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PREFACE

This document describes the updates that have been ma-
de to the high-energy trans port code HETC for use in the
German spallation-neutron source project SNQ . Performance
and purpose of the subsidiary code SIMPEL that has been
written for general analysis of the HETC output are also
described . In addition means of coupling to low energy
transport programs, such as the Monte-Carlo code MORSE is
provided . As complete input descriptions for HETC and
SIMPEL are given together with a sample problem, this
document can serve as a user's manual for these two codes.

The document is also an answer to the demand that has
been issued by a greater community of HETC users on the

ICANS-IV meeting, Oct 20-24 1980, Tsukuba-gun, Japan for
a complete description of at least one single version of

HETC among the many different versions that exist .
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1 INTRODUCTION

For s pallation neutron source applications we are interested
in theoretical methods that are capable of predicting a variety
of different quantities related to radiation fields produced
by proton beams and their associated effects, both in the vici-
nity of the target station and from beam losses which occur in
the accelerator . It is also desirable that such calculational
models be sufficiently general to allow investigations of po-
tential applications of spallation sources for purposes in ad-
dition to providing an intense low-energy neutron source (e .g .,
utilization as irradiation facility for radiation effects re-
search, high-energy nuclear physics studies, research related
to transmutation and power generation, etc .) . To satisfy these
needs requires rather general calculational methods which can
incorporate numerous physics modules for treating the various
types of interaction mechanisms that take place, and which are
capable of accommodating complex geometries and material confi-
gurations . This necessarily leads to large Monte Carlo computer
codes, which is the type of calculational method considered
here.

This report is primarily concerned with the programming and
documentation aspects of the KFA-IRE system of ' Monte Carlo co-
des which have been prepared for use on the KFA IBM-3033 compu-
ter . The most essential ones are HETC, MORSE-CG and a newly de-
veloped general analysis code SIMPEL for event chains and par-
ticle data recorded by HETC . It is assumed here that the reader
is familiar with HETC and MORSE-CG . Those readers who are not
should read Refs . /1,2,3,4/ and /5/ in conjunction with the
present report . Several modifications have been made to the

high-energy radiation transport code HETC together with a de-
tailed description of input data used by the intra-nuclear cas-

cade (INC) and evaporation model (not presently available) to
arrive at a new version of the code which we have designated
HETC/KFA-l . Modifications to HETC are given in chapter 2, a mo-
dified input description in chapter 3 . The documentation of in-
put data to the intra-nuclear cascade and evaporation code is

given in APPENDIX A and APPENDIX B . The analysis code SIMPEL -

together with its input description is outlined in chapter 4.
The MORSE-CG modifications are described in chapter 5 . A sample
problem is described in APPENDIX E . The modified codes together
with the SIMPEL code are available from Institut für Reaktor-
entwicklung, Kernforschungsanlage Jülich GmbH .
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2 MODIFICATIONS TO HETC

2 .1 Evaporation Model Modifications

The standard version of the HETC code (i .e ., the version di-
stributed by RSIC) contains version 4 of the EVAP evaporation
model . The updated version produced here will be refered to as
EVAP-5.

2 .1 .1 Updated Input Data

In the evaporation model calculations, atomic masses are
used in determining binding energies . These mass data (in terms
of mass excesses) 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 A.

EVAP-4 uses the evaluated 1964 Atomic Mass Table values /6/.
At present the latest evaluated data are the 1977 Atomic Mass
Evaluation by Wapstra and Bos /7/, 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 equal 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 e A-2Z-J" ¢ 10

J" ö (A`°1) / (1+124/A2/3)

It was found that this 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 isdimehsioned WAPS (250,11) and WADS (I,J") denote nu-

clides with I=A (as before) but J"-1 represents "a "starting'
Z value for this A . Then WAPS (1,1) corresponds to Zmin ,

WAPS(I,2) corresponds to Zmin-I-1, etc . These ten Z values for
each A then allow all of the Mass Table values to be contained

in the WAPS array, as illustrated in Figs . 1-3 .
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0 90

Fig . 1

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 = 1 - 90 shown
above ; data for higher A in Figures 2 and 3).

iV

Fig . 2

Nuclide A and Z range covered by updated input
data for evaporation model . The symbols denote
nuclides for which data are available an] stored
on the input tape . (Data for A = 90 - 180 shown
above ; data for higher A in Figure 3) .



4

240

	

250

	

2613

	

270

	 I	 `~	
J2

o

a_o

P~1

m .

	

1

	

O
1

	

I

	

'n
180

	

190

	

200

	

210

	

220

	

230

	

240

	

250

	

2~50

	

270

f~

Fig . 3

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 da-

ta . The binding energy calculation involves the mass difference
for two nuclides . In EVAP-4 if input data were not available
for one or both nuclides, the Cameron semi-empirical mass for-
mula (discussed in APPENDIX A .) 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 (A1,Z1,A2,Z2)

computes the mass differences using this method .
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2 .1 .2 Level-Density Options Added

In EVAP-4 the level density parameter is computed as

a = A/B O (1+Y6 2/A2 )

with B 0=8, Y=1 .5, and A=A-2Z . The quantity in brackets differs
little from unity, so the method assumes a linear mass de pen-
dence,

a .'A/B0 McV-l .

From experiments on nuclear level spacing, it is observed
that the level density is strongly influenced by nuclear shell
structure, with the densities for magic or nearly magic nuclei
several orrierf magnitude lower than f or mid-shell nucleiVß.4Vd.s U oU

/8/ . Since we are interested in lead targets, an input option
has been added to EVAP-5 to use a method for specifying the le-
vel density parameter which takes into account shell effects.

Baba /8/ has compiled level densities from neutron resonance
measurements for some 200 isotopes . These data are shown in
Fig . 4 . These values (Table 1) have been stored on the evapora-
tion 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 B0 can be in-
put .

o

	

so

	

3oa

	

tSo
MASS NUMBER

Fig . 4

Level density parameters deduced by Baba /8/ from
neutron resonance experiments (circle symbols).
The + symbol denotes our rather arbitrary inter-
polated~values for masses not measured . The linear
dependence of A/8 is usually assumed in HETC.

200 250
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Table I

Level density parameter values used as input for
the evaporation model "variable $o" option . The
integer values are mass numbers and the other
numbers are in the corres ponding level density
parameter values (in MieV21), as plotted in Fig . 4

1 0 .13 2 0 .25 3 0 .38 4 0 .50 5 0 .63
6 0 .75 7 0 .88 8 1 .00 9 1 .13 10 1 .25

II 1 .38 12 1 .30 13 1 .63 14 1 .75 15 1 .88
16 2 .00 i7 2 .13 18 2 .25 19 2 .138 20 8 .94
21 2 .63 22 2 .75 23 2 .88 24 3 .35 25 4 .35
26 3 .25 27 3 .38 28 3 .96 29 3 .63 30 3 .75
31 3 .88 32 4 .82 33 4 .44 34 4 .43 35 4,43
36 4 .42 37 4 .63 38 5 .66 39 5 .81 44', 5 .95
41 5 .49 42 6 .18 43 7 .11 44 6 .96 45 7 .20
46 7 .73 47 6 .41 48 6 .8:5 49 6 .77 50 6 .91
51 7 .26 52 7 .20 51 6 .86 54 8 .06 55 7 .81
56 7 .82 57 8 .41 58 8 .13 59 7 .19 60 8 .35
61 8 .13 62 8 .02 63 8 .93 64 8 .90 65 9 .69
66 9 .65 67 10 .55 68 9 .38 69 9 .72 70 163 .66
71 11 .98 72 12 .76 73 12 .10 74 12 .86 73 13 .03
76 12 .81 77 12 .54 78 12 .65 79 12 .00 80 12 .69
81 14 .05 82 13 .33 83 13 .28 84 13 .23 85 12 .17
86 8 .66 87 11 .09 8€3 10 .40 €39 13 .47 90 10,17

' 91 12 .22 92 11 .62 93 12 .95 94 13 .15 95 13 .57
96 12 .87 97 16 .16 98 14 .71 99 15 .69 100 14 .09

101 18 .56 102 16 .22 147 ;3 16 .67 104 17 .13 105 17,00
106 16 .86 107 15 .33 108 15 .61 109 16 .77 110 17 .93
111 17 .45 112 16 .9'7 113 17 .88 114 17 .58 115 13 .78
116 16 .83 117 17 .49 11€3 16 .0 :3 119 15 .08 120 16 .74
121 17 .74 122 17 .43 123 18 .14 124 17,06 125 19 .i71
126 17 .02 127 17 .02 128 17 .02 129 18 .51 130 17 .20
131 16 .75 182 16 .97 11343 16 .94 1434 16 .91 13 .1 1i',69
136 15 .55 137 14 .56 138 14 .33 139 16 .55 140 1€3 .29
141 17 .80 142 17 .05 143 21 .31 144 19 .15 145 19 .51
146 19 .87 147 20 .39 148 20 .90 149 21 .'83 150 22 .89
151 25 .68 152 24 .64 153 24 .91 154 23 .24 155 22 .8-ä
156 22 .46 157 21 .98 158 21 .64 159 21 .75 160 21 .85
161 21 .77 162 21 .69 1643 213 .74 164 21 .35 165 28 .03
166 20 .66 167 21 .81 168 20 .77 169 22 .18 170 22 .58
171 22 .55 172 21 .45 178 21 .16 474 21 .02 173 20 .87
176 22 .09 177 22 .00 178 21 .28 179 23 .175 180 21 .70
181 21 .45 182 22 .28 183 23 .00 184 22 .11 185 22 .56
186 22 .83 187 24 .88 188 22 .64 189 213 .27 190 2:3,89
191 23 .92 192 23 .94 193 21,16 194 22 .30 195 21,75
196 21 .19 107 20 .72 198 20 .24 199 21 .34 200 19 .00
201 17 .93 2€32 17 .80 2013 15 .70 204 13 .54 205 11 .78
206 10 .02 207 10 .98 208 10 .28 209 11,72 210 1 :3 .81
211 14 .46 212 15 .30 21 :3 16 .15 214 16 .99 211 17 .84
216 18 .68 217 19 .53 218 20 .37 219 21 .22 220 22 .06
221 22 .91 222 23 .75 223 24 .60 224 25 .44 225 26 .29
226 27 .13 227 27 .98 228 28 82 229 29 .67 230 30 .71
231 20 .53 232 31_45 233 29 .63 234 30

	

15 235 30 65
236 30 :27 237 29 .52 238 30 .08 239 29 .80 2461 29,87

2 .1 .3 Option for Treatment of Emitted-Particle
Angular Distributions

in the standard HETC code using the EVAP-4 model, emitted
evaporation particles are assumed to be isotropic in the labo-
ratory system . There are two effects which can cause the actual
distribution to be non-isotropic : (a) for high bombardment
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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 /9/, To indica-
te the general functional dependence and magnitude of anisotro-
py, an approximate relationship for the angular distribution
(in lab system) of evaporated neutrons is /9/

W(O)

	

1 + (v/v)cos6

where v is the neutron velocity and v* is the center-of-mass
velocity . As an example, for 500 MeV protons incident on a lead
nucleus, the angular distribution of 1-MeV neutrons then is
W(e)=l-1-0 .23cose, so the W(00 )/W(900) anisotropy is roughly 20%
for this case, and larger for lighter nuclei.

Los Alamos has recently modified their version of HETC to

take into account the recoil direction of the residual nucleus
during 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 HETC/KFA-l code as an option.
This required 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 his-
tory 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 incorpo-
rated in the RAL fission model.

2 .1 .4 Option for high-Energy Fission

The way, high energy fission is incorporated in HETC/KFA-l
is outlined in Fig . 5 . The high-ener gy fission model of the
Rutherford and Appleton Laboratories developed by F . Atchison
was implemented in the code /10/ . To complete the documentation
of the system a short overview is given . From the intranuclear
cascade we get the high ener gy products plus the residual nu-
cleus which is in a highly exited state . Next the question is
whether or not it is undergoing high energy fission . If not
2. particle 1s evapv̂

	

cu (i .e .

	

neutron, proton

	

and the
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same question is asked again for the remaining, still excited

nucleus . In this way all steps of de-exitation are treated . On

occurence of fission, two excited nuclei are produced which

then decay again by evaporation . In other words, the fission
neutrons come from exactly the same processes as the other eva-

poration neutrons, except that the masses of the evaporating
nuclei are lower (see Fig . 5) . 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 fis-

sion is to occur and what will be the scission parameters of
the fragments (mass, charge, recoil, excitation).

1NTRANUCLEAR CASCADE

. )~ r
~L, A, t~~; ~rec

	

PROMPTS

v
RESIDUALS

	

FISSION FRAGMENTS
z = Aa EN, E rn

r'
L _ A, tr ., t rec

a

	

EVAPORATION PARTICLES
n, p,d,t, 3 He, 4Iie,

1_1

Fig . 5

Sequence of events in a particle-nucleus interaction
as modified to include fission /10/.

The choice of parameters are done in the following way:

Fission Probability:

a) Actinide Region Z>88

Fission probabilities rise very rapidly to a fairly constant

(<1 .0) value . This "saturation" value is reached at 6 MeV exci-

tation in most cases /11/ . Fission probabilities in the satura-

tion region are taken from the systematics of Vandenbosch and

Huizenga /12/ :
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log

	

= O(z)A + V(z)

17
In and

	

are the widths for neutron emission and fission, A
is the mass number of the fissioning system . In the RAL model
it is assumed P f =O for E*,6 MeV and P f =(l+ n/ f )

-1
for E*>6MeV.Ohe„/

	

values are calculated using the tabulated values of
0(z) and l(z).

b) Subactinide Region Z<88

A statistical fit was made to experimental data and an esti-
mation of the fission probability for given Z, A, E* and the
mass-difference table . The fit was made in a way allowing for
separate level-density parameters for neutron emission and fis-
sion, and a fission barrier which fits the available data . Both
the saddle-point level-density parameters and the fission bar-
rier show a systematic variation with the fissionability para-
meter Z 2 /A . The expressions for subactinide fission in the RA .L
model are (for nucleus Z, A excited to E'):

rn=O .3518099 (1 .661 0 +1 .93 A 1/3 I 1 -i-A2/3 0 .76I 1 -O .051 0 ))

with

	

I0 = (2an) -1 ((S n-1 .O)e5oei+1 .0)

1 1= ( 8atI) -I C( 60-6 . OSn+2 . OS n 2 ) eS n+Sn2 --6 .0
Sn =2 .0

	

(E*-BE°)

Originally used in the RAI, Model for the level-density:

an = (A-1 .0) /8 .O

with fixed B 0 =8 MeV

(BE'=Separation energy - pairing energy computed by HETC func-
tion ENERGY)

ri_ ( (5~-1 . ;)e5f+l .O/)a

Sf -2 . 0

	

( E7-ET )

f
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E' f =BE'+321 .175-16 .70314Z2 /A+0 .2185024(z 2 /1) 2

af /an=1 .089257+0 .01097897(z 2 /A-31 .08551) 2

hence

	

P f =1 . 0/ ( l+Pn/ i;)

Post-Fission Parameters

a) Mass

Let Z,A and E' * be the actual charge, mass and exitation
energy of the actual fissioning nucleus, respectively . For

Z 2 /A 4-35 the masses A l and A2 of the fission fragments are
sampled symmetrically (systematics by Neuzil and Fairhall /13/)
from a Gaussian distribution with mean value A/2 and width

cA=-2 .12 10 -3 U 2 +0 .425U-1-3 .97

where U-E' * -El is the exitation above the fission barrier E f

for Z X88 (see above) or with Ef =C * -0 .36Z2/A for Z>88.

(C * =18 .8,18 .1,18 .1,18 .5 for odd-odd, even-odd, odd-even and

even-even nuclei) . For Z<88 Ef is calculated using the expres-

sion given earlier under the fission probability calculation.

If Z 2 /A>35 competition between symmetric ans asymmetric fis-
sion is allowed, with the asymmetric probability being

Pas=F/(l+F), F=4870exp(-0 .36E' * ).

For asymmetric fission, A I is selected from a Gaussian of

of mean A=140 and width aA=6 .5, and A2 =A-A1 .

b) Charge

The charge of the first fragment Z 1 is selected from a Gaus-

sian distribution of mean

	

and width

c Z=2, where Zl= ( Z+4-Zm2)/2

Zj=65 .5A i /(2055 .5-+-AY 3 ), then Z 2 =Z-Z 1 .

As an example for the fission probability computed using the

RAL model for various isotopes Fig . 6 is attached .
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Z1-DENT Z A
CL 98
CP 98 248
M 97 24f+
9k' 97 244
CH 96 242
PU

	

94 240
U 92 238
U 92 23E
PA 91 234
TH 9® 232
73 90 23i~
TS 9G 228
RA ;IS 226
RA 88 Z24
Ass 86 222
81

	

83 214
81

	

83 222
~ 84 2 :0
PB 82 a~8

Pß

	

82 2 g Q+

HG 88 204
SC 89 202
Bl

	

83 200
8C

	

s.e 198
PY

	

78 190
Pi

	

78 194
OS

	

76 192
os

	

76 290
4d

	

74 186
1f

	

74 184
k

	

74 1 ~
li

	

74 180
87 72 178
FaU

	

71

	

176

Fig . 6

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 ener-
gies above 6 MeV for isotopes having Z above 90) .
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c) Recoil Kinetic Energy

The total recoil kinetic energy of the fission fragments in
the center--of-mass system ET correlates well with the Coulomb
repulsion parameter z 2 /AI/ 3 . In the model the correlation of
Hyde /14/ is used, selected from a Gaussian distribution.

E
T
=0 .13Z 2 /A l/3 -11 .4

and width

	

aE =0 .084E

d) Excitation

The fragment excitation is computed assuming a uniform dis-
tribution of both excitation and binding energy in the fissio-
ning nucleus plus conservation of energy.

2 .2 Thick-Target Transport of low-Mass
Heavy--Ion Beams

The standard version of the HETC code allows protons, neu-

trons, 7r ¢ , 7t - , AL+ , or Jr.- as source particles . Previously, modi-

fications-'were made (for operation on CDC computers) to treat

"light R4 heavy ion beams having 2<A<10 /15/ . The programming for
this capability has been converted for operation on IBM compu-

ters and incorporated in the HETC-KEA-1 code.

The basic theory is described in Ref . /15/, 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 individ-
ual nucleons entering the target nucleus . Interactions then can

be 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 d, 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 a nonelastic collision occurs
as follows :
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a) The energy of each nucleon of the p rojectile is set to
EN (Ei-Ei)/Ai, where E and E 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 nucleons of the ion is specified.
(Fig . 7 shows the configuration assumed for a particles).

c) Impact parameters and a cascade-evaporation calculation is
performed sequentially 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.

Fig . 7

Determination of impact parameters for individual
nucleons of projectile article incident on target

nucleus for heavy-ion interaction model.

Rp

	

= radius of projectile particle
RN

	

= radius of target nucleus
Rcm = radius of projectile center-of-mass

incident on nucleus (randomly selected),
0 < Rcm < RN Y Rp



14

Semi-empirical formulas are used for total ion-nucleus
cross-sections . There are no pseudo collisions as in the case
of nucleon and pion transport . The additional subroutines for
heavy particle transport are indicated in Fig . 8.

SORS: SET SOURCE PARAMETERS

SPECIFY STARTING POSITION:
r~ s 1ÄE. Y . Zai

SPECIFY STARTING DIRECTION
0;3,ris,tio

a SPEC1 FY STARTING ENERGY . STATISTICAL
WEIGHT, PARTICLE TYPE . ETC .

r ERCOL . DETERMINE COLLISION PRODUCTS FOR
NON-ELASTIC INTERACTIONS YIITI-€ NON-
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heavy-ion (LHI) transport



15

Some results of calculations using this method are given in
Ref . /15/ for a few cases : (a) 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 a thick U-238 target
from 330 MeV deuterons . From these cases, the model appears to
give reasonably good predictions, but it has not been extensi-
vely tested.

2 .3 Model for Determinig Spallation-y Ray Production
and Transport

In the standard version of the HETC code the nuclear excita-
tion remaining after a non-elastic collision (i .e ., after the
intranuclear cascade and the de-excitation by nuclear evapora-
tion until particle emission is no longer energetically possib-
le) is assumed to be dissipated by 7-ray emission . While the
total y energy, and the A and Z of the residual nucleus, is
computed, the 7-ray spectrum is not available, so the transport
of these 7-rays is not possible . There are several situations
related to the SNQ in which the effects of such spallation T-

rays may be appreciable (e .g ., heating in the cold source re-
gion, and in assessing the 7-ray background) . Therefore, we
have made modifications for the HETC/KFA-1 code to allow the
effects of these spallation 7-rays to be computed.

The basic method is to : (a) output (optionally) on tape the
residual A, Z, and remaining excitation energy for each colli-
sion which occurs during the high-energy radiation transport,
(b) use this tape as input and apply a statistical model to
compute, by Monte Carlo, the discrete 7-ray energies for each
collision, and (c) store these 7-rays on a tape that can be

used as an input source for a y-ray transport code, such as
MORSE . The model has not been throughly tested and should be
regarded as preliminary at present.

2 .3 .1 Basic Theory Used

The application of statistical theory to predict y-ray spec-
tra from nuclear interactions is discussed by Troubetzkoy /16/,
and this is basically the model coded here . (The approach of
using this type of y model in conjunction with the intranuc-
lear-cascade-evaporation interaction model has previously been
applied by Hill and Simpson /17/ .)
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The main assumption of the model is that all radiative tran-
sitions are of'the electric dipole type . The transition proba-
bility from a state E to a state E' is broken into three parts:

S(E,E') = S i + S2 T S3

where S l refers to transitions within the continuum, S 2 refers
to transitions from the continuum to a discrete level, and S 3
is for transitions between discrete levels . Within the continu-
um,

fl(E) (E-E')3 p (E')
S1(E,E') _

n
I-,

(E-W .03 `

	

^ ( E' ) ( E-g° ' ) 3dE

i = 0

	

~ E c

where f assures proper normalization of S, p is the continuum
level density function (which is taken from Varshni /18/), and
E c is the lowest energy of the continuum . For a transition from
within the continuum to a discrete level E i ,

f2(E) (E-E i ) 3

S 2 (E,E$ 1 )
n

	

rE

E (E-Ei)3 + I

	

A(E') (E-E') 3 dE
Iv

S3(E,E'i) ®
n

E (E-E i ) 3
i=0

For S 3 , E is taken as the discrete level closest to the ex-
citation energy.

and between discrete levels,

f 3( E ) (E-E' i ) 3
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2 .3 .2 Implementation

In the HETC/KFA-l input, an option is provided to write an
output tape for each nonelastic (non-hydrogen) collision con-
taining information describing the A, Z, excitation energy, and
spatial position of the residual nucleus . (The variable names
written, by subroutine ANALYZ, are APR, ZPR, UU, XC(NO),
YC(NO), ZC(NO), AND WT(NO) .) An end-of-batch record is written
with all variables set equal to -1.

A small code, called GAMA, reads these records and computes,
on a collision-by-collision basis, the y-ray energies . GAMA al-
so reads a data base of nuclide energy levels, which were taken
from /19/ . GAMA writes a tape for each collision containing the
7-ray energy (in Meek), collision position (same as input), and

the y statistical weight . The record is EG,XC(NO), YC(NO),
ZC(NO), AND WT(NO), with an end of batch record containing -1.
for all variables.

The output tape from GANA can be used as a source for the
MORSE code to compute the 7-ray transport . The MSOUR(N) subrou-
tine reads the input tape, defines the y-ray energy group index
IG, sets the starting position coordinates and weight, and sets
Neel as an end-of-batch key . The MORSE main routine checks N
as an end-of-batch signal rather than the usual procedure of
counting source particles.

2 .4

	

Miscellaneous Updates

2 .4 .1 Low-Energy Transport Cutoffs

An option has been added to allow different cutoff energies
for ionization and nuclear collisions for charged particle
transport . For protons the input parameter ELOP was used as the
energy cutoff for both nuclear collisions and ionization . Now,
EL is for nuclear collisions only, and a new input parameter,
EPCUT, is used for the proton ionization energy cutoff . New in-
put 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 par-
ticles, whereas formerly the pion and muon cutoffs were fixed
relative to the proton cutoff specified .
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The EMIN array in labeled common /COMON/ now contains the
ionization energy cutoffs for charged particles and the neutron
collision cutoff . The collision cutoff for protons, ELOP, is
now passed through the new common /ECUTP/.

2 .4 .2 Coulomb Scattering

In the versions of HETC distributed by RSIC there was a pro-
blem in that the Coulomb scattering subroutine SPRIT did not
properly update certain variables at material boundary cros-
sings . This problem has been corrected with the Coulomb scatte-
ring routines incorporated in HETC/KFA-l . At present, these
Coulomb scattering routines are compatible with general (or the
cylindrical) geometry modules and are also interfaced with the
combinatorial geometry package.

2 .4 .3 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 HETC/KFA-l,
energy- loss fluctuations and range straggling are incorporated
for the primary beam particles.

The straggled range distribution is taken to be Gaussian
about the mean range with a variance given by /20/:

"E

	

(1-1/2ß 2 ) K(E)

E' (1-R2 ) (li-(2me/mi) 7)
(Si(E)) -3 dE

where a 2 iR (E€E')- the variance of the rang e distribution for
a particle of type i slowing down from kinetic energy E to E ' ,
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e = the electron charge,
2 i = the charge of the particle slowing down,
n = the electron density of the stopping medium,
K = the binding correction factor,
4' 2 = 1(E*+l)2-11/(E*+l)2,

E* = E/mic 2 ,
me = the electron mass,

= (1 _ 132 ) -1/2 ,

S i = the stopping power.

The factor K takes into account the binding effect of the
atomic electrons at low E.

Ranges are chosen from the distribution

where R i is the mean range. The mean range and variance for
protons as a function of energy for each medium in the system
are computed . Values of Ri and a2 iR for other charged particles
are obtained by scaling the stored proton values ; i .e .,

Ri(Ei) = (mi/mp) Tp(Ei mp/mi)

02 iR (E i ) = (m i /mp ) o2 ip (E i mp/mi)-

If in the slowing down the particle passes from one material
to another, a new straggled range is chosen based on the mate-
rial being entered and the energy at the medium boundary.

Ranges are retrieved from subroutine RAINGE with arguments
(ENG, MAT, ITYP, MG) . The 'straggled" range corresponds to
RNG, and the mean range at energy ENG corresponds to the vari-
able REAR contained in the labeled common /RNGAVG/ . This common
also contains the variance a 2 iR as the variable SIGR.

/( R i`R i) 2
p(Ri)dRi =

02 iR
4~ exp_l	 	 dRi

20 2 iR

1

..d. .S
QY 11.1
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3 INPUT DESCIPTION AND OPERATION OF HETC/KFA-l

3 .1 Format of Primary Input

The primary input for HET-KFA consists of three sections:

Input section 1 : Run header

- Card I : FORMAT (14A4) : Headline
-

	

Card 2 : FORMAT (14A4) : SUBMIT -- used as an identification
for the history tape

-

	

Card 3 : FORMAT (3Z4) : RANDOM - hexadecimal start number

for the random number
generator (must be pos itiv
and odd!)

Input section 2 : includes all other input except the geometry
description.
For the contents of Input section 2 refer to
chapters 3 .2 to 3 .4 . Input section 2 is
read using FORTRAN NAMELIST-read

Syntax:
&RUN assignment1 , assignment 2 , . . .,assignment l ,

assignmenkt1, . . .

assignmentn
&END

where assignment means:
variable name=constant
array name e const . l ,const 2 , . . .,constantn
array element°const.

where the constant may be integer
real
or literal

with respect to the type and length of the variable and
array element is : array name (subscript list)
with unsigned integer constant subscripts
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Rules:

- The first collumn of each card must be blank
- The sequence of assignments is arbitrary
- leading blanks may be used before assignments and

constants to achiev better readability, but
- no trailing blanks are allowed after constants,

because those are converted to zeroes.
- redundant data need not be assigned . For example:

if you have two different materials, the hydrogen

density for material index 3 to 15 need not be given.

Input section 3 : includes the geometry description,
This is formatted and depends on the

geometry module linked in your job
Refer to APPENDIX C.

3 .2 Run Parameter and Model Options

Variable-default meaning

	

1HOUR=O

	

max . cpu-time allowed for this problem.
IMINIT-0

	

Since the timer is tested at the end of
	ISEC=30

	

batch, this prediction should be somewhat
less than the cpu-limit in the JCL

The time limit is given in hours (IHOUR),
minutes (IMINIT) and seconds (ISEC)

M ECH-2

	

The number of batches to be run with the
present set of input data . The total number
of source particles initiated with the
present input will be MAXCAS*MAXBCH . For
muon transport using a previously produced

nucleon-pion history tape, both MAXCAS,

and MAXBCH are calculated in subroutines
NiPD ; hence input values for these quantities
are not used although they are written on
the muon collision tape.

	MAXCAS=2

	

no . of source particles per batch

EMIN(1)=15 energy of cutoff for proton
EMIN(2)=l5 energy of cutoff for neutron

	

EP I CUT=1

	

energy of cutoff for pion

	

EMUCUT= 1

	

energy of cutoff for mueon
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The cutoff energy in MeV for proton nuclear
collisions must be > 1 MeV)
not used

The maximum energy of particles being transported
in MeV . For source muons EMAX is arbitrary . How-

ever, if source muon data are to be obtained from
a previously produced nucleon-pion history tape,
then by conservation of energy EMAX should not be

less than E yr,max'-~ my - mg = E?r,max + 33 where

Ear,
max is the value of EMAX which was input for

the nucleon-pion calculation, mg is the charged-

pion rest mass, and mg is the muon rest mass.
EMAX must be > ESR for nucleon-source.

EL M=0

	

max . energy for neutron elastic collisions

(100 MeV)

NEUTP=10

	

if not 0 & IEERTP<0 unit no . for low energy neu-

tron tape
IBERTP>0 history tape of a previous run

for mueon source
If nucleons and pions are to be transported, NEUTP
is the logical number for the tape on which

descriptions of neutrons appearing below ELON are

written . IF NEüTP .LE .0, the low-energy neutron tape

will not be written.
If the transport is for muons and source muons are
to be obtained from a previously produced nucleon-
pion tape, then NEUTP is the logical number of the

nucleon-pion history tape.

NHSTP=30

	

if>0 : unit number for the history tape
IOITP=O

	

if > 0 : unit number for the input tape of the
7 generation code

IBERTP=-20 I-N--C and evaporation data tape
>0 for nucleon-pion-transport
=0 for mueon-pion-transport
<0 for nucleon--pion--mueon®transport

NELSTP=O

	

The logical number of the BCD tape containing
the elastic scattering data for NOELS nuclides.
If NELSTP is the logical number of the standard
input, the code expects all of the elastic
scattering data to be input on cards after the
primary input data and before the geometry input

data.

ELOP=15

CTOFE=0

EMAX
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NICOL-0

	

if>O : stop the history after the second generation
useful for debugging I-N-C or generating
XSECTIUNS

NPIDK=l

	

if>0 : rr - decay reaching their cut-off energy

<0 : rr - is forced to interact via I-N-C
NBOGUS=l

	

if>O : exitation of nuclei after INC is corrected
with their recoil energy prior to
evaporation

NSPRED=O

	

if>0 : perform small angle multiple coulomb scatte-
ring for charged primary particles

NWSPRD=0

	

if>0 : record small angle multiple coulomb scatte-
ring on the history tape

NSEUDO=1

	

if>0 : record pseudo collisions (non productiv
I-N--C) on the history tape
NSEJDO should be 7 0, when using a nucleon-
pion run as source for a (pion)-moon run

ISTRAG=0

	

if>0 : perform range straggling for charged particle
ionisation

IANG=l

	

If IANG=0 secondary evaporation particles are
produced isotropically in lab-system

If IANG=l secondary evaporation particles are
produced non-isotropic
(TANG must be=0 if fission is used).
if>0 : perform high energy fission during evapora-

tion using the RAL fission model
(prohibits IANG)

if>0 : compute evaporation level density parameter
according to A after each cluster

evaporation step.
if > 0 : overwrite the default BO of 8 MeV in EVAP and

RAL fission model
0 : combinatorial geometry used
1 : general geometry used

-I : cylindrical geometry used
the corresponding module must be linked

if>0 : print an edit of the elastic neutron colli-
sion x-section if used

number of elements for which neutron elastic

x-sections are to be read
switch for heavy ion beams
1 d
2 t

3 He 3

5 arbitrary heavy ion

NLEDIT=Q.

NOELAS =O

LHI=Q
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HIA(5)=0

	

mass of an arbitrary heavy ion
HIBE(5)=0

	

binding energy of an arbitrary heavy ion

HI Z (5) =0

	

charge of an arbitrary heavy ion

3 .3 Material Composition

MXMAT

	

number of different media exclusiv voids
(must be >0 and <16)

NEL(j)

	

number of elements other than hydrogen of material

j,j m 1, MXMAT must be < 10 for all materials

NOEL(j)

	

number of elements with elastic neutron scattering

other than hydrogen of material j, j = 1, MXMAT
must be < NEL(j)

DENH(j)

	

hydrogen density in material j, j=l, MXMAT
'A (i, v~) a; .~i the

	

o f element i=l NEL(j)t~lge .~)

	

es

	

the mass.... number of

	

~r

	

a,s . .~~~

in material j=l, MXMAT
ZZ(i,j)

	

ZZ(i,j) is the charge number of element

	

NEL(j)

in material j ® l, MXMAT

DEN(i,j)

	

DEN(i,j) is the nuclear density of element i-l,

NEL(j) in material j =l, MXMAT

MEDEQ(j)

	

medium equivalence information to be used with
general georn (will be set automatically)

ID(i,j)

	

identification (sequence number) of the neutron
elastic scattering data for element i, i=l, NOEL(J)

in material j, j -I

	

AT

3 .4 Source Particle Description

XSR=O
YSR-0

	

position of the source particle

ZSR=O

ESR

	

energy of the source particle

USR=0
VSR-O

	

direction cosines of the source particle

WSR-O

	

(if all are zero isotropic distribution is assumed)

XSIG-O
YSIG=O

	

standard deviation of the source particle's posi-

tion

ZSIG-O

	

(each coordinate sampled from a gaussian distribu-

tion)



ESIG=O

RSR =O

TIPSR=O
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standard deviation of the source particle's energy
(sample E from a gaussian distribution)

truncation radius for
X 2 4- Y 2 < RSR with X = XSR 4- Gauss . (XSIG)

Y = YSR + Gauss . (YSIG)

0 proton source
1 neutron source
2 rr+ source
3 770 source (forbidden)
4 n- source
5 At+ source
5 g- source
7
8
9

10
11 heavy ion for LHI=5

d for LHI=1
t for LHI=2
He 3 for LHI=3
a for LHI=4

statistical weight of source particleWTSR=l
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4 GENERAL-PURPOSE ANALYSIS CODE SIMPEL

4 .1 General Features

SIMPEL originally has been developed in connection with
the feasibility study for the german spallation neutron
source SNQ.

The code provides a tool for the statistical analysis of
simulated particle cascades . The first release of the code

completely relies on the high-energy-transport code HETC.

HETC generates a so-called history tape, containing
information about the particles which have been transported
through an arbitrarily specified 3D geometry with up to 15
dffferent materials in it.

The events recorded on the tape are:
generation of incident particles

~- spallations
- ionization-energy losses of charged particles down to

a specified cut-off energy
-- escapes of particles from the geometry
- boundary crossing of particles from one material zone

to another
- decays of iT-ons

- elastic neutron scatterings
- small-angle coulomb scatterings of charged particles

There is additional information on the tape,
- start of run
- start of batch

- end of batch
- end of run

where a 'run' is a number of several 'batches', and a 'batch*
is a number of several 'histories' . A 'history' consists of
all of the inf ormation (contained in records) related to one
incident particle.

For each event the following information is avaialble:
- xyz,uvw,e : the phase space coordinates of the

particle at the collision site of the current
collision, and for the previous collision
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- wt,tip

	

the statistical weight and the type of the
particle

- z,a

	

: charge and mass number of the struck
nucleus (after collision)

- ex,erec

	

: excitation and kinetic energies of the
struck nucleus (after collision)
phase space coordinates,statistical weights
and types of secondary particles
(from intra-nuclear cascades and evapora-
tion)

SIMPEL scans the HETC-history tape event by event summing
up the contributions of the event to physical properties of
interest . (such as track lengths or energy deposition)
At the end of each batch SIMPEL computes the batch-mean-values
of the sampled data, at the end of run the batch-mean-values
are reduced to run-mean-values and their fractional standard
deviations °

There are several detector types defined in SIMPEL,
which the user can select on input to get information of

- particle flux and current

- the yield and distribution of secondary particles from
intranuclear cascades and evaporation

- the distribution of residual nuclei
- energy deposition

The detectors may be set up to provide their results in
-

	

energy bins ( for flux,current and secondary particle
distribution)

-

	

angle bins ( for flux,current and secondary particle
distribution )

- space regions
- mass and charge (for residual nuclei)
-

	

particle type ( one single particle type is assigned to
the detector )

- contribution type (for energy-deposition detectors)

If resolution in bins is selected, the user may request
automatic normalization to the bin width.

Since SIMPEL was intended to be a general-purpose-ana-
lysis code, it was designed in a way, that it can easily
be extended . Thus, a modular program structure was used_
Meet of the statistical routines do not consider the
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type of detectors used . Installing a new detector type
simply means to extend the detector-definition routine,
the scoring routine and the result-printing routine.
Even if we want to run SIMPEL with other types of history-
tapes, only an appropriate data interface has to be written.
It is also possible to run SIMPEL as an incore-analysis
program by installing a monte carlo code as a SIMPEL module.
The only restriction would then be, that the monte carlo
code must not violate the core management of SIMPEL, i .e.

it should not use the blank common without asking for a

reservation of blank common by the SIMPEL driver COMSYS.

It is actually planned to extend SIMPEL to provide more
detectors and to allow more powerfull data manipulation.

4 .2 Description of Simpel Program Modules

SIMPEL consists of several modules, supervised by the

driver module called COMSYS.

COMSYS
- reads the command input,
- controls allocation of data in blank common,
- controls execution of the other modules according

to the command input
- provides service routines for data input and presentation

The executive modules are:

HETANA
- which defines and performs the analysis of a HETC-

history tape
(see chapter 4 .4)

STATIST
- providing routines for binning, normalization and

variance analysis

CG-GEOM
- which defines and performs geometry tasks.

(see APPENDIX C)

PICTURE
- which tests the geometry definition.

(see APPENDIX D)
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4 .3 Input Description

To run SIMPEL two input sources are necessary:

- one or more HETC-history tapes,
- the command input.

The latter one is used to specify the geometry, the detec-
tors to be used, and the binning applied with the detectors.
Thus, the command input normally consists of

- the GEOIN command,which reads the combinatorial geometry
description used in the analysis,
This may provide a more detailed resolution than the
original HETC-geometry description.
If no geometry description is used, SIMPEL will use the
HETC media to' resolve space.

- the PICTURE command,if the user wants to test his geometry
input,

- several ASSIGNMENT statements or VECTOR commands,to define
FORTRAN-like arrays and fill them with input data.

Such arrays are used for energy- or angle-group limits,
volumes or surface-areas for normalization, lists of
region numbers to be looked at in a detector and so on.

- several DEFDET commands, which define the types of ana-
lysis Ä~

	

b m

	

L the

	

L~~, beb performedperformedifvr~ed and to connect	detectors with
the binning and geometry information . (i .e . you request
special bin-arrays, region number lists for the detector,
you specify the type of particle to be looked for and the
type of physical property you want to sample)

- a SIMPEL command for each HETC-run to be analyzed.

Additionally there may be commands to save or present spe-
cial portions of data .A STOP command will at last terminate the
analysis.

In the following you will find the description of the syntax
and function of the available commands.

--> General command syntax

A command consists of the command name and up to 15 para-
meters . The parameters are separated by commas . The command
is terminated by a semi-colon ' ;' . Each parameter may be
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specified either positional or by keyword.
Consider ' COMNAME' the name of a command with three para-
meters named 'PARM1','PARM2', and 'PARM3',

then

	

COMNAbE PAIR+11=valuel ,PARM2 evaule2,PARM3 = value3;

and

	

COMNAiE value l ,value 2 ,value 3 ;

will be equivalent.

Omitting parameters will cause the program to provide some
default values ,or if no default is available to print an

error message.
Thus COMNAME PARM3=value 3 ;
will cause 'PARMI' and 'PARM2' to be defaulted;

dto .

	

COaMNAME ,,value3;
where position-holding commas are used to replace the missing

parameters . In any case the sequence of parameters must not be

changed;

i .e .

	

CO 1AME ,,value 3 ,PARM2 =value2;

is invalid, because 'PARM2' must preceed 'PARM3'.

The value assigned to a parameter may be:

- an integer or real constant,

- an integer or real vector (i .e . a list of constants separa-
ted by commas or blanks and enclosed in parenthesis),

- a text string enclosed in quotes (i .e . 'text' )
- the variable name of a predefined item or array

- a variable name of an item or array which is to be defined
by the command's executive routine.

For each parameter a well defined type of value is requested.

(see commamd KEY)

--> Assignment statement

The assignment statement is used to assign integer or real

constants or arrays to a variable name . These names may be used

in subsequent commands.

Examples:
- I=14;
- P

y

l
7q

=

~y

3
5~

.
y

141.5!

- I j
bV lJL~6S = ( 1 , 3 , 5f `]

•j7

- ANGT,R=(0 . 15 .0E0 30 . g 0 . ) ,
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Variable names may consist of up to six characters . The data
type of a variable is determined by the type of constant being
assigned (not by FORTRAN name conventions ! ).

--> ASCCOM°°commarid

function : printout all command names available in this
release of SIMPEL.

syntax

	

ASCCOM;
remarks

	

ASCCOM will be helpful, when running SIMPEL
in an interactive operating system.

--> ASCNAM-command
function : printout all user-defined variable names
syntax • ASCNAM;
remarks : ASCNAM will be helpful, when running SIMPEL

in an interactive operating system.

--> KEY-command

function : printout the names and data types of all para-
meters of the command specified.

syntax

	

KEY NAME=command_name;
(no default)

remarks : KEY will be helpful, when running SIMPEL in an
interactive operating system.
The output will include
command-name parml type t parm2 type 2

parm3 type 3 parm 4 type

• where parmi is the parameter-name
and

	

type 1 is the parameter-type with

	

type l = 3

	

variable name to be used in the

executive routine

	

4

	

for integer item

	

5

	

for real

	

item

	

6

	

for text

	

item

	

7

	

for integer array

	

8

	

for real

	

array

(Data types 1 and 2 are reserved for command-
names and parameter names respectively .)
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---> DET,ETE-command

function : delete an array entry (variable) from the
list of user defined variables.
If possible, the blank-common area where
it has been allocated is freed.

syntax

	

DELETE NAME-variable name;
(no defaults)

remarks : -/-

--°) PRINT-command

function : printout of the contents of a user defined
variable in standard format.

syntax

	

PRINT Ne=variale name,
IOUP°=output unit # ;

(default :10UT=6)

remarks . - / -

GEOIN command

function : .read in the description of the geometry

according to CG-input conventions from
a specified unit and print out the control
information provided by the CG routines.

syntax : GEOIN IN-input unit #,
I0=output unit #F

(default : IN=5, I0=6)

remarks : Refer to APPENDIX C for input
desciption of the CG routines.
The user may as well link another same

code e with ~J
PEE.3, which hasä thee saitme inter-

face_

biM
E

face_

--> PICTURE-command

function : line printer plots will be made on unit

TOUT showing cross sections through the

geometry described by means of the GEOIN
command . Location and orientation of the
planes are read from unit IN .
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syntax

	

PICTURE IN=input unit #.
IO=output unit ;

(defaults : IN=5,10=5)

remarks :

	

For definition of the planes by input
refer to APPENDIX D

PICTURE will run with any geometry code,
having the CG interface.

--> VECTOR-command

function : defines a variable as an array entry and reads
in data in free format.

syntax

	

1 .

	

VECTOR NAME= variable name,
LEN=

	

array length,
TYP=

	

0 : integer / l : r eal,
PRINT= 0 :no print/ 1 :print;

2. LEN real or integer constants (according to
TYP) separated by blank or comma (where two
commas replace a zero).

3. the list of constants is terminated by ; or T
(defaults : TYP ®l,PRINT=O)

remarks : -/-

--) MATRIX®command

function : defines a variable as two-dimensional array
entry and reads in data in free format.

syntax : 1 .

	

MATRIX NAMT= variable name,

VECNO= number of vectors forming
the martrix,

VECLEN=length of these vectors,
TYP=

	

O :integer / l :real,
PRINT- l :printout as read j[!

0 :no print,
TRANS= O :store vectors as lines /

1 :store vectors as columns;
2. VECNO list of constants (vectors) each con-

sisting of VECLEN constants of type TYP
separated by blank or comma.

3. each list of constants is terminated by ; or T
(default : TYP=1,PRINT=O,TRANS=0)
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remarks : -/-

---> STOP-command

function : terminates execution of SIMPEL
syntax

	

STOP ;

remarks : must aliways be last command on input.

--> S IMPEL-command

function : performs the analysis of a HETC--history tape
using the geometry specified by GEOIN,

all detectors specified by DEFDET.

syntax : SIMPEL as ...a

	

~.s .a. ..SMPENHSTP= unit # for history tape ,
NBAT= number of batches to be ana-

lyzed,
IOETT=	output unit #
INCLUD= list of HETC media to be scored,
EXCLUD= list of HETC media to be excluded

from scoring;

(defaults : IOUT=l)

remarks : INCLUD and EXCLUD are optional but must not be

used at the same time . They preselect events

for the analysis process .
yg
Thus using INCLUD or

EXCLUD will reduce the CPU time requirements of
SIMPEL . Make sure that no media are excluded from

analysis which lie whithin a detector region.

If no GEOIN command has been used, SIMPEL will

use the HETC media numbers as region numbers.

--> DEFDET-command

function : defines a detector for the analysis.
(see also chapter : P4Methods of analysis")

syntax

	

DEFDET NA= first 4 characters of the names

of arrays to be defined,

TYP=

	

detector type (see table DETECTORS),
IOPT= (not used),
IPRT- particle type (see table PARTICLES),
We	detector-reference direction

given as (u,v,w),
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NORM= normalization request given as
(ne ,n7l ,n v ) where n i =1 turns
normalization on,
n e =1 -- per of
n .0 =1 -- per solid angle
nv =l

	

per space-unit as input in VOL
(see table DETECTORS)

MARL= re q uest for marginal responses
given as (me,mvmr,me Irmer,mor)
where m i=l turns margin on,
(see table DETECTORS)

E=

	

name of energy-bin vector,
(for residual nuclei detectors,
E contains a list of nuclei ZZ .AAA)

A=	name of 0-bin vector where 77

is the angle between W and the
flight direction,

R1=

	

name of the list of region numbers of
interest.

R2=

	

name of the list of region numbers,
if given,the surfaces between Ri and
R2 are detector surfaces of interest,

VOL= name of volume or area vector for
normalization to space or surface
units;

one card of text as headline for the detector
output

(defaults : TXP~=
g
2, IOPT=a, qIER`~°1,W=(~. . , 0 ., Q . ) ,

NOR_"d-(O e O,O),~~+RG=(Q,O,O,O,O,O) )
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--> table : DETECTORS

_----------------------------------------------------------_--_-------
ITYPE calculated property
	 A	

number of secondary cascade par-
ticles produced in energy bins E
and angle bins n and regions R.

number of secondary evaporation
particles produced in energy bins
E, angle bins n and regions R.

number of residual nuclei with
charge z and mass a in regions R.

fluxes of particle IPRT through
surfaces S in energy bins E and
angle bins n

current of particle IPRT through
surfaces S in energy bins E and
angle bins n .

energy deposited in regions R by
primary protons,secondary protons,
energy of neutrons prduced below
energy cutoff,
charged rr and g-ons,
heavy ions,
nucleus excitation,F° f
all secondary part . and total dE

7

	

O(E,n,R)

	

fluxes of particle IPRT in regions
R in energy bins E in angle bins

---------------------------------------------- -------- -------

ITYPE Normalizations

	

Margins
--------------------------------------------------------

1 nE nn nR Y(R)

	

Y(n) Y(R)

	

Y(E,n) YN,R) Y(E,R)

2 nE n n nR Y(R)

	

Y(n) Y(R)

	

?'(E,n) Y(n,R) Y(E,R)

3 - - nR Y(nuc)

	

-- Y(R)

	

-

4 nE nn nS O(E)

	

0(n) O(S)

	

(D(E,n) 0(77,S) O(E,S)

6

iaE i: .~ ies

nR

,:;'(E)

	

J ( n)

dE(typ)

	

-

TIa,v k ., f

dE(R)

	

-

J( n , S) YIV

	

\vt .U,,,Jj

7 äzE n77 nR cl)(E)

	

0( 77) O(R)

	

O(E,77) cl)(n,R) 4› (E',R)

1 Y(E,n,R)

2 Y(E07,R)

3 Y(z .a,,R)

4 O(E,n,S)

5 J(E,',S)

6 dE(typ,R)

---------------------------------------------------------------



37

--> table : PARTICLES

particle

	

number (IPRT)
------------ -------------

primary part . 1
secondary p 2
secondary n 3
7' 4

70 5

rr 6

g
+ 7

g- 8
deuteron 9
triton 10
he 3 11
a 12
not-used 13
not-used 14
n

	

(total) 15
A (total) 16

4 .4 Methods of Analysis

The analysis of a HETC-history tape is performed by the
module HETANA which consist of the subroutines .

SvIL•iMPLEe tape, and calls the other'a Le which reads the

	

analysis1
l~ .w71w~

routines according to the type of event record
found.

- SCOR

	

computes the result contribution ' x ' of an event to
each defined detector,

finds the correct bin number for angle and energy
using the functions It;PS and IDOF?NS ,

finds the matching region or surface numbers by the

means of LOOKZ and GEOM,
and accumulates 'x' into the batch-result array
of the detector

Xdet . - Xdet . Y x
- EBATCH picks up 'X' at the end of each batch and computes

Xdet . - Xdet . / nsour,
where 'nsour' is the number of source-particle in

the current batch.
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Thus X is converted to the mean value of the detec-

tor response ; i .e . total response per source

particle in the last batch.

Then EBATCH computes

Mdet . ~Mdet . ~ Xdet .
2

Sdet . =Sdet . + Xdet.

-- ERUN

	

is called at the end of the analysis.
It computes the . mean of X over all batches and

stores it in the M array

Mdet . =Mdet . /nbatch

Then it computes the percent error of M

Sdet . e (S det . -ME..et . f
2) / (nbat ch--l )~

	

,••
Sdet . - Sdet . *100 . / Mdet.

by calling VARS. for each detector

If desired ERUN performs also normalization to
unit energy, solid angle and region volume or

surface area.

Finally OUT2 is called for each result array
to print the results on the desired unit.

If the use r requested marginal distributions for a detector,
then additional N and S arrays are available for this

detector and EBATCH will reduce Xdet . to Xmarg . and add

Smarg . . S marg . + Xmarg . 2

and ERUN will reduce Mdet . to Mmarg . and convert Srarg . to

the percent error of marg.

The core of the analysis modules are the routines

SCORI and SCOR2 . These routines share the task of
computing event contributions 'x' for the detectors

specified.

SCORI is used for contributions which arise at the point

of a physical event.

it . consists of a loop over all detectors defined in input

and
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Detector
----------------

Process

1 Y(E,rt,R)

	

it scans all secondary particles
coming from INC process,
- checks the particle type
-- finds energy bin I E of the particle
- finds angle bin I n of the angle between
the flight direction? and
the detector°s reference direction

(udet . ,Vdet . ,wdet . )
- finds the region bin I R by calling

LOOKZ
-- and computes

X(IE,In1 IR ) = n(IE,In1 I R ) a TY

where WT is the statistical weight
of the particle.

- particle types allowed are
protons, neutrons, pions and mesons.

R2 Y(E,),R)

	

it scans all secondary particles

comming from evaporation of the struck
nucleus,
- finds IE,IR and I, as above
- and computes

K(I E , I n , I R ) = X(I E , I f , I R ) + WI'
- particle types allowed are
protons, neutrons, deuterons, tritons, He 3 ,
and alphas.

3 Y(A .Z,R)

	

it looks for the index Inuclir of the
residual nucleus using A and Z and finds
I R as above . Then it computes

K(I nuclid ,l,I R) = K(Inuclidzl,IR)

	

Lam'

where WT is the weight of the incoming
particle .

(continue on next page!)
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6 dE(type,R)

	

it finds I R by calling LOOKZ and computes
the energy deposited by
- heavy ions (including the struck nucleus

the range of which is supposed to be very
short)
Ed WTd
Et * WTt
EHe3 *

	

He3
Ea * WTa

Enucleus * ' incident particle (where E
is the recoil energy)

- secondary ar0 's (which are supposed to
decay prompt)

(E kinetic +Erestmass) *y' vO

- particles reaching their cut-off energy
or generated below their cut-off energy

E p *WTp
E n *WTp, (not included in total dE)

(Ear_-l .) * WTu_ (I mev for binding)

Eu+ *WTu+
(Ell.+106 .) / 106 . * 33 .323 * WTIL ,
((EA_n.06 .) / 106 .* 33 .328 - .611

	

WVII ..
for A's part of the energy will be lost
in flight.
for l - electYon restmass is subtracted

The contributions are stored

X(Ityperlr1R)

	

X(Itdpe,I,IR) + Con
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SCOR2 computes contributions arising in flight . Thus, SCOR2
has to divide the path of a particle corresponding to the spa-
tial bins defined by the CG-GEOM routines.

Therefore SCOR2 is organized in two loops:
The outer loop starts calling LOOKZ to find the region number
of the starting point of the path . Then GEOM is called to find
the length of the first sub-path (to the next boundary or to
the collision point) . For each sub-path SCOR2 runs the inner
loop over all detectors defined and performs:

Detector

	

Process
-------------------------------------------------

and

	

is the particle flight direction.
To find the energy bins I E of charged particles,
E has to be computed at the boundary . This is
done using subroutine ECCOR which uses energy-

range tables read from the HETC-history tape.
ECCOR takes into account, that ranges may be
stragled . It computes dE using mean ranges and
scales by the ratio of unstraggled flight length
to recorded flight . The result is stored by

X(I E ,I ,I S ) = X(I E ,I 77 ,I S ) -r con

5 J(E,n,S)

	

the current contribution of a particle of type
IPRT . This detector works like detector type 4.
Only the contribution is taken as

con - WTprt.

4 O(E,v,S)

	

the flux contribution of a particle of type
IPRT through a surface Is which is specified
by the two region numbers sharing S , the
angle bin I n and the energy bin I E .
The contribution is computed as

con

	

GiTprt . / abs( n *
where ` i is the normal vector on the crossed

surface at the crossing point

(continue on next page!)
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6 dE (type,R) the ionization-energy loss of charged particles.
I R is the region index of the current sub-path.
The contribution is computed as

con = (E l - E 2 ) * WTprt.
where

	

E l is the particle energy at the start-
ing point of the current sub-path.

and

	

E 2 is the particle energy at the end of
the current sub-path as computed by
ECCOR.

7 c(E,f,R)

	

the flux contribution of a particle of type IPRT
in energy bins I E ,
angle bin

	

I n ,
regions

	

I R

The contribution is computed as
con

	

PTH *

	

prt.
where PTH is the length of the sub-path for

neutrons

or

	

PTH is the length of the sub-sub-path
for charged particles,

(Since charged particles lose energy approximately
continuously by ionization, the sub-path has to
be split once more into pieces where the partic-
le's energy lies within one single energy bin.
Thus an additional contribution loop is instal-
led, to get the sub-sub-path using function RBAR
and scaling the range with the straggling factor
RB TO RS .)
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5 MODIFICATIONS TO MORSE-CC

5 .1 Coupling with HETC

Random walk and analysis of low energy neutrons generated by
HETC cascades is done by MORSE . These neutrons are transferred
to MORSE by their parameters : name (sequence number), energy
in eV, direction cosine, location and weight, which are written
on tape by HETC.

The number of neutrons varies from batch to batch, whereas
MORSE processes in a given number of batches a fixed number of
particles only . Thus a standalone routine selects a fixed number
of neutrons for each batch and creates an input tape for MORSE,
containing the characteristic parameters mentioned above.

To get valid representation, these N neutrons n i are selected
randomly from M neutrons, generated in a single HETC batch,using
random numbers r i (in the interval (0,1)):

n i = r 1 * M4- 0 .9999 i- I, N

At the end of analysis the fluxes calculated in MORSE are
multiplied by the average number of neutrons N .RS generated per
source particle .

1

	

Mt
Nps _

	

* E WT i

Ns i=1

Ns - total number of HETC source particles
Mt - total number of. neutrons in all HETC batches
WT i - statistical weight of neutron i

5 .2 Additional Estimation Routines in MORSE

Besides the well known SAMBO package we are using some addi-
tional estimation routines which are very hel p ful for flux and
current estimation on surfaces . Flux and current are always es-
timated according to the well known equations:

NPS

O(E)=

	

*

	

ZtTT i *COS i

N *B
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NPS
j (E) =

	

* E WT i
N*B

B

	

- number of batches stated in one run in MORSE-CG
WT i - weight of neutron crossing the surface
COS T - = i *n, direction cosine of neutron crossing the

surface

a) Neutron flux and current on a plane surface between two
regions A and B are estimated in a way, that only particles
passing the surface from side A to B are detected . Energy
dependent fluxes and currents and total responses are not
normalized to the surface erea.

b) Neutron flux and current per cm2 on a plane surface between
two regions are estimated using a mesh net given in x-y
coordinates over the defined surface between two regions.

For each mesh flux and current per cm2 and their fractional
standard deviations are calculated . In case of a three-di-
mensional surface like a cylindrical surface, this detector

cannot distinguish between top and bottom, only plane sur-

faces are possible.

c) Additional to flux and current per cm2 maximum distributions

are calculated for plane surfaces . These are not normalized

to the mesh,
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6 PERFORMANCE SCHEME OF THE KFA/IRE-1 CODE SYSTEM

To simulate the transport of nuclear particles in 3-dimen-

sional assemblies the above described codes and auxiliary pro-

grams were implemented on IBM-3033 . The currently used code

system for spallation source calculations is shown in Fig . 9

as a block diagram . The experimental nucleon-nucleon and nu-

cleon-meson cross sections and evaporation parameters are dis-

cussed in APPENDIX A and APPENDIX E . For the MORSE calculations

several neutron and coupled neutron-^/ libraries are in use . The

EPR library /21/ (100 neutron groups, 10 -4 eV to 14 .9 MeV and

21 7 groups, 10 4 MeV to 14 MeV) ; the HELLO library /22/ (35

neutron groups, 10 -4 eV to 60 .0 MeV, 21 7-groups, 1o -2 MeV to

14 .0 MeV), the HILO library /23/ (66 neutron groups, 10 -4 eV

to 400 .0 MeV, 21 7-groups, 10 -2 MeV to 14 .0 MeV) and the LASL

library /24/ (41 neutron groups, 1 .39 10 -4 eV to 800 MeV).

A special library for thermal neutron transport SPALIB with

53 neutron groups, 10 -5 eV to 14 .9 MeV with 26 groups below 1

eV including upscattering data, for target-moderator-reflector

thermal neutron trans port was derived from ENDF/B-IV by using

the reactor code system RSYST /25/ . Activation, energy deposi-

tion, special reaction cross-sections and kerma factors are ge-

nerated via the MACK code /26/, the MACK-IV library /27/ or

using the AMPX code /28/ . A sample problem is demonstrated in

APPENDIX E .
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APPENDIX A

Description of Input Data
Used by the Evaporarion Model

in the HET Code

A.l Introduction

As part of the theoretical work on target physics related
to the German spallation neutron study, the present calculatic-

nal models and computer codes available for the prediction of
high-energy radiation transport and effects are being reviewed.
In particular, the accuracy of the nuclear interaction model

(the intranuclear-cascade-evaporation model) employed by the

radiation transport code HETC /A . l/ is being assessed by a se-
ries of comparisons with experimental data, and improvements

(both in terms of updated input data and model modifications)

are planned . In preparation for updating the input data used
by the evaporation model, a detailed description (not presently

available) of the data now used is given here . To help define

the input data, some of the theory and historical background

is also discussed.

The basic evaporation model theory used in the HETC code is

that of Weisskopf /A.2/, with much of the method of implementa-

tion based in the work of Dostrovsky, et .al ., /A .3-A .5/ . The

evaporation model used in HETC is an evolution of an evapora-

tion code called EVAP, originally written by Dresner /A .6/ with

a series of revisions by Guthrie /A .7,A .8/ ; the nature of these

revisions are indicated in Table A .1.

These "stand-alone" EVAP codes have been incorporated as

subroutines (and used in conjunction with the cascade model)

to treat high-energy nuclear collisions in the thick-target ra-
diation transport code HETC, and its predecessors NMTC and NTC,

as indicatedl in Table n.n .Z . Various

	

nupdates-0°Gs have ,~	been madeindicated

	

~
the nuclear mass data used, and this is also indicated in
Table A .2.

The eva poration data input described in this paper corre-

sponds to that used by EVAP-4, which is the form of the evapo-
ration model used in the version of HETC distributed by the
Radiation Shielding Information Center (RSIC) .
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TABLE A. .1

Basic Differences in EVAP Series of
Evaporation Model Codes

Evaporation Code

	

Comments

I EVAP /A .6/

	

original code

2 EVAP-2 /A .7/ ---eonly_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

like EVAP-2 except effects of
kinetic energies of recoil
nuclei taken into account

_
identical to EVAP-3 except

for

"imoroved-termination'' scheme
for particle emission

A.2 Comments on Calculational Method

Some of the input data for the evaporation model consists
of pre-computed functions which are used in various steps of
the calculation . To define the meaning of these, and other in-
put data, we briefly summarize here some of the steps of the
evaporation calculation.

The probability p i (E) that a nucleus excited to energy U
will emit a particle of type i having kinetic energy E is assu-
med to be expressed as

Pi(E) 4 g im► iEc ci.(E)w(E * ) ,

	

( A -1)

where g i is the number of spin states, mi is the emitted
particle mass, oci is the inverse cross section (i .e ., the com-
pound nucleus formation cross section corresponding to bombar-
ding the residual nucleus with particles of type i and energy
E), E* is the excitation energy of the residual nucleus (e=
U-Q-E, where Q is the binding energy of particle i), and c is
the density of energy levels of the residual nucleus.

3 EVAP-3 /A .7/

4 EVAP-4 /A .8/
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The form for w used is

(E * ) :expf2 &(E*-5)]1/21

where ö is the pairing energy and

a=A/B C (1--n 2 /A2 ) ,

with A=mass number, B 0 =8 MeV, Y=1 .5, ®=A--2Z, and Z=char ge num-

ber . (Since Egs . (A .1) and (A .2) are always involved in ratios
in the computations, constants have been omitted .)

TABLE A .2

Overview of Nuclear Data Input Used in the
EVAP Series of Evaporation Model Codes

Evaporation

	

Transport Code

	

Nuclear Mass
Code

	

Used In

	

Data Used
	 aaaa	 a	 a	

1 EVAP

	

NTC /A .9/

	

(a) from tables compiled
by Wapstra (1955) /A .11/
and Huizenga (1955)
/A .12/ for bases where
measured masses exist

(b) semi-empirical formula
of Cameron (1957) /A .13/
for nuclei not measured

2 EVAP-2 and

	

NMTC /A .10/

	

(a) Mattauch, et .al . (1965)
EVAP-3

		

/A .14/ tabulation of
binding energies

(b) Cameron semi-empirical
mass formula /A .13/ for
nuclei not tabulated
by Mattauch et .al.

(c) `shell-plus-pairing
energy corrections for
Z or N < 13 from Peele
and Aebersold /A .15/
rather than from Cameron

3 EVAP=4

	

HETC /A .1/

	

same nuclear data as

4 EVAP-4

	

HETC

	

updated nuclear masses
/unpublished/ (some versions)

	

from Wapstra and Gove
(1971) /A .16/

( A .2 )

(RSIC Version)

	

EVAP-2 and EVAP-3

	 seY	
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The inverse cross section is taken to be the geometric cross
section modified by an empirical expression to take into ac-
count energy dependence, and a Coulomb barrier correction for
charged particle emission . For neutrons,

acn (E) ='R2 cx (l+-ß/a) (A .3 .1)

cx=0 .76+1 .93A-1/3 (A .3 .2)

aß=1 .66A" 2/ 3 -0 .05 (A .3 .3)

R=1 .7A1/3 (A .3 .4)

with R in units of fermions (lfm=10 -i3 cm).
For charged particle emission,

o'ci (E)=rrR2 (1-1-C i )(1-k iV i /E),

for E>k iVi , and zero otherwise . Here V i is the Coulomb barrier
calculated from the classical electrostatic expression and the
factor k i is inserted to take into account in an approximate

way barrier penetration effects . The numerical values used for
C r and k i are mainly those chosen by Dostrovsky, et .al . /A .4/
to give a good fit to continuum-theory cross sections . Values
for protons and alpha particles are given in Table A.3, and the

others are determined from the following relations:

kd =ko~0 .06

	

Cd =Cp/2
L

kH,a =kp -r0 .12 C Ha =Cp /3

kHe2 =ka-0 . 06 CHe Ca O=-

The expression used for Coulomb barrier is

Vi = Z i Ze 2/(R-FR i )

where e is the electron charge and R i is zero for protons and
1 .2 fm for all other particle types .

(A .4)
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TABLE A .3

Parameters Used for Computing Inverse
Charged-Particle Cross Sections

Z kp Cp ka

-- 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 initi-

al nucleus having A, Z, and U is to determine the total (over
all energy) emission probability for each particle type which

is

6 A

P i =p i /(1 Pi), with

Pi=gimi Eaci (E)w(U-Qi-ö-E)dE

where the upper limit of the integration is U--Q i-ö and the

lower limit is k iVi . (This equation is applicable, of course,

only if emission is energetically possible -- i .e ., if U>k,V i +

Q i -rö . Otherwise, P i = O).

Based on the work of Dostrovsky, et .al . /A .3/, this integral

is performed analytically . The result (within a common numeri-

cal factor) is :

for neutrons,

P i =A2/3 ce(I 1 (s)+Q1 0 (S))eS , (A .5 .1)

and for charged particles,

(A .5 .2)
A
Pi = (gimi/2)(l 4-Ci)A2/3 I1( S ) eS

where

S=2 (a(U-k i v i --Q 1 --ö ) ) 1/2 (A .5 .3)

IO(S)=(2a)-l(S-I~e-S) (A .5 .4)

I 1 (S)=(8a2 ) -1 (2S 2 -6S+6+e -S (5 2 -6)) (A .5 .5)
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The kinetic energy selection for the evaporated particle is
based on the equation

N(E i )dE i =T27 2W i exp(-W i /T i )dE i

where W i =E i -k iVi and T i =l/2<Wi > . The Monte Carlo selection of
E i is realized by setting

E i -2T i x+k iVi

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 T i , is, for
neutrons,

T i -1/2 I 2 (S)+/31 1 (s) / I 1 (S)+,3I 0 (S)

	

(A .6 .l)

and for charged particles,

°Ti = l/20I2(S)/I1(S), where

	

(A .6 .2)

12(S) = (32a3 ) -1 (8S 3 -485 2 +1205-120+e -S 4 -128 2 +120]) (A .6 .3)

After a particle is evaporated, the procedure is repeated
with updated nucleus parameters:

.A .3 Description of Evaporation Model Input Data

The HETC code requires 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 A .4 (in the order in which they appear on
the data tape), and are discussed below .
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TABLE A .4

Definition of Input Data for HETC Evaporation Model

Array

	

Dimension

	

Definition
	 eM	 4	 ®-_e__

pre-computed functions
used in evaluating
10, I1, and 12 (see text)
mass numbers of possible
evaporation particles
charge numbers of possible
evaporation particles

radius of evaporation
particles

_______________________--_________--___-_--------_______________

7 OMEGA 6 (not used)
8 EXMASS 6 mass exces values

	

(in MeV)
of evaporation particles

-------------------------------------------------------------

9 CAN2 130

10 CAN3 200

11 CAM4 130

12 CAMS 200

13 T 3,7

14 RNASS 297

_______________________________________________________________
15 ALPH

	

297

	

ALPH - 0 .76

	

1 .93 A- 1/
for A = 1 through 295

___mm___®m_mme°o	 a	

BET = (1 .66A-2/ 3 - 0 .05)/
ALPH, for A = 1 through 295

atomic mass data in terms of
mass excess values (in MeV);
WAPS(I,J) corresponds to a
nuclide with mass number I=A,
J = isobar index (see text)

1 PO 1001
2 PI 1001
3 P2 1001
4 IA 6

5 IZ 6

6 RHO 6

shell-plus-pairing energies
for nuclei having charge
numbers 1 through 130

shell-plus-pairing energies
for nuclei having neutron
numbers 1 through 200

pairing energies for nuclei
having charge numbers I
through 130

pairing energies for nuclei
having neutron numbers 1
through 200

constants for computing
inverse cross sections (see
text)

BASS w A l / 3 , for A - 1
through 295

16 BET 297

17 MAPS 250,20
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The arrays P0, P1 and P2 are pre-computed functions which
are used in evaluating the S dependence of the functions I p ,
I l , and 1 2 (Eqs . (A .5 .4), (A .5 .5), and (A .6 .3)), and are de-
fined as follows:

PO-1/2 E( S-1) exp(S)¢l~ exp(-50)

P1=1/8 ®E(2S 2 -6S+6)exp(S)+S 2 - g exp(--50)

P2=(4/32)DS 3 -48S 2 +120S-120+exp(-S)e
,. (S 4-12S 2 +120B /E.2S 2 -6S+6+(S 2 --1)exp(-S2

The values stored on tape have been computed for S-0 .0
through S=100 .0 in steps of 0 .1, for a total of 1001 values for
each array . Over this S range, the expressions in the brackets
for PO and P1 can vary over many orders of magnitude ; hence,
an arbitrary normalization factor of exp(-50) is included.

For all variables dependent on the evaporation particles
(Items 4 through 8 in Table A .4) the order assumed is neutrons,
protons, deuterons, tritons, helium-3, and alpha particles.
Thus, IA=1, 1, 2, 3, 3, 4, and IZ=O, 1, 1, 1, 2, 2.

The RHO array contains values for the radii of evaporated
particles (corresponding to R i of Eq . (A .4)) in units of 1 .7
fermions . Thus, RHO(J)=O .O for J=l or 2, and RHO(J)-0 .70588 for
J=3 through 6.

The EXMASS array contains mass excess values in MeV units)
for the evaporated particles, which are used in computing the
Q vales of Eq . (A .5 .3) in the following way . Let M(Z,A) denote
he mass of an excited nucleus which evaporates a particle of
mass m, leaving a residual nucleus of mass M ' ( Z' , A' ), so

0=M' (Z' ,A' )+IIt-M(Z,A)

In terms of mass excess, M(Z,A) A+DM(Z,A), etc ., where LM
denotes the mass excess . Therefore,

	

can be written as

Q = Qi'1 ' ( Z ' , A' ) - Al•1 ( Z, A) +Am

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 /A .14/, converted to mass excess values
as described in Ref . /A .7/ .
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The CAM arrays contain shell and pairing energy corrections,
which are terms in the semi-empirical atomic mass formula of

Cameron /A .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 WADS array) . The

formula used is that given in Eq . (A .1) of Cameron's 1957 paper

/A.13/ .

AM(A,Z)= 8 .367A--() .783Z+Ev ÷E s 'rE c i-EO+S(Z,N) yP(Z,N)

Expressions for the terms Ev (volume energy), Es (surface

energy), E c (Coulomb energy), and E x (Coulomb exchange energy),

which are functions of only Z and A, are given in Cameron°s pa-
per . In HETC, the quantity 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`: energies (i .e ., the extra stability

of nuclei with "paired" neutrons and protons) . It is assumed

that S and P can be written as independent functions of the
neutron (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(Z)

CAM3=S(N)+P(N)

CAM4=P(Z)

CAMS=P(N)
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In the code, these arrays are used in the mass formula,

aM(Z,A)=ENERGY(A,Z) (code variable name)

=CAM(A, Z) +CAM2 (Z) -FCAM3 (A-Z)

and for the pairing energies alone (e .g ., Eq . (A.5 .3),

ö=P(Z)+P(N)

or in the code variable names,

CORR=CAM4(Z)+CAM5(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 /A .15/ are
used . For CAM4(Z) and CAN5(N), the values for Z=13 through 130
and N=13 through 200 correspond to (the negative of) the values
in Table I 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 com-
puting inverse cross sections . The numerical values in this
array are the same as given previously in TABLE A .3, with
T(1,,ß)=kp, T(2,J)=ka , and T(3,J)=Cp . The index 0=1, 7 denotes
the values evaluated at the seven charge number intervals given
in TABLE A .3.

The next three arrays contain values for A-dependent func-
tions evaluated at A=1 through 295 . RMASS is used in computing
the target nucleus radius, Eq . (A .3 .4), and ALPS? and BET corre-

spond to a and ß as defined in Eqs .

	

(A .3 .2)

	

and

	

(A .3 .3) . It
should be noted that while these arrays are dimensioned 297,
the values on tape for array locations 296 and 297 are not mea-
ningful.
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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 number I=A and J is an isobar index, which is defined
as

J-A-2Z-J 1 +10, with

J'=(A-1)/(1+124/A2/3)

where J and J' are integers.

For the data tape used with the EVAP-4 version of the evapo-
ration model, the atomic mass data on tape are taken from the
1964 Atomic Mass Table /A .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 /A .13/ . It should be noted that while the WAPS array
is dimensioned 20 for each A, the J and J' algorithms for sto-
rage and retrieval are such that only 10 values are meaningful

for each A . Values needed for A and Z outside of this range are
computed by the code using the Cameron formula.
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APPENDIX B

Input Descri p tion Cascade Model

B .1 Introduction

There are three basic types of input data required by the
HETC radiation transport code : (a) target geometry and material
descriptions, (b) the specification of various problem depen-
dent transport options, and (c) a magnetic tape of problem in-

dependent data needed for the intranuclear cascade and evapora-

tion model calculations . The purpose here is to describe the

input data used by the intranuclear cascade model . This is done

in anticipation of eventually updating these input data, and
because the data have not been previously documented to the ex-

tent needed for making modifications . (The sources of the data

used are not discussed here ; they have been given by Bertini

/B .1/ .)

The nuclear data input tape contains 5 records of informa-

tion used by the intranuclear cascade model, followed by 13 re-
cords of data pertaining to the evaporation model (Table B .l).

In this chapter, we define these first 5 records ; the evapora-

tion model data arrays are defined in APPENDIX A.

In Section B .2 the input data arrays are defined, and some

of the data are displayed graphically in Section B .3.

B .2 Definition of Input Arrays

A brief description of each input data array is given in

Table B .2 and some further comments are given below .
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Table B1

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

	

600

	

CRSC{1) . . .CRSC(600)

	

600

	

CRSC(601) . . .CRSC(1200)

	

600

	

CRSC(1201) . . .CRSC(1800)

	

600

	

CRSC(1801) . . .CRSC{2400)

	

29849

	

nCL.N{80), DCIN(115), PPAC(19),
POAC(19), FMXSN(161), FMXDN(130)
F°ND{SP(117), PDCI (60) , PDCH{55),
DCHN(143), DCHNA(36), DCHN$(60),
PSPCL(158), PDPCL(130), SPCLN(158),
DPCLN(130), FSLN(176), F'RINN(161),
DMIN(101), PPSCL(117), PNSCL(117),
PMSCL(117), PidNSL(117), PCFSL {234),
FRIPN(117), PNMI(101), PFtF°SL(234),
PNEC(126), PNNEC(126), PMXC(126),
PMEC(126), PPEC(126), PEC(176),
ECN(176), PPDC(6426), PMDD(6426),
PMDX{6426), PNDD(6426)

------- 	 ,

6 3003 PO(1),

	

P1(1),

	

P2{1) . . .PO(1001),
P1(1001),

	

P2{1001)
7 12 IA{1) . . .IA(6),

	

iZ(1) . . .gZ(6)
8 12 RHO(1) . . .RHO(6),

	

OP-fEGA(1) . . .OMF,GA(6)
9 6 EXMASS(1) . . .EXbMASS(6)

10 130 CAM2(1) . . .CAM2(130)
11 200 CAM3(1) . . .CAM3(200)
12 130 CAM4(1) . . .CAN4(130)
13 200 CAM5(1) . . .CAM5(200)

-14 21 C(T(I,3), .T=1,7),

	

1=1,3)
15 297 RMASS(1) . . .RNASS{297)
16 297 ALPH(1) . . .ALPH(297)
17 297 BE'T(i) . . .BET(297)
18 5000 ((WAPS(I, .T),I=1,

	

250),

	

.1=1,20)
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Table ~2

Definition of input data arrays for the
intranuclear cascade model

Array
No .

Array
Name

No
Words Description

Energy
Range (%eV)

sE(MeV) for
Tabulation

1 . CRSC 600 CRSC (I)

	

through CRSC (600) contains the
following nuclear data for A - 1 through
60 :

	

(a)

	

mass number, A ;

	

Co) radial bound-
aries

	

(3)

	

defining nuclear regions,

	

(c)
nucleon density per nucleon for each
region,

	

and

	

(d)

	

Fermi energy per nucleon
for each region .

---

2 . CRSC 600 CRSC

	

(601)

	

through CRSC

	

(1200)

	

contains
nuclear data like Record 1

	

for A = 61
through

	

120 .

---

3 . CRSC 600 CRSC

	

(1201)

	

through CRSC

	

(1800)

	

contains ---_0_ 1
nuclear data like Record 1

	

for A = 121
through 180.

4 . CRSC 600 CRSC

	

(1801)

	

through CRSC

	

(2400)

	

contains --- ---
nuclear data like Record 1

	

for A :

	

191
through 239 .

	

(Data

	

included for A = 240
to fill

	

record,

	

but not meaningful .)

5 . DCLN 80 neutron-proton differential cross section
(energy dependence of coefficients for
angular distributions)

0 -

	

300 20

b . DCIN 115 same meaning as Record 5 300 -

	

740 20

7 . PPAC 19 c'

	

- p absorption cross sections

	

(in cm') 0 -

	

360 20

Table B2 ( corlt inLed )

Array
No .

Array
Name

No.
Words Description

Energy
Range (Met/)

AE(llaV)

	

for
Tabulation

8 . POAC 19 r°

	

- p absorption truss section (in cis') 0 - 360 20

9 . EMXSN 161 maximum value of pion mass distribution
vs. relative kinetic energies for nucleon-
nucleon single production reactions

300 - 2500 20

110 . FMXD3 130 pion mass sampling distribution for
nucleon-nucleon double pion production

920 - 3500 20

11 . i:(•€XSP 117 like record 9 but for pion-ruieleon
single pion production

180 -

	

2500 20

12 . PDCI 60 proton-proton differential cross sections,
tabulated at

	

44A

	

59n

	

650 , 80 0 ,

	

and 1000 11eV

440 - 1000 --

13 . POOH 55 proton-proton differential cross sections,
tabulated at

	

1000,

	

1400,

	

2170,

	

2900,

	

and
4400 Piet/

1000 - 4400 --

14 . DL:€€ii 143 per cent scattering in backward direction
for neutron-proton differential cross
sections

660 - 3500 20

15 . DONNA 36 neutron-proton differential cross sections
in forward direction tabulated at 630,

	

1540,
2560,

	

and 3520 MeV

630 - 3520
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Table B2 (continued)

Array
No .

Array
Name

No.
Fiords Description

Energy
Range (MeV)

6E(MeV)

	

for
Tabulation

lb . DCIINB 60 neutron-proton differential cross sections
in backward directions,

	

tabulated at 630,
2040,

	

2200,

	

2850,

	

and 3500 MeV

630 -

	

3500

17 . 1~S1~CI , 158 proton-proton single pion production cross
sections

	

(in cm')
160 -

	

3500 20

18 PDPCL 130 proton-proton double pion production cross
sections

	

(in cm')
920 -

	

3500 20

19 . SPCLN 158 neutron-proton single pion production cross
sections

	

(in cm 2 )
360 -

	

3500 20

20 . OPCL11 130 neutron-proton double pion production cross
sections

	

(in cm z )
920 -

	

3500 20

21 . FS1-N 176 probability of producing two isobars

	

in
nucleon-proton double: pion production

0 -

	

3500 20

22 . FRINN 161 tabulated values of integrals

	

for

	

isobar
sampling as a function of nucleon-nucleon
relative kinetic energies

300 - 3500 20

23 . 01. 111 €01 tabulated values of integrals for isobar
sampling fur nucleon-nucleon collisions as
a

	

function of the variable R .

	

for R values
from 0 .0

	

co

	

1 .0

	

in steps of 0 .01

Table B2 (continued)

I Array
No .

Array
Name

No.
Words Description

Energy
Range (HeV)

6E(MeV)

	

for

	

1

Tabulation

24 . PPSCL 117 e '	- proton single pion production cross
sections

	

(in cm')
180 -

	

2500 20

25 . PNSCL 117 s° - proton single pion production cross
sections

	

(in cm2)
180 -

	

2500 20

2n . PNSCL 117 - proton single pion production cross
sections

	

(in cm 2 )
180 - 2500 20

27 . PNNSI. 117 4°

	

- neutron single pion production cross
section

	

(in

	

cm 2 )
180 -

	

2500 20

28 . PCFSI. 234 final

	

states

	

for

	

s-

	

-

	

proton

	

single
production

180 -

	

2500 20

29 . FRIPN 117 like Record 22 but for pion-nucleon
collisions

180 - 2500 20

30 . PNMI 101 Like Record 23 but for pion-nucleon
collisions

-- --

31 . PNFS(. 234 final states for 4 °

	

- proton single pion
production

180 - 2500 20

32 . PNEC 126 n °

	

- proton elastic scattering cross
sections

	

(in cm ' )
0 -

	

2500 20

33 . I'NI1EC 126 4°

	

- neutron elastic scattering cross
sections

	

(in cm 2 )
0 - 2500 20
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Table B2 (continued)

Array
No .

Array
Name

No.
Words Description

Energy
Range (MeV)

4E(MeV) for
Tabulation

34 . PMXC 126 n -

	

- proton charge exchange cross
sections

	

(in cm')
0 -

	

2500 20

35 . 1'PIEC 126 - proton elastic scattering cross
sections

	

(in cm')
0 - 2500 20

3b . 1'PEC 1'26 '

	

-

	

proton elastic

	

scattering cross
sections

	

(in cm')
0 -

	

2500 20

~PEC 176 proton-proton elastic scattering cross
sections

	

(in

	

cm' ).
0 - 3500 2037.

36 . ECN 176 neutron-proton elastic scattering cross
sections

	

(in cm ' )
0 - 3500 20

39 . PPDC 6426 cumulative sampling distribution in cosu
for

	

- proton differential cross sections

0 - 2500 20

40, PMUD 6426 cuar~nuletive

	

saiepLing distribution

	

in cosu
for

	

-

	

-

	

prat,~n differential

	

scattering
0 - 2500 20

L'rt~ .] .̀i JC4'ti1Jn5

41. I'1IUX

	

6424

	

,Luauletiv .- sampling distribution in cuss
fur

	

- proton differential charge exchange
cross sections

42 .

	

:'NDD

	

6426

	

cummulative sampling distribution in case
for a° - proton differential scattering
cross sections

Ba 2 . 1 The CRSC Array

The first array, CRSC, contains 10 values for each target
mass number, A, from Al-through 240 . (Values for A=240 are not
meaningful, although values are stored just to complete the
record_) For each A, the following values are stores (where i=
1,2,3) :

200 - 2500

0 - 2500

	

20
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Description

A, target mass number

R i , the radial boundaries of
nucleus A, dividing the nucleus
into 3 regions - a central
sphere and two surrounding
annuli (in cm)

p i /A, nucleon densities per
nucleon for each region, divided
by an arbitrary normalization
factor of 1030 (in cm- 3 )

E .f, Fermi energy per nucleon
for each region (in MeV)

The radial boundaries are defined as those radii where the
nucleon density has decreased to a specified value of its cen-
tral value . A continuous radial dependence of nucleon densities

are assumed /3 .2/:

p ( r ) =p 1 exp(( r - c )/ Z 1)+1-1

where p 1= normalization factor, c=l .07xl0®13A1/3 cm, and z 1 =
0 .545x1€] -13 cm . The R i are then defined by p (R i ) =a i p (0) , with

a 1 =0 .90, a2 = 0 .20, and a3 -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,

n i (N)- neutron density (per 10 30 ) in region i

= (p i /A)N, and

n i (Z)= proton density (per 10 30 ) in region i

= ( pi/A)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 ci is conventionally written as (e .g ., /3 .3/),

Word
Designation

1

2 - 4

5 - 7

8 - 10



P f = (37x 2 ) 1/31(A/ft ) 1/3

and the corresponding kinetic energy is E f =(p f ) 2 /2M . The input

nucleon densities correspond to p i /A=1/n, and the input Fermi

energies (per nucleon) correspond to

E_ =E r /A=(3h 3 p i /877)/2M

The Fermi energies of neutrons and protons in each region

then are

A
E (N)=E~ (A-z) 2/3

B .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(cose) n

where the coefficients are input data, (b) as tabulated values
corresponding to the areas under the angular distribution in
®cos9 intervals, or (c) as tabulated cummulative frequency dis-

tributions in µ=cosO . The method used for each cross section

is given in Table B .3.

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 symmetric about

L=0 .

The pion-proton scattering and charge exchange cross sec-
tions are based on the phase shift data of /B .4/ and the forma-
lism given by Bertini /B5/ . At each energy, values of g defi-

ned by

R=jP(A) diL

-1s
are tabulated corresponding to R=O to 1 in steps of 4 .02.

and
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Table B3

Methods used in representing differential
scattering cross sections

_____

Cdoss
Sections

Energy
(~ie~%) Method

----

Array

~a(nmp) 0-300 (a)

	

forward scattering;
A_

	

-f- 3 C	(cos)
DC~V

(b) backward scattering;
~, 3

	

-r

	

B3

	

(case?`

300-740 e (a) ®¢o~°,~aede scatte r ~.ng_ ®®__a_ DCb y„ ~.
A r

	

4:

	

B C	(cos°)'

(b)

	

backward scattering:
A3

	

4- B3

	

(cose) s

_°° 660°3520 ° ° tabulatedvai,ues

-

for a
,s___a®_DC2-~fA_

intervals,

	

u e 0
°®_°a®°m°ana~b4~-___a_m_® .____m ..®®®m__e°____®__

660°3520 tabulated values for .u DCHId3
intervals,

	

0

Cc (p°p)
UN

0-500

	

I

do~

	

I

(assumed isotro p ic in ---
center-of-mass)ÖdasS) _°°

®_ ®®o_~oeo®~m®o®o9ab-_®®oa

440°

b

1

°

440-1000 tabulated values for
intervals

:]u

o I

?DCI

°° _ae ° em° _ °°_a®m®°°°°	 ° mm__®__®___ee°

I

1000a4400 (as above) PDCH

¢°p) 0-2500 ce~ulative frecue~lcy dis- ?PDC

	

I
dl tributions in ;s ,

	

determined
from phase shift analysis

-,-( ,r-°p) 0-2500 (as above) ?MOD

--- ---- -

ciä2° p) 02500 (as above)

	

?NET

_	

~(~_®p

	

c .a .)

_ ,	 . -_._ .._

0-2500 (as above) PPOX

B .2 .3 Data for Isobar Model

For single pion production collisions produced by an inci-

dent particle having relative kinetic energy E r , the probabili-

ty of creating an excited isobar of mass m is, according to the

Sternheimer--Lindenbaum model /B .6/.
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P(m,E r )=Ca3/2 (m)F(m,Er)

where C is a normalization constant, a 3/2 (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

and FMXSP pertain to selecting from the F distribution for in-
cident nucleons and pions, respectively . The arrays FRIPN and
DMIN are used in selecting from a for nucleon-nucleon colli-
sions, and FRIPN and PNMI are used in selecting from a for

pion-nuclear collisions.

For double pion production, the masses of the isobars are
expressed as

P(ml ,m2 ,E r ) = ka3 /2(ml)a3/2(m2)F(ml,m2,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 specifying final states . FSLN is the probability

of two isobars in nucleon-nucleon collisions, PCFSL is for i --p

final states, and PNFSL is for 7T°-p final states.

B .3 Plots of Input Data

Some of the input data are shown graphically in Figs . B .l

to B .9 . 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 . B .l to B .3 show the contents of the CRSC input array.
The total cross sections for all reactions are shown in Figs.

B .4 to B ..7.

The differential cross section data have not been plotted

but in Figures B .8 and B .9 the angular distributions for low-

energy n-p scattering are shown. These distributions are norma-

lized to unity in both the forward and backward directions .
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t
'®--	

0
~ 	. .®.

	

I

	

~

.0

	

40 .0

	

80 .0

	

i20 .0

	

160.0 200 .0

	

2iC .0

A, MASS NO.

Fig . El

Input data (CRSC array) for radial boundaries
defining regions of the nueus . (Input values
have been multiplied by 10 1i before plotting)
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Fig . B2

Input data (CRSC array) for
each region of the nucleus.
and the lees plotted are
ly by 10 iu )

nucleon density in
(The input values,
divided arbitrari-
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80 .0

	

120,0

	

180 .0
A, MASS NO.

0 .0 40 .0 200.0 Z40 .C

Fig . B3

Input data (CRSC array) for Fermi energy per
nucleon in each region of the nucleus



m = 7°-p elastic (PNEC array)
o = ,7°-n elastic (PNNEC array)
® = 7--p elastic (PMEC array)

= Ti®p elastic (PPEi, array)
x

	

p -p elastic (PEC array)
o = z~ -p elastic (EC1 array)

Fig . B4

Input data used for pion-nucleon and nucleon-nucleon
elastic scattering cross sections . (The low-energy

region is shown expanded in Figure B5)



Legend

n = ;r ° -p elastic
o = ;7°-n elastic
a = 7°-p elastic
~ = n+ -p elastic
X ä p -p elastic
o n op elastic

Pion-nucleon and nucleon-nucleon elastic scattering
cross sections in the 0 to 500 MeV energy region
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Fig . B6

Input data used for pion production cross sections
for nucleon-nucleon collisions

e

Legend

single production
double production
single production
double production

2500

(PSPLL array)
(PDPCL array)
(SPIN array)!
(DPCLN array ) 6

3000
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~
p

V
'~ ~

!7

	

,

1 1 t

Legend
= rr ¢ °p, single prodIction (PPSCL array)

m

	

o=

	

single production (PNSGL array)

®=~°®~ s

single production
(PNNSL array)

Fig . B7

Input data used for pion production cross sections
for pion nucleon collisions



Legend

o = e-p absorption (PFAC array)
o 7°-p absorption (POAC array)

= 77-mp charge . axchange (PMXC array) h

5CC

	

iCOO

	

iSCC

	

G .riUC

	

z[CO

ENERGY ;lEi:
Fig . B8

Input data used for piort absorption and
char g e-exchang e cross sections
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sa

	

4s

	

so

THETP, (DEGREES)

Fig . B9

Neutron-proton angular distributions (in-center-of-mass)
in the forward direction for the 0 - 300 MeV range . These
distributions are determined by input coefficients in the
DCLN array . The curves labeled I and 15 are for 0 and 300
MeV, respectively, and the intermediate curves are at 20
MeV intervals .
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120

	

135

	

150

	

165

	

1s®

THETA (DEGREE'S)
90 1 CS

Fig . BIO

Like Figure B9 but for backward directions
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APPENDIX C
The Combinatorial Geometry

C .l General Design

CG-GEOM is a Program used to describe a three dimensional
geometry and to control tracing of particles (or points)
through this geometry.

CG-GEOM provides a set of 'bodies', which may be located and
described by parameters as their spatial location and orienta-
tion and size parameters as radius etc.

The 'bodies' are combined to 'geometry zones' . Thus each
zone is described by a list of bodies to be included in,or ex-

cluded from the zone.

The 'geometry zones' are assigned to 'media' and 'regions',
where a 'medium' normally includes one single material
and the 'regions' are used to define special volumes of
interest, for example detectors.

Normally the geometry routines are called by random-walk
routines of a monte-carlo transport code or by . a three
dimensional analysis code (as S IMPEL) , to find the appropri-
ate 'medium' cross sections or the 'region' to activate the
appropriate detector .(see also Ref . /4/)

C .2 Standard Program Interface to Use CG-GEOM

There are three subroutine calls, the named common /GEOMC/
and the blank common needed to use CG-GEOM.

- SUBROUTINE JOMIN (IADD, IN, TOUT)
which reads the geometry data from unit IN,
into the blank common starting at location
IADD.

When JOMIN returns, the blank common locat-
ion IADD contains the number of storage words
used.

The call of JOMIN must preceed any other use
of the geometry.

The processed input data is reported on unit
IOUT .
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- SUBROUTINE LOOKZ (X,Y,Z)

which computes the region and medium number
for a starting point at (X,Y,Z), where X,Y,21
are given in double precission
LOOKZ must be called for each p article at the
beginning of its walk.

- SUBROUTINE GEOM

which traces a particle from a given starting
point (Xl,Yl,Zl) along the direction

(X2,Y2,Z2) - (XI,Y1,Zl) until the given ten-
tative 'end-of-flight point' (X2,Y2,Z2) is
reached or a geometry boundary is crossed.
GEOM needs IBLD at the particle's position
(XI,YI,Zl).

IBLD will be avaiable after a call of LOOKZ or
must be set by the user.

- COMMON /GEOMC/ X2,Y2,Z2,Xl,YI,ZI,ETA,ETAUSL7, IBLZ, IBLZD,
MARC, NMED , NREG

REAi.*8 X2,Y2,Z2,X1,YI,'Z1,ETA,ETAUSD

If the 'tentative end of flight point' is reached GEOM will
return with

MARC = 1

ETAUSD = number of distance units ETA used for this path
NMED = medium number of the current geometry medium
NREG = region number of the current geometry region
IBLZ

	

= internal code-zone number of the current zone
IBLD

	

= IBLZ

For a subsequent call of GBOM for the same particle, IBLD is
aiiready o .k.

If a boundary crossing is detected GEOM will return with
MARC

	

= 0 for internal boundaries

=-1 for boundary crossing into external void
=-2 for boundary crossing into internal void

ETAUSD = number of distance units ETA used for this path

NMED = medium number of medium to be entered

NREG = region number of region to be entered
IBLZ

	

= internal code-zone number of current zone
IBLD

	

= internal code-zone number of next zone to be
entered
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X2,Y2,Z2= coordinates of boundary crossing point.

For a subsequent call of GEOM for the same particle, the
user has to set IBLD=IBLZ.

C .3 Extended Interface to CG-GEOM

In addition to the above interface ,the user can get infor-
mation about the normal vector of the crossed surface at
the crossing point in case of boundary crossing, and about
zone volumes.

- SUBROUTINE NORMV
will return the normal vector at the crossing
point on common

- COMMON /NORMAL/ UN, SIN , WN
REAL *8 UN,VN,WN

NORMV must be called immediatly after the boundary crossing

occur ed.

SUBROUTINE GTVOL (MAX,GNOR)
REAL*4 GNOR (MAX)

will return the volumes of the first MAX zones
on the array GNOR.

Note : In the current version of CG-GEOM, volumes are read in
or set equal to one according to the input.
In SIMPEL the user won't use this method.
In a later release, there will be a module, which com-
putes region or media volumes and inter-region or

inter-media surfaces.

C .4 CG-GEOM Input Instructions

The input is read from unit IN as specified in the JOMIN-call =

i .e . in SIMPEL this will be the unit specified in the GEOIN-

command.

Card

	

1

	

:Format(7I5)
NUMB

	

= number of bodies
NUMR

	

= number of input geometry zones
NCOD

	

= number of code zones
= NUMR + number of OR operators used
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LMXX

	

= maximum length of floating point array
F PD
( the used length will be printed out)

LIMY

	

= maximum length of integer array MA

LOUT

	

= not used in this version

o --> set all volumes equal to 1 .0
1 --> invalid in this version
2 --> invalid in this version

3 --> read in NUMR volumes

= 4 --> bypass volume determination
MEDREG

	

=-1 --> return from GEOM at region-
boundary crossing only

= 0 --> return from GEOM at all
boundary crossings

= 1 --> return from GEOM at medium-
boundary crossing only

Note :

	

for HETC use IVOPT=4 and EDREG=1
for SIMPEL use IVOPT=4 and MEDREG=0

Card

	

3

	

:Format(I10,E15 .4,A3,13A4)
IPRINT

	

- 1 --> print out geometry description
= 0 --> no print

STRETCH = all body parameters will be multiplied
by this factor

TITLE

	

= text to identify the input

Card(s) 4

	

:FOrmat(2X,A3,1X,I4,6E10 .3)
TYPE

	

= body-type name
INR

	

= body number
PRARM

	

= parameters describing the body

Note :

	

Card 4 is repeated for NUMB bodies.
The last one must be 'END'.
If a body requires more than six parameters, one or
more continuation lines must be used leaving
TYPE and INR blank

See table BODIES to find the parameters needed for
the body input

Card

	

2

	

:Format(216)
IVOPT
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Card(s) 5

	

:rormat(2I5,9(A2,I5))
IMED

	

= medium number for this input zone

IREG

	

= region number for this input zone
(IOR i ,IBODY i )

Note :

	

An input zone consists of one or mote code zones.
Each code zone `CZ` describes a set of spatial points:

(xcz,ycz,zcz) 6 CZ
A point lies within an input zone, when it lies in one
of the code zones defining the input zone.
If an input zone consists of more than one code zone,
each code zone description must be preceeded by OR-

A code zone is defined by one or more bodies IBODY,
describing a set of spatial points

(xIBODY,Ylbody,zlBODY) E IBODY

If IBODY > 0 : all (xCZ ,yCZ ,z CZ ) must lie within IBODY

If IBODY C 0 : all (xCZ ,yCZ ,z CZ ) must lie outside IBODY

If more than one card (i .e . 9 bodies) is needed to
specify an input zone, a continuation line must be used
leaving II ED and IREG blank.

M ED = 1000 specifies an internal void (vacuum)

IMED =

	

-°1 specifies external void.
I'D - 999 terminates the zone input.

Card(s) 6

	

:Eormat(7E10 .5)

	

(omitt if IVORT"3)
VNOR

	

= NUMB volumes of the input zones
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`ABLE C . 1

CG-Body Types

Body type

	

TYPE PARAM

box

	

BOX vx	v y	vz

	

h lx hly hlz
h2x

	

h2y

	

h2z

	

h 3x

	

h3y

	

h3z.

right parallel-

	

RPP

	

xmin xmax ymin Ymax zTnin znax
epiped
------------------------------------------------------------ --

sphere

	

SPH vx	v y	v z
- ---------------------------- ---------------------------------

right circular

	

RCC vx

	

vy	v z	h x	b y	h z
cylinder

	

r
______________--__------------------------------------------ ---
right elliptic

	

REC v,

	

vy	v z	h x	h y	h z
cylinder

	

r 1x

	

g ly

	

r 1z

	

r 2x

	

r 2y

	

r 2z
- -----------------------------------------------------------
ellipsoid

	

ELL v lx v ly v iz
b

v2x v 2y v2z

	 ®	 ,	
truncat2d right

	

TRC v x	v y	v z	h x

	

by

	

hz
cone

	

r i	1 2

right angle

	

WED vx

	

d y

	

a z

	

nix hly hlz
wedge

	

or RAW h 2x h 2y h 2z h3x h3y h3z
	 . .	 m	

V lz
v 3z
v 5z
v7z
s 3 4

v 2x
v4x
v 6x
v8 x
5 4 4

arbitrary

	

ARS v ix v ly
polyhedron

	

v 3x V3y

v5x

	

v 5y
V7x V7y
s l4

	

s 2 4

V2y V2 2
V4y v4 z
V6y v6z
V8y v8z
s 5 4

	

s E~4
- --------------------------------------------------------------

where

	

(v x ,Vy ,v z )

	

is a vertex vector
(hx ,hy ,h z )

	

is a hight vector
r

	

is a scalar radius
(r ix ,r iy ,r iz ) is an ellipsis radius
s i 4

	

is a four digit real number where
each digit is the index of a vertex
vector v i of the corner of a plane
area .
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APPENDIX D
The PI CTURE-CG Progam

PICTURE produces line-printer-plots of plane cuts through
a three-dimensional geometry described by the combinatorial
geometry module CG-GEOM .(see Ref . /4/)

Its purpose is the checking and presentation of the geo-
metry.

D .l Input for PICTURE

Input to picture is read from unit IN specified in the
PICTURE command.

Card 1

	

:Format(I5)
NNUSE

	

=0 use the default symbol table.
>0 read in a new symbol table with NNUSE

entries.
(NNUSE must be less than or equal 200)

Card(S) 2 :Pormat(40A2) (omit if NNUSE .le .0)

ATABLE

	

symbol table of length NNUSE

Card(s) 3 :omit if SIMPEL is used.
insert CG-geom input here for the stand alone vers-
ion of PICTURE

CARD 4-1 . :Pormat(212, 18A4)
IOPT <0 stop

=0 continue
fication

reading the next frame speci-
(card set 4

	

).
>0 continue

cription
reading the next geometry des-
(card set 3

	

).
IRG =0 print out media-geometry

"=0 print out region-geometry
TITLaE text to identify the picture frame .

Card 4-2 :Format(6E10 .5)
X0

	

coordinates of upper left corner of the

Y0

	

frame
ZO

Xl

	

coordinates of lower right corner of
Yl

	

the frame
Zl
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Card 4-3 :Format(6E10 .5)
XU

	

direction cosines of the u-axis
YU
ZU

XV

	

direction cosines of the v-axis
YV
ZV

Card 4-4 :Format(2I5,2E10 .5)
NU

	

number of characters in U direction
NV

	

number of characters in V direction
DELU

	

spacing of U-axis
DELV

	

spacing of V-axis
(specify either NU,NV or DELU,DELV)

input continues according to IOPT.

D .2 Method of O peration

According to the symbol table each region or medium of the
geometry is connected with a special character to be printed.

The U and V axes define a plane area through the geometry,

with U=O and V=O in (XO,YO,ZO) . NU beams are traced along

this plane.

They are started at the coordinates

(X i ,Y i ,Z i ) _ (XO,YO,ZO) -~ (i-1) * DELU * (XU,YU,ZU) i=1,NU

LOOKZ is called to ask for the region and medium number of
the starting point . According to these numbers a character C is

selected from the symbol table.

The beam direction is given as (XV,YV,ZV).

Then he
space unit for the geometry routines is set to DELV.

ThGEOM is called to trace the bean to the next geometry
boundary . GEOM returns the variable ETAUSD which is the number
of space units (i .e . characters) used until the boundary cross-
ing occurs . So ETAUSD characters C may be stored into the

print buffer . A new character C is selected according to the

region or medium number of the next zone to be entered as
known from GEOM .

IY
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This procedure is repeated until the beam reaches the other
side of the plane area at :

(X;,Yj,Zi) = (XO,YO,ZO) ~ (i-I)

	

DELU

	

(XU,YU,ZU) ~

NV

	

* DELV

	

(XV,YV,ZV)

PICTURE may be used also for other geometry modules, if
those use the same program interface as CG-GEUH;
(see APPENDIX C)
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APPENDIX E

Sample Problem

E .l Introduction

This sample problem considers a 350 MeV proton beam incident
on a slab containing a mixture of depleted uranium, water and
aluminum . The composition is 76 .5

	

U, 16 .5 % H2O and 7 % Al.
The slab has dimensions of 10 x 30 x 80 cm 3 . The beam axis is
perpendicular to the front face . of 10 x 30 cm 2 of the slab . In
the following a listing of input data and output of the SIMPEL
program with an edit for total yields, volume fluxes, surface
currents and total energy depositions for all particles is gi-
ven . The problem was run on the IBM 370/3033 computer at KFA.
The job control language is that of the MVS system under JES2.

E .2 Elastic Scattering Data Input

//RE:703100 JOB ( 152, 011881 ), STERZENBACP,T==( , 30 )
/*JOBPAR..~ L=15
PRO= PRINT R9
//'
// *	SUBMIT. ELAS . TRGOI.
//'

	

ELASTIC N-SIGi9A .SCA1' FOR AL,O
//'
//ERASE EXEC MS=
//SYSIN DD

DEL 'USRT .REC70 31 .ELAS,TRGO1"

//ALLOC EXEC PGM=IEF'BR14, COND=( 9, L'T' )
//NEWDS DD UNI'I'=3330V, MSVGP=T'r~5SO404, DISP -=( i3rK, CATLG ) ,
//

	

DCB=( RECr'M=FB, LRECL= 8o , BLKSI==6160 ) ,
//

	

DSN=USRT . RE°TO31 , ELAS . TRGO1
//TtIRITEI EXEC GFORT, NAi+fE=PUDiCfiZsTQ, DS=' USER > RF.'I?30LO%)" , CoND= ( 9, I+'I` )
//G . F I1ogOO1 DD DSN=USER. REP:o31 . O5RDAT( O5RHET ), DISP=SH£t
//G , FT1 1FOO1 DD DSN=USRT . RE'W'O 31 . L'L.RvS . TRGO1, D?SP=SHR
//G . SYSIN

	

DD *
	10

	

11

	

1
14 .9

13000

	

2
13000

	

71

	

8000

	

2

	

8000

	

71
0

	

0

100.
AL-NAT ELASTIC

Fl
0- 16 ELASTIC

F1
END OF DATA

/*



E .3 HETC/KFA--1 Input

//REW031T2 JOB ( 3.52, 0J.1B81 ), STERZENBACH,'I'IME = ( 6$ ), REGION=2000K
/*.TOBPARM L=15
/*ROUTE PRINT R9
//*	 >SUBYiIT .HET;d .TRGO1B yO=350biEV SNQ 2-DESIGN
//e*'****~*******-kM~W*************t**'k*t**-k'k-k*~'t-trV********

//*	 > ERASE OLD 2R5S-DATAsSETS
//

	

EXEC MSCMB
//SYSIN DD

DEL ' USRT . REW031 . Fx''?FRGOIB'
DEL ' USRT . REW031. . NTRGOIB .

//*	 >ALLOCATE NEW MSS-DATASETS
//

	

EXEC PGM=IEFBR14,COND=(9,LT)
//NESTP DD DSN=LiSRT . RE5d031 . fäTRG01B , DI SP=( NEW, CATLG ) ,
//

	

Tai.VZ 'i'=33301T,MSVGP=TM5S80O8,DCB=(RECFAi=VBS,BLICSIZE=3020)
//NEU'Ä'P DD DSN-USRT . REW031 . *.pTRGO1B, DISP-( NEW, CATBG),
//

	

UNIT=3330ii,MVGP=TM5SO404,DCB=(RECFM=VBS,BLKSIZE=3020)
//* -°	 >RUN HETN
//*

	

HERE AN CG-LIKE SPECICAL GEOMETRY IS USED TO SPEED UP

//*

	

TBE CODE
//HETN EXEC CLGFORTE, COND=( 9, LT ), PARM . C=' XREF, MM.P, OP1'IMIZE( 2)-

SUBROUTIIdE LOOKZ ( X, Y, Z )
C	 °	 .----.---- .. ..	 ...---

C

	

MODULE =SLRB1

	

(SINGLE SLAB)

C

	

STJBNA?X=LOOKZ
C	 ~	

REAL*8

	

X,Y,Z

COMMON

	

/GEOMC/ X2(3),X1(3),ETA,ETAUSD,IB%N,IBLO,MA_RC,
+

	

NMEfJ, NREG

REAL* 9

	

X2 , X? , B Ì°A , E`• TAUSD

/,se

	

COMMON

	

/SLB1/ XMIle*, YMIN, MMIN, Xt?A.3C, YMAX, ZMAX, XI.,EN, XLEiQ, ZLEM, T0

L°°.®® ® .a. .~®	 . . .. .. .m--•°---m..-...	 ...J. r.	 . ....- .	 .. ._---

MZ-iRC =1
IF

	

(X .LT .XMIN .OR . Y .LT .YMIN .OR. Z .LT .ZMIN) GOTO 1
IF

	

(X.GT .XMAX .OR . Y .GT .YMAX .OR . Z .GT .ZxMAX) GOTO 1

NMED =1
NREG =1.
RETURN

1 CONTINUE
WRITE (10,600) X, Y, Z

600 FOREMT( '--GE0--> LOOnZ s CALLED WITH INVALID POINT"i
+

	

, 1.P3D10 . 3 )
MARC =-1
NMED =0
NREG =0
RETURN
END

92
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SUBROUTINE GEOM
C	 ._ ..._ . ..	

C

	

MODULE =SLAB1
C

	

SUBNAME =GEOM
C

	

SUBNAME=NORMV
c---®	 ®®	 ®	

COMMON

	

/GEOMC/ X2( 3),X1( 3),E'b'A,ETAUSD, IBI,N, IBLO,MARC,
+

	

NMED,NREG
REAL *8

	

X2 , X1, E'I'A, ETAUSD
COMMON

	

/SLB1/ XYZI,IM( 3, 2 )

	

, XLEN, YLEN, ZLEN, IO
COMMON

	

/NORMAL/UN(3)
REAL 'p 8

	

UN
REAL*B

	

ROOT, PTFi, USE, U( 3)
C

	

	 °	 °-°°--°°°°°-°---°°--®-°°--°

MARC=1
USE =0 . DO
DO 1 1=1,3

U(I) = X2(I) - X1(I)
USE = USE + U(I)2

1 CONTINUE
USE =DSQRT (USE)
PTH =USE
DO 20 I=1,3

U(I) =U(I) /USE
IF

	

(U(I))

	

11,20,13
11

	

ROOT =( XYZLIM( I,1 )-X1( S)) / U(1)
~

	

~-I
GOTO 15

C 12

	

ROOT = 1 .E72
C

	

GOTO 15
13

	

ROOT =(XYZLIM(1,2)`"X1(I)) / U(I)
J

	

=1
15

	

IF

	

( ROOF . GE . PTE )

	

GOTO 20
PTii =ROOT
ISURF =J
MARC =°1

20 CONTINUE
IF

	

(MARC)

	

2,2,5
2 NREG =0

NMED =0
ETAUSD=PTH /USE *ETA
DO 3 I=1,3

X2(I) = X1(I) + PTFi * U(I)
3 CONTINUE

ENTRY NORMST

DO 4 1=1,3
UN(I) = 0,

4 CONTINUE
UN (IABS(ISURF)) = ISURF
RETURN

5 CONTINUE
NMED =1
NREG =1
ETAUSD=1 .DO
RETURN
ENDL.1`S L

SUBROUTINE JOMIN (IAD,IN,IO)
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C

	

	 .

MODULE =SPH1
C

	

SUBNAME=JOMIN
c

COMMON 14C(I)
COMMON /SLB1/ MvilN,YMIN,MMIN,XMAX,YMAX,ZMAa,XLEN,YLEN,ZLEN,10
NAMELIST /GEO/ XMIN,YMIN,MMIN,XMAX,TMAX,MMAX,XIEN,YIEN,ZLEN

c
10 =10
I4C (IAD) =1
WRITE (10,600)

600 FORMAT('--GEO--> JOMIN : YOU ARE USING SLABI-GEOH7TRY ')
READ ,(IN,GEO)
XLEN = XMAX XMIN
YLEN = YMAX - YMIN
ZLEN = ZMAX
WRITE (10,GEO)
RETURN
END

/lc

//L .SYSIN DD *
INCLUDE USER( TN].)
INCLUDE USER(HETNAL)
INCLUDE USER(HETN)
ENTRY MAIN

/'*

//G .SYSIN DD *
SUBMIT .HETN .TRGOIB
WITH REFERNCE TARGET MATERIAL
D2E69F59D9A7
&RUN

MAXCAB =100, M=CH=100, IHOUR=1, IMINIT=02, ISEC=00,
C.. '	 ENERGIES	

EMIN(I)=14 .9,EMIN(2)=14 .9,EPICUT=1 .,

	

EMUCUT=1 .,

	

ELOP=14 .9,
CTOFE=O .,

	

EMAX=350 ., ELAS=100 :,
C='	 TARES	 ..___.	 ...

NEUTP=10,

	

NESTP=30,

	

IGAMTP=O,

	

IBERTP=-20, NELSTP =21,
C='	 OPTIONS __®	 .	 F	 . .. ,

NICOL=O,

	

NPIDK=O,

	

N'BOGUS=l,

	

NSPRED=O,

	

NWSPRD=O,
NSEUDO=I,

	

ISTRAG=O,

	

IANG=O,

	

IFISS=l,

	

IBO=I„
IGEOM=O,

	

NLEDIT=1,

	

B0=10 .,
C='

	

	 °°°°-°- MATERIALS --FOR TRGOIS	
MT+IAT=I, NOELAB=2,
DENH(1)= 11 .1088-3, NEL(1)=4, NOEL(1)=2,

ZZ=	13.,

	

8,,

	

92 .,

	

92 .,
A=

	

27 .,

	

16 .,

	

235 .,

	

238 .,
DEN=4 .0956-3,5 .5544-3,7 .3663-5,3 .6758-2,
ID=

	

2,

	

0,
C='	 PROTON BEAM SOURCE 350ME'V F .H .W.=4CM-------°--°----°",
TIPSR=0 .0,

	

XSR=0 .0,

	

YSR=0 .0,

	

ZSR=0 .0,

	

ESR=350 ., WTSR=1 .0,
X.SIG=1 .699,YSIG=0 .0, ZSIG=1 .699, ESIG=0 .0,

	

RSR=5 .0,
USR=O .O,

	

VSR=1 .0,

	

WSR=0 .0
&END
&.GEO XMIN=-15 .,XMAX=15 ., ZMIN=-5 .,ZMAX-=5 ., YM.IN=O .,YMAX=-80 . &END
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//*	
//G .FT11FOO1 DD SYSOUT=*,DCB =(RECFM=UA,BLXSIZE=133)

	

SOURCE-MONITOR
//G . FT2OFO01 DD DSN=USER . REW031 . BERT?Q, DISP=SFiR

	

CASC-F.VAP-DATA
//G . FT21F001 DD DSN=USRT .R.E:7031 .ELAS .TRGO1,DISP=SHR
//G .FTIOFOOI DO DSN=USRT . iEW031 .NTRGOIB,DISP=SfiR

//G .F°T°3OFOO1 DD DSN=USRT .RE'rd031 .HTRG0IB,DISP=SHR
//G .FT40FOO1 DD DUMMY
//RELEASE EXEC RELEASE, JOBA3AME=RcW031T3 , COND=( 9 , LT )

E 0 J

E .4 SIMPEi., Analysis Input

//REWO31'I'3 JOB (152,011881),STERZENBACH,TIME=(16),REGION=2000K,
//

	

CLFiSS=K, MSGCLASS=Y, TYPRUN=IiOLD
/*G'OBPARM L=15
// *	 > SU$MIT . S 8 . TRGO1 . TOTAL
//*	 >SIPXEL INTEGRAL PROPERTIES (E0=350 .)
//SIFi EXEC LGEORTE,COND=(9,LT)
//L . SYSPRINT OD DUMMY
//L .USER

	

DO DSN=USER .REW3OLOD,DiSP=SI3R
//L .SYSIN

	

DO
INCLUDE USER( SIM008 )
ENTRY MAIN

/
//G . FgI°21FO01 DD DSN=USER, REW0 .31 . 05RBAT( S8COM ), DISP=SFiR
//G .FT30F001 DD DsN=USRT .REWO31 .HTRGOIB,DISP=SHR
//G .FTO7F001 DD SYSOUT=*,DCB=(RECFM=UA,BLKSIZE=133)
//G .FT41F001 DO SYSOU'I'=*,DCB=(RECFM=UA,BLKSIZE=133 )
//G .SYSIN

	

DY? *
C=' REFERENCE TARGET MIX . IN°Y'Et3RA.t, PROPERTIES' ;
w=(o . O . 0 . ) ;NoRM=(o 0 o) ;MARG--(O 0 1 0 0 0);
MEDI=(1 ) ; MED2=( O ) ; E=(1? OO . 350 . 15 . 0 . ) ; E%=(1100 . 350 . 15 .);
DEFDET YNC,1,0,3,W,NORFf,hfiA.RG,E„AfEDI;
* CASCADE NEUTRON YIELD
DEFDE'%° YNE,2,0,3,W,NORM,MARG,E„MED1;
* EVAPORATION NEUTRON YIELD
DEFDET Y'PC, 1, O, 2, W, NOR$3, MARG, E, , MEDI;
* CASCADE PROTON YIELD
DEFDET YPE, 2 , 0, 2 , W, NORM, MARG, E, , MED1;
* EVAPORATION PROTON YIELD
DEFDET YPIC,1, 0,15, W, NORM, MARG, E / ,MED1;
* CASCADE PION YIELD
DEF'DE'T* YMUC, 1, O, 16 , W, NORM,'•iARG, E, , MEDl;
* CASCADE MUON YIELD
DEFDET YDE,2,0,9,W,NORM,MARG,E,,NED1;
* EVAPORATION DEUTERON YIELD
DEFDET Y'I4E,2,O,10,W,NORM,MARG,E„3'ED1;
* Ei7-APORATION TRITON YIELD
rDEF DET Y'rIE, 2 , O ,11, W , NORM, °rlAi'cG , F. , , hTD1;

* EVAPORATION HE-3 YIELD
DEFDET YAE,2,0,12,W,NOR .&f,RARG,E,,ATED1;
* EVAPORATION ALPHA YIELD
DEFDET QN, 7, 0, 3, W, NORRM, FI.ARG, EQ, ,MED1;
* NEUTRON FLUX
DEFDET QP,7,O,2,W,NORM,MARG .EQ,,MTD1 ;
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* SECONDARY PROTON FLUX
DEFDET QPI, 7, 0,15, W, NORM, MARG, EQ„HED1;

* PION FLUX
DEFDET QMLT,7,0,16,W,NORM,MARG,EQ„MED1;

* MUON FLUX
DEFDET IN,5,0,3,W,NORM,IARG,EQ,,MED1, :ED2;

• NEUTRON LEAKAGE CURRENT
DEFDET IP,5,0,2,W,NORM, yfARG,EQ„MED1,MED2;

• PROTON LEAKAGE CURRENT
DEFDET IPI ,5,0,15, W,NORM,MARG,EQ,,MEDI,NED2;
* PION LEAKAGE CURRENT
DEFDET IMÜ, 5 , 0 , 16 ,W,NORM,MARG,EQ „ MEDI,MED2;
MUON LEAKAGE CURRENT

DEFDET DE,6,0,O,W,NORM,(0 0 1 0 0 0),,,NED1;
* ENERGY DEPOSITION

SIMPEL 30,100;
STOP;

/*

E .5 SIMPEL Primary Output

C

	

= REFERENCE TARGET MIX . INTEGRAL PROPERT

IES

W ( 3)-
0 .0

	

0 .0
- ---------------------------- ------- ------------

0 .0

NORbi ( 3 )_
q 0 0

	

(

	

6 )-
o 0
0

1

	

0
MARG

	

AED1

	

(

	

I)=
1

----------------------------------------

MED2

	

(

	

I)=
0

- ------------------------------- ------------ ---------

E ( 4) =

1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

EQ

	

(

	

3)=

1 .100000E+03 3 .500000E+02 1 .500000E+01.

	

DEF DE`I° NAME=YNC

	

TYP= 1 IOPT= 0 IPRT= 3

	

W- 0 .0

	

0 .0

	

0 .0

NORM=	0

	

0

	

0

v' CASCADE NEUTRON YIELD
E ( 4 )=

1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MEDI

	

(

	

I )=
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---------------------------------- -----------------------------
DEEDET NAME =YNE

	

TYP= 2 IOPT= 0 IPRT= 3
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
A' EVAPORATION NEUTRON YIELD
E

	

(

	

4)=
1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MED1

	

(

	

1)=
1---------------------------------------------------------------

DEF'DET NAME =YPC

	

TYP= 1 IOPT= 0 IPRT= 2
W= 0 .0

	

0,0

	

0 .0
NORM=

	

0

	

0

	

0
1' CASCADE PROTON YIELD

E ( 4)=
1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MED1

	

(

	

1 )=
1---------------------------------------------------------------

DEFDET NA'=YPE

	

TYP= 2 IOPT= 0 IPRT= 2
W= 0 .0

	

0 .0

	

0 .0
NORM-

	

0

	

0

	

0
k EVAPORATION PROTON YIELD
E ( 4)=

1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0
M D1

	

(

	

1)=
1

------------------------------------------------------- ------

DEFDET NAME=YPIC

	

TYP= 1 IOPT= 0 IPRT= 15
W= 0 .0

	

0,0

	

0 .0
NORM=

	

0

	

0

	

0
* CASCADE PION YIELD
E ( 4)=

1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0
MED1

	

(

	

I ) =
1

--.	 m._ ,	 . ..__...	 ,	 ..
._.	

DEF DET NA°sas,=YriüC

	

TYP= 1 IOPT= 0 IPRT= 16
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* CASCADE FfüON YIELD
E

	

(

	

4)=
1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MED1

	

(

	

1)=
1

	

DEF'DE°3' I3AME=YDE

	

TYP= 2 IOPT= 0 IPRT= 9
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* EVAPORATION DEUTERON YIELD
E

	

(

	

4)=
1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MED1

	

(

	

1)=
1
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- -------------------------------------------------____---------

DEFDET NAME=jlTE

	

MP= 2 IOPT= 0 IPRT= 10

W= 0 .0

	

0 .0

	

0 .0

NORM=

	

0

	

0

	

0

* EVAPORATION TRITON YIELD

E ( 4)-
1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

MED1

	

(

	

I ) =
1

	°--®---°°----p	 ....®.--

DEF'DET NAME =i'HE

	

TYP = 2 %OPT= 0 IPRT= 11
W= 0 .0

	

0 .0

	

0 .0

NORM=	0

	

0

	

0

",t EVAPORATION HE-3 YIELD
E ( 4)=

1 .100000E+03 3 .500000E+02 1 .500000E+01 0 .0

;:fED1.

	

(

	

1)=
1

-------------------------------------------------------
DEF'DET tiTAME=XAE

	

TYP= 2 IOPT= 0 IPRT= 12

W= 0 .0

	

0 .0

	

0 .0

NORM=

	

0

	

0

	

0

E EVAPORATION ALPHA YIELD
E ( 4)=

1 .100000E+03 3,500000E+02 1,500000E+01 0 .0

MED1

	

(

	

I )=
~

	

DEF°DET NAME=QN

	

TYP= 7 IOP'%'° 0 IPRT= 3

	

W= 0 .0

	

0 .0

	

0 .0

NORM=	0

	

0

	

0

* NEUTRON FLUX

EQ

	

(

	

3 )-
1 .100000E+03 3 .500000E+02 1 .500000E+01

MED].

	

(

	

I)=
1

- 	
DEF°DET NTOE=QP

	

TYP= 7 IOPT= 0 IPR`i'= 2

	

W= 0 .0

	

0,0

	

0 .0

NORM=	0

	

0

	

0

• SECONDARY PROTON FLUX

EQ

	

(

	

3)-
1 .100000E+03 3 .500000E-1.02 1 .500000E+01

MEDI

	

(

	

1)=

1

DEF°DET NAME=QPI

	

TYP= 7 IOPT= 0 IPRT = 15

W= 0 .0

	

0 .0

	

0 .0

NORM=	0

	

0

	

0

* PION FLUX
EQ

	

(

	

3)=
1 .100000E+03 3 .500000E+02 1 .500000E+01

MED1

	

(

	

1)=
1
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--------------------------------------------------- ----------

	

DEFDET NA`~'E =QMU

	

TYP= 7 IOPT= 0 IPRT= 16

	

W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
MUON FLUX

EQ

	

(

	

3)-
1 .100000E+03 3 .500000E+02 1 .500000E+01

MED1

	

(

	

1 ) =
1

---------------------------------------------------------------
DEFDET NAME=IN

	

TYP= 5 IOPT= 0 IPRT= 3
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0

* NEUTRON LEAKAGE CURRENT
EQ

	

(

	

3)-
1 .100000E+03 3 .500000E+02 1 .500000E+01

MED1

	

(

	

I )=
1

MED2

	

(

	

1 )=
0

---------------------------------- ---------------------------

DEEDET NAME=IP

	

TYP= 5 IOPT= 0 IPRT= 2
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* PROTON LEAKAGE CURRENT
2Q

	

(

	

3 ) =
J.>100000E +03 3 .500000E+02 1 .500000E+01

MXD1

	

(

	

I)=

hTD2

	

(

	

I )=
0

-_-_...	 °	 .__. .	 °	 m	 _

DEä'DET NAME=IPI

	

TYP= 5 IOPT= 0 IPR'T® 15
	W= 0.0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* PION LEAKAGE CURRENT
EQ	(

	

3 )=
1 .100000E+03 3 .500000E+02 1 .500000E+01

MED1

	

(

	

1)=
1

PßED2

	

(

	

I ) =
0

------------------------------------------------------ ----
-----

DF.FDET NAME=I .'ÄJ

	

TYP= 5 IOPT= 0 IPR%'= 16

	

W= 0_4

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* MUON LEAKAGE CURRENT
EQ

	

(

	

3)=
1 .100000E-1-03 3 .500000E+02 1 .500000E+01

MED1

	

(

	

1 )=
1

~iED2

	

(

	

1 )=
0
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----------------------------------------------------------------
DEE°DET NAME=DE

	

TYP- 6 IOPT= 0 IPRT= 0
W= 0 .0

	

0 .0

	

0 .0
NORM=

	

0

	

0

	

0
* ENERGY DEPOSITION
MED1

	

(

	

1 )=
I

SüBMIT'=SUBMIT . HETN .'IRG01B
NTPNAM= 3
N•TPMAX= 1
BATCH # 1 COMPLETED
BATCH # 2 COMPLETED
BATCH # 3 COMPLETED

and so on

BATCH # 97 COMPLETED
BATCH # 98 COMPLETED
BATCH # 99 COMPLETED
BATCH #100 COMPLETED

Y(E,A,R)

	

CASC.
REGION= 1 .000

I

	

I
-------------------------------------------------------
3 .500.°+02 I 0 .0

	

0 .0 I
1 .500E+01 I 5,435E°01

	

1 .98 I
0 .0

	

1 6 .101E-01

	

1 .80 I
------

• CASCADE NEUTRON YIELD
Y(R)

	

CASC.
I

	

I
- ----------------------------------------------------- __----

1

	

1 1 .154E+00 .

	

1 .67 I
	
TO'I'AL DETECTOR RESPONSE : 1 .1535959E+00 F .S .D . : 1 .6718227E-02
TOTAL NO . OF CONTRIBUTION : 1 .1535997E+00 F .S .D . : 1 .6717918E-02

* EVAPORATION NEUTRON YIELD
Y(E,A,R)

	

EVAN'.
REGION= 1,000

3 .500E+02 I 0 .0

	

0 .0 I
1 .500E+01 I 9 .900E-03

	

9 .89 I
0 .0

	

I 4 .856E+00 :

	

1 .60 I
- _-	 _--®®	 e	 ®----°--

• EiIA..~ORATION NEUTRON YIELD
Y(R)

	

EiiAP.
I

	

I
---------------------------------------------------------------

1

	

I 4 .866E+00 .

	

1 .60 I
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---------------------------------------------------------------
TOTAL DETECTOR RESPONSE

	

: 4 .8662663E+00 F .S .B . : 1 .5969515E-02
TOTAL NO . OF CONTRIBUTION : 4,8662996E+00 F .S .D . : 1 .5969783E-02

CASCADE PROTON YIELD
Y(E,A,R)

	

CASC.
REGION= 1 .000

_. .	 . .._	 - ..._.._ ....-.. .	 ....._ .- ._.--

3 .500E+02 I 0 .0 0 .0

	

I
1 .500E+01 I 3 .903E-01 1 .85 I
0 .0 I 2 .520E-02

	

: 7 .01 I
- ---. ...-_°	 ®	 m	 _. .._ .

* CASCADE PROTON YIELD
Y(R)

	

CASC,
I

	

___®	 . . ....d_®	

	1

	

I 4 .155E-01

	

1 .82 I
---------------------------------------------------------
TOTAL DETECTOR RESPONSE

	

: 4 .1549760E-01 F .S .D . : 1 .8242884E-02
TOTAL NO . OF CONTRIBUTION 4 .1549999E-01 F,S .D . : 3.,8242784E-02

EVAPORATION PROTON YIELD
Y(E,A,R) Ems.
REGION= 1 .000

-r

-----------------------------------
3 .500E+02 I 0 .0

	

. 0 .0
1 .500E+01 I 2 .800E-03 18 .36
0 .0 I 8,080E-02 4 .59 I

--------------- ------- -------------------------------------

EVAPORATION PROTON YIELD

	

Y(R)

	

EVA2.
I

	

I
_________________-__-_-------------------------_----_------

	

1

	

I 8 .360E-02

	

4 .56 I
---------------------------------------------------------------
TOTAL DETEC°i'Oi2 RESPONSE

	

: 8 .3599985E-02 F .S .D . : 4 .5572393E-02
TOTAL NO . OF CONTRIBUTION : 8 .3599985E-02 F" .S .D . : 4 .5572393E-02

CASCADE PION YIELD
Y(E,A,R)

	

CASC.
REGION= 1 .000

I
- ---------------------------------------- --------------------

3 .500E+02 I 0 .0

	

: 0 .0

	

I
1 .500E+01 I 2 .299E-03

	

: 22 .14 I
0 .0 I 1 .400E-03 28 .75 I

~ CASCADE PION YIELD
Y(R)

	

CASC.
I

	

I

I 3 .699E-03 : 17 .45 I

I



TOTAL DETECTOR RESPONSE

	

: 3 .6989683E-03 F .S .D . : 1 .745I954E.-01
TOTAL NO . OF CONTRIBUTION : 3 .6999998E-03 F .S .D . : 1 .7458540E-01

* CASCADE MUON YIELD
>>> NO CONTRIBUTIONS FOUND FOR THIS DETECTOR < < <

* ES7APORP,TION DEUTERON YIELD
Y(E,A,R)

	

EVAP.
REGION= 1 .000

I

	

I
-----------------------------------------------------------------

3 .500E+02 I 0 .0

	

. 0 .0

	

I
1 .500E+01 I 2 .400E-03

	

: 19 .75 I
0 .0 I 4 .320E-02

	

: 5 .36

	

I
	 .-._.__- 	---	 _-_... .---,.. ._..._.-_ . . .- 	_-_-----®®-®®---®e®m®®em®®®~®

EVA.a~ORATIORT DEUTERON YIELD
Y(R)

	

EVAP.
I I

------------------

	

-------------------------------------------

1

	

I

	

4 .560E-02

	

:

	

5 .45 I
	
TOTAL DETECTOR RESPONSE

	

: 4 .5599997E-02 F . S . D . : 5 .4462291E-02
TOTAL, NO . OF CONTRIBUTION : 4 .5599997E-02 F° .S .D . : 5 .4462291E-02

EVAPORATION TRITON YIELD
Y(E,A,R)

	

EVA-P.
REGION= 1 .000

----- --------------------------------------------- -------

3,500E+02 I 0 .0

	

. 0 .0

	

I
1 .500E+01 I 6 .100E-03

	

: 12 .53 I
0 .0 I 4 .790E-02

	

: 4 .55 1
	 ...... .-...

* EVAPORATION TRITON YIELD

	

Y( R )

	

EVAP.
.I

	

I
	 ... . ..P	 ®	 m	

	1

	

I 5 .400E-02 :

	

4 .36 I
	 ....... ......._P---

TOTAL DETECTOR RESPONSE

	

: 5 .3997874E-02 F .S .D . : 4 .3569867E-02
TOTAL NO . OF CONTRIBUTION : 5 .3999998E-02 F .S .D . : 4 .3567438E-02

* EVAPORATION HE-3 YIELD
Y(E,A,R)

	

EVAP.
REGION= 1 .000

I

	

I
---------------------------------------------------------------

3 .500E+02 I 0 .0

	

. 0 .0

	

I
1 .500E+01 I 1. .000E-04

	

: 100 .00 I
0 .0 I 3 .000E-04 : 57 .15 I

° r.Y~ORdiTIO1V HE-3 YIELD
Y(R)

	

EVM2.
I
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- --------------------------------------------------------------

~

	

I 4 .000E-04

	

49 .24 I
---------------------------------------------------------------

TOTAL DETECTOR RESPONSE

	

: 3 .9999979E-04 F .S .D, : 4 .92365905--01
TOTAL NO . OF CONTRIBUTION : 3 .9999979E-04 F .S .D . : 4 .9236590E-01

* EVAPORATION ALPHA YIELD
Y(E .A,R)

	

EVAP.
REGION= 1 .000

g

	

I
- --------------------------------------------------------------

3 .500E+02 I 0 .0 0 .0

	

I
1 .500E+01 I 7 .370E-02

	

: 3 .76

	

I
0 .0 I 1 .990E-02 8 .25

	

I
- --------------------------------------------------------------

* EVAPORATION ALPHA YIELD
Y(R)

	

EVAP.

- --------------------------------------------------------------

1

	

I 9 .350E-02

	

3 .58 I
	 .	 ..	

TOTAL DETECTOR RESPONSE

	

: 9 .3596697E-02 F .S .D . : 3 .5823723.E-02
TOTAL NO . OF CONTRIBUTION : 9 .3599975E-02 F,S .D . : 3 .5822030E-02

* NEUTRON FLUX
PHI .V(E,A,R)
REGION= 1 .000

	 °	 .	
3 .500E+02 I 0 .0

	

0 .0 I
1 .500E+01 I 3 .858E+00 :

	

2 .16 I
...	 4	 ~	

NEUTRON FLUX
PHI . V(R )

	 ._.	 °°	 a
t I

	

3 .858E+00

	

: 2 .16 I
---------------------------------

	

----------------------------

TOTAL DETECTOR RESPONSE

	

: 3,8581972E+00 F,S .D . : 2 .1643110E-02
TOTAL NO . OF CONTRIBUTION : 6 .9959998E-01 F .S .D . : 2 .0579584E-02

SECONDARY PROTON FLUX
PHI .V(E,A,R)
REGION 1 .000

- --------------------------------------------------------------

3 .500E+02 I 0 .0

	

0 .0 I
1 .500E+01 I 3 .951E-01 :

	

2 .61 I
- --------------------------------------------------------------

SECONDARY PROTON FLUX
PHI . V(R )

-------------------------------------------------_-__

1

	

I 3 .951E-01 :

	

2 .61 I

I
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---------------------------------------------------------------
fiOTAL DETECTOR RESPONSE

	

: 3 .9505094E-01 F .S .D . : 2 .6098087E-02
TOTAL NO . OF CONTRIBUTION : 4 .0329999E-01 F .S .D . : 1 .8937878E-02

PION FLUX
PHI .V(E,A,R)
REGION=	1.000

I I
------------ 	 .r_	 __._.__._ ...-_...-_-_

3 .500E+02 I 0 .0

	

. 0 .0

	

I
1 .500E+01 I 1 .241E-03

	

: 33 .37 I
__..._.	 .-.	 .p-.	 .A_ ...._e	 e- ._._

*' PION FLUX
PHI .V(R)

------------- - -------------------------------------------------

1

	

I 1 .241E-03 : 33 .37 I
- --------------------------------------------------------------

TOeT'AL DETECTOR RESPONSE

	

: 1 .2414369E-03 F .S .D . :

	

3 .3365565E-01
TOTAL NO . OF CONTRIBUTION : 1 .4999998E-03 F .S .D . :

	

2 .7421945E-01

MUON FLUX
pggypg

O
~(EPHI . V,A,R)

REGION=

	

1 .000
I I

3 .500E+02 I 0 .0

	

. 0 .0

	

I
1 .500E+01 I 9 .454E-07

	

: 88 .01 I
	

* MUON FLUX
PHI .V(R)

	

1

	

I 9 .454E-07 : 88 .01 I
- -___	 d	 o-_-.,.	 . ...	 E.

TOTAL DETECTOR RESPONSE

	

: 9 .4535756E-07 F .S .D . : 8 .8008648E-01
TOTAL NO . OF CONTRIBUTION: 1 .9999999E-04 F .S .D . : 7 .0352632E-O1

* NEUTRON LEAKAGE CURRENT
J( E, A, S )
REGION= 1 .000

	r 	 4._ ....	

3 .500E+02 I 0 .0

	

0 .0 I
1 .500E+01 I 2 .405E-01 :

	

2 .10 I
- a	 ®---®® 	 ®®	

" NEUTRON LEAKAGE CURRENT
J(S)

---------------------------------------------------------------

1 .000 I

	

2 .405E-01

	

:

	

2 .10 I

TOTAL DETECTOR RESPONSE

	

: 2 .4049783E-01 F .S .D . : 2 .1045011E-02
TOTAL NO . OF CONTRIBUTION : 2 .4049997E-01 F .S .D . : 2 .1044623E-02
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x PROTON LEAKAGE CURRENT
J(E,A,S)
REGION= 1 .000

I
---------------------------------------------------------------

3 .500E+02 I 0 .0

	

.

	

0 .0 I
1 .500E+01 I 1 .600E-03 : 24 .68 I---------------------------------------------------------------
PROTON LEAKAGE CURRENT

J(S)
I

	

I

1 .000 I 1 .600E-03 : 24 .68 I
---------------------------------------------------------------

TOTAL DETECTOR RESPONSE : 1 .5999998E-03 F .S .D . : 2 .4682307E-01
TOTAI, NO . OF CONTRIBUTION : 1 .5999998E-03 F . S . D . : 2 .4682307E-01

* PION LEAKAGE CURRENT
>>> NO CONTRIBUTIONS FOUND FOR THIS DETECTOR <<<

MUON LEAKAGE CURRENT
>>> NO CONTRIBUTIONS FOUND FOR THIS DETECTOR <<<

E .6 SIMPEL Secondary Output (ECHO unit)

C=' REFERENCE TARGET MIX . INTEGRAL PROPERTIES';

Td=( O . O . o .) ; NORM=( 0 0 0) ; M"ARG=( O 0 1 0 0 0);
MED1-( 1) ;MED2=( 0 ) ; E=(1100 . 350, 15 . 0 . ) ;EQ=( I100 . 350 . 15 .);

DEFDET XNC,1,0,3,W,NORM,MARG,E„MLED1;
DEFDET YNE,2,0,3,Yd,NORI+i,MPyRG,E„MED1;
DEFDET YPC,1,0,2,W,NORM,MARG,E,,MED1;
DEFDET YPE,2,0,2,L+e,DTORM,MARG,E„MED1;
DEFDET YPIC,1,0,15,W,NORM,MARG,E„MED1;
DEFDET YMUC,1, 0,16, W, NORFi, ~~ARG, E„MED1;
DEFDET YDE,2,0,9,Y°:,NORbM,MARG,E°„MED1;
DEFDET YTE,2,O,1O,W,NORM,MARG,E„MED1,
DEFDET YHE,2,O,1?,W,NORTi,MARG,E,,MED1;
DEFDET YAE,2,O,12,W,NORM,MARG,E„MED1;
DEFDET Qz3,7,0,3,W,NORM,MARG,F.Q,,MED1;
DEFDET QP,7,0,2,W,NORM,äARG,EQ„MED1;
DEFDET QPI,7,0,15,W,NORM,MARG,EQ„MED1;
DEFDET QM.̀ U,7,O,16,iig ,i7lOR=si,rMYC2G,EQ„MMD1;
DEFDET IN, 5 , 0 , 3 , k?, NORM, 12LARG, EQ , , MED1 ; MED2 ;
DEFDET IP,5,0,2,W,NORM,MARG,EQ„i+iED1,MED2;
DEFDET IPI ,5,0,15,W,NORM,M-AKG,EQ„MED1,AED2;
DEFDET IMU,5,0,16,W,NORM,NIARG,EQ„MED1,MED2;
DEFDET DE,6,O,O,Y7,NORbi,(0 0 1 0 0 0 ),,,M€ED1;
SIMPEi, 30,100;
STOP ;

I
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