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ABSTRACT 
A computer code is described which estimates the energy spectrim or 

"line-shape" for the charged particles and y-rays produced by the 
fusion of low-2 ions in a hot plasma. The simulation has several 
"built-in" ion velocity distributions characteristic of heated plasmas 
and it also accepts arbitrary speed and angular distributions although 
they must all be symmetric about the z-axis. An energy spectrin of one 
of the reaction products {ion, neutron, or y-ray) is calculated at one 
angle with respect to the symnetry axis. The results are shown in 
tabular form, they are plotted graphically, and the moments of the 
spectrim to order ten are calculated both with respect to the origin and 
with respect to the mean. 
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Introduction 
High temperature high density plasmas have substantial 

fusion rates among their 1ow-z ions. Fusion reaction products 
are typically very energetic and may escape the plasma so that 
their energy and trajectory may be measured without perturbing 
the plasma. Energy spectrum measu rnents on fusion reaction 
products have been used in the past -o determine the temperature 
ef thermonuclear plasmas 1 -' from the Soppier width of their 
spectral lines. These measurements have been based on the 
observation of fusion neutrons* - 9 as well as charged 
particles1®-**1. Some of the measuremei s have identified 
non-maxwel1ian ion speed distributions1 - 1 9 by proper 
interpretation of the line shape and/or is location. 

It has been proposed to determine the energy spectrum of 
confined fusion product oc-particles in ignited D-T plasma by 
observing >--rays or neutrons produced when they react with 
ions present in the plasma^ 0 - 2 1. It may also be possible to 
determine the mean ion energy from the width of the r-ray 
line produced by D-T fusion22-23. 

Interpretation of reaction product spectral data is based on 
the predicted "line-shape" in the energy spectrum of the 
particles observed. Predicted line shapes for neutron emission 
have been described for Maxwell ian plasmas1 »24-27 a n (j s o r o B 

non—maxwel1ian distributions24—25. While the fusion product 
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energy spectrum may be calculated semi—analytically for a 
Maxwellian ion speed distribution24-27, a numerical 
integration procedure must be used for most other plausible 
speed distributions. 

Fusion experiments operating now and those planned for the 
near future employ extensive heating with injected neutrals and 
absorbed rf power to elevate the energy of both ions and 
electrons. These processes commonly result in ion speed 
distributions which are non-maxwel1iar to a very significant 
extent. Maxwellian plasmas have become the exception in modern 
Targe scale fusion experiments. As a result* interpretation of 
reaction product spectral data requires that the expected line 
shape be established for each of the plausible ion speed 
distributions. 

As plasma confinement and energy improves* reactions between 
fusion products and ions in the plasma should also be expected. 
These reactions may lead to additional spectral lines in the 
particle and r-ray radiation leaving the plasma. Line shapes 
in these spectra may be helpful in determining the slowing down 
distribution of fusion products as they thermalize. It is the 
need to predict the line spectra of reaction products as a 
function of the angular and speed distribution of the reacting 
species which motivates ... H. <=sent simulation. 

The computer simulation described below facilitates this 
process. In particular* it allows arbitrary speed and angular 
distributions for two reacting species and predicts the 
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observed energy spectrum of one of the reaction products. 
Reaction kinematics are calculated for non-relativistic ions and 
neutrons as well as for Y -rays. In each simulation the 
predicted spectra are calculated* displayed graphically* and all 
of the moments to order ten are calculated with respect to both 
the origin and the mean particle energy so that spectral shape 
due to different ion speed distributions may be compared 
quantitatively. 

SPECTRUM CALCULATION 
All of the simulations assume an axis of symmetry about 

which the velocity distributions of both reacting species are 
symmetric. This is the z-axis and the reaction product 
distribution will be symmetrical about it as a result of the 
assumption. The reaction is shown schematically in Figure 1. 
Spectral intensity is calculated at an angle 9 n relative to 
the symmetry <z) axis using the input angular and energy 
distributions for the reacting species. The result is reaction 
weighted by including the reaction cross section and its angular 
dependence in the simulation. Selection of a reaction of 
interest identifies the cross section to be used* the energy 
released in the reaction (0)» and the reaction product whose 
energy spectrum is to be estimated. It is assumed that all 
reactions are "two body" type and of the form! 

m l •*" m 2 * n n + m R f l ' 
where the reaction product of interest* mn» may be a nucleon 
or photon but all others ipecies roust be classical 
non-relativistic particles with nonzero rest mass. Reactions 
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for which a line shape may be calculated are listed in Table I. 
The table also shows the reaction Q values used and references 
for the cross section data used. 

TABLE I 
REACTION LIST 

IndexRcaction GHMeV) Product cf ref. Ang. dist 
ref. 28 reference 

1 D(d -n)3He 3.267 n 29 24 
2 D(d >p>T 4.032 P 29 24 
3 T(d >n>4He 17.586 n 29 isotropic 
4 3He (d»p)4He 18.351 P 29 isotropic 
S T(d ̂ )5He 16.696 t 29-33 isotropic 
6 D<p »»>3He 5.494 T 34.35 isotropic 
7 D(d *)4He 23.848 r 36-38 36 
8 T<p l-)4He 19.814 r 39 39 
9 3He d>r)5He 16.3S8 r 40-43 40-43 
10 T<« >J07Li 2.467 r 44*45 44 s 45 
11 3He a.r^Be 1.587 r 46-48 47.48 
12 6Li Ot.7)10B 4.461 r 49-51 50 
13 7LH a.aOllB 8.664 r 52-54 isotropic 
14 9Be a.n)12C 5.704 n 55 55 
15 9Be< a.n>12C* 1.265 r. 55 isotropic 
16 9Ee< a.j-)14N 19.651 r 55-58 isotropic 
17 10B< a.n)l3N 1.060 n 59-61 isotropic 
IS 10B< a»J-)14N 11.613 r 62.63 isotropic 
19 11BI a»n)14N .157 n 64,65 isotropic 
20 11B< a»r)15N 10.992 t 66.67 isotropic 
21 12C< <xtr)i.&0 7.161 r 68.69 isotropic 
22 13C< atn)160 2.215 n 70.71 isotropic 

In those cases where the cross section angular dependence i 
poorly known the reaction is assumed isotropic in the 
center-of-mass—coordinate-system (CMCS). In nearly all cases 
that assumption is a good one at the energies expected in a 
thermonuclear plasma. The result of the simulation is an 
estimation of *<E n»« n» given by eq. 2 b&low. 



- 5 -

tin. 
*(En,en) V d V d ' V i ( 7 i ) F 2 < V | V r 7

2 f e ^ f K { 2 ) 

where 
F1(Vi> and F2<V25 a r e t n * normalized velocity 

distribution functions for the reacting species* 
Vj and V2 a r e velocity vectors of the reacting species/ 
d2tf/dEdfl is the differential cross section in the 

CMCS 
dftc/dO is the Jacobian to convert solid angles 

between the CMCS and the rest system* 
K(vi»V2»mi»n2»m3»m4»QfEnio„) is the 

kinematic kernel which determines the energy* E n» of 
the reaction product at angle o n required by 
energy and momentum conservation. 

An approximation to the desired result (2) is obtained by 
assuming that the speed and angular distributions are separable 
for both species. Then the functions F are described in terms 
of the input parameters by eq. 3 below. 

Fi<Vi)= f <vi)gli'i)h<«i> (3) 
where f(v) is the speed distribution* g(M) the polar angle 
distribution* M the cosine of the angle which the velocity 
vector makes with the z-a«is» and h(*) the arimuthal 
distribution is constant by assumption. In principle the 
integration <2> is carried out over six coordinates in velocity 
space. However* the reaction kinematics depend only on the 
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relative velocity of the reacting species so that oni« 
integration is eliminated trivially:, The requirements of energy 
and momentum conservation in the kinematics eliminates one more 
of those coordinates when E n and o n are fixed. The 
integral is then simplified to the form given in eq. 4 below. 

iKEn.iin) = h^f]lv1)dVJv2

2f2(v2)dV2fg,(u])'iu] 

(4) 

< /92(P 2)tJv 2/d 
2 d£I 

h „ d a c .. 
7 R dEdfi dfi *• 

uihere K includes a delta function whose value is nonzero only 
when the velocity space coordinates of the reacting species 
satisfy the requirements of energy and momentum conservation for 
a reaction product at energy e n and direction cosine P n. 
There are two methods of integration allowed: 1) a numerical 
procedure to evaluate the integral* and 2) monte carlo sampling 
of the input distribution functions with appropriate cross 
section weighting to determine the integral. 

Numerical Integration of EQ. 4 
In the first case* numerical integration* the angle and 

speed coordinates are divided up into a fixed number of equal 
increments and the integration is carried out using the 
trapezoidal rule. The number of increments in each coordinate 
is determined by the problem input. Evaluation of the integral 
for a given M n is repeated for each E„ in the result 
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table. The limits of integration for each coordinate must be 
determined by reaction kinematics so that a reaction product at 
energy E n may be produced at angle « n relative to the 
z-axis. Since there is no closed form relation between the 
integration limits and the particle coordinates in velocity 
space it was considered simpler to work with equally spaced 
coordinate increments over a wide range. Each increment is 
checked for kinematicaily valid solutions and is skipped if none 
exist. Because of this* the user must be alert to the 
possibility that the choice of a small number of coordinate 
steps in the integration may lead to a very small number of 
parameter increments which contribute significantly to the 
actual integration. The importance of poor sampling is 

amplified by ths cross section since it is very sensitive to the 
relative speed of the reacting species which* in turni is very 
sensitive to the angular and speed coordinates. 

Monte Carlo Integration o* Eg. 4 
Monte carlo integration relies on the random sampling of the 

input distribution functions which describe the velocity vectori 
of the reacting species. The probability of sampling any 
interval in the coordinate distribution is proportional to the 
integral over that interval. A large number of trials is 
carried out in which velocity vectors are assigned to the 
reacting species and the reaction product energy at the desired 
observation angle is calculated. An event weight is determined 
by calculating the differential cross section based on the 



relative velocity of the reacting particles and the reaction 
product emission angle in the CMCS. The weight is accumulated 
in the appropriate energy bin of the reaction product energy 
spectrum. This resulti with adequate trial statisticsi should 
then simulate the expected energy spectrum of ieaction product? 
of interest. If the result spectrum is integrated over energy, 
the result corresponds to the expected differential reactivity 

(per unit energy per unit solid angle) at the observation angle. 
SPEED DISTRIBUTIONS 

The coordinate system and definition of angles used in the 
simulation arc illustrated in Figure 1. Results of the 
simulation give the energy spectrum of reaction products 
observed at an angle 0 with respect to the symmetry (z) 
axis. The angular distribution of species 1 and 2 must be given 
as a function of their respective direction cosines Pi and 
P2- Each reacting species is assigned a speed 
distribution. The distribution may be input in tabular form or 
may be calculated according to one of the "built-in" 
distributions using input parameters which characterize those 
generic distribution functions. Available distribution 
functions and their parameters are summarized below and in Table 
II . 

The Maxwellian distribution is characteristic of plasmas in 
thermal equilibrium without high intensity heating. Its form 
is: 

mv 
f (v) = c e -7T (5) 
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Neutral beam driven plasmas trap neutral atoms as well as 
diatomic and triatomic molecules at the beam energy Ebi 
Ionization of these species results in ions at the full beam 
energy as well as some at 1/2 and 1/3 the beam energy. The 
relative population in each group is a characteristic of the 
beam source. These ions are trapped and may be slowed by 
collisions or diffuse in velocity space by interaction with 
plasma fluctuations. The resulting speed distribution may be 
described crudely by one of the two following distribution 
functions. They are referred to here as the "three component 
Gaussian" and the "electron drag cooled" distribution. They are 
illustrated schematically in Figures 2 and 3. 

Three component Gaussian 7^: 

v-v- 2 
? b i - hH-J (6) 

where 1 2 c ,-
2 mj = E b / j 

£7) 

Three component cooled distribution7^': 

f(E) -f 
>1 fy* 

>1 if") 0 + b 2 ^ J ° * > 3 (if-J0 

b ^b Tb 

for 7 Eb<E<Eb 

for j Eb<E<^Eb 

for Eh<E<^£b 

for E<EU 

w 
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Plasmas confined in a magnetic mirror topology may also be 
crudely parameterized according to the "mirror" distribution^ 
which has the form: 

f ( v ) 

civ-vH)e' w 

for v<v H 

for v>v. 

(9) 

where 

v ° = "p n y ^ (10) 

Finally* very energetic reaction products which deposit 
their energy in the plasma during the process of thermalization 
will assume a continuum. One form is a reciprocal energy form 
given in eq. ii. 

f(v) = 
C V 

0 

(e-2) for v<v„ 
for v>v„ 

(TO 

Another plausible form of the expected continuum 7 3 is given in 
eq. 12 below. 

f(v) = 
77? 

for v>v„ 
for v<v„ 

(12) 
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The speed distribution functions described above may be used 
during execution of the code* or another form may be supplied in 
tabular form as input. If one of the "built-in" distributions 
is used the code fills in the speed distribution table by 
calculating f(v) from the input parameters. Table II sucr.Tiarizes 
the available forms and the parameters needed to Ascribe them 
completely. All input is normalized internally by the code. 

TABLE II 
SPEED DISTRIBUTIONS 

Index Name Parameters 
1 Mawwel 1 ian mi T 
2 3-componerit Gaussian 7 2 £51 b> W 
3 3-component cooled7-^ Eb» bi a> E^ 
4 1/E 6. v 0 

5 Mirror E h»E p.E u 

6 Alpha E c. Ea(mas) 
7 Tabular VF. FV 

KINEMATICS AND CROSS SECTIONS 
Particle kinematics are described in their non-relativistic 

form. The relative speed between two reactants is given by eq, 
13 and 14 below: 

"R • , V ^ I 5 ? ' - ! # ' « "3I 

where 
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"12 p-,V2 + J 11-U 1

2J0-P 2

2J cosij.^os^ + 5imt. 1sin* 2 
(14) 

is the cosine of the angle between the velocity vectors 
of the reacting speciesi which are described in terms 
of their polar angles 198 relative to the z-axisi and 
their azimuthal angles * relativ to the x-axis. 

The input cross sectinr, is allowed to have an anisotropic form 
in the CMCS. The probability of emission observed at angle 
e n in the rest system depends on the reaction product angle 
of emission in the CMCS. The cosine of the emission an^le in 

the CMCS is given by eqs. 15 and 16 below: 

un1 
nuvp 
m 1v 1

 un2 
TIC (15) 

where 

vni = Wl + c o s < t > i V ^ - ^ H l - H i J (16) 

are the cosines of the angle that the velocity vectors 
of the reacting species make with the observatic-n 
vector. 

The Jacobian which converts a solid angle in the CMrs to the 
corresponding angle in the rest frame is g i v e n ^ o y eq, n and 

13. 
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>T (V 9 ̂  d« c
 V V v„ n c 

3fi~~ ^ (17) 

n 

where 

/ 2( ml ,2 2 ™2 2 "llvlm2v2 V c = \ v l I f i ^ + v
2 iTy^J + Ttn^Jg "12 («) 

The Jacobian is nearly unity for most reacting species when 
their energies are much less than 1 MeV but may be important for 
reactions produced by some of the energetic reaction products. 

Cross sections used here depend on the relative velocity pf 
reacting species and the angle of the outgoing reaction product 
in the CMCS. While the cross section is very sensitive to 
reaction energy> this dependence i?iay> to first order> be 
separated from the angular distribution. Eq. 4 is evaluated 
using the total reaction cross section multiplied by a weakly 
energy dependent angular distribution function) 
g s(E c(P c) according to eqs. 19 to 21 below. 

&-w-iiy«»w (19) 
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where 

E c is the total kinetic energy in the CMCS 

1 + ! BN ^ ^ 

8N t£cJ = j o W <21> 
Mc is the cosine of the angle between the emission 
vector and the observation vector in the CMCS. 

Thus the angular distribution factor gs<EiJ*> gives the 
probability per unit solid angle of emission along the 
observation vector in the CMCS and the coefficients Bj are 
weakly dependent on CKCS energy. Table I summarizes the values 
used and their sources. The cross sections* a(Ec>> at 
energies below 5019 keV are dominated by the coulomb barrier and 
are parameterized according to Feres^? as follows: 

A (e J 
a t E < P a—r~—— ( ? 2) 

c [.t^-l] 

where 

.2 , -r 
B c = 1 l Z l Z 2 ^ # m e c ' (23) 
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and 

N, + E r IN, + E. [N, + ...]1 
.^• IV^'^V' -JJ 1 (2'' , 

At higher energies the cross sections are parameterized 
according to eq. 25 below where the parameters are determined 
from a least squares fit of the fitting function to the 
available experimental data. 

5 - -,J 7 a. [lnEj* 
3=o J ^ C (25) 

°c &J - * 

The r e a c t i o n product energy may then be c a l c u l a t e d f o r 

n o n - r e l a t i v i s t i c nucleons from eqs. (26) - (30) below: 

E n = .5 m n V n 2 (26) 

where 

- B n + V ? 1 4 A n C f i 
v n = W„ < 2 7 ) 

arid 

1 m „ 
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nun, fiuv„ 

• c n—Li^u^-Q-i^u-^-J-^ii -^ (30) 

In the case of l—ray emission the kinematics calculation is 
modified. The reaction product r-r-ay has energy given by 
eqs. (31> -<34) 

(31) c - « r + V V - 4A c 
Y Y 

: Y * \ 

where 

' 0 m r C (32) 

mlVn1 + m2Vn? 
B = ! . • ••"' ^ _ 2 £ (33) 

y m RC 

C Y = Cn 
(34) 

RESULTS 
An energy distribution function at observation angle 8 f t 

is estiinated for the reaction product iont neutroni or r-ray 
by evaluation of the reaction integral C4). The number of bins 
and their range in energy is set in the problem input. The 
accumulated cross section weighted data in each bin have the 
dimensions reactivity <cm 3/sec.) per unit energy (keV) per 

unit solid angle. The result spectra are displayed 
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graphically and in tabular form along with a regurgitation of 
the input parameters and input distribution functions. In order 
to assess the statistical significance of the calculated result 
during a monte carlo calculation a histogram is accumulated 
showing the number of trials which produced a whose kinematics 
produced a reaction product in each energy bin» regardless of 
cress section weight. 

In addition? the moments of the result rpectrum are 
calculated to order ten in order to quantitatively compare line 
shapes produceci by different input distribution functions. Two 
founts of the moments are given. The first is with the origin as 
reference '• 

/ , h-lr /E"+(E)dE (35, 

where 

* • / 
*E)dE l 3 6 ) 

The second uses the first moment (N=l* the mean value) from eq. 
35 above as a reference. 

oo 

\ =TT f f E- Ml)" (E)dE (37) 

In practical application the integrals above are evaluated 
numerically and the procedure here is a simple trapezoidal rule 
approximation. The second set of moments provided in the 
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output results are obtained from eqs. 38-40 below. 

NN-1 

" M o J"1 

1 ,,r .. '• i+1 -- „ '..1+1. ,,D> 
3+T ^(E.i+1 * nl '" " u j ' M1 > > ( 3 8 ) 

l^ + fEj-M,') *j'j + 3 J 7 l ( E J + 1 - M / ) J + 2 - ( E j -M,') 3- 2] ^ j 

where 

•.•-JliLLi. (39) 

NN-1 
Mo' = 7 jl, lEJ+i " EJ> i V i + *.t (40) 

CONCLUSION 
A computer simulation has been described which can predict 

the spectral line shape of fusion reaction products produced by 
energetic protonst deuteronsr tritons* or ot-particles in hot 
fusion plasma. Spectra are cross section weighted to correctly 
reflect the distortions in angular and energy distribution that 
will occur due to rapidly varying yield. The energy 
distribution of reacting species may take on any of the generic 
forms characteristic of modern driven plasmas or it may be givt-n 
an arbitrary form. Results of the simulation include tabular 
and graphics displays as well as calculations of the spectral 
moments to order ten» with respect to the origin and the mean 
energy. 
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APPENDIX A 
OPERATING MANUAL 

The cade described here runs on both the CDC 7600 and the 
Cray. All of the files including a library of Fortran sources 
(subroutine modules combined using LIB) and documentation are 
available in a .T directory. They may be obtained using XPORT 

as followsE 

.826588!LINESHAPE:LINE 7600 control Ice 

.826588SLINESHAPE3LINECRAY Cray controHee 

.826588:LINESHAPE:LINESRC 7600 source 

.826588sLINESHAPEsLINCRAYS Cray source 

.826588JLINESHAPEsLINEDOC documentation file 

Operation of the code is directed from the TTY by a set of 
COMMAND words and by ..nput parameters. There is a full set of 
default values for the input parameters which may be modified or 
used "as-is". Input parameters may be supplied from the TTY or 
modified there* or they may be supplied in an input disc file. 
Execution is initiated as follows: 

LINE (OUTPUT FILENAME) BOX ANN ID TV / t v 
where 

OUTPUT FILENAME= a printer file name containing the 
results and regurgitation of input parameters. 
TV= an optional TMDS number. 

In all cases an additional file is created and contains only the 
output spectrum for the problem. Its name is supplied with the 
INTEG or MOMTE commands. Following the execute line above* 
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all furthei processing is directed by the command words supplied 
from the terminal and their arguments. A command word is 
required whenever the code sends an "DKs" prompt to the 
terminal. 

COMMAND WORDS 
One of the following COMMAND MORDS is required at the TTV 
whenever an "OK" prompt is sent. Accompanying arguments are 
indicated in parenthesis. 
BINNER (ftbins) (output filename) (input filename) 

Reads previously generated spectrum results file and 
converts it to a new energy bin basis. 

DATA (filename) 
Read input parameters which are to be modified for the 
current problem from a disc file. 

END (hardcopy) 
Terminate execution and generate hardcopy fiche of the 
graphics output. If any argument is supplied then hardcopy 
fiche of the printer output will also be generated. 

IIMTEG (result filename) 
Solve the current problem by numerical integration using 
current values of input parameters. 

HELP 
Send a list of the command words to the TTY. 

LIST (list name) 
List the current value of all input parameters to the TTY. 
If no argument is given then all values are sent. If the 
name of one of the parameter lists below is supplied as an 
argument* then only that list is presented at the TTY. 
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MONTE (result filename) 
Solve the current problem by monte carlo sampling of the 
input distributions using current input parameter values. 
Notes During a monte carlo evaluation the number of samples 
and the maximum time limit may be queried and changed as 
fol1ows: 

Type: NPART 
to find their current values. 

Types NPART 10 
to change the maximum number of samples to 10. 

Type: NPART 10. 
to change the maximum time limit to 10 seconds of 
CPU time. 

PARAM 
Change input parameter values in any of the lists defined 
b?lDW. 

TIME (sec.) 
Change the maximum time limit on CPU charges for the current 
problem. 

TVOFF 
Release the TMDS monitor. 

TVON (monitor number) 
Turn on TMDS to view graphics as they a-e generated. 
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PARAMETER LISTS 
There are three parameter lists identified in a Fortran NAMELIST 
declaration. Input to these lists must be in NAMELIST format* 
i.e. a string of assignments of the form NAME=value (space 
delimited) with the string terminated in "•"» but there is no 
constraint on the order of occurrence or on completeness of the 
input list. Only variables which are to be changed from their 
current (or default) values need to be supplied. The variable 
lists have nsmes "Al"» "A2"» "SI" and their respective variable 
names* array dimensionsi and default values are given below. 
Those corresponding to an array have their array dimensions 

given (without units) immediately following their name. Default 
values are given in parenthesis. 
• » * * * * * * * * * * * « • # » # * # * * • « • # * * * * # # * * * * * * * * * # « • * * # * # • » • » * • * « • * • # * • * * * * * # 

LIST Al 
El =(20. keV) 

Beam energy when species #1 is to be monoenergetic. 
ENL =(2800. keV) 

Energy of lowest bin in reaction product energy spectrum. 
ENH =(3000. keV) 

Energy of highest bin in reaction product energy spectrum. 
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ISFEED<2> = Ufl) 
Index number defining speed distributions far species 1 and 
2. Allowed values and use by the code are given below: 

1 Maxwellian 
2 Three component Gaussian 
3 Electron drag cooled* three component 

distribution. 
4 1/E distribution 
5 Mirror 
6 Alpha 
7 Tabular input. 

MODE = (0) 
Index number defining special cases of the distribution 
function for species #1. 

0 MonDenergetio monodirectiona! beam whose axis is 
the symmetry axis. 

1 Polyenergetic* monodirectional beam whose axis is 
the symmetry axis* but with speed distribution 
defined by F10 below. 

2 Monoenergetic* axially symmetric distribution 
whose angular distribution is given by G10 below. 

3 not used 
4 Polyenergetic species with angular distribution 

symmetric about the z-axis. 
MU1 *= U.) 

Direction cosine of species #1 relative to z-axi?. (Mode=l) 
NBIN = (25) 

Number of bins following BINNER command above. 
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NDEBUG = (0) 
1 Turns on extra graphics to display monte carlo sampling 

of speed and angular distributions for debugging a 
problem. 

NERRMAX = <2») 
Maximum number of detected kinematic or integration errors 
following INTEG command before problem Is terminated. 

NMU1 = (3) 
Number of integration steps in species #1 direction cosine. 

NMU2 = (3) 
Number of integration steps in species #2 direction cosine. 

NN (100) 
Number of bins in the output spectrum 

NPART = <100) 
Number of reaction trials following MONTE command. 

NPHI1 = <3) 
Number of integration steps in azimuth angle* species #1. 

NPHI2 = (3) 
Number of integration steps in azimuth angle> species #2. 

NR = (1) 
Index corresponding to problem reaction. Allowed values and 
their interpretation by the code are shown in Table I. 

NV1 = <3) 
Number of integration steps over speed distribution, species 
#1. 
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NV2 = t3) 
Number of integration steps over speed distributioni species 
#2. 

NVFI = (ieei) 
Number of entries in tabular speed distribution for species 
#1. 

NVF2 = (100) 
Number of entries in tabular speed distribution for specie; 

#2. 
PHI1 = <6>. rad) 

Initial azimuth angle for species #1. 
THETAN = <0. rad) 

Angle at which reaction product is observed relative to 
z-axis. 

TL = <60. sec.) 
Maximum CPU time limit. 

V1L = (1.) 
Lower speed limit for species #1 in <kev7amu)**.5 

V1H = (10.) 
Upper speed limit for species #1 in (keV/amu)**.5 

V2L =(i.) 
Lower speed limit for species #2 in (keV/amu)**.5 

V2H = (10.) 
Upper speed limit for species #2 in (keV/amu)**.5 
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#****»******#***##»»•»»»•*•*»****#******##»*#»•***•***•*»»*»** 

LIST A2 
B<5,5) = <.13» .8047) 

Energy dependent coefficients descr ibing angular 
distribution of reaction product emission in the CMOS. They 
are used in calculating the cross section for emission at 
the desired observation angle according to eqs. 19 and 2B: 

tf<E»(0=or(E)*<l.+B<E>»M#*2> 
where 

B(E) = 9(1) + B(2)*E + B<3)*E*»2 
EN(100) 

Reaction product bin energies for output spectrum. NN 
entries. 

F10(10B) 
Speed distribution function! f(V})> far species #1. NVF1 
entriesf each proportional to probability that particle of 
type 1 has speed VF1. 

F20C100) 
Speed distribution function* f(v2>< for species #2. NVF2 
entries» each proportional to probabiHty that particle of 
type 2 has speed VF2. 

G10(50> (l.tl.t ) 
Angular distribution! g(Mj)» for species ftl. NMUG1 
entries* each proportional to probability that direction 
cosine of particle of type 1 relative to z-axis has value 
MU10. 
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G20C50) (l.»l., ) 
Angular distribution* gtP^)* for species #2. NMUG2 
entries* each proportional to the probability that direction 
cosine for particle of type 2 relative to z-axis has value 
MU20. 

LABVI(5) 
Five word label for speed distribution* species #1. 

LABV2C5) 
Five word label for speed distribution* species #2. 

LABGH5) 
Five word label for angular distribution* species #1. 

LABG2(5) 
Five word label for angular distribution* species 4(2. 

LABSIG<5> 
Five word label for cross section used. 

LABRJ5) 
Five word label for the reaction in the current problem. 

MU10C50) 
Direction cosines corresponding to angular distribution GIG. 

MU20C58) 
Direction cosines corresponding to angular distribution G20. 

NB (2) 
Number of entries in B. 

NMUG1 (21) 
Number of entries in angular distribution G10. 

NMUG2 (21) 
Number of entries in angular distribution G28. 



- 33 -

NG1SET O ) 
MU10 and G10 are normally taken from their default values. 
Set this parameter = 1 if an input tabic for those 
parameters is to be used instead. 

NG2SET (0) 
MU20 and G20 are normally taken from their default values. 
Set this parameter = 1 if an input table for those 
parameters is to be used instead. 

NSIGSET (0) 
Cross sections are normally calculated internally according 
to the value of NR, Set this parameter = 1 if an input 
table is to be used. 

NSIG (100) 
Number of entries in the input cross section table SIG. 

NVNSET (0> 
Reaction product spectrum is normally displayed in equally 
spaced bins between the limits ENL and ENH. Set this 
parameter = 1 if an input table is to used to change the 
format of the output spectrum. 

NV1SET (0) 
Table F10 is normally calculated internally according to the 
value of ISPEED(l). Set this parameter =1 if in input table 
is to be used. 

NV2SET (0) 
Table F20 is normally calculated internally according to the 
value of ISPEED<2). Set this parameter =1 if an input table 
is to be used. 
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SIO(IM) 
Cross section values in cm*»2. 

VSIC<100> 
Velocities corresponding to cross section entries in SIC? 
units of <keV/amu)#*.5. 

VF1C100) 
Velocities corresponding to entries in speed distribution 
function F10> units of (keV/amu)**.5. 

VF2(ieCi) 
Velocities corresponding to entries in speed distribution 
function F20» units of (kev/amu)**.5 

* # * # * * » # * » » # * * * * * * * » * » * * • • * * # # * * * * * « • * * • # * » * # * * * * • * * * # * * # * * * * * * 

LIST SI 
ALPHA(2) = <2..2.) 

Exponent in electron drag cooled speed distribution. This 
is the parameter a in eq. 8. See figures 2 and 3. 

BETA<2> = <-l.»-l.> 
Exponent in the 1/E speed distribution. This is the 
parameter ft in eq. 11. 

BFRACT<3»2> =C.5f.4».l each col) 
Relative intensity of components in three component speed 
distribution functions. This is the parameter bj in eqs. 
6 and 8. First component is full energyi last component 1/3 
energy. See figures 2 and 3. 
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EAMAX(2) = (3500.* 3500. klV) 
Maximum particle energy in the 1/E or alpha distribution. 
This is the energy corresponding to the particle velocity 
v 0 in eqs. 11 and 12. 

EB<2) =(20.,20. keV) 
Ful1 energy of beams in three component speed 
distributions. This is the parameter Efc in eqs. 7» and 8. 

EC(2) = (18C, 100. keV) 
Critical energy in alpha distribution. This is the energy 
corresponding to the critical particle velocity v c in eq. 
12. 

EH0LE(2> = (2..2. keV> 
Lower limit of particle energy in three component speed 
distribution function. This is the parameter E n in eq. 8 
and is the energy corresponding to the particle cutoff 
velocity v^ in eqs. 9 and 10. 

EP(2) = (12., 12. keV) 
Peak energy parameter in mirror distribution. This is the 
energy corresponding to particle velocity v_ in eq. 10. 

EW<2> = <1.» 1. kev) 
Peak width parameter in in mirror distribution. This is the 
energy corresponding to particle velocity width parameter 
v w in eqs. 9 and 10. 
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G<2> = (.8425*-B425) 
Dispersion parameter in throe component Gaussian speed 
distribution. It is used to calculate the width Wj in eq. 
6 according to 

WJ = g x VJ 
TEMP<2> (lB.fia. keV) 

Tmmptrature parameter for Maxwellian speed distribution. 
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EXAMPLE PROBLEM 
LINEC OUT BOX 072 SLAUGHTER 1737 / 5 1 
OK: MONTE TEST1 
Al: NPART=30000 ViL=3. VIH=30. M0DE=1 ISPEED<1>=2* 
LABEL: TEST PROBLEM 
Si: EBU><=50. <BFRACT( 1,1 >, 1=1,3>=.8 .1 . 1* 
Si: TEMP(2>=50.* 
OK: END OUT 
ALL DONE 



I INPUT! MMTE TEST! 
TIME STAMP: 11:29146 f 1/29/35 U 
THIS IS A **•«• MONTE CARLO CALEULATIOH *** 
TEST PROBLEM 

••• POLV ENERGETIC BEAM PROBLEM ••* 

INPUT PARAMETERS: 

P H I I - 0 . MI1J- 1 0 0 E » 0 0 V I " 0 . E l -
NPH1I- 3 NMU1- 3 HVF1" 1 0 0 NR-
V I L - 3 . M E + I 0 V1H- 3 0 0 6 * 0 1 V2L- 1 . * 0 E * 0 0 VZH-
NPH12- 3 NNU2- .? NVF2- 100 MODE-
ENL" 2 . 0 0 E > 0 3 ENH- 3 0 0 E « 0 3 NN- 100 NBIN-
EN0» 0 . THETAN- 0 HPART" 5 0 0 0 0 T L . 
mi' 3 NV2- 3 HOEBI/C- B MERRMAX-

ED DISTRIBUTION FOR SPECIES # 1 NVSET- • 
I V F I V r 
I 3 . 0 0 0 0 E » 0 0 1 . 6 5 I 0 E - 1 0 35 1 . 2 2 7 3 E * » 1 3 . I 7 4 5 E - 6 5 
2 3 .27276*119 1 . 0 3 7 1 E - 0 6 36 1 . 2 S 4 5 E « 0 1 3 . 3 1 1 4 E - 7 2 
3 3 . 5 4 5 5 E + 0 0 5 . 4 2 9 6 E - 0 4 37 1 . 2 8 1 8 E « 0 1 1 . 6 1 4 4 E - 7 9 
4 3 . 8 1 8 Z E ' » « 2 . 3 7 4 3 E - 0 2 38 1 . 3 0 9 1 E « 0 1 3 . 0 3 6 7 E - 8 7 
5 4 . 0 9 0 9 £ t 0 0 8 . 6 0 7 I E - 0 2 3 9 1 . 3 3 6 4 E * 0 1 2 . 6 7 0 0 E - 9 S 
e 4 . 3 6 3 6 E * 0 0 2 . 7 5 3 3 E - 8 2 40 1 . 3 6 3 6 E * 0 1 1 . 0 2 9 4 - 1 0 3 
7 4 . 6 3 6 4 £ « 0 0 Z . 1 7 7 7 E - 0 2 41 1 . 3 9 0 9 E + 0 1 1 . 7 4 0 3 - 1 1 2 
s 4 . 9 0 9 1 E * 0 0 9 . 3 3 1 B E - 0 2 4 2 1 . 4 1 B 2 E * 0 1 1 . 2 9 0 2 - 1 2 1 
9 5 . 1 9 1 8 E » 0 0 7 . 9 0 0 6 E - B 2 4 3 l . » 4 6 B E * 0 1 4 . 1 9 4 5 - 1 3 1 

10 5 . 4 S 4 5 E * 0 0 1 .2O13E-0Z 44 1 . 4 7 2 7 E + 0 1 E . 9 8 0 2 - 1 4 1 
11 5 . 7 2 ? 3 E * 0 0 4 . 3 4 0 0 E - 0 4 45 I . G 0 0 0 E * 0 1 3 . 7 3 9 2 - 1 6 1 
12 6 . 0 0 0 » E * 0 0 I . E 0 9 B E - 0 3 46 1 .E273E+01 1 . 0 2 5 3 - 1 6 1 
13 6 . 2 7 2 7 E » 0 0 2 . 7 7 1 E E - 0 2 47 1 . 5 S 4 B E » 0 I 1 . 2 3 3 1 - 1 7 2 
14 6 . 6 4 5 5 E * * 0 2 . 2 2 7 7 E - 0 I 48 I . S « 1 8 E » 0 I 6 . 9 0 4 3 - 1 8 4 
IS 6 . B 1 8 2 E « 0 0 7 . 6 3 0 9 E - 8 1 19 1 . C 0 9 1 O 0 1 1 . 6 0 4 7 - 1 9 5 
16 7 . 0 9 0 9 E * 0 0 1 . 2 0 4 2 E » 0 0 6B l . 6 3 6 4 E * 0 1 1 . 6 2 6 8 - 2 0 7 
17 7 . 3 6 3 6 E * 0 0 9 . I 0 2 4 E - 0 I SI l . 6 6 3 6 E » 0 1 6 . 7 9 6 0 - 2 2 0 
16 ? . 6 3 6 4 E » 0 0 2 . 3 B 6 0 E - 0 I 62 1 . 6 9 0 9 E + 0 1 1 . 3 2 6 4 - 2 3 2 
19 7 . 9 0 9 1 E * 0 0 3 . 0 7 6 S E - 0 2 S3 1 . 7 1 B 2 E « 0 1 1 . 1 3 6 7 - 2 4 6 
JB 8 . 1 B 1 8 E » 0 0 1 . 7 3 S 7 E - 0 3 S4 I . ? 4 S 5 E * 0 1 4 . 2 6 S 4 - 2 E 9 
21 8 . 4 S 4 S E * 0 0 4 . 2 B 9 2 E - 0 5 SS 1 . 7 7 2 7 0 0 1 7 . 0 2 6 9 - 2 7 3 
22 B . 7 2 7 3 E « 0 0 4 . 6 4 1 9 E - 0 7 6 6 l . O B 0 0 E » 0 1 6 . B 7 7 D - 2 B 7 
23 9 . 0 0 0 0 E + 0 0 2 . 2 0 0 3 E - 0 9 8 7 l . S 2 7 U E t 0 1 0 . 
2 * 9 . 2 7 2 7 E « B B 4 . S 6 8 B E - 1 2 SB 1 ,O545E*0) 0 , 
25 9 . 5 4 D 5 E « 0 0 4 . 1 6 6 1 E - 1 5 69 1 .001BE»B1 0 . 
zr, 9 . 0 1 0 2 6 * 0 0 1 .60G6C-10 6 0 1 . 9 0 9 I E * 0 I 0 . 
tl I.I1U91E401 2 .0 'JZ9I>22 CI 1 .93f i4E»01 a, 811 I . B 3 6 4 E * 0 l Z . 2 1 3 9 E - 2 G 62 1 . 9 6 3 6 E * 0 I a. 29 l . 0 6 3 6 E * 0 1 7 . 4 2 5 2 E - 3 1 63 l . 9 9 0 9 E » 0 1 B, 
311 l.ll'JOQE'OI l . 0 9 l b E - 3 H 04 2 . 0 1 0 2 0 0 1 s. 
31 I . I 1 8 2 E + 0 1 7 . 0 3 2 2 E - 4 1 66 2 .0461 iE«01 e. 32 1 . 1 4 5 5 6 * 0 1 1 . 9 8 6 0 E - 4 6 66 2 . 0 7 2 7 E * 0 1 a. 3 3 > . \ 7Z7E»OI 2 . 4 5 8 6 E - 5 2 67 2 . 1 0 D O E . 0 ] B. 
34 l . 2 U 0 0 E * 0 1 I . 3 1 4 3 C - E 0 68 2 . 1 2 7 3 E * 0 1 B. 

-COMPON EHT CAMS 
BEAM ENERGV" S . 0 0 E + 0 1 FRACTIONS- B .0OE-01 1 0 0 E - 0 1 1 .00E 
6" 4.25E-02 ALPHA- 2.00E*JJ0 

2.00E*01 
1 

1,00E«01 
1 

25 
6.00E»01 

20 

i v r 
69 2.1545E*01 ». 7 0 2.1B18E«0I 0 . 
71 Z.2091E*01 0 . 
72 2.2364E*01 0 . 
73 Z.2636E*01 0 . 
74 2.2909E»«l 0 . 
76 2.31S2E*01 0 . 
76 2.3455E*01 0 . 
77 2.3727E»01 0 . 
78 2.4000E«01 0 . 
79 2.4273E*01 0 . 
8 0 2.4S4SE«01 0 . 
81 2.4S1BE*01 0 . 
82 2.5091O01 0 . 
S3 2.S364E«01 0 . 
84 2.5636E«01 0 . 
85 2.5909E«01 1 . 
B6 2.6182E*0l 0 . 
B7 2.64SSE«0t 0 . 
88 2.6?27E*BI 0 . 
89 2.700BE*0t 
90 2.7273E»8l 
91 2.7S4SE*0I 
92 2.781BE*0l 
93 2.OB91E*0l 
94 2,O364E*0I 
96 2.0G36E*01 
96 2.89B9E*OI 
97 2.9182E«0l 
90 2.9455£»0I 
99 Z.9727E*01 

100 3.0O00E*0I 
101 I .65I0E-I0 
102 I.B371E-U6 

01 



ISPEED- 2 
MEAN ENERGY- ».77SE*01 
SPEED DISTRIBUTION FOR SPECIES *Z NVSET- 0 

I V F I V 

1 l.mnME+aar 8.4962E-03 35 4.0909E»00 
2 1.0909E*00 1.00?31-02 36 4.1O1OE*00 
3 1.1O1OE«00 1.1773E-02 37 4.2727E«00 
4 l.2727E»00 1.3593E-02 38 4.3636E»00 
5 1.36'>6E*00 1.55Z9E-02 39 4.4545E»00 
6 1.4546E*00 1.7579E-02 40 4,5455E»00 
7 l.5455E*00 1.9737E-02 41 4.6364E»00 
a 1.6364E-HJ0 2.1999E-02 42 4.7273E«00 
9 1.7273E*00 2.436ZE-02 43 4.8162E*00 

10 1.8182E>00 2.6821E-02 44 4.9091E»00 
11 1.9B9IEHJB 2.9370E-02 49 5.0000E*00 
12 2.0000E+00 3.20d6E-02 46 6.0909E«00 
13 Z.0909E*00 3.4722E-02 47 5.i8iaE*oe 
U 2.1818E+00 3.7514E-02 48 5.2727E*00 
IS 2.27276*00 4.0377E-02 49 5.3636E*00 
16 2.3636E*00 4.3306E-02 S0 S.4545E»00 
17 2.4545E«-00 4.6Z93E-02 Bl 5.54S5E»00 
IS 2.5455E»00 4.9336E-02 52 5.6364E*00 
19 2.6364E«00 S.2426E-02 53 5.7273E+00 
20 2.7273E*00 S.6S60E-02 54 5.B182E»00 
21 2.8I82E»00 5.8730E-02 55 5.9091E»00 
22 2.9091E»00 G.I932E-02 56 6.0000E+00 
23 3.0000E«00 6.5160E-02 67 6.09096*00 
24 3.0909E«00 6.8407E-02 5B 6.1818E*00 
25 3.1818E»00 7.I668E-02 59 6.2727E*0B 
26 3.2727E*0* 7.4937E-02 6 0 6.363«E«»0 
27 3.3636E»00 7.8209E-02 61 6.454SE»00 
28 3.4545E»00 8.14776-02 62 6.645SE»00 
29 3.5455E*00 8.4736E-02 63 6.6364E«00 
3 f 3.6364E*00 B.79B1E-02 64 6.7273E»00 
31 3.7273E»00 9.1206E-02 65 6.8182E*08 
32 3.8182E+00 9.4405E-02 66 6.9091E*00 
33 3.9091E+00 9.7573E-02 67 7.0000E»00 
34 4.0000E«00 1.0071E-0I 68 7.0909E»00 

MAXWELL 

TEMP- 5.00E»01 KEV 
ISPEED- I 
MEAN ENERGY* 4.589E«01 
ANGULAR DISTRIBUTION FOR SPECIES #2 NGSET- 0 

MU 5 1 MU 

-1.0000E«00 S.0000E-01 B -3.0000E-01 
-9.0000E-0I 5.0000E-0I 9 -2.0000E-0I 
-8.0000E-01 S.0000E-01 10 -1.0000E-01 
-7.0000E-01 5.0000E-01 11 0 . 
-6.0000E-0I S.0000E-01 12 1.0000E-01 
-5.0000E-01 5.0000E-01 13 2.0000E-01 
-4.0U00E-01 5.0000E-01 14 3.00O0E-0I 

CROSS SECTION AS FUNCTION OF RELATIVE SPEED.NSIGSET- 0 

(I, 

1.0380E-01 
1.0684E-01 
1.09O4E-01 
1.1278E-01 
1.1565E-01 
I.1647E-01 
1.2121E-01 
1.2389E-01 
1.2648E-01 
1.2900E-01 
1.3143E-01 
1.3378E-01 
1.3G03E-01 
1.3SZ0E-01 
1.4026E-01 
1.4223E-01 
I.4410E-0I 
1.4S87E-01 
1.4753E-01 
I.4909E-01 
I.50B4E-01 
1.6169E-01 
1.S3I2E-01 
1.5424E-01 
1.5526E-01 
I.B616E-0I 
1.S69SE-01 
I.G764E-01 
I.BB21E-01 
1.5867E-01 
l,S902E-0t 
1.6927E-01 
1.6940E-0I 
1.ES43E-01 

69 7.I818E»00 1.5936E-01 
7 0 7.2727E»00 1.E918E-01 
71 7.3636E»00 I.5890E-01 
72 7.4S4SE<-00 1.5B52E-01 
73 7.5455E»00 1.58F4E-01 
74 7.6364E*00 1.5746E-01 
7S 7.7273E«00 1.S679E-01 
76 7.8192E*00 1.SG03E-01 
77 7.9091E*00 1.5518E-01 
78 8.0000E*00 1.5424E-01 
79 B.0909E«00 1.5321E-0I 
80 8.1B18S«00 1.52UE-01 
81 B.2727E*00 1.5B92E-01 
82 8.3G36E<00 1.49G6E-01 
83 8.4545E-»00 1.4833E-01 
94 8.5455E*00 1.4G92E-01 
85 8.6364E*00 1.454SE-01 
86 8.7273E-»00 1.4391E-01 
87 8.8lB2E/»00 1.4231E-01 
88 8.909IE«00 1.4056E-01 
89 9.0000E*00 I.3894E-01 
90 9.09*9E*0» 1.3718E-0I 
91 9.1818E««0 1.35366-01 
92 9.Z?27E'00 1.3350E-01 
93 9.363GC*!* 1.3159E-01 
94 9.4545E*00 S.2965E-01 
95 9.54SSE»00 1.27G7E-01 
96 9.6364E»00 1.2565E-01 
97 9.7273E»00 1.2360E-01 
98 9.B182E*ff 1.Z1G3E-01 
99 9.9«9IE*0« 1.19436-01 

100 1.0000E»0l 1.1731E-01 
101 B.4962E-03 0 . 
102 1.0073E-02 0 . 

6.0000E-01 IS 4.0000E-01 5.0000E-01 
6.J0000E-01 16 S.0000E-01 5.0000E-01 
S.0M0E-0I 17 G.0000E-01 5.0000E-01 
5.0000E-01 18 7.0000E-01 5.0000E-01 
G.0000E-01 19 8.0000E-01 5.0000E-0I 
5.0000E-"l 2 0 9.0000E-01 5.0000E-01 
5.00OOI:-01 21 l.flOO»E»O0 G.000OE-01 



I V SIGMA I V 
1 I.73ZIE*00 2.S62DE-34 35 5 0914E*00 
Z 1.7879E+00 5.3B48E-34 36 5 2654E+00 
3 1.84S5E*00 1.0912E-33 37 5 4247E«00 
4 1.9049E+00 2.1705E-33 38 5 S99SE+00 
5 1.9663E+00 4.Z174E-33 39 6 7799E*00 
8 Z.0297E+00 8.0107E-33 40 .5 9662E*00 
7 Z.B9S1E*08 1.488SE-32 41 6 1584E+00 
8 2.1626E*00 2.7074E-32 42 6 3S69E+00 
9 2.2322E*00 4.8239E-32 43 6 5617E*00 
10 2.3042E*»0 8.4247E-32 44 6 7731E+00 
It 2,3784E»00 1.4431E-31 45 6 9913E*00 
12 2.45S1E*00 2.4261E-3I 46 7 2166E+00 
13 2.5342E*00 4.00S0E-31 47 7 4491E*00 
14 2.6I58E*00 6.496IE-31 48 7 6892E*00 
IS 2.7001E*80 1.B3SBE-30 49 7 9369E*00 
IS 2.7871E*00 I.6247E-30 50 e 1926E*00 17 2.8769E+08 2.5077E-30 51 8 4B66E*00 
IS 2.9696E*00 3.8111E-30 52 8 7291E*00 
19 3,0653E*BB 5.70S5E-3B 53 9 0104E*00 
20 3.1640E*00 B.4183E-38 54 9 3007E+00 
21 3.2660E*00 1.2247E-29 55 9 6004E*00 
22 3.3712E*00 1.7S7BE-29 86 9 9097E+00 
23 3.4798E*B0 2.4898E-29 57 1 .0229E*01 
24 3.5920E*00 3.480IE-29 58 1 .0SS9E*01 
2B 3.7077E*00 4.B05BE-29 69 1 .0a99E*01 
26 3.8272E*00 6.5S72E-29 60 I .12606*01 
27 3.9505E*00 B.B433E-29 61 I ,IGI2E*01 
28 4.0778E4B0 1.I793E-2D 62 I .1987E»01 
29 4.2092E+00 1.655SE-Z8 63 1 .23736*01 
30 4.344SE*00 2.0301E-28 64 I .27726*81 
31 4.4848E*00 2.622SE-28 G5 1 .31B3E*01 
32 4.6293E+00 3.3544E-28 66 1 .36886*61 
33 4.7785E*00 4.2494E-2B 67 | .4046E«0I 34 4.9324E*B0 5.333SE-28 6B 1 .4499E*01 

CROSS SECTION CMCS ANGULAR DIST COEFFICIENTS 
1.30E-01 4.70E-03 

SIGMA I V SIGMA 
6.6341E-28 69 1.4966E«01 2.7187E-26 
a.l8fllE-28 70 l.S448E*01 2.B250E-Z6 
1.0002E-27 71 1.5946E*01 2.928SE-26 
1.2129E-27 72 1.64G0E*01 3.82896-26 
I.4593E-27 73 1.6990E*01 3.1269E-26 
1.7424E-27 74 i.7S39E*0I 3.2I9ZE-Z6 
2.06S1E-27 75 1.8103E+01 3.3088E-26 
2.4300E-27 76 1.86B6E*0I 3.3943E-26 
2.8397E-27 77 1.9288E*01 3.47B6E-26 
3.2963E-27 78 1.9909E*01 3.S528E-26 
3.881SE-27 79 2.0S51E+B1 3.6253E-26 
4.3569E-27 80 2.1213E*01 3.6934E-26 
4.9632E-27 81 2.1B97E*01 3.7570E-Z6 
5.G210E-27 82 2.2G02E*01 3.8160E-26 
6.3301E-27 83 2.3330E*01 3.8703E-26 
7.0899E-27 84 2.4082E«01 3.9201E-26 
7.8992E-27 85 2.48586*01 3.9652E-26 
8.75E4E-27 86 Z.5659E*01 4.0057E-26 
9.6591E-27 87 2.6486E*01 4.0417E-26 
1.0605E-26 88 Z.7339E*01 4.0731E-26 
1.1590E-26 89 2,B220E*0I 4.I00IE-26 
1.2612E-26 90 Z.9129E*01 4.1226E-26 
1.3666E-26 91 3.0068E*01 4.1408E-26 
1.4748E-26 92 3.1037E*81 4.1547E-26 
I.58S4E-26 93 3.2037E*01 J.164GE-2C 
1.6979E-26 94 3.3069E*01 4.1701E-26 
1.B119E-26 95 3.4135E*01 4.I7I7E-26 
1.9267E-26 96 3.5235E*81 4.1694E-26 
2.0421E-26 97 3.6370E*01 4.1633E-26 
2.1576E-26 98 3.7B42E*01 4.1S35E-26 
2.2724E-26 99 3.87S1E*01 4.1401E-26 
2.3864E-26 100 4.0000E*81 4.1232E-26 
2.4990E-26 101 2.B629E-34 0. 
2.6099E-26 102 S.3548E-34 I.3000E-01 



1 MONTE CARLO RESULTS ARE PRINTED IN FILE1. TEST1 TIME STAMP ill :29:46 01/29/85 U 
D(D,N)"HE 

TEST PROBLEM 
RESULTS OF MONTECARLO SIMULATION FOR 50000 (3.20E*01 SEC) PARTICLES FROM REACTION » 0 (D.NI^HE 
DISTRIBUTION OVER 100 DINS FROM 2.00E*03 TO 3.00E*03 KEV 
Ml- 2.0 M2- 2.0 MM- 1.0 MR- 3.0 Q- 3.27E»03 

MODE- 1 
I EN NO. PSI • / -

1 2.000E*03 0 . 0 . B. 
z 2.0L0E*03 0 . 0 . 0 . 
3 2.020E*03 0 . 0 . 0 . 
4 2.030E»03 0 . 0 . 0 . 
S 2.040E»03 0 . 0 . 0 . 
6 2.051E»03 0 . C 0 . 
7 2.061E*03 0 . 0 . 0 . 
8 2.071E»03 0 . 0 . 0 . 
9 2.881E*03 0 . 0 . 0 . 

10 2.091E«03 0 . 0 . 0 . 
11 2.101£«03 0 . 0 . 0 . 
12 2.1UE+03 0 . 0 . 0 . 
13 2.121E«03 0 . 0 . 0 . 
14 2.131E«03 0 , 0 . 0 . 
IS 2.141E<03 0 . 0 . 0 . 
IS 2.1S2E403 0 . 0 . 0 . 
17 2.162E»M 0 . 0 . 0 . 
IS 2.I72E+03 0 . 0 . 0 . 
19 2.1B2E»03 0 . 0 . 0 . 
2 0 2.192E»03 0 . B. 0 . 
21 2.202E«03 0 , 0 . 0 . 
22 2.212E+03 0 . 0 . 0 . 
23 2.222E+03 0 . 0 . B. 
24 2.232E-03 0 . 0 . 0 . 
25 2.242E*03 0 . 0 . 0 . 
20 2.253E»03 0 . 0 . 0 . 
27 2.263E-03 0 . B. 0 . 
28 2.273E»03 0 . B. 0 . 
29 2.2B3E«03 0 . 0 . 0 . 
3 0 2.293E*03 0 . 0 . 0 . 
31 Z.303E*03 0 . 0 . 0. 
32 ?.3I3E*03 0 . 0 . 0 . 
33 2.323EMJ3 B. 0 . 0 . 
34 2.333E«03 0 . 0 . 0 . 
35 2.343E+03 2 . 2.829E-24 2.001E-24 
30 2.3S4E+03 9 . I.143E--23 3.809E-Z4 
37 2.3B4E*03 1 2 . 1.604E •23 4.340E-24 
3B 2.374E«03 1 2 . 1.380E •23 3.983E-24 
39 2.3P4E+03 2 1 . 2.E31E -23 G.G24E-24 
40 2.394E+03 19 . 2.296E •23 B.2S7E-24 
41 2.484E»03 2 9 . 3.6B7E •23 6.661E-24 
42 2.4HE+03 3 1 . 3.G40E -23 fi.6S3E-24 
43 i .424t*H3 4 1 . 4.WUE •ti tt.957£-!24 
44 2.434E-03 5 2 . 5.935E -23 8.230E-24 
-IB 2.444E+03 6 2 . 6.806E -23 8.646E-24 
411 2.4ME-t03 0 2 . 1.036E •22 1.143E-23 
47 2.4GliE*03 100. I.547E -22 1.4D9C-23 
4D 2.47BEt»3 153. 2 .U4E-22 1.725E-23 
49 2.4t>5E*03 21 fl. 3.466E-22 2.361E-23 

f» 



M t . 4 W f » « 3 233 . 3 .147E-22 2 ,*2fE-23 
SI 2 . M V O 0 3 335. 5.443E-22 2 .974 E-23 
52 2 .615I«*3 438. 7.3B7E-22 3.515E-23 
S3 2.52SE*»3 444 . 7.3S9E-22 3 .492E-23 
64 2.53SE«03 562 . 9.167E-22 3 .867E-23 
56 2.54SE*03 627. 1.023E-21 4.0B7E-23 
56 2 . 5 5 6 E 0 3 72*. 1.129E-21 4.206E-23 
57 2.5G6E+03 792. 1.235E-21 4.39BE-23 
68 2.576E*03 869. 1.294E-21 4 .390E-23 
59 2.StS£»»3 866 , 1.252E-21 4.253E-23 
6* 2.596E«03 993 . 1.326E-21 4.206E-23 
61 2.636E+B3 109S. 1.390E-21 4 .201E'23 
62 2.616E403 1125, 1.361E-21 4 .056E-23 
63 2 . 16E«03 1241. 1.413E-21 4 .011E-23 
G4 2.-2SE+M 1302. 1.424E-21 3.947E-23 
65 Z.646E+03 1358. 1.386E-21 3 .760E-23 
66 2.657E*03 1340. 1.313E-21 3.588E-23 
67 2.667E«03 1398. 1.258E-21 3 .364E-23 
68 2.677E»I3 1366. 1.154E-21 3 .122E-23 
69 2.687E+03 1446. 1.131E-21 2.974E-23 
70 2.697E*03 1425. 1.083E-21 2.868E-23 
71 2.7B7E-HB3 1430. 9.761E-22 2.581E>23 
72 Z.717E-HB3 1507. 9.407E-22 2 .423E-23 
73 2.727E+B3 U 3 8 . 8.182E-22 2.IS8E-23 
74 2.737E+B3 1493. 7.671E-22 1.9B5E-23 
75 2.747E+03 1380. 6.814E-22 1.B34E'23 
76 2.758E»03 1343. 6.006E-22 1.639E-23 
77 2.76BE4B3 1405. 5.69GE-22 1.620E-23 
78 2.778E»03 1343. 5.008E-22 1.366E-23 
79 2.788E+B3 1339. 4.445E-22 I .2I5E-23 
80 2.7S8E*03 1264. 3.77SE-22 1.062E-23 
SI 2.808E+03 1285. 3 .535E-22 9 .861E-24 
82 2.818E*03 1174. 3 .139E-22 9.160E-24 
63 2.82BE+03 1117. 2.633E-22 7.879E-24 
94 2.038E*B3 1106. 2.240E-22 6.734E-24 
95 2.848E+03 1036, 2 .025E-22 6.290E'24 
66 2.859E+03 925. 1.666E-22 S.477E-24 
87 2.869E-HB3 893. 1.368E-22 4.B76E-24 
eg 2.879E+03 828. 1.211E-22 4.2B9E-24 
09 2.889E*03 823 . 1.124E-22 3.917E-24 
90 2.899E*03 6&9. 7.731E-23 i .»12E-24 
91 2.909Ef03 653 . 6.935E-23 2.714E-24 
92 2.919E+03 646. 6.702E-23 2.637E-24 
03 2.929E+03 552 , 4.712E-23 2.0TJ6E-24 
94 2.939E+03 509. 3.846E-23 1.704E-Z4 
95 2.949E+03 466. 3 .0ME-23 1.396E-24 
96 2.960E+03 422. 2 .331E-23 1.135E-24 
97 2.97DEHJ3 372 . 1.873E-23 9.713E-25 
•J i l 2.UIIMI>03 3IJ0. 1.0UUE-23 6.2B0L-26 
0 'J 2.990E*03 270. 6.773E-24 S.2GZE-2B 

\tm 3.00OE*03 1180. 1.770E-23 5.1B4E-2S 



1 RESULT TABLE AREAS: 

xxxxxxxxxxx 
SIGMA-

M MOMENT 
1 2.6409E403 
2 6 . 9 8 4 ] E t 0 6 
3 I . 8 4 9 6 E M 0 
4 4.Sj»S«TE*n 
5 1.3026E»17 
6 3 .464UE»20 
7 9 . 2 2 7 8 E * 2 3 
8 2 .4613E«27 
9 6 . 5 7 4 8 E * 3 0 

1X1 1.7S90E»34 

MOMEHTS ABOUT THE MEAN 

3.40E-19 UEIGHTE 
FUHM- 2.30E*02 
FUTM- 4.06E->O2 
MOMENTS x m m x x 
WEIGHTED 

ROOT 

B . 0 0 6 * 0 4 UNUE 
e. 

I 
2 
3 
4 
s 
G 
7 
8 
9 

10 

2 . 6 4 0 9 E * 0 3 
9 . 6 1 5 9 E * 0 3 
3 .8537E«0S 
2 . 8 7 8 3 6 * 0 8 
3 . 0 3 2 2 E * 1 0 
1 . 4 7 7 9 E t l 3 
2 . 4 4 I 8 E * I 5 
1 ,0275E»18 
2 . 1 6 6 5 E * 2 0 
8 . 5 2 I 2 E » 2 2 

2 . 6 4 2 7 E + 0 3 
2 .6444E+03 
2 . 6 4 6 4 E * 0 3 
2 .G483E*03 
2.GS»ZE*»3 
2 . 6 5 2 0 E * 0 3 
2 . 6 5 4 0 E * 0 3 
2 . 6 5 5 9 E * 0 3 
2 . 6 S 7 8 E * 0 3 

9 . 8 0 6 1 E * 0 1 
7 . 2 7 6 8 6 * 0 1 
1 .3026E*02 
1 . 2 4 8 4 6 * 0 2 
I . 5 G 6 5 E * 0 2 
l . S 7 8 5 E * 0 2 
l . 7 8 4 3 E * 0 2 
1 .8177E*02 
1.9G3GE*02 

NON-WEI 
MOMENT 

7300E*03 
4690E*06 
0 4 7 8 E * 1 0 
6268E*13 
B493E*17 
2762E*20 
1821E»24 
27SGE*27 
0 9 5 0 E * 3 0 
6 3 0 4 6 * 3 4 

2 . 7 3 0 0 E * 0 3 
1 .6086E*04 
l . 4 9 8 8 E * 0 5 
6 . 2 9 7 B E * 0 8 
6 . 4 6 S 3 E * * 9 
3 . 4 5 9 5 E . 1 3 

- 4 . 8 3 6 4 E H 4 
2 .3346E»18 

- l . 4 0 9 0 E * 2 0 
l .B514E»23 

ROOT 
0 . 
2 . 7 3 3 0 E * * 3 
Z .73S7E*03 
2 .7388E+03 
2 . 7 4 1 8 E * 0 3 
2 . 7 4 4 7 E * 0 3 
2 . 7 4 7 6 E * 0 3 
2 .7S0SE*03 
2 . 7 5 3 4 E * 0 3 
2 .7B63E*03 

e. 
1 .2683E*02 
S . 3 M 6 E * 0 I 
1 .5942E*02 
8 . 8 G 1 8 E * 0 I 
I . 8 0 B 1 E * 0 2 

- l . 2 5 2 5 E » 0 2 
1 .9771E*02 

- 1 . 7 3 2 9 E * 0 2 
2 . 1 2 2 0 6 * 0 2 

RESULTS FROM RE-BINNING INTO 
I EN NO. 

1 
2 
3 
4 
5 
6 
7 
a 
9 

l « 
l i 
12 
13 
14 
I S 
1G 
17 
18 
19 
2 0 
21 
?z 
V.I 
24 
25 

2 . 0 0 0 E » 0 3 
2 . 0 4 2 E * 0 3 
2 . 0 8 3 E * 0 3 
2 . I 2 5 E * 0 3 
2 , I 6 7 E * 0 3 
2.ZtfOE*03 
2 ,2G0E*03 
2 . 2 9 2 E » 0 3 
2 , 3 3 3 E * 0 3 
2 . 3 7 5 E * 0 3 
2 .417E+03 
2 . 4 S 8 E * 0 3 
2 . 6 0 0 E * 0 3 
2 .542E«03 
2 . 6 8 3 E * 0 3 
2 . 6 2 5 E * 0 3 
2 . 6 6 7 E » 0 3 
2 . 7 0 8 E t 0 3 
Z . 7 S 0 E * 0 3 
2 .792E»03 
Z.B33E»03 
2 .n7BE*03 
it.'ji/tiorj 
2 .S5UE-03 
3 .000E«03 

25 BINS 
FSI 
0. 
0. 
0. 
0. 

3D. 
89. 
23G. 
771. 
183G. 
3030. 
4299. 
5398. 
SBSS. 
4G47. 
4861. 
4129. 
mi?. 

1896 . 
213B. 

0 . 
0 . 

0 . 
0 . 

121E-23 
S81E-23 
0 0 S E - 2 3 
9SSE-22 
3 4 0 E - 2 2 
114E-21 

1.28BE-21 
1 . 3 0 4 E - 2 1 
1 . 0 8 2 E - 2 1 
G.8S9E-22 
4 . 0 I S E - 2 2 
2.528E-2Z 
1 . 4 l n r - 2 2 
?.A<jat-ilJ 
3 . 3 0 0 E - 2 3 
1 . 3 6 0 E - 2 3 

1 . 8 2 0 E - 2 4 
2 . 7 3 2 E - 2 * 
4 .SSSE-24 
1 . 0 6 4 E - 2 3 
1 . 7 1 3 6 - 2 3 
2 . 0 2 4 E - 2 3 
1 .9G4E-23 
1 .77SE-23 
I . 4 1 3 E - 2 3 
8 . 6 9 5 E - 2 4 
S .94GE-24 
3 . 9 3 4 E - 2 4 
2.42I1E-24 
I . 4 6 U L - Z 4 
7 . 5 7 7 E - 2 S 
2 . 9 4 1 E - 2 S 

(* 



LINE 
REACTION PRODUCT 
LINE-SHAPE 
CALCULATION 

THIS JOB UPS nUNi 1IIS9IS4 01/29/65 U 
USING CODE VERSION LOADED* 12/17/64 16I27I2B 
RESULTS RRE IN FILES: 0UTX11P9 fX185X1129 
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