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A cavputer code is described which estimates the energy spectrun or
"] ine-shape" for the charged particles and y-rays produced by the
fusion of low-z ions in a hot plasma. The simulation has several
Yhujlt-in" ion velecity distributions characteristic of heated plasvas
and it also accepts arbitrary speed and angular distributions although
they oust all be symmetric about the z-axis. An energy spectrum of one
of the reaction products {ion, neutron, or y-ray) is calculated at one
angle with respect to the symetry axis. The results are shown in
tabular form, they are plotted graphically, and the moments of the
spectrun 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 low-z ions. Fusion reaction products
are typically very energetic and may escape the plasma s0 that
their energy and trajectory may be measured without perturbing
the plasma. Energy spectrum measu. ‘ments on fusion reaction
products have been used in the past -o determine the temperature
of thermonuclear plasmasl= from the Joppler width of their
spectral lines. These measurements have been based on the
abservation of fusion neutronsl—® as well as charged
partictesl®-16, gome of the measureme: ‘s have identified
non-maxwellian ion speed distributionsl —1% by proper
interpretation of the line shape and/er %s location.

It has been proposed to determine the energy spectrum of
confined fusien product o—particles in ignited D-T plasma by
observing r-rays or neutrons produced when they react with
ions present in the plasma2°'21. It may also be possibie 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 thg
particles observed. Predicted 1ine shapes for neutron emission
have been described for Maxwellian p1asmas1’24—27 and some

non-maxwellian distributions24=25, UWhile the fusion product

.



energy spectrum may be calculated semi-analytically for a
Maxwellian ion speed distribution23-27, a pumerical
integration procedure must be used far most other plausibile
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
electrans. These processes commonly result in ion speed
distributions which are non-maxwsllian te a very cignificant
extent. Maxwellian plasmas have become the exception in modern
large scale fusion experiments. As a result, interpretation of
reaction product spectral data reguires that the expected line
shape be established for each nof the plausible ion speed
distributions.

As plasmg 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
particie 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 produc*s as a
function of the angular and speed distribution of the reacting
species which motivates ... .. sent simulation,

The computer simulation described below facilitates this
pracess. In-particular: it allows arbitrary speed and angular

distributions for two reacting species and predicts the
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observed energy spectrum of ane of the reaction products.
Reaction kinematics are calculated for non-relativistic ions and
neutrons as well as for ¥ —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 particie energy so that spectral shape
dye to different ion speed distributions may be compared
quantitatively.
SPECTRUM CALCULATION

A1l 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 &, relative to
the symmetry (2} axis using tive input angular and energy
distributions for the reacting species. The result i5 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 useds, the energy
released in the reaction (Q), 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:

my + M > Mg + MR ()
where the reaction product of interests my» may be a nucleon
or mhoton but all others species nust be classical

non—relativistic particles with nonzero rest mass. Reactions



for which a 1ine shape may be calculated are listed in Table I.
The table also shows the reaction @ values used and references
for the cross section data used.

TABLE 1

REACTION LIST

IndexReaction G(MeV) Product o ref. Ang. dist
ref. 28 reference

1 D(dsn)3He 3.267 n 29 24

2 DidspdT 4.932 p 29 24

3 T(desn)aHe 17.586 n 29 isotropic
4 3He(dsp)4He 18.351 ¢p 29 isotropic
S T{(d»¥)5SHe 16.4%6 r 29-33 isotropic
& D(p»r)3He S.494 7 34,435 isotropic
7 D(drY)4He 23.848 r 36-38 2

8 T{psr)dHe 19.814 r 39 39

9 3He (d,r)THe 14,228 r 80-433 40-43

1@ T{ar X)7Li 2:867 r 845,45 44;45

11 3He(x» ) 7Be 1.587 7 46—-48 47+48

12 6Li(as7)10B 4.861 r 4951 =37

13 7Li{o» ) 11B 8.4664 ¥ 52-34 isotropic
14 9Be(arn)12C 5.704 n 55 355

15 PBe{arn)12C* 1.265 o5 isotropic
14 9Be{as ) 14N 12.651 r S5-58 isotrepic
17 10B{(xen) 13N 1.060 n 59-61 isotropic
18 10B{as ) 14N 11.613 r 62163 isotropic
19 11B{asn)14N <157 n &84 65 isotropic
20 11B(as ¥) 15N 10.992 7r 66167 isotropic
21 12C(a, ) 1560 7.161 r 68169 isotropic
22 13C({arn)160 2.215 n 70,71 isotropic

In those cases where the cross section angular dependence is
poerly known the reaction is assumed isotropic in the
cepter—of-mass—~coordipate-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 anmn

estimation of «(E s8,) given by eq. 2 below.

1
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where

F1{V1) and F2(Vz) are the normalized velocity

distribution functions for the reacting species:

Vy and V2 are velocity vectors of the reacting gpecies:

d2g/dEdN is the differential cross section in the

cMcs
dQ./dQ ic the Jacobian to convert solid angles
between the CMCS and the rest system
K{vy+vosmysmosmaemg 1 @rEqe8p) is the
kinematic kernel which determines the energys Ey» of
the reaction product at angle o, recuired 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 bty eq. 3 below.

Fi(Vil= Tivijigirjrh(e;) (3
where f(v) is the speed distributions @(#¥) the polar angle
distributions B the cosine of the angle which the velocity
vector makes with the z—-axis: and h(#) the azimuthal
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



relative velocity of the reacting species so that onn
integration is eliminated trivially. The regquirements of energy
and momentum conservation in the kinematics eliminates one more
of those coordinates when Ey and o, are fixed. The

integral is then simplified to the form given in eq. 4 below.

IP( En.un) gﬁ-lzf,lv-l )dvazzfz(vz)dvgﬁh (u")du'
dQ

C
f Wz’"”gﬁ"’z R dEdﬂ W

where K includes a delta function whose value is nonzero only

(4)

when the velocity space coordinates of the reacting species
satisfy the requirements of energy and maomeantum conservation for
a reaction product at energy E, and direction cosine H,.

There are two methods of integration allowed: 1) a numerical
procedure to evalyate the integral: and 2) monte carla sampling
of the input distribution functions with appropriate crass

section weighting to determine the integral.

Numerical Integration of Eg. 4

In the first cases numerical integration» the angle and
speed coordinates are divided up into a2 Tixed pumber of equal
increments and the integration is carried out using the
trape2gidal rule. The number of increments in each coordinate
is determined by the problem input. Evaluation of the integral

for a given B, is repeated for each E, in the result



table. The 1imitc of integration for each coordinate must be
determined by reaction kinematics st that a recaction product at
energy &, may be produced at angle &, relative to the

z—axis. Since there is no closed form relation between the
integration 1imits and the particle coordinates in velocity
space it was conzidered simpler to work with equally spaced
coordinate increments over a wide range. Each increment is
checked for kinematically wvalid 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

r the crose section since it is very sensitive to the
relative speed of the reacting species which, in turns is very

sensitive to the angular and speed coordinates.

Monte Carlo Integration of Eg. 4

Monte carlo integratiocn relies on the random sampling of the
input distributior functions which describe the velocity vectors
of the reacting species. The probability ef 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 accunulated
in the appropriate energy bin of the reaction product energy
spectrum. This results with adequate trial statistics: should
then simulate the expected energy spectrum of :eaction products
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 angile.
SPEED DISTRIBUTIONS

The coordinate system and definition of angles used in the
simulation are illustrated in Fiqure 1. Results of the
simulation give the energy spectrum of reaction products
observed at an angle 6 with respect to the symmetry (z)}
axis. The angular distribution of species 1 and 2 must be given
ae a function of their respective direction cosines ¥y and
#2z. 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
I1 .

The Maxwellian distribution is characteristic of plasmas in
thermal egquilibrium without high intensity heating. Its ferm
iss

mv2

f(v) =ce” (5)
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Neutral beam driven plasmas trap nautral atoms as well as
diatomic and triatomic motecules at the beam energy Eb.
Ionization of these species results in ians at the full beam
energy as well as some at 1/2 and 1/3 the beam energy. The
relative poputation 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” distribytion. They are
iilustrated schematically in Figures 2 and 3.

Three component Baussian?Z:

v-ijZ
3 b, _ ¢
flv)=c ¥ Le % (6)
5= %
(
where %mvjz - Eb/j 7)

Three component cooled distritution’/<:

i'b,' {.E..)u 1 for % Ep<E<Ey
b
£ E o 1 1 (8)
£(E) =.E. by (_E;](l + b, (E_) for 7 E <Besfy
2°b

=F

£ 1
by {%}u v by ()% + by ()] for EcEeg,
7 3

LO for E<F_H



Plasmas confined in a magnetic mirror topology may also be

crudely parameterized according to the "mirror" distribution’2

which has the form:

for vey,

[
(9)
flv) =
W V¥o,2
)
- W
C{V-VH)E for vryy
where
v 2
v. =y W
o P V-V, (10)

Finally: very energetic reaction products which deposit
their energy in the plasma during the process of thermalization
will assume a <continuum. Ore form is a reciprocal energy form

given in eq. ii.

v {8-2) for vev, (1)

o
for v Yo

flv) =

Another plausible form of the expected continuum’Z is given in

eqg. 1Z beilow.

for v>v
° (12)

0
fiv) =
v —3—‘:—7 for vev,
v+ vc




The speed distribution functions described above may be used
during execution of the codes or another form may be supplied in
tabular form as input. 1If one of the "built-in" distributions
1s used the code fills in the speed distribution tawle by
calculating f(v) from the input parameters. Table II surmarizes
the available forms and the parameters needed to describe them
completely. Al input is normalized internally by the code.

TABLE I1I

SPEED DISTRIBUTIONS

Indesx Name Parameters
1 Maxwellian ms T
z 3-component Gaussian’< Eps ts W
2 3-component cooled’Z Ets by oty Ey
4 1/E Es vp
S Mirrar En+EpeEy
& Alpha E.+ Egimax)
7 TJabular VF, ¥V

KINEMATICS AND CROSZ SECTIONS
farticle kinematics are described in their non-relativistic
form. The relative speed betweer two reactants is qiven by eq.

12 and 14 below:

v v
2,2 2
vpE vy N [—ﬁj -2 ‘.VTJ Hyg (13)

where



Hyp = Wyly * [l-plzj{1-u22} [cos¢]cos¢2 + sinpqsing, (1)

is the cosine of the angle between the velocity vectors
of the reacting species;y which are described in terms
of their polar angles 192 relative to the z-axiss and
their azimuthal angles ¢ relativs to the x-axis.

The input cross sectinn is allowed to have an anizctropic form

in the CMCS. The probability of emission observed at angle

¢, in the rest system depends o the reacticn product angle

of emission in the CMCS. The cosine of the emission angle in

the CMCS is given by egs. 15 and 146 below:

m,v
2°2
¥m *a v, Mn2
H =-F-===J ! Y (]5)
T 2y2 ., 22,
MV, mqv, 12

where

7 2
Hni = u"u.i + c°5¢~i \1“"“; JU'UE J (16)

are the cosines of the angle that the velocity vectors

of the reacting species make with the cbservaticn

vector.

The Jacobian which converts a solid anglie in the CMNS to the

corresponding angle in the rest frame is given’? by eq. 17 and

18.



7 v (7}

where

= 2 m] 2 2 ITIZ ? m]V]m Y
v = Jv + ( Y 272
[of 1 l'm-l'HTIZJ V2 lm_'.anj + lmf'm?]? ]-112 (18)

The Jacobian is nearly unity for most reacting soecies when
their energies are much less tharn 1 MeV tut may bte important for
reactions produced by some of the energetic reaction products.
Cross sectiocns used here depend on the relative velocity ef
reacting species and the angle of the outgeing reaction product
in the CMCS. While the cross section is very sensitive %o
reaction energy:, this dependence may: to first orders be
separated from the angular distribution. Eq. 4 is evaluated

using the total reaction cross section multiplied by a weakly

a

energy dependent angular distribution function:

gg(E-1H-) according to egs. 17 to 21 below.

2
4o (Eon) = 3 (EJ o (Ean) (19)
o4
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where

E. is the total kinetic energy in the CMCS

5 N
1+ 3 my (e u
- (20)

9s (Ec'"cJ i 82 84J
4n [] +—§ 4-—5'

? i
1 binEe (21)

8, {E.] =
AR S

M. is the cosine of the arngle between the emission

vector and the observatiomn vector in the CMCS.
Thue the angular distribution factor gg(Es#) gives the
probability per unit solid angle of emission along the
observatien vector in the CMCS and the coefficients B; are
weakly dependent on CMCS energy. Table I summarizes the values
used and their sopurces. The cross sectionss: o(Ec.)s at
energies below 500 keV are dominated by the coulomb barrier and

are parameterized according to Feres2? as follows:

A

ofeg) = (22)

£ [e(Bc/"E; -1]

where

= EZ 1, 2
BC = TIZ]ZZ {;{? ~2mec (23)



and

N, + E, [Nz +E, [Ny + ...I

A = T YRR (24)

At higher erergies the cross sections are parameterized
according to eq. 25 btelow where the parameters are determined
from a least sguares fit of the fitting function to the

available experimental data.

: (InE_)

a. n
. jéo 3t {25)
o. {E) =¢e

~

The reaction proeduct enerqy may then be calculated for

non-relativistic nucleens from egs. (2&6) — (3@) below:
E, = .5 mp V2 (25)
where
- B +,IB Z_ac
v = n n nn (27)
n 2A
n
and

A =la ey (28)
n Z°n mp
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m.m M,V
g =, 22
n ﬂh n m]v]

unzj (29)

m,v,Mm,v n m
1V1M2Y2 1 2 2, _ 1 2.2 g
et =m Mzt -z Uog) mzmnt U - 0
In the case of r-ray emission the kinematics calculation is

modified. The reaction product r-ray has energy given by

eqs. (31) —(34)

- X Y XY (31)
E =
y ZAY
where
A, = —1y
Y o2 M, (32)
m,Va.p_4 + myv u
B =1 - 1"1"n1 2°2"n2 (33)
‘Y mRC
(34)
CT = Cn

RESULTS
An energy distribution functien at observation angle 6,
is estimated for the reaction product ions neutron, or r—ray
by evaluation of the reaction inteqral (4). 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 (cm3/sec.) per unit energy (keV) per

unit solid angle. The result spectra are dispiayed
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graphically and in tabular~ form along with a regurgitation of
the input parameters and input distributian functions. In order
to assess the statistical significance of the calculated result
during a monte carlo calculation a kistogram is accumulated
sthowing the numbter of trials which produced a whose kinematics
produced a reaction product {n each energy bin, regardiess of
crcss section weight.

In addition» the moments of the result cpectrum are
calculated to order ten in order to guantitatively compare line
shapes produced by different input distribution functions. Two
forms of the moments are given. The first is with the origin as

reference:

My = ﬁ; " y(E)oe (35)

where

W = fw(s)ds (36)

The second uses the first moment (N=1: the mean vaiue) from eq.

35 above as a reference.

My =“ol.[ (E - MON (E)dE (37)

In practical application the integrals above are evaluated
numerically and the procedure here is & simple trapezoidal rule

approximation. The second set of moments provided in the



output results are obtained from eqs. 38-4@ beiow.

wN-1 [ . .
v 7 W 1, PRSI (341,
"o ik [Fr UE; M (38)

]

X le + (EJ - M]') q"J'J + 3172- L(Ej'fl - M]'J '+2 - (E - M] )J+2J q)J
where
¥, = gﬂ-_gi_ (39)
J 141 T 5§
‘ 1 NN-1 . o
M0 = -2 j£1 {Ej-}l - Ejj (q,j.,.] ‘v’.s}
CONCLUSTON

A computer simulation has been described which can predict
the spectral line shape of fusion reaction products produced by
energetic protons: deuteronss tritonss or o—particles in hot
fusion plasma. Spectra are cross section weighted to correcttiy
ref]ect the distortions in angular and energy distribution that
will occur due to rapidly vary.ng vield. The energy
distribution of reacting species mar take on any of the generic
forms charactericstic of modern driven plasmas or it may be given
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 code described here runs on both the CIDC 76@@ and the
Cray. All of the files including a library of Fortran sources
{subroutine modules combined using L1B) and documentation are
available in a .T directory. They may be obtained using XPORT

as follows:

«826588:LINESHAPE :LINE 7600 contraollee
«826588 :LINESHAPE :LINECRAY Cray controltlee
«826588:L INESHAPE : L INESRC 7600 source

- 826588 :LINESHAPE :L INCRAYS Cray source
826588 :LINESHAPE : LINEDOC documentation file

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

LINE (OUTPUT FILENAME) BOX ANN ID 7V / t v

where

QUTPUT 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 anly the
output specirum for the problem. Its name is supplied with the

INTEG or MOWTE commands. Following the execute line above:
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all furthey processing is directed by the command words supplied
from the terminal and their arguments. A command word is
required whenever the code sends an "OK:" prompt to the
terminal.
COMMAND WORDS
One of the following COMMAND WORDS is required at the TTY
whenever an “OK"” prompt is sent. Accompanying arguments are
indicated in parenthesis.
BINNER (#bins) (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.
INTES (result filename)
Solve the current problem by numerical integration using

current values of input parameters.

T

ELP

|

Send a 1ist 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 wvalues are sent. If the

name of one of the parameter lists below is supplied as an

argument: then only that 1ist is presented at the TTY.



MONTE (result filename)
Solve the current problem by monte carto sampling of the
input distributions using current input parameter values.
Note? During a monte carlo evaluation the number of samples
and the maximum time 1imit may be gueried anrd changed as
follows:
Type: NPART
to find their current values.
Typet NPART 10
to change the maximum number of samples to 1.
Type: NPART 10.
to change the maximum time 1imit to 1@ seconds of
CPU time.
PARAM
Change input parameter values in any of the lists defined
below.
TIME (sec.?
Change the maximum time 1imit on CPU charges for the current
problem.
TVOFE
Release the TMDS monitor.
TVON (monitor number)

Turn on TMDS to view graphics as they a~e generated.



PARAMETER LISTS

There are three parameter 1ists 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 termipated in "$", but there is no
constraint on the order of occurrence or on completeness of the
input 1ist. Only variables which are to be changed from their
current (or default) values need to be supplied. The variable
lists have names "Al", "AZ2". "S1" and their respective variable
namess array dimensionss and default values are given below.
Those corresponding te an array have their array dimensions
given (without units) immediately following their name. Default
values are given in parenthesis.
FER IR N TN I NI TN I IE NI I I3 3 I3 3B I3 0 3 R B R
LIST A1
El1 =(208, keV)

Beam energy when species #1 is to be monoenergetic.
ENL =(20800. keV)

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

Erergy of hiahest bin in reaction product energy spectrum.



ISPEED(2) = (1,1)
Index number defining speed distributions for species 1 and

2. #Allewed 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

] Mirror

é Alpha

7 Tabular input.

MODE = (@)

Index number defining special cases of the distribution
function for species #1.

Q Monpenergetics monodirecticnal beam whose axis is
the symmetry axis.

1 Polyenergetics monodirectional beam whose axis is
the symmetry axis» but with speed distribution
defined by F19 below.

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

3 not used

) Polyenergetic species with angular distribution
symmetric about the z—-axis.

MUl = (1.}
Direction cosine of species #1 relative to z-axis. (Mode=1)
NBIN = (25)

Number of bins following BINNER command abbove.

i P
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NDEBUG = (Q)
1 Turns on extra graphics to display monte carlo sampling
of speed and angular distributions for debugging a
problem.
NERRMAX = (28)
Maximum number of detected kinematic or integration errors
following INTEG command before problem is terminated.
NMU1 = (3)
Number of integration steps Iin species #1 direction cosine.
NMUZ2 = (3)
Number of integration steps in species #2 direction cosine.
NN {10
Number of bins in the output spectrum
NPART = (198
Number of reaction trials following MONTE command.
NPHI1 = (3
Number of integration steps in azimuth angles species #1i.
NPHIZ2 = (3)
Number of integration steps in azimuth angles 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

L3
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Nv2 = (3)
Number of integration steps over speed distribution: species
#2.

NVF1 = (1e9)
Number of entries in tabular speed distribution for species
"1,

NVF2 = (10
Number of entries in tabular speed distribution for speciec
#2.

PHI1 = (@. rad)
Initial azimuth angle for species #i.

THETAN = (@. rad)
Angle at which reaction product is ebserved relative to
Z—axis.

TL = (&B. sec.)
Maximum CPU time 7imit.

ViL = {1.)
Lower speed limit for species #1 in (keV/amu)#%.5

ViH = (10.)}
Upper speed 1imit for species #1 in (keV/amu)##*.5

vaL =(i.)
Lower speed 1imit for species #2 in (keV/amu)®%.S5

V2H = (10.)

Upper speed limit for species #2 in (keV/amu)®#.,5

s
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T I U I 36 303 3163 06306 3 T T3 3600 36 3630 363006 30 36 260020 36 306 T30 06 T30 06 36 6900 06 3690 36 36 98 16 90 26 4
LIST A2
B(5,5) = (.13: .0047)
Energy dependent coefficients describing angular
distribution of reaction product emission in the CMCS. They
are used in calculating the cross section for emission at
the desired cbservation angle according to eqs. 19 and 20:
g(E, p)=g(E)#(1,+B(E)%pax2)
where
B(E) = B(1) + B(2)*%E + B(3)*E#*%2,......
EN(1@0)
Reaction product bin energies for output spectrum. NN
entries.

Fle(1ee)
Speed distribution functions f(vy)s for species #1. NVF1

entries: each proportional te probability that particle of
type 1 has speed VF1.

Fz0(10e)
Speed distribution function: f(vp)s for species #2. NVF2
entries: each proportional to probability that particle of
type 2 has speed VFZ2,

G12(5@) (1osl.oteeaneaandd
Angular distributien, g(Hy)s for species #1. NMUG1
entries:s each proportional to probability that direction
cosine of particle of type ! relative to z-axis has value

MulQ.



G20(5@) (l.sl.tuuesas?
Angular distribution, g(H3)+ for species #2. NMUG2

entries» each proportional to the probability that directicn
cosine fer particle of type 2 relative to z—axis has value
MU20.
LABV1(5)
Five word label for speed distribution, species #1.
LABVZ(S)
Five word 1abel for speed distributions species #2.
LABG1(5)
Five word label! for angular distributions species #1.
LABGZ(S)
Five word l1abel for angular distributions species #2.
LABSIG(5)
Five word label for cross section used.
LABR(D3)
Five word label for the reaction in the current problem.
MUiB{5D)
Direction cosines corresponding to angular distribution Gi@.
Mu2e(Se)
Direction cosines corresponding to angular distribution G20.
NB (2)
Number of entries in B.
NMUG1 {(21)
Number of erntries in angular distribution G10.
NMUG2 (21)

Number of entries in angular distribution G2@.



NG1SET L
MU1@ and G1@ are normally taken from their default values.
Set this parameter = 1 if an input table for those
parameters is to be used instead.

NG2SET (2)
MU20 and G20 are normally tcken from tha2ir default values.
Set this parameter = 1 if an input table for thosze
parameters is to be used instead.

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

NSIG (1Q@)
Number of entries in the input cross section table SIG.

NVNSET (@)
Reaction praoduct spectrum is normally displaved in equally
spaced bins between the 1imits ENL and ENH. Set this
parameter = 1 if an input table is to used to change the
format of the output spectrum.

NVISET (@)
Table F1@ is normally calculated internally according to the
value of ISPEED(1). Set this parameter =1 if in input table
is to be used.

NV2ZSET (2)
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.



SIG(10e)

Cross section values in cm#*2,

VSIG(108)
Velocities corresponding to crgss section entries in SIG,
units of (keV/amu)*%.S.

VF1(102)
Velocities corresponding to entries in speed distribution
function F1@, units of (keV/amu)#%,5.

VF2(10Q)
Velocities corresponding to entries in speed distribution

fonction F20, units of (keV/amu)#*x,S

B T R Ry R T R TR IR Ry A R P
LIST Si
ALPHA(2) = (2.,2.)
Exponent in electron drag cocled speed distribution. This
is the parameter o in eg. 8. See figures 2 and 3.
BETA(2) = (-=1.+-1.)
Exponent in the 1/E speed distribution. This is the
parameter # in eqg., 11.
BFRACT(3:,2) "~ =(.55.4:.1 each col)
Re}ative intensity of components in three component speed
distribution functions. This is the parameter b; in eqs.
& and 8. First comporent is full energys, last component 1/3

energy. See figures 2 and 3.



EAMAX (2) = (3500., 3500. keV)
Maximum particle energy in the 1/E or alpha distribution.
This is the energy corresponding to the particie velocity
vg in eqs. 11 and 12.
EB(2) ={20.,20. keV)
Full energy of beams in three component speed
distributions. This is the parameter E; in egs. 7: and 8.
EC(2) = {1@C., 100. keV)
Critical energy in alpha distribution. This is the energy
corresponding to the critical particie velocity v, in eq.
12.
EHOLE(2) = (2.,2. keV)
Lower limit of particle energy in three component speed
distribution function. This is the parameter Ep in eq. 8
and is the energy corresponding to the particle cutoff
velocity vy in egs. 9 and 10.
EP(2) = (12., 12. keV)
Peak energy parameter in mirror distribution. This is the
energy corresponding to particle velocity vp in eq. 1Q,
EW(2) = (1.2 1. keV)
Peak width parameter in in mirror distribution. This is the
energy corresponding to particle velocity width parameter

vy in eqs. ¥ and 10.



G(2) = (.0425,.0425)

Dispersion parameter in three compopent Gaussian speed
distribution. It is used to calculate the width w; in eq.
& according to
wj =0 % v
TEMP(2) (10.:10. keV)

Temperature parameter for Maxwellian speed distribution.

e e i«
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EXAMPL.LE PROBLEM

LINEG OUT BOX 072 SLAUGHTER 1737 7 S 1

OK:

Al:

LABEL:

S1:
S1:
oK:

ALL

DONE

MONTE TEST1

NPART=50009 ViL=3. VIH=3@. MODE=1 ISPEED{1)=2¢%
TEST PROBLEM

EB(1)=5@. (BFRACT(I,1),]=1,3)=.8 .1 .1%
TEMP(2)=50.%

END OUT



1 _INPUT:

TIME STAMP:
THIS IS A tehnw
TESY PROBLEM

MONYE TEST1

11:29:46 #1/29

/86 4
MONTE CARLO CALZULATION *o*

#=# POLY ENERGETIC BEAM PROBLEM ®==*

INRUT PARAMETERS:

PHII= 2. MUlw 1.99E+08 V= Ei=
NPH11= 3 NMUls 3 NVFIw HR=
ViLe= 3.90E+88  ViH=~ 3.89E4+81 V2L VZH=
NPH12= 3 NMU2= 2 NVF2= MODE=
ENL= 2.985+83 ENH= 3.809E+03  HN= NBIN=
ENBw . THETAN= 4. NPARTw TL=
NVim 3 Nv2= 3 NDEBUG= NERRMAX=
SPEED DISTRIBUTION FOR SPECIES #1 NVSET= | | v F
1 v
1 3.P00BE+BY  1.G51PE-18 35 1.2273E+81 3.174BE-£5
2 3.2727E+88  1.8371E-86 36 1.,2545E +#1 3.3114€-72
3 3.5455E+8F  5.4296E-84 37 1.2818E491 1.6144E-79
4 3.8162E+R8  2.3743E-82 38 1.3091E+81 3.H367E-87
] 4.0909E+88  0.6671E-82 39 1.3364E+81 2,6700E-95
6 4.3636E+89  2.7533t-82 (1] 1.3636E+81 1.9294-182
7 A.6BCAE+RT  Z.1T77E-B2 41 1.3989E+81 1.7483-112
8  4,9991E+98  9.3313E-82 42 1.4182E+81 1.2982-121
9 5.1018E+08  7.088GE-H2 43 1 4455E+81 4.1945-131
18 5.4S4ASE+08 1.2813g-92 a4 1.4727€+81 £.9682-1413
i 5,7273E+08  4.348PE-B4 45 1 .GABRE+H) 3.7352-151
12 6.9080C+00 1.5898E-83 46 1.5273E+81 1.4253-161
13 6.2727E+R@  C.771BE-82 A7 1.5S4BE+RL 1.2331-172
14 6.6455E+88 Z2.2277E-81 48 1.581BE+81 6.5043-184
16 6,8182E+88  7.6380t-@1 49 1.6891E+41 1.6847-195
16  7.8999E+80 1,2842E+88 68 1.6364E491 1.6268-247
1?7 7.3636E+88  9.1824E-AL 65t 1.6636E+81 6.7968-2258
16 7.63G4E+9F  2.306HE-R1 52 1,6989E+81 1.3264-232
19 7.9491t+@8  3.87%8E-F2 53 1.71B2E+81 1.1367-245
20 B.IBIBE+#F  1.73%7E-03 64 1.7456E+81 4.,2654-259
28 8.4545E6+68  4,2892E-85 5% 1,7727E+01 7.8269-273
22 B.7273E+09 4,.64198-97 56 1.0088E+81 5.8775-207
23 9.0pOgE+pd  2.2043E-09 67 1.027G6E+81 g,
24 9,2727t+00  4.6608E-12 58 1.8645E+83 8.
25 9.64E5E+80  A.16GIE~1S 59 1.801BE 8} B.
26 9,0102€+08 1,69G5E-~10 6 1,9091E~B1 a,
27 1 HDLE 0] 2.8D2YE~22 6l 1.93G4E+0} a,
E4] 1.0364E+91 2.2139E-26 62 1.9G36E+0) a.
29 1.P636E+Q] 7.4252€~31 63 1.9983E+0) a,
30 1.0939€+01L 1.8691%€-30 G4 2.1102€+01 a.
31 1. 1182e+e1 7.4322E~41 o 2,046GE+D) 8.
32 1. 2455E+01 1.9860E~46 66 2.0727€+01 q.
23 1.1727€«01 2.48BGE-S2 67 2.10D0E+0) B.
d4 1, 2UDUE+8) 1.,3344€-50 68 2.1273E+0) o,
3=COMPON ENT GAUS
BEAH ENERGVH 6.80E+01 FRACTIGNS- 8,.90E-01 1.08€-01 1.09€-91

25E-82 ALPHA=

2.00€

2.M0E+M

1

l.llE‘ﬂ:

28

6. 80E+81

2»

1 v

69 2.1545E+81
78  2.1B18EAL
71 2.2091E+M1
72 2.2364E+81
73 2.2636E+81
74 2,2989E+0}
75 2.3102E +81
76 2,3455E 491
77 2.3727E+8)
78 2.46BKE+R)
79 Z,A273E+81
88 2.4545E+M
81 2.4915E+81
82  2.5091&+M
83  2.53G64E+81
a4 Z2.5636E+8
LY 2,.5999E+81
86 2.6182t+41
87 2.6455€+01
L 2,.6727E+01)
89 2.7803E+81
98 2.7273E+01
a1 2.7545E+01
92 2,781BE+D)
93 2.0091E+01
94 2.0364E+01
9B 2.8G36E+0)
96 2.8909€401
97 Z2.91828+01
98 2.9455E+0)
99 2,9727E+01
180 3.0008E+81
181 1.65\0E~18
192 1, 0321E-06

- 8¢ -



1SPEED=

2
MEAN ENERGY= 4.775E+01

SPEED DISTRIBUTION FOR SPECIES #2 NVSET=
1 v F

CONOT AN~

15

34
HAXWELL

TEMP=
ISPEED=

1.0000E+28
1.8909E +LD
1.1010E«00
1.2727E+08
1,3676E«RH
1.4546E+00
1.5455E+00
1.6364E+00
1.7273E+08
1.8182E+08
1.9091E+00
2. JOB0E+EE
2.8909E+08
2.181BE+89
2.2727E+09
2.3636E+00
2.4545E«08
2.5455E+00
2.6364E+80
2.7273E+88
2.81D2E+00
2.9891E+88
3.8079E 88
3.8909E +08
3.1810E«pH
3.2727E+80
3.3636E+99
3.4545E+00
3.5455E 408
3.6364E+00
3.7273E+88
3.8102E+88
3.9891E+38
4.0008E+38

ls.l'Etﬂl KEV

MEAN ERERGYw 4. GR9E+A1
ANGULAR DISTRIBUTION FOR
1 "y

1
2
3
4
5
]
7
t

CONSTANT

=1.9208R+E0
-9, 408

=6 E
=5.90PHE-21
~4.,8900C-01

8.4962E-93
1. DB73E-82
1.1773€E-82
1.3593€-82
1.5529E-82
1.7579€-02
1.9737E-82
2.199%E-a2
2.4362E-82
2.6821E-82
2.9370E-B2
3. 2806E-02
3.4722E-82
3.7514E-02
4.8377€-82

6.51609E-92
6.8407€-02
?.166BE-@2
7.4537E-82
7.8209E~-82
B.1477E-82
B.4736E-82
B,7981E-02
9.12d06E-82
9.44085E-02
9.7573E-82
1.9871E-81

SPEC!ESGOZ

S.gpANE-Q1
S.OgHE-R1
5.9808E-81
5.80U0E-81
5. 4008E-91
S.00R0E-9]
&.9000E-81

v

4.9999E +88
4,1010E+BD
4.2727E408
4.3636E+08
4,4545E+808
4,.5455E+08
4.6364E+08
4,7273E+08
4.8182E+06
4.9091E+88
5.0003E+BR
5.8909E+20
5.1818E+88
5.2727E+88
5.3636E+88
5.4645E+00
5.G6455E+80
5.6364E+00
S.7273E+89
6.8102E+99
5.9891E+88
6. HBE+0H
6.H999E+08
6.1818E+0N
6.2727E+08
5.3636E*88
6,4545E+09
6.5455E +09
6.6364E+20
6§.7273E+88
6.8192E+48
6.9891E ¢
7 .0000E +88
7.8909E+88

W

=3 ONNNE-81
~2.8088E-8)
-1.POORE-B1

L0

1.08008E-91
2.0998E-81
3.8008E-01

CROSS SECTION AS FUNCTION OF RELATIVE SPEED,NSIGSET= 8

®

F

1.9380E-81
1.B604E-01
1.0904€-81
1.1278E-81
1.1565E-81
1.1047E-M1
1.2121E-01
1.2389E-21
1.264BE-81
1.2938E-81
1.3143E-81
1.3378E-#1
1.3683E-81
1,3920E-81
1.4926E-#1
1.4223E~01
1.4419E~21
1.4687E-91
1.4753E-41
1.4949E-81
1.G8E4E-B)
1.5189E-81
1.5312€-81
{.GAZAE-N]
1.5626E-01
1.5615E-81
1.5696E-41
1,5764E-81
1.6621E-81
1.6867E-81
L.6902€~A1
1.6927£-81
1.5948E-81
1.6943E-11

¢
5. 0900E-41

6.
S.IFERE-"1
5.8900F -81

v

7.1818€+08
7.2727E+08
7.3636E 88
7.4545E+88
7 .5455E +08
7.63G4E+8F
7.7273E88
7.0102E+88
7.9991E+80
8.8808E *BN
B.F909E+PN
B.1B18Z+8N
B.2727E+98
8.3636E+08
8.4545E+80
8.5455E+88
8.6364E+48
8.7273E+80
9.8182E8N
8.9891E+48
S.08YBE+2
9. 8983E+48
9.1818E+48
9.2727E+40
9.3636E+E8
$.A545E+88
9.5455E+48
9.6I6AE+NN
9,7273E858
9.8182E+48
9.9491E+08
L. FANNE+HL
8.43962E-83
1.0873E~82

LY

4.0909E~51
S.UNrBE-S]

1.9900E-81
8.0588C-A1
9.9988E~H1
1 AQYIE+0D

F

1.5936€-41
1.691BE-81
1.5098€E-81
1.5852E-B1
1.5084E-B1
1.5746E-81
1.5679E-01L
1.5683E-91
1.5518E-A1
1.5424€-81
1.5321E-M
1.6211E-A1
1.5892E-01
1.4966E-01
1.4833E-81
1.4692E-81
1.4545E-81
1.4391E-51
1.4231E-81
1.48E6E-851
1.3854E-M1
1.3718E-M1
1.3536E-41
1.3368E-41
1.3159€-81
i.2965E-ML
1.2767E-81
1.2565¢-41
1.2368E-81
1.2163E-41
1.1943€~41
L. 1731E-M1

.

[

5.9888E~01
5.9095E-81

- g€ =

]



v
1.7321E+08
1.7879E+0%
1.84555 88
1.9049E+00
1.9653E+98
2.8297E+8%
2.89515+08
2.1626E+08
2.2322E+8N
18 2.3042E+98
11 2.3704E+80
12 2,4551E+08
13 2.5342E+00
14 2.6158E+08
15 2.70H\E+ 28
16 2.7871E+88
17 2.8769E+D8
18 2.9696E+E8
19 3,8653E+08
28 3.1648E+09
21 3.2668E+88
22 3.3712E+80
23 3.4798E+08
24 3.59208t+80
25 3.7877E+88
26 3.8272E+88
2? 3.9596E+00
28 4.5778E+88
29 4,2092E480
3 A.JA4AQGE+B
31 4.4848E+88
32  4.5293E+09
33  4.7708E+08
3 4.9324E+08

W NNV E QR ==

SIGMA
2,5629E-34
5,3548E-34
1.89128-33
2.17#5E-33
4.2174E-33
B8.4187E~33
1.4835E-32
2.7874E-32
4.8239€-32
§.4247E-32
1.4431E-31
2,4261E-31
4. BY508E-31
6.4961E~31
1.835BE-3F
1.6247E-39
2.5877E-3%
3.8111E-3F
5.7855E-38
B.4183E-38
1.2247€-29
1.7575E-29
2.4898E-29
3.488iE~29
4.8858E-29
6.5572E-29
9.8433£-29
1.1793E-20
1.6656E-28
2.8381E-20
2.6225E-28
3.3544E-28
4. 2494E-2p
5.3338E-248

CROSS SECTION CMCS ANGULAR DIST COEFFICIENTS

1.30E-81 4.79E-83

\)
5,8914E+88
S.2554€+08
S.4247E+88
S.5995E+88
6.7799E+@Q

5.9662E+08

6. 1584E+BH
6.3559€+08
6.5617E+08
6,7731E+88
6.9913E+40
7.2166E+88
T.A491E+08
7.6892E+M8
7.9369E+H0
8.19Z6E+80
B8.4666E+80

9.GANAE+g8
9.9897E+28
1. B229E +#1
1.8559E+81
1 .8999E+81
1. 1260E+1
{1 1612Ee8]
1.1907E+81

1.3183€+8)
1.3608E+81
1. AQAGE+8]
1.4499E+81

SIGNA
6,6341E-28
8.1891E-20
1. 8802E=-27
1.2129E-27
1,4593E-27
1.7424E-27
2,.8651E-27
2.4398€-27
2,8397E=-27
3.2963E~-27
3.8815E-27
4.3569E-27
4.9632E-27
5.6210E-27
6.33P1E-27
7.8859E-27
7.8992E-27
8,7564E-27
9.6591£-27
1.8605€-26
1.1599€E-26
1.2612E-26
1.3666€~-26
1.4748E-26
1.6054€-26
1.6979£~26
1.0119E-26
1.9267E~26

. 2.8421E-26

2.,1576E=26
2,2724E-26
2.3B64E-26
2.49909E~26
2.6899E-26

v
1.4966E+81
1.5440E+81
1.5946E+81
1.6468E+81
1.6998E+81
i.7530€E+31
1.8193E+81L
1,86B6E+81
1.9280E+81
1.9909E«81
2.8551E+81
Z.1213E+81
2.1B97E+@1
2. 2602E4ll

2.B228E+81
2,9129E+81
3,8068C+41
3.1837E+81
3.2Y3PE+H1
3.3863t+41
3.4135E+0)
3.5235E 81
3,E378E+H)
3.7542E+81
3.8751F+81
4 ,983GE+81
2.5629E-34
5.3548E-34

SIGNA
2.7187E-26
2.8250E-26
2.928BE-26
3.8289E-26
9.1269E~-26
3.2192E-26
3.348BE-26
3.3243E-26

3.6253E-26
3.6934E-26
3.7578E-26
3.6168E-26
3.B7H3E-26
3.9201E-26
3.9652E~26
A4.W857E-26
A.8417E-26
4.8731E-26
4, 1@FLE-26
4,1226E-26
4.1488E~26
4.1547E-26
4.16456~26
4.1781E~26
4.1717E~26
4.1694E~26
4.1633E~26
4.153SE-26
4.)4B1E-26
4.1232E-26

5.
1.3099E-A1

-0t -



1 MONTE CARLO RESULTS ARE PRINTED IN FILE:
NINHE

bD(D

TEST 'PROGLEN
RESULTS OF MONTECARLO SIMULATION FOR 59889

DISTRIBUTION OVER

Mis

4

CONNANRWN=RPI NN WA

it e e e gt

28

188 BINS FROM

2.8 M2= 2.8 M= 1.8
MODE= 1

EN

2.90PE A3
2. \BE+H3
2.020E+93
2.838E @3
2, H4BE+H3
2.861E+03

2.242E+83
2.253E+83
2.263E~83
2,273E+83
2.263E+83
2.293E+83
2.3F3E+H3
2.313E+83
2.323E+83
2,333E4+483
2.343E+083
2.354E+83
2.364E+93
2.374E+83
2.304E+03
2.394E+83
2.4B4E483
2, 414E+83
o ATAL+HY
2.434E+83
2.444E+83
2.46GE+R)
2.4GLE+@3
2.4768+8)
2,405E+33

NO.

MR 3.8 Qo

PS1

a.

2.829E-24
1.1436€-23
1.604E=23

5.935E-23
G.80gE-23
1.836E=22
1.547E-22
2.134E~22
3.486E-22

TESTH

(3.20E+481 SEC)

2.P0E+H3 TO 3.00E+403

3.27E+83

-

a.
2.881E-24
3.889E~24

1,409C-23
1.725€-23
2,361E-23

TIME STAMP:11:29:46 #1/29/85 VU

PQRI!CLES FROM REACTION # @ tDNIHE
€

- ip -



2.4086+03
2. 548883
2.5150+83
2.525E+483
2.535E+83
2.545E483
2,566E+83
2.566E+483
2.576E+43
2.586£+83
2,696E+483
2.69GE+83
Z.516E+83
2 SE+PF3
2,7 38€+43
2.646E+83
2.667E+83
2,667E+83
2.677€+83

. 2.687E+83

2,697E+83
2. 787E+83
2.717E483
2.727€+83
2.737E+83
2,747E+83
2.758E+83
2.76BE+83
2.779£+83
2.798E+#3
2,798E+83
2,808E+03
2.91DE+83
2.828E+83
2.838E+83
2.848E+83
2.859E+483
2,869E+83
2,879E+33
2,889 +83
2.899E+F3
2.909E+83
2.919E+83
2.929E+83
2.939E+83
2.94GE+83
2.96@E+83
2,970E+03
2. 9u0E+03
2,998E+83
3. 0U0E+B3

2.042E-22
5,443E~22
7.367E-22
7.389€E-22
9.167E-22
1.823E-21

1.398E-21
1,361E-21
1.413E-21
1.4245-21
1.3896E-21
1.313E-21
1.256E-21
1.154E=21
1.131E-21
1.883E~21
9.761E-22
9. 4H7E=22
8.182E-22
7.871€-22
6.814E~22
6.996E-22
5.696E-22
6./88E-22
4.448E=22
3.7715€-22
3.535E-22
3,139€-22
2.633E-22
2.240E-22
2.825€-22
1.666E-22
1.368E-22
1.211E-22
1.124E-22
7.731E-23
6.936E~23
6.782E-23
4.712E-23
3.0456E-23
3.014E-23
2.331E-23
1.073E-23
1. BUUE=-23
B8.773E-24
1.779€-23

2,520E-23
2.974E-23
3.515E-23
3.492E-23
3.867E-23
4.887E-23
4.286E-23
4.390E-23
4.39FE~23
4,253E-23
4.286E-23
4.201E-23
4.856E-23
4.811E-23
3.947E-23
3.768E-23

- 3.588E-23

3.364E~23
3.122E-23
2.974E-23
2.86BE-23
2.881E-23
2.423E-23
2.159E~-23
1.985E~-23
1.834E-23
1.639E-23
1.620E-23
1.366£-23
1.216E-23
1.862E-23
9.861E-24
9.168€~24
7.879E-24
6.734E«24
6.299E-24
S.477E-24
4.876E-24
4.289E-24
3.917€-24
S #12ZE-24
2.714E-24
2.637E-24
2.9d6E~-24
1.7B4E-24

S.1654E-26

-2b -




1 RESULT TABLE AREAS:

VNP EWN T

10

3.49E~19 VEIGHTED

FWHt= 2.30E+02
FUTM= 4,05E+02

MOMENTS ABOUT THE MEAN
1

QUuENOAX LN

-

QUONOTO R W -

1N = 0t = e Ot s P e s Bt
NOONAU - N

Nun
TN -

AXXXXXXXEXX  MOMENTS XNXXXXXXX
SIGHA-WE IGHTED KON-WE
MOMENT RO MOMENT
2.6409E+93 . 2.7380E+33
6.9841E+46 2.6427E+83 7.4690E+06
1,8496E+10 2.6444E+03 2.847BE+10
4. 9050E+13 2.6464E+83 §.5268E+13
1.3826E+17 2.6403E+03 1,6493E+17
3,464LE+2H 2.GoH2E+A3 4.2752E+28
9.2275E+23 2.652@E+93 1.1821E+24
2.4613E+27 2.6540E+83 3.2786E+27
6.574BE+3% 2.6559E+R3 9, A9SHE +3%
1.7590E+34 2.6578E+83 2.5344E+34
2,6409E+82 a, 2.7309E+@A3
9.6159E+H3 9.80861E+81 1.6086E«g4
3,8537E+45 7.2768E+01 1.4988E+85
2,8793E+98 1.3826E+82 65.,2978E+88
3.0322E+ 10 1.2484E+82 5.4653€E+89
1.4779E+13 L .BG6SEvH2 3.4586E13
2,4418E+15 1.5785E+82 ~4.8364E+14
1,8275E+18 L. 7843E+02 2,3346E+10
2.1655E+28 1.9177E+82 =1.4590E + 28
8,6212E+22 1 .9636E+42 1.B514E+23
RESULTS FROM RE-BINNING INTO 25 BINS
I EN 0. PsI ./~
2.483E+83 8 8, a.
2.042E+83 a. 8, g,
2.083E+43 B, B, B.
2,125E+23 a8, 8. 2.
2.167E+43 a. 8. .
2.2UBE+A3 a, a, g,
2. 2%0E +83 o, 8. &,
2,292E +83 8, B, a,
2.,333E+43 A, 9, B,
2.375E+03 35. 1.121E-23 },8208-24
2.417E+83 89. 2.581£-23 2.732E-24
2.458E+83 236, 7.9H6E-23 4.565€-24
2.68RE+R3 771, 2,956E-22 1.@64E-2]
2,542E+93 1836, 7.342E~22 1.713E-23
2.50JE+83 3038, 1,114E-21 2.824E-23
2,625E+43 4299, 1.288E~21 1.964E-23
2.667E+83 6398, 1.384E~21 1.775£-23
2,78BE+H3 $858. 1.P82E~21 1.413E-23
2,768E+83 46472. 5.859E~22 8.695£-24
2.792E+83 4661. A.F15€-22 6.946E-24
2.833E~03 4129, 2.528E-22 3.934E-24
2, 07GE+03 3372, 1. 41AF=-22 2.42NE-24
29126109 2url. 2,4V0E~23  3.46LL-24
2,9G0E+93 1696 3.388E-23 7.627E-28
3. BUBE+D3 2138, 1.368E-23 2.941E-25

oa
ne

5.0PE+84 UNWEIGHTED -

B.

IGHTED
ROQT

a.

2.733G5E+H3
2.7357E+83
2.7398BE+83
2.7418E+83
2.7847C483
2.7476E+93
2.7505E+93
2,7534E+83
2.7563E+93

a.
1.2583E+82
5.3116E+#1
1.5042E+92
B8.8618E+8]
1.BR51E+82
~1.2525E +82
1,9771E+82
=1,7329E+42
2,1220E+82

- g -




B ... .LINE. ...
REACTION PRODUCT
LINE-SHAPE
CALCULATION

THIA JOD LAY AUNe 11129:94 91/29/66 U
USING COOE VERSION LORDED: 12/17/684 16:2T28
RESULTS ARE IH FILES: OUTX1129 FA1B5X1129
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