-03

.876E-02
.347E-02

.182E-02
.200E-02

.862E-01
.B04E~01

L434E-02
.954E-02

.B68E-02
.752E-02

.892E-C1
.126E-01

.393E-02
.945E-02

.323E-01
.008E-01

.225E-01
.897E-01
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{3) Output of MORSE

HERMES TEST3 9 DETEKTORER CARD A
HSTRY KMOST KiTS HOQUIT HGPQTH KGPQTC NHGP HMTG  MCOLTP EADJM  HAXTIM  HEDIA
200 2500 50 1 1060 21 100 12% ] o 58.00 i
180UR HGPFS  18B1AS WISTRY EBOTH EBOYG TCUut VELTH
1 i 0 $.0000E+00 1.0000E-04 1.0000E+04  1.0000E-07 &6.2930E+05
XE8TRT YSTRY 28TRT AGSTRT U4iNP VIHP WiKP

G.000£+00¢  O,00QE+Q0  0.0G00ES00 9.,0002+00 0.000000 0.600000 0.000000
SESUN1 T-NUHBER OF HERMES SUBMISSION 50

GROUP PARAMETERS, GROUP NUMBERS GREATER THAN 100 CORRESPOHD 7O SLCOMDARY PARTICLES
GROUP UPPER EDGE VELOGITY

(EV}) (CHM/SEC)
i 1.4900E+07 5,2315E400
2 1. 3500E+07 i.9576E409
120 2.0000E405 2.9979E+10
121 1.0000E+0% 2.9979E410
IRITIAL RAKDOM HUMBER = ISFATITA
HSPLY= 1 HKILL= 1 HPAST= § HOLEAK= O IEB!AS= @ HYREG= 1 MAXGP= 12

WEIGHT STANDARDS FOR SPLIVTIKG AHD RUSSIAR ROULETTE AND PATHLEKRGTH STRETGHING PARAMEITERS

HGPT HDG MGP2 HRGT KRDRG HRG2 WIHIKY WILOW1 WTAVET KHU
¥} o 0 0 1] 0 1.0000E+00 1,0000£+00 1,0000E+00 0,0000E+00

HSOUR= @ MFi8TP= O HRCALC= O HORMF= D
GWLOW( 1, MREG)

GROUP RECION 1
1 1.0000E400
2 1.0000E+00
b 1. 0000£+00
00 1,0000E+00
HUMB, OF B0D1ES {HUMB) ]
HUMB, OF REGIONS {HUMR} 13
HUMBER OF CODE REGIONS [NCOD) 13
LEKGTH OF FDP ARRAY {LBMX) 1600
LENGTH OF MA ARRAY {LHYY) 1000
HODIFIED INPUT (LOUT) o
YOLUKE IMPUT OFTION { IVOPT) 4 NOT YSED
BOUNDARY OFTION {MEDREG) 0
DEBUC OPTION { I1DBGO) 1]

MAGHINE £P8 = 0. 100000E-07

IPRIKT= 0
STRETCH= T.0000000E+GD

NUMBER OF BODIES
LENGTH OF HA ~ARRAY
LERGTH OF FPl-ARRAY
HUMBER OF IHPUT ZONES -
HUMBER OF CODE ZONES .

-t
L DT
(=R )]

HEDALB
0




MATERIALIEN EPR WQ PS5 VON FT20

NUMBER OF PRIMARY GROUPS (NGP) 100
HMUMBER OF PRIMARY DOWNSCATTERS {ND3} 100
HUMBER OF SECONDARY GROUPS {NGG) 21
NUMBER OF SECONDARY DOWNSCATTERS (MDSG) 21
NUMBER OF PRIM®SEC GROUPS [ INGP) 12
TABLE LENGTH {1TBL)

LOC OF WITHIN GROUP {SIC GG} (1SGC)
NUMBER OF MEDIA (NMED}

HUMBER OF IMPUT ELEMENTS {NELEM)
HUMBER OF MIXING EMTRIES {MNMIX)
MUMBER OF COEFFIGIENTS (NCOEZF)
HUMBER OF ANGLES (MSCT)

RESTORE COCFF { LSTAT)

ADJOINT SWITCH (FROM MORSE)

PMPUT/OUTPUT OPTIONS
FRDSG (AS READ)
ISTR {AS STORE)
LFMU {MUS)
1MOM { MOMENTS)
1PRIN (ANGLES, PROB)
{PUN { IMPOSSIBLE COEF)}
CARD FORMAT {{DTF}
INPUT TAPE ({ INTAPE} 2
MORSEC TAPE (JXTAPE)
O6R TAPE { IOGRT)
16QPT (LAST GRP. O6R)
CROSS-TAPE AUS RSYST
ICRQ CROSS. FOR MEDIA
# TO G TRANSFER
PRENT OF BADMOMENTS

l’\)

TO OCUQLOCOORQOD

ELEMENTS FROM LIBRARY TAPE
IDENTIFIERS e 20 21 22
ELEMENT 1 19 21 124

STORAGE ALLOCATIONS

CROSS SECTIORS START AT 5186

LAST LOCATIONM USED (PERM) 1899%

TEMP LOCATIOMS USED 928664 TO 950000
EXCESS STORAGE (TEMP] 909669

ELEMENT 19 121 124
ELEMENT 20 121 124
ELEMENT 21 121 124
ELEMENT 2 124

-

MIXING TABLE

MED1IA 1 CONTAINS CLEMENT 1 WITH DENSITY
BANKS START AT 18996

LAST {LOCATIOK USED 56495 .
ANALYSIS INPUY L

WD= 9, MmL=100, NE=121. MN¥= 0, NAx 0, NRESP=
1ORESP=Y lOFLUan

REY Y 4

TO 1S SET TO 0.0 1N ALL CASES
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CARD Xa
0 19FE 1192 100K-21C GPS P8 300K
14 19FE 31192 100M-21G GPS P8 BOOK
0 20FE 1192 100N-21G GPS PS5 BOOK
¢ 21FE 1192 100M-21G GPS P8 BOOK
0 22FE 1192 100N-21G GPS P8 800K
H4600E-02
CARD AA
NEX= 0, NEXMD=z (
MED1 HED2Z
0.0000E+00 0.0000E+Q0
0.0000E400 0.0000E+00
0.0000E+00 0.0000E+Q0
0.0000E+00 0.0000E+00
0. 0000E+00 0.0000E+D0
0.0000E+00 0.0000E200

§ENF

IHF
INF
INF
1HF

DI

L

07/25/84

07/25/84
07/25/8h
07/25/84
07/25/84

gee



23¢9

7 3t
8 32
9 33
GROUP RESP{ 1) RESP{ 2)
1 1.0000E+00 0.0000E+00
2 1.00Q0E+00 0.0000E+0D
120 0.0000E+00 1.0000E+00
121 0.0000E+00 1.0000E+00
NUMBER OF PRIMARY ENERGY BINS 100
TOTAL NUMBER OF ENERGY BINS 121
LOWER LOWER
BIN HNO, LIMIT ENERGY DELTA
GROUP LIMIT E
1. 490E+07
1 1 1.350E+07 1.LOOE+06
2 2 1.220E+07 1. 300E+06
120 120 1.000E+05 1.000E+05
121 121 1.000E+04 9.000E+QL

NUMBER OF TIME BINS 0

HUMBER OF ANGLE BINS o
UPPER LIMITS OF COSINE BINS

4295 CELLS USED BY ANALYSIES, 889210 CELLS REMAIN UNUSED.

0.0000E+00
0.0000E+00
0.0000E+00

G.0000E+00
0.0000E+00
0.0000E+00




TIME REQUIRED FOR JNPUT WAS & SECOND

YOU ARE USING THE DEFAULY VERSION OF STRUN WHICH DOES NOTHING.
**05TART BATCH ] RANDOM= 3S5FATIIA
SOURCE DATA

HET« IDENTIF I KATIOR: REWO 3INI 0%/ 2/68 06:5 Il

YOU ARE USIMG THE DEFAULT VERSION OF SOURCE WMICH SETS WATE ?0 DDF AND PROVIDES AN ENERGV 1G,
WTAVE 1AVE UAVE VAVE WAVE HAVE AGEAVE

1, 300E+02 16.54 =0.052¢ ~0.0522 0.0723 2,V00E-01 %, M“3E-02 1. 129E°01 ©.000E400

NUMBER OF COLLISIONS OF TYPE NCOLL
SOURCE SPLIT{D) FISHN GAMGEN REALCO&L ALBEDO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST
136 &7 0 176 u2g9 0 631 165 0 ] 205 1231 [+]

TiME REQUIRED FOR THE PRECEDING BATCH WAS 1 SECORD .
eaagTART BATCH 2 RANDOM= Ta8D38B6A
SOURCE DATA
WTAVE I AVE UAVE VAVE HAVE XAVE YAVE ZAVE AGEAVE
2.100E+02 37.95 0.053% 0.0334 0.0817 &.616E-01 =7 ,574E-02 3,76LE201 0., 000E+Q0

NUMBER OF COLLISIONS OF TYPE NCOLL
SOURCE SPLIT(D) FiSHN GAMGEN REALCOLL ALBEDGQ BDRYX ESCAPE E-CUT TIMEKILL R & KILL R R SURV GAMLOST
210 11l 0 31 25332 Qo 1059 268 o ] 363 2173 0

TIME REQUIRED FOR THE PRECEDING BATCH WAS 2 SECONDS

asoSTART BATCH u9 RANDOM= 2F2EQB0LE
SQURCE DaATA

WTAVE tAVE UAVE VAVE WAVE XAVE VAVE ZAVE AGEAVE
1.7u0E+02 19.09 =-0.0003 O.017& 0.0584 -2,6LBE-0Y ~2.026€-01 1,019E+01 0.000E+Q0

NUMBER OF COLLISIONS OF TYPE NCOLL

SOURCE SPLIT(D) FISHN GAMGEM REALCOLL ALBEDD BORYX ESCAPE E-CUT TIMEKILL R ® ®ILL R R SURV GAMLOST
178 0 246 2145 0 206 228 0 8 282 872

TIME REQUIRED FOR THE PRECEDING BATCH WAS 2 SECONDS

*®2START BATCH 50 RANDOM= 3IAATEDA
SOURCE DATA

WIAVE 1AVE UAVE VAVE WAVE XAVE YAVE ZavE AGEAVE
1,.510E402 18.46 0.0260 =-0.0325 0.%u71 $.675E-01  7,725E-03 1.521E40% 0.000£+00
NUMBER OF COLLISIONS OF TYPE RCOLL
SOURCE SPLIT{D) F4SHN GAMGEN REALCOLL  ALBEDO BORYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST
59 80 0 20% 1824 0 186 169 Q 5 233 1593

TIME REQUIRED FOR THE PRECEDING BATCH WAS 1 SLCOND

FISGEN
0

FISGEN
0

FISGEN
0

FISGEN
0

0%¢



/ NEUTRON FLUX [CM]
DETECTOR

'/ GAMMA FLUX [CM]
DETECTOR

WO~ MUN I 6 A

TG VA W R =

RESPOMSES{DETECTOR}

UNCOLL FSo
RESPONSE UNCOLL
0. 0000E+00 0.00000
0.0CO0E+00 0.00000
. 0000E+00 0.00000
0.0000E+00 0.00000
0, 000CE+00 0.00000
0.0000E+00 0., 00000
0.0000E+0C 0.00000
0.0000E+Q0 0.00000
G.0GO0E+00 0.00006

RESPONSES{DETECTOR]

UNCOLL FSD
RESPONSE UNCOLL
0.0000£+00 0.00000
- 0.0000E+00 G. 00000
. 0.0000E+00 ‘0.00000
"0.0000E+00 ¢, 00000
..0.0000E+00 .06.00000
'0.0000E+00 0.00000
0.0000E+00 0. 00000
0.0000E+0O0 0.00000
0. 0000E+00 0.00000

TOTAL

RESPONSE
1.7990E+01
L.6661E400
5.1120E-01
L4.052BE+01
1.3825E+01
1. T700E+00
5.7800E+01
2. 3853E+01
3.8090E+00C

TOTAL
RESPONSE
6.9535E+00
1. 75THE+Q0
1.6529E-01
1. 80L9E+01
5.0836E+00
5.4571E-01
2.1992E+01
7.2519E400
1.2392E+00

FSD

TOTAL
0.02723
0.07635
G. 18050
0.02972
0.0uL608
0.1374L
0.03056
0.0L508
0.10490

FSD
TOTAL
0.0uU039
0.084uU6
0.24773
0.0380%
0.,06550
0.13158
0.0u181
0.05949
0.13384

CARD DD

CARD DD

%




FLUENCE({ ENERGY, DETECTOR)

DETECTOR NO. 1 2 3 y 5 6 7 8
ENERGIES
1.490E+Q7
1.676E=07 2.924E-08 0.0C0E+00 1,674E-07 4.3826-08 0.000E+00 1.608E-07 4.791E-08
0.161 0.341 0.000 0.152 0.349 0.000 0.151 0.351
1.350£+07
1,965E-07 4.2U8E~08 1.294E-09 2.544E~07 5,971E-08 1,129E-09 2,733E-07 9.4U44E~08
0.110 0.332 1.000 0.116 0.222 1,000 0.144 0.229
1,220£+07
1.682E-07 1,926E-08 1.216E~09 2.143E-07 5, 141E-08 5.498E-09 2,425E-07 8.117E-08
0.133 0.278 1,000 0.151 0.320 0.987 0.161 0.204
FLUENGE( ENERGY, DETECTOR)
DETECTOR NO. 1 2 3 5 6 7 8
ENERGIES L
2.000E+05 S :
7.954E~06 2.334E-06 2,676E-07 2.436E-05 7.016E-06 6.356E-07 2.892E~05 1,026E-05
0.049 0.119 0.328  0.046 0.072 0.178 0.049 0.073
1.000E+05 SR e -
2.826E-08 7.255E-09 6.607E-10 8.358€-08 2.239E-08 2,931E-09 9.773E~08 3.293E-08
00E+08 0.097 . 0.210 0.565  0.059 0.100 0.329 0.050 0.129
1.000E+0 SR .

TIME REQUIRED FOR THE PRECEbING S50 BATCHES WAS 1 MINUTE 17 SECONDS .

3.260E-08
0.425

3.221E-09
0.616

9.896E-09
0.579

1.497E-06
0.140

3.607E-09
0.2190

CARD GG

CARD GG

e
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