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ABSTRACT

This report documents MUXS, a computer code to generate multigroup
cross sections for charged particle transport problems. Cross sections
generated by MUXS can be used in many multigroup transport codes, with
minor modifica*ions to these codes, to calculate sputtering yields,

reflection coefficients, penetration distances, etc,
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I. INTRODUCTION

Over the past few ycars we have presented several papersl—s on the
application of neutral-particle, multigroup methods to the analysis or
charged particle transport problems. The purpose of this report is to
document the computer code that was developed during that period to
generate multigroup cross sections, For more detail on the problems
that were studied, the approach taken to these problems, and the results
of our calculations, the reader is referred to tke references.

Charged particle transport differs considerably from that for
neutral particles. Unlike the nuclear forces that determine the
directional changes of neutrons, the Coulomb forces that affect the
paths of charged particles are extremely long range. This phenomenon
leads to essentially continuous interactions between an ion and its
environment of electrons and nuclei. Treatment of the many small
deflections of the ion using a Legendre expansion of the differential
scattering cross section, as 1is done for multigroup neutral particle
transport, is simply not feasible; too many terms in the series would be
required. The zpproach we have taken, and that used by others as well,
is to account for the energy lost by the ion when deflected through
spall angles with a continuous slowing down term. Thic approach ignores
the directjonal change due to these interactions. All electronic
interactions with the ion are included in this term. Interactions with
the nuclei that result in a =scattering angle that is less than a

prescribed angle On are also treated as continuous interactions.



Scatterings through angles larger than On are termed “discrete
interactions® and are includeu in the evaluvation of the multigroup total
and scattering cross sectioms.

Continuous interactions lead to a term in the Bcltzmann equation
that is not present in the transport of neutral particles. Therefore,
in addition to tne use of MUXS, one must modify the transport code in
order to perform charged particle calculations, For this reason, the
modifications we made to ANISN® for the analysis of sputtering probleas
are described in Appendix B of this report.

The codes MUXS and ANISN can be obtained from:

Radiation Shielding Information Center
Oak Ridge National Laboratory
Building 6025

F. 0. Box X
Oak Ridge, TN 37830.

IT. MULTIGROUP PARAMETERS CALCULATED BY MUXS
As shown in Reference 1, the multigroup formulation of the

sputtering problem can be written as follows:

N T (Y'c ‘ Lc’sn) b (o)
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for G = 1, 2, ...NTOT.



The first NI energy groups represent transport of the 1ions; the
remaining NT=NTOT-NI are target atom energy groups.
The computer code MUXS generates the multigroup parameters

T .CSD &S

ZG, ZG » and the Legendre coefficients of LGract The actual solution

to Eq. 1 is obtained with a modified version of ANISN that is discussed

in Appendix B,
In the development of the multigroup equation, the flux is assumed

separable within each energy group, i.e.,

¢(X,E,U) = ¢G(x)“)wG(E) for EE(Eg! Eg—l) (2)

With this assumption, the following definitions for the multigroup cross

sections are obtained:
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and
Eg_l
] N W.(E) o[E>(E ,E _.),u] dE
Loag(W) = -
g-1
[ WG(E) dE
E
g
where

N = target atom number density.

The functions o (E), S(E), o[E>(E_,E, _,,i], and W,(E) and their

evaluation by MUXS, are described in the following sections,

a. The Point-Energy Total Cross Section

(5)

The point-energy total cross section, ot(E) in Eq. 3, 1is obtained

by integrating the differential cross section over all recoil particle

energies that correspond to discrete interactions, i.e.,

o, (E) = do(E,T),

T=yE

(6)

N



where

do(E,T) = differential cross section for the elastic scattering
of an incident particle of energy E, producing a

recoiling target atom with energy T,

_ minimum recoil atom energv of a discrete interaction
Y1 incident particle energy ’

i

2mlm2 ml m, < I,
= — a2 _ Y cin? :
(ml+m2)2 1+ , sin Gn cos Gn [l o cin an J }, N

[

=
v

= mass of the incident particle,

m, = mass of the recoil atom,

D
!

minimum scattering angle for a discrete interaction,

and

_ haximum reco’l atom
y, = 12inum x K: energy
incident particle erergy

lomlm2
(mm,y2 - (8)

Bguations 7 and 8 2re develcped in heference 1.
b. . he Stopping Cross Section
The stopping cross section, S(E) in Eq. 4, is tne sum of the

stopping cross section for electronic interactions and that for elasiic



interactions ir which the incident partic.e s:atters through an angle

less than en, i.e.,

Y,E
S(E) = S_(E) + N f Tdo(E,T) . (9
T=0

The stopping cross section for electronic interactions is calculated

with the following formula from Lindhard and Scharff.’

wkere
! m 1. m 3/2 22/3 7 1_)_.
=2 e} 2 A . (11)
3\ m, m, (Zi/3+Z§/3)3/"
g2 1/3 ~Y4
= i 3 2 q
e (5) e
a = 0.529 &, the Bohr radius,
m,,e = mass in amu, charge of an electrcn,

m,. = mass in amu, atomic number of the incident particle,

m,,Z, = mass in amu, atomic number of the recoir atom.

¢, Calculation of the Legendre Coefficients

In Eq. 5, O[E*Eh-Eh_l.H] represents the cross section for discrete

interactions in which the incident particle of energy E scatters into



group H, i.e., (Eh, Eh_l). p is the cosine of the scattering angle

(laboratory). This cross section 1is expressed as a finite series of

Legendre polynomials, PE(“)’ as follows:

NCOEF-
G[E > (E,E._ ), ul = ' L (13)
won-1 M E : Ocary Pefi)s _
. =0 .
where
TMAX
g _ 241 f 14)
Ol 3 P, (u) do(E,T) (
TMIN

For scatter from one ion group to another, inis expression is

~Min(E-E},,Y,E)

:i»m ? Pgi(u) 45(E,T), for IH < NI, (15)
Max(E-Eh_l,YIE)

where

A AN "2\(1 T\
R ) M

The production of erergetic target atoms as recoil atoms from dion
scatterings 1is treated in a manner similar to the production of

secondary gamma rays in neutron capture or inelastic scattering



reactions, However, unlike these neutfun reactions, the recoil atom
production is 2 highly anisotropic process. This anisotropy can be
accounted for by treating these interactions in much the same manner one
would treat the anisotropy of the vmerging ion, i.e., with a Legendre
expansion of the cosine of the angle between the incident particle
direction and the emergent particle (recoil atom) direction. In the
multigroup transport code, this process is treated as a "scatter" from
an ion energy group into a target atom energy group. Therefore, transfer
from an ion group into a target atom group is represented by.the

following Legendre coefficients:

Min(E_,Y,E)
P, (n) do(E,T), for IH > NI, 17)
E ’
Max( et Y,E)

o* _ 2041
E~IH 2

where

n = (T/v,B)% (18)

Equations 16 and 18 are obtained from the conservation of energy and of
momentum,
For interactions between a target atom witn energy E and a

stationary target atom, either or both can emerge in energy group IH.



Therefore, the following expression is used to evaluate the Legendre

coefficients for target atom interactions:

Hin(E-Eh,E) Min(Eh,E)
2 2041 20+1
Opry = Tf P, (w) do(E,T) + =5— Pl(n) do(E,T),
Max(E-E, ;.Y E) Max(Eh_l,Y,E)

where

and

d. Fvaluation of the Heighting Function
Within each energy group, the energy-cdependent particle flux

ascumed to have the following functional form

-XI
(E) = CE "G for E < E<E ;.

In MUXS, the group flux, ¢G’ is assumed to be equal to A(E) at the

center of the energy interval, i.e.,

(19)

(20)

(21)

is

(22)

(23)
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It is also required that the energy dependent flux be ccntinuous at the

group boundary. This requirement is essential in order to conserve

particles. Therefore, we require

~XI -X1 2
C = + (24)
6By © = Cofy GHL-

Equations 23 and 24 result in 2¥NTOT-1 equations for 2%NTOT
unknowns. The additjonal condition used is that XI1 = XIZ‘

These requirements result in the following equations for the XIG's:

¢, (E,-E)
tn | = e
¢l (El-EZ)

1 F. +El ’
n o
E1+E2

E _+E 5 (E__,~E__ ) .
XI on g=2 g1} _ in G+l "g-2 ‘g-1" ()
G-1 2E 3.(E__-E_)
XL, = -1 G g-1 g for G > 1
6 E_.+F or .
in 81 7z
2E
g-1

Since the weighting function appears in both the numerator and
denominatcer of the equations used by MUXS to evaluate the multigrnup

parameters, Eqs. 3-5, only XIG is needed, i.e.,

-Xi 26

R
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ITI. CALCULATIONAL ALGORITHM IN MUXS
The generation of the muitigroup cross sections consists of the
following steps:
1. The point-eneriy total cross section, Or(E) of Fq. 3, and the
Po Legendre coefficient of the differential Scattering cross
section G[E*Eh.Eh_ll of Eq. 5, are calculated it energies
corresponding to the abscissa of a Gauss-Legemre quadrature
set. The stopping cross section, S(E) of Eq. 4, is evaluated at
the group bdoundaries. These cross sections are obtained at
energy E by calling the following subroutines.
a. Subroutine TSIGMA. This routine sets up 2 table of the
differential scattering cross section, DSIG(E,T), as a
function of T, the energy transferred to the recoiling

target atom. Tre table is based on the approximation:

DSIG(T)/DSIG(T™) = (T™/ ':)",

where TM is the maximum possitle transferred energy. The
tables contain values of ‘n(TM/T) and of N. The values of

DSIG are retrieved by the function DSIG(T).



b.

12

Subroutine QUANC8. This routine integrates over T to
deteraine the point cross sections using an adaptive
quadrature. The adaptive Qquadrature ensures adequate
accuracy in this precision-sensitive phase of the

calculation.

2. The multigroup cross sections, SIG(G), are obtained from the

point-energy cross sections, PSI3(E), using the following

iterative procedure:

a.

An initial guess at the (infinite medium) group fluxes,
PHIO(G), is made.
Using PRKIO(G), the energy-dependent flux, Eq. 22, is

obtained

PHE(E) = C(G)SE®¥(-XI(r),

where C(G) and XI(G) are the group dependent parameters
described in the previous section.

The point cross sections are weighted by PHE(E) to obtain
estimates of the multigroup cross sections, i.e.,

INTEGRAL OVER CxUP G OF PSIG(E)*PHE(E)

SIG(G) * ——TNTEGRAL OVER GROUP G OF PHE(E)

The integral in the numerator is obtained using a (auss-
Legendre quadrature; the PSIG(E)'s were evaluated at the
abscissas for this reason, The denominator is calculated

analytically.
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d. With tne estimated group cross sections, the infinite
medium group fluxes, PHI(G), are calculated - see
Aeference 1.

a. The fractional change in the group flux, i.e., PHI(G)
versus PHIO(G), is calculated. If this change is greater
than ¥ for any group, PHIO is set to PHI and MUXS returns
to stefp L.

Note thzt this iterative procedure does not require reevaluation of the
poipt-energy cross sections, a major time-consumer in MUXS,

3. The higher order Legendre coefficients for the w=ultigroup
scattering ma'rix, Eq. 5, are calculated.

4. An ANISN-formatted, binary cross section file for the multigroup
c.,083 section set is created. This file is suitable for input to many
multigroup transport codes, e.g., ANISN,® DOT,® MORSE.? or,
alternatively, this file can be converted into an AMPX'° working library
by the comyuier code LAVA.!!

IV. 1INPUT DESCRIPTION FOR MUXS
The input data requirements for MUXS are as follows:
. Identification record: The first 48 characters of this record
are printed on the output record to identify the calculations
and are also passed to ANISN for identification of the cross

section set.
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2. The NAMELIST input record &DATA contains the remaining

information required.

NI

NT

NCOEF

vo

DENSE

EX

NEWS

NEWS=0

NEWS=1

The number of ion groups.

The number of target atom groups. The total number
of groups (NI + NT) must not exceed 50. NT can be
set to zero for problems that do not require the
transport of the target atoms, e.g., ion range
calculations.

The mumber of Legendre coefficients (must not
exceed 20).

The minimum energy in eV that a target atom must
have to be considered as sputtered. The cohesive
energy is an appropriate choice.

The density of the target in atoms per cuvic
angstrom (or per barn-cm).

The minimum laboratory scattering angle for
discréte interactions in degrees.

The initial kinetic energy of the incident ion
in eV.

Controls the level of output from the program as
follows:

(The default value) causes printing of the input
data, the converged fluxes, and the 1p multigroﬁp
cross sections. |

Causes the printing (in addition to the abuve) of

the fluxes at each iteration,




NEWS=2

NEWS=3

15

Causes the printing (in addition to both of the
above} of the multigroup scattering matrix
(Legendre coefficients).

Causes the printing (in addition to all of the
above) of all of the interpolation tables generated

by Subroutine TSIGMA.

The following three variables are arrays of two quantities. The first

element refers to the incident ion., The second to the target atous:

AMU

”
-~

BPAR

The mass of the particle in atomic mass units,

The atomic number of the particle.

The screening length for interactions of the
particle with the target atoms in angstroms, If
these parameters are omitted or entered as zero,
the program will =zupply values using the Firsov

formula. !?

V. MUXS SAMPLE PROBLEM

As an example of a MUXS problem, the following data was input (unit

5) to obtain multigroup cross sections for an 8 kev proton incident on a

nickel target:

SPUTTERING CROSS SECTIONS FOR H IKCIDENT ON NI - 20GPS
&DATA NI = 10, NT = 10, NCOEF = 20, UO = 4.458, TH = 2.5,
DENSE = 0.0913, EI = 8000, Z = 1.0, 2.0, AMU = 1.0, 58.71,
BPAR = 0.0, 0.075, NEWS = 0, &END

The printed output is shown in Fig. 1. The cross sections are stored by

MUXS on unit &,

Calculation of sputtering yields with the cross

sections produced in this MUXS sample problem is described in Appendix B.



SPUTTERING CROSS SECTIONS FOR E=>NI - 20GPS

1C ION GROUPE 10 TARGET ATOM GROUPS 20 LEGENLRR CCEFFICIENTS

MINIMUM SCATTERING ANGLE (DEGREES) 2.5000000
TARGET BINLING ENERGY (E. V.) 4,458000¢ TARGET DENSITY (/ANGSTROMS &8 3} . 513000000-0%
IKITIAL INCIDENT ION KINETIC ENERGY (E. V.) 8000.0000
INCIDENT ICN ATOMIC NUMBER 1,0000000 ATOMIC M4SS 1,0000000 SCREENING LENGTH (ANGSTROMS) 13746768
TARGET ATCM ATOMIC NUMBER 28.000000 ATCMIC MASS 58,710000 SCREENING LENGTE (ANGSTROME) ,75000000D=-11
FLUXES AFTEK ITERATION ¢
1c FLUX i FLUX 1c FLUX 16 FLUX 16 FLUX
1 166 .46 2 165,65 3 164.66 'l 162,37 5 161,71
F 159.63 7 156,79 8 1€2.69 9 147,35 10 138.79
1" 17759 12 4.4388 13 7.1499 14 9.327% 15 11,27V
16 12.854 17 14,235 i3 15,416 19 16.459 20 17.377
GROUF 1 SIGT L4L731371E-C1 SIGSD .58527626E-02 S B4,8644T1
GROUP 2 SIGT .53468B46E-01 SIGSD ,58514439E-02 S 76.395035
GROUP 3 SIGT .65245509E-01 SIGSD  .5Bu72604E-02 S 67.921173
GROUP 4 SICT .B81591964E-01 SICSD .58410652E-02 & 59,446594
GROUP S S1GT ,10502923 SIGSD .58346502E-02 S 50.971115
GROUP ¢ SICT .,13982838 SICSD .5B285B5%E-02 S u2,4947%1
CROUP 7 S1GT ,1§352" 2 S1GSD  .5803KG5EE-02 S 34,020813
GROUP 8 SICT ,28B095156 SICSD ,S5TRQ3UTOE-02 S 25.540710

Figure 1. Printed Output from MUXS Sample Problem
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GROUP
GROUP
GROUP
GROUP
GRCUP
GROUP
GROUP
GROUP
GROUP
CROUP
GROU:x

CRCOUP

14
15
16
17
18

Q

20

SIGT
SIGT
SICT
S1GT
SIGT
S1GT
SIGT
S1GT
S1GT
SICT
S1CT

SIGT

43871001
76317233
.81756902
1.C808506
1,2865772
1.4855104
1.6666307
1.8444185
2.0193663
2. 1964455
7.3763465

2.5608454

Figure 1

SIGSD
SIGSL
S1GSD
SIGSD
SIGSD
SIGSD
SIGSD
SIGSD
Z¥GSD
SIGSD
STGSL

fIGSD

(contd.)

57T Uu46B2F-~02
-30628532E~01
«62245183E-CY
<98601C43E~01
«15C19125
«208686%9
28026819
<3611984¢
05370114
55654293
67C1E253

& ]

| 2

t2

17.06143%
a8.5829124
32.021469
21.323410
1€.975158
12.779972
1C.648841
9.126293z
7.9843016
7.0960989
6.385552%
5.8042583

L1
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Appendix A

risting of MUXS Program

*MUXS', A PROCEDURE FOR THE GENERATION OF

MULTIGROUP CROSS SECTICNS FOR SPUTTERING CALCULATIONS

USING THE MOLIERE APPROXIMATION TO THE THOMAS-tc'ZiMI POTENTIAL

RE-~ERENCE

T. J.
MUXS:

TO DESCRIBE THE SCATTERING OF PROJECTILES AND
THE LSS ELECTRONIC STOPPING CROSS SECTION

HOFFMAN, M. T. ROBINSON, AND H. L. DODDS, JR.,
A CODE TO GENERATE MULTIGROUP CROSS SECTIONS FOR

SPUTTERING CALCULATIONS, ORNL/CSD/TM-185, OAK RIDGE
NATIONAL LABORATORY (1982). '

INPUT DATA

REQUIREMENTS (DATA SET REFEREECE NUMBER 5):

1. IDENTIFICATION RECORD: THE FIRST 48 BYTES OF THIS RECORD ARE
PRINTED ON THE OUTPUT RECORD TO IDENTIFY THE CALCULATIONS AND
ARE ALSO PASSED TO 'ANISN' FOR THE SAME PURPUSE.

2. THE

'NAMELIST® INPUT RECORD '&DATA' CONTAINS THE REMAINING

INFORMATION REQUIRED:

N1

NT

NCOEF

uo

DENSE

TH

El

NEW.

THE NUMBER OF ION CROUPS

THE NUMBER OF TARGET ATOM GROUPS. THE TOTAL NUMBER OF
GROUPS (NI + NT) MUST NOT EXCEED 0.

THE. NUMBER OF LEGENDRE COEFFICIENTS, MUST NOT EXCEED
20,

THE MINIMUM ENERGY THAT A TARGET ATOM MUST HAVE TO BE
CONSIDERED AS SPUTTERED. THE COHESIVE ENERGY IS AN
APPROPRIATE CHOICE. THE VALUE MUST BE IN E. V.

THE DENSITY OF THE TARGET IN ATOMS PER CUBIC ANGSTROM
(OR PER BARN-CM).

THE MINIMUM LABORATORY SCATTERING ANGLE FOR DISCRETE
ATOMIC INTERACTIONS.

THE INITIAL KINETIC ENERGY OF THE INCIDENT ION IN E. V.

CONTROLS THE LEVEL OF OUTIUT FROM THE PROGRAM, USING
THE CODE:

NEWS = O (THE DEFAULT VALUE) CAU- 3 PRINTING OF THE
INPUT DATA, THE CONVERGED FLUXES, AND THE
10 MULTIGROUP CROSS SECTIONS ONLY.

MAINOOO1
MAINOOC2
MAINOOG3
MAINOCOR
MAINOOOS
MAINOOOG
MAINOOOT
MAINOOOE
MAINOOO9
MAINOO10
MAINOOT 1
MAINOO12
MAINOO13
MAINOC 14
MAINOO15
MAINOO15
KAINGO17
MAINCO18
MAINOO19
MAINO020
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Appendix A (contd.)

NEWS = 1 CAUSES THE PRINTING IN ADDITION OF THE FLUXES
AT EACH ITERATION.

NEWS = 2 CAUSES THE PRINTING (IN ADDITION TO BOTH OF
THF ABOVE) OF THE MULTIGROUP TRANSFER MATRIX

NEWS = 3 CAUSES THE PRINTING (IN ADDITION TO ALL OF THE

ABOVE) OF ALL OF THE INTERPOLATION TABLES
GENERATED BY 'TSIG'.

THE FULLOWING THREE VAPRIABLES ARE ARRAJE OF TWO QUANTITIES. THE
FIRST ELEMENT REFERS TO THE INCIDENT ION, THE SECOND TO THE TARGET

ATOUS:

AMU

z

BPAR

THE MASS OF THE PARTICLE IN ATOMIC MASS UNITS.
THE ATOMIC NUMBER OF THE PARTICLE.

THE SCREENING LENGTH FOR INTERACTIONS OF THZ PARTICLE
WITH THE TARGET ATOMS, IN ANGSTROMS. IF THESE PARAMET-
ERS ARE OMITTED OR ENTERED AS ZERO, THE PROGRAM WILL
SUPPLY VALUES USING THE FIRSOV FORMULA.

OUTPUT DATA SETS:

1. THE PRINTED OUTPUT IS DIRECTED TO THE STANDARD OUTPUT DATA
SET (*FTO6F001*' IN IBM SYSTEMS),

2. DATA SET REFERENCZ NUMBER 4 IS USED TO STORE THE 'ANISN'-
ORIENTED MULTIGROUP CROSS SECTIONS IN UNFORMATTED FORM., IT
IS ALSO USED FOR TEMPORARY STORAGE OF THE LEGENDRE COEFF-
ICIENTS.

DESCRIPTION OF THE COMMON BLOCKS. EXCEPT AS NOTED, ALL REAL
VARIABLES ARE 'REAL®8',

1. /PDAT/NI,NT,NCOEF,ION,DENSE,EI, U0, APQ(2),QGAM(2),RGAM(2),

ION

APQ
QGaM
RGAM
SGAM
GAMAA

SGAM(2) ,GAMMA(2) ,TLOW(2),TLOG(2) ,APAR(2),BPAR(2),
CPAR(2) ,ESTOP(2) ,NEWS,NTOT

USED TO INDICATE THE CURRENT PROJECTILE ( = 1 FOR THE
INCIDEAT ION, = 2 FOR THE TARGET ATOM).

THESE FIVE ARRAYS CONTAIN VARIOUS FUNCTIONS OF THE
MASSES OF THE TWO PARTICLES, g£ACH ARRAY CONTAINS TWO
VALUES, ONE FOR EACH PARTICLE AS PROJECTILE.
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Appendix A (contd.)

THESE TWO ARRAYS DESCRIBE THE MINIMUM VALUES OF THE
PROJECTILE KINETIC ENERGIES FOR WHICH DISCRETE INTER-
ACTIONS ARE USED, ONE VALUE "OR EACH PROJECTILE.

MOLIERE POTENTIAL PARAMETERS, ONE VALUE FOR EACH
PROJECTILE.

THE PARAMETERS OF THE LSS INELASTIC ENERGY LOSS MODEL.

NI + NT, THE TOTAL NUMBER OF ENERGY GROUPS,

2. /WATE/U(L),W(h),AB(10),WT1(10),INP,MEHL

U, W

AB, WT1

INP

MEHL

THE ABSCISSAS AND WEIGHTS FOR THE GAUSS-MEHLER QUADRAT-
URE USED TO EVALUATE THE CLASSICAL SCATTERING INTEGRALS
IK THE SUBROUTINE ‘TSIGMA'.

THE ABSCISSAS AND WEIGHTS FOR THE GAUSS-LEGENDRE QUAD-
RATURE USED TO EVALUATE THE POINT-ENERGY LEGENDRE
COEFFICIENTS IN THE SUBROUTINE 'LEGEND' AND FOR
INTEGRATIONS OVER FNERGY IN THE SUBROUTINE 'CROSSX'.
THE NUMBER OF POINTS IN THE GAUSS-LEGENDRE SET.

THE NUMBER OF POINTS IN THE GAUSS-MEI'LER SET.

3, /SIGX/EBI(51),EBT(51),5(50),SIGT(50),SIGSD(50),81GS(50,50,20)

EBI

EBT

S

SIGT

SIGSD

SIGS

EN"RCY GROUP BOUNDARIES FOR THE ION GROUPS.
ENERGY GROUP BOUNDARIES FOR THE TARGET ATOM GROUPS.

STOPPING CROSS SECTION AT THE GROUP BOUNDARIES FOR THE
CONTT"UOUS INTERACTIONS {REAL®L),

TOTAL GROUP CROSS SECTIUN FOR DISCRETE INTERACTIONS
(REAL®Y),

CONTINUOUS SLOWING DOWN GROUP CROSS SECTION (REAL®4),

GROUP SCATTERING CROSS SECTION MATRIX FOR DISCRETE
INTERACTICNS (REAL®Y),

4, /TABL/TMX,SIGO,KM,KQ,TE(200),S1G(200)

™X

THE RECIPROCAL OF THE MAXIMUM POSSIBLE TRANSFERRED
ENERGY, TM.
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Appendix A (contd.)

THFE DIFFERENTIAL CROSS SECTION FOR TRANSFZRRING 'TM'.
THE NUMBER OF ENTRIES IN THE INTERPOLATION TABLES.
KM - 1.

LN( ™ / T ) AT THE TABULAR POINTS, WHERE T IS THE
TRANSFERRED ENERGY. '

LN( SIGMA 7 SIGO ) / LN( ™ / T ), AT THE TABULAR
POINTS, WHERE SIGMA IS THE DIFFERENTIAL CROSS SECTION
FOR TRANSFERRING T.

ERROR TERMINATIONS:

THE PROGRAM ALWAYS TERMIKATES WITH 'STOP N', WHERE THE VALUE OF
'N' IDENTIFIES THE TERMINAL CONDITION AS FOLLOWS:

NORMAL TERMINATION AT THE END OF THE PROGRAM.

STORAGE LIMITS FOR THE INTERPOLATION TABLES HAVE BEEN
EXCEEDED IN 'TSIGMA*. INCREASE THE DIMENSIO.S IN THE
COMMON BLOCK 'TABL',

AN OVERFLOW HAS BEEN ENCOUNTERED IN ‘DSIG/TDSIG'.

11y +¢., 17 FAILURE OF CONVERGENCE OF THE INTEGRATION
PROCEDURE 'QUANC8°*, CALLED AT SEVERAL POINTS IN
'CROSSX".

FAILURE OF CUNVERGENCE IN DETERMININGC THE GAUSS -
LEGENDRE PARAMETERS IN 'IMTQL2', CALLED FROM 'GAUSS',
CALLED IN TURN FROM 'MAIN',

VARIABLE SPECIFICATIONS:

IMPLICIT REAL®B (A - H, 0 -~ Z)

INTEGER®Y NAME(12)

REAL®8 AMU(2),2(2),GWS(10)

REAL®Y SIGT,SIGS,SIGSD,S,SPUN(2650)
COMMON/PDAT /NI, NT,NCOEF, 10N, DENSE, EX, U0, APQ(2) ,QGAM(2),RGAM(2),

1
2

SGAM(2) ,GAMMA(2),TLOW(2),TLOG(2),APAR(2) ,BPAR(2),
CPAR(2) ,ESTOP(2),NEWS,NTOT

COMMON/SIGX/E3I(51),EBT(51),5(50),SIGT(50),SIGSD(50),

1

$1638(50,50,20)

COMMON/WATE/U(l) ,w(4),AB(10),WT1(10) ,INP, MEHL

c

C DEFINITION OF NAMELIST INPUT RECORD:
NAMELIST/CATA/NEWS,NI,NT,NCOEF,U0,DENSE, TH,EI, AMU,Z,BPAR

c

C FORMAT FOR IDENTIFICATICN RECORD:
10 FORMAT(12Al)
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Appendix A (contd.)

C DEFAULT VALUES OF THE INPUT DATA:

NEWS = 0
BPAR(1)
BPAR(2)

opo
0DO

C READ THE CROSS SECTION TITLE:
READ(5, 10) NAME

C READ

'NAMELIST® INPUT:

READ( 5, DITA)

C  GENERATE QUADRATURE SETS

20
30

C

INP = 10
MEHL = &

CALL MEHLER( MEHL, QA, U, W)
CALL GAUSS( INP, AB, WT1, GWS)
NTOT = NI + NT

CONSTRUCT MASS FACTORS:

QA = AMU(2) / AMU(1)
QB = 1D0 + QA
APQ(1) = QA / QB

QGAM( 1)
RGAM(1)

5D-1 & QB
5D-1 ® QGAM(1)

GAMMA(1) = APQ(1) / RGAM(1)

SGAM(1) = 1DO / DSQRT( QA )

APQ(2) = 5D-1

RGAM(2) = 5D-1

GAMMA(2) = 1DO

QGAM(2) = 1DO

SGAM(2) = 1D0

TLOW(2) = DSIN( 1.7453292519943296D-2 & TH ) o8 2
QB = QA ® QA - TLOW(2)

IF( QB .GT. 0DO ) GO TO 20

QB = 0DO

GO TO 30

QB = DSQRT( QB ® ( 1DO - TLOW(2) ) )

TLOW(1) = ( QA + TLOW(2) - QB ) / ( QA + QA )
TLOG{1) = - DLOG( TLOW(1) )

TLOG(2) = - DLOG{ TLOW(2) )

TLOW(1) = GAMMA(1) & TLOW(1)

C EVALUATE THE
IF( BPAR(1) .LE. ODO ) BPAR(1) = 0.4684934K0LU3DC #

1

1

MOLIERE POTENTIAL PARAMETERS:

DEXP( ~ DLOG( DSQRT( Z(1) ) + DSQRT( 2z(2) ) ) / 1.5D0 )

IF( BPAR(2) .LE, ODO ) BPAR(2) = 0.468493440443D0 *#

APAR(1)
APAR(2)
CPAR(1)
CPAR(2)

DEXP( - ( 1.3862943611198906D0 + DLOG( 2(2) ) ) / 3D0 )
5.039645408D0 # Z(1) ® 2(2)

5.039645408D0 # 2(2) ® 2(2)

0.35D0 # BPAR(1) / APAR(1)

0.35D0 ® BPAR(2) / APAR(2)
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EVALUATE LSS INELASTIC STOPYING PARAMETERS:

QA = DEXP( DLOG( Z(1) ) / 3D0 )
QB = DEXP( DLGG( Z(2) ) 7 3D0 )
QC = DEXP( 1.5D0 ® DLOG( QA ®* 2 4 QB ## 2 ) )

ESTOP(1) = 1.2166587D0 ® Z(1) ® Z(2) ® DSQRT( QA /7 AMU(1) ) /7 QC
ESTOP({2) = 0.83015286D0 ® Z(2) ® DSQRT( QB / AMU(2) )

REPORT THE INPUT PARAMETERS:
PRINT 100, NAME, NI, NT, NCOEF, TH, U0, DENSE, EI,
1 (Z(IH), AMU(IH), BPAR(IH), IH = 1, 2)

EVALUATE THE REQUIRED CROSS SECTIONS:
CALL CROSSX
DO 5¢ L = 1, NCOEF
IMI =L -1
IF( L .LE, 1)
1 PRINT 110, (IG, SIGT(IG), SIGSD(IG), S(IG), IG = 1, KTIOT)
IF( NEWS .LE, 2 ) GO TC 60

IF REQUESTED, PRINT MULTIGROUP TRANSFER MATRIX

DO 40 IG = 1, NTOT

1F( IG .EQ. 1 ) PRINT 120, LM1
50 PRINT 130, IG, NTOT, (SIGS(IM,IG,L), IH = 1, NTOT)
50 CONTINUE

CROSS SECTIONS ARE WRITTEN ON UNIT 4 (ANISN-FORMAT)
60 REWIND &

IHM = NTOT + 3

NPUN = IHM * NTOT

DO 90 L = 1, NCOEF

DO 80 IG = 1, NTOT

IND = IHM ® (IG-1) + 1
SPUN(IND) = 0.0

IND = IND + 1
SPUN(IND) = 0.0

IND = IND + 1
SPUN(IND) = 0.0

IF( L .EQ. 1 ) SPUN(IND) = SIGT(IG)
DO 70 IH = 1, NTOT
IND = IND +
SPUN(IND) =
IGR= IC - I
IF( IGR .GT. O ) SPUN(IND) = SIGS(IGR,IG,L)
70 CONTINUE
R0 CONTINUE
IDENT = 0
WRITE(®) NTOT, IHM, IDENT, L, NAME
90 WRITE(4) (SPUN(IH), IH = 1, NPUN)

1
0.0
He+1

OUTPUT INDICATOR (TG ANISN) THAT LAS. AATERIAL HAS BEEN READ
IDENT = 7
WRITE(4) NTOT, I, IDENT, L, NAME
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Appendix A (contd.)

MAINO316

ADD ON SOME USEFUL INFORMATION FOR SPUTTERING CALCULATION MAINOG317
WRITE(R) (SIGSD(IH), IH = 1, NTOT) MAINO318
NTP1 = RT + 1 MAINO319
WRITE(R) (EBT(IH). IH = 1, NTP1) MAINO320
MAINO321

NORMAL PROGRAM TERMINATION: MAINO322
STOP 0O MAINO323
MAINO32A

OUTPUT FORMATS: MAIRNO32S

100 FORMAT(*1',82X,12A8//25X,13,' ION GROUPS',10X,I3,' TARGET ATOM GROMAINO326
10PS' ,10X,13,* LEGENDRE COEFFICIENTS'//A1X,"MINIMUM SCATTERING ANGLMAINO327
2E (DEGREES)',G15.8//15X, *'TARGET BINDING ENERGY (E. V.)',G15.8,10X,MAINO328
3*TARGET DENSITY (/ANGSTROMS ¢ 3)' G15.8//37X,"INITIAL INCIDENT IEMAIN0329
AN KINETIC ENER.Y (E. V.)',G15.8//°' INCIDENT ION ATOMIC NUMBER',G1SMAINO330
5.8,10X,*ATOMIC MASS',G15.8,10X,"SCREENING LENGTH (ANGSTROMS)',G15.MAINO331
68//' TARGET ATOM ATOMIC NUMBER',G15.8,10X, "ATOMIC MASS',G15.8, 10XMAINO332

7, "SCREENING 1 ZNGTH (ANGSTROMS)',G15.8) MAINO333
110 FORMAT(//19X, *GROUP' ,I3,10X, 'SIGT’,G15.8,10F, 'SIGSD* ,G15.8, 10X, 'S*MAINO3 3k
1,615.8) i MAINO335
120 FORMAT(///' P',12,' COEFFICIENT') MAINO336
130 FORMAT(/SX, 'SIGS(IH ->’,I13,'), IH = 1,',13,')",/(10X,8G14.6)) MAINO337
END MAINO338
CRSX00G1

SUBROUTINE CROSSX CRSX0002
EVALUATES THE MULTIGROUP CROSS SECTIONS FROM WHICH 'ANISN' CAN CRSX0003
PERFORM SPUTTERING AND OTHER ATOMIC TRANSPCRT CALCULATIONS. CRSX000%
CRSX0005

SOME VARIABLE DEFINITIONS: CRSX0006
CRSX0007

PSIGT POINT ENERGY TOTAL CROSS SECT1ON FOR DISCRETE INTER-  CRSX0008
ACTIONS. CRSX0009

CRSX0010

PSIGS  POINT ENZRGY SCATTERING CROSS SECTION FOR DISCRETE CRSX0011
INTERACTIONS. CRSX0012

CRSX0013

COEF POINT ENERGY LEGENDRE COEFFICIENTS. THESE COEFFICIENTS CRSXOO014
EVALUATED IN SUBROUTINE 'LEGEND' AND STORED ON DATA SET CRSX0015

REFERENCE NUMBER 4, THEY ARE RECOVERED AND USED TO CRSX0016

CALCULATE THE HIGHER ORDER MULTIGROUP LEGENDRE COEFF-  CRSX0017

CIENTS AFTER CONVERGENCE OF THE INFINITE MEDIUM FLUXES. CRSX0018

CRSX00:9

PNORM  USED TO R.NORMALIZE THE HIGHER ORDER COEFFICIENTS TO CRSX0020

THE PO COEFFICIENT. CRSX0021

CRSX0022

CR5X0023

TO OBTAIN THE MULTIGROUP CROSS SECTIONS, THE POINT CROSS SECTIONS CHSX0024
ARE WEIGHTED BY: CRSX0025
CRSX0026

PHE(E) = C(G) ®# E *# ( - XI(C) ), CRSX0027

CRSXN028
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C WHERE C(G) ARD XI(G) ARE GROUP DEPENDENT. XI IS OBTAINED FROM THE CRSX0029
C INFIMITE MEDIUM GROUP FLUX, PHI(G). DEN(G) IS THE INTEGRAL OF CRSX0030
C PHE(E) OVER THE ENERGY GROUP. THE GROUP FLUX IS OBTAINED CRSX0031
C ITERATIVELY. PHIO(G) IS THE GROUF FLUX FROM THE PREVIOUS ITERATION. CRSX0032
C IT IS USED TO DETERMINE CONVERGENCE. CRSX0033
c CRSX0034
C VARIABLE SPECIFICATIONS: CRSIDO3S
IMPLICIT REAL®8 (A - H, 0 - Z) CRSX0036
EXTERNAL TDSIG,DSIC CRSX0037
REAL®8 COEF(20),XX(50),PHI(50),DEN(50),PHIO(50),E(50,10), _ CRSX0038

1 WTS(52,10),PSIGT(50,10),PSIGS(50,50,10) , PNORM(50,50) CRSX0039
REAL®h SIGT,SIGS,SIGSD,S CRSX0040
COMMON/ PDAT/NI, NT, RCOEF, ION, DENSE ,EX, U0,APQ(2) ,QGAM(2) ,RGAM(2),  CRSX0041

1 SGAM(2) ,GAMMA(2) , TLOW(2) ,TLOG(2), APAR(2) ,BPAR(2), CRSX00X2

2 CPAR(2) ,ESTOP(2),NEWS,NTOT ’ CRSX0043
COMMON/SIGX/EBI(51),EBT(51),5(50),SIGT(50),SIGSD(50), CRSX0044

1 S165(50,50,20) CRSYO0045
COMMON/WATE/U(4),W(8) ,AB(10),WT1(10) ,INP, MEHL CRSX0046

C CRSX0047
C GENERATE GROUP BOUNDARIES AND MAKE INITIAL FLUX GUESSES: CRSX0048
NIP1 = NI + 1 CRSX0049

NIP2 = RIP1 + 1 CRSX0050

NTP1 = NT + 1 CRSX0051
L=1 CRSX0052

IF( NT ,EQ. 0 ) L = 2 CRSX0053
EBI(1) = EX CRSX0054
EBI(NIP1) = U0 / GAMMA(L) CRSX0055

A = ( DSQRT( EBI(1) ) - DSQRT( EBI(NIP1) ) ) / NI , CRSX0056
PHIO(1) = A CRSX0057

PO 10 1G = 2, NI CRSX0058
PHIO(IG) = A CRSX0059

10 EBI(IG) = ( DSQRT( EBI(IG-1) ) - A ) ## 2 CRSX0060
IF( NT .EQ. C ) GO TO 30 CRSX006 1
EBT(1) = EI & GAMMA(1) CRSX0062
EBT(NTP1) = U0 CRSX006 3

QQ = ( 1b0 / DSQRT( EBT(NTP1) ) - 1DO / DSQRT( EBT(1) ) )} / NT CRSX0064
PHIO(NIP1) = QQ CRSX006 5

DO 20 IG = 2, NT CRSX0066
PHIO(NI+IG) = QQ CRSX0067

20 EBT(IG) = ( 100 / ( QQ + 1DO / DSQRT( EBT(IG-1) ) ) ## 2 ) CRSX006 8

C CRSX006 9
C DETERMINE POINT ENERGIES: CRSX0070
30 DO S0 IG = 1, NI CRSX007 1

A = 0.5D0 ®* ( EBI(IG) - EBI(1G+1) ) CRSX0072

QQ = 0.5D0 ® ( EBI(IG) + EBI(IG+1) ) CRSX0073

DO 80 NN = 1, INP CRSX0074

40 B(IG,NN) = A ® AB(NN) + QQ CRSX0075
50 CONTINUE CRSX0076
PO 70 IG = 1, NT CRSX0077

A = 0,500 ® { EBT(IG) - EBT(IG+1) ) CRSX0078

QQ = 0.5D0 # ( EBT(IG) + EBT(IG+1) ) CRSX0079

po 60 NN = 1, INP CR3X0080

60 E(NI+IG,NN) = A ® AB(NN) + QQ CRSX0081

70 CONTINUE CRSX0082
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c CRSX0083
C END OF INITIALIZATION. CRSX008%
c CRSX0085
CEeESsESRsESSOREGIN ION POIKT-ENERGY CRCSS SECTION EVALUATIONtS®SsesssesCRSX0086
c . CRSX0087
C SET ION FLAG AND START LOOP OVER ALL ION GROUPS: ChSX0088
ION = 1 CRSXC089

DC 110 IG = 1, NI CRSX0050

c CRSX0001
C CALCULATE STOPPING CRGSS SECTICYN AT LOWER ENERGY GROUP BOUNDARIES:  CRSX0092
CALL TSIGMA( EBI(IG+1) ) CRSXG093

TMIK = ODO CRSX0094

THAX = TLOW(1) ® EPI(IG+1) CRSX0095

CALL QUANCB( TDSIG, TMIN, TMAX, 0DO, 1D-4, ELAS, ERREST, CRSX0096

1 NOFUN, FLAG)  CRSX0097

IF( FLAG .NE. ODG ) STOP 10 CREX0098

&(1G) = ELAS + ESTOP(1) ® DSCRT( ERI(IC+1) ) CRSX0099

c CREXC 106G
C EVALUATE TOTAL POINT ENERGY CROSS SECTION FOR DISCRETE IKTERACTIONS: CRSXC101
DC 165 KK = 1, INP CREXG10Z

CALL TSIGMA( E(IG,MN) ) CRSX0103

TMIK = TLCW(1) ® E(IG,NN) CREXG 104

TMAX = GAMMA(1) ® E(IG,MN) CRSXC105

CALL QUANCH( DSIG, TMIN, TMAX, 0DO, 1D-5, TOT, ERREST, CRSXG106

1 NOFUN, FLAC)  CRSXG1CT

IF( FLAG .NE. ODC ) STOF 11 CRSXG1GE
PSIGT(IG,NN) = TOT CRSX0109

c CRSX0116
C CALCULATE POINT-ENERGY SCATTERING CROSS SECTICN FCR INTERACTIONS IN CRSX0111
C WEICK THE INCIDENT ION EMERGES IN GROUF IE: CRSXO0112
p¥ 80 IE = I1G, NI CRSXG113

TMIN = DMAX1( E(IG,NN) - EEI(IK), TLOW(1) ® E(IG,NN) ) CRSXC114

TMAX = DMIN1( E(I1G,KN) - EBI(IE+1), GAMMA(1) ® E(IG,EN) ) CRSXC115

SCAT = 0DO CREX0116

IF( TVIN .GE, TMAX ) GO TC 80 CRSXC117

CALL QUANCE( DSIG, TMIN, TMAX, 0DO, 1D-5, SCAT, ERREST, CRSX0118

1 NOFUN, FLAG) CRSXC119

IF( FLAG .NE. ODG ) STUF 12 CRSXC120

CALL LEGEND( E(1G,FN), TMIN, TMAX, 0) CRSX0121

80 PSIGS(IG,IK,NN) = SCAT CRSXC122
IF( NT .EQ. C ) GG TC 1C0 CREXG123

c CRSX012k
¢ CALCULATE POINT-ENERGY SCATTERING CROSS SECTION FCR INTERACTIONS IN CRSXG125
C WHICH THE RECOIL TARGET ATOM EMERGES IN CROUP IF: CREX0126
DO 9C I¥ = 1, NT CRSX0127

JE = NI + IH CREXC 128

TMIN = DMAX1( EBT(IF+1), TLOW(1) ® E(IG,MN) ) CRSXG129

TMAX = DMIN1( EBT(IH), CAMMA(1) ® E(IG,NN) ) CREX0130

SCAT = ODO CRSX0131

IF( TMIN .GE. TMAX ) GC TO 40

CREXC132
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CALL GUANCB( DSIG, TMIX, TMAX, ODO, 1D-5, SCAT, ERREST, CRSXG123

1 KCFUN, FLAG)  CRSXG134

IF( FLAG .FE. O0DO ) STCP 12 CRSXC135

CALL LEGEND( E(IG,NN), TMIN, TMAX, 1) CRSX0136

90 PSIGS(IG,THH,N) = SCAT CRSXG137
10C CONTINUE CREX0138
110 CONTINUE CRSXG139
IF( NT .EO. € ) GG TC 160 CRSXC 1h0

C CRSIG1AT
C END OF ICN PCINT-ENERGY CROSS SECTION EVALUATICS. CREXC 122
c CRSXG143
CONSBRRI0SRSREC TN TARGET ATOM PCINT-ENERGY CRGSS SECTION EVALUATION®S®SSCRSXG1AM
c CRSXC1RS
C SET ION FLAG AND STAKRT LGOP OVER ALL TARGET ATOM GROUPS: CRSXC 146
ICK = 2 CRSXC1A7

DG 15C IG = 1, XT CRSXC 148

c CRSXC1h9
C CALCULATE STOPFING CROSS SECTIOK AT LOWER ENERGY GROGP BOUNDARIES:  CRSXC150
166 = NI + IG CRSXG1S1

CALL TSIGMA( EET(IG+1) ) CRSXC152

TMIN = CDC CRSX6153

TMAX = TLOW(2) ® EBT(IG+1) CRSXC15%

CALL CUANCB( TDSIG, TMIN, TMAX, ODO, 1L-&, ELAS, TRREST, CRSX0185

1 NOFUM, FLAG)  CRSXG156

1F( FLAG .ME. ODC ) 2ZTCP 1% CRSXC157
S(IGG) = FLAS + ESTCP(Z2) ® DSLRT( EBT(IG+1) ) CREX(158

c CRSXG159
C EVALUATE TCTAL POINT-ENERGY CROSS SECTICK FCR 'ISCRETE INTERACTIGNS: CREXG160
DO 15C NN = 1, INP CRSXC161

CALL TSIGMA( E(IGG,NN) ) CREXGi62

T™IK = TLOW(2) % E(IGG,KN) CRSX0163

TMAY = E(TGG,NN) CREXC1EH

CALL CUYANC8( DSIC, TMIM, TMAX, ODG, 1L-5, TCT, ERREST, CRSXC165

1 - NCFUK, FLAG) CRSXC1€6

IF( FLAG .ME. 0D0 ) STCP 15 CREXG6T
PSIGT(IGG,NN)} = 70T CREXGIEE

d CRSX0169
C CALCULATE PCINT-EKERGY SCATTERiNG CROSS SECTION FOF INTERACTIONS IN CRSXC17C
C KHICH TFE INCIVENT TARGET ATOM EMERGES IN GROUP IE: CRSX017 1
DC 130 IH = 1G, MT CREX0172

IKH = IE + NI CRSXC173

TMIN = DMAX1( E(IGG,NN) - EFT(IK)}, TLCW.Z) ® E(IGG,NN) ) CREX0174

TMAX = DMIM1( E(IGG,MN) - EBRT(IE+1), E(IGG,KN) ) CRSXC175

SCAT = 0DO CREXC176

IF( TMIK .GE. TMAX ) GO TC 120 CRSX0177

CALL QUANCE( DSIG, TMiIN, TMAX, ODO, 1D-5, SCAT, ERPEST, CREX0178

1 NOFUN, FLA®)  CRSX0179

IF( FLAG .NF. ODC ) STOF 16 CREXC1HO

CALL LEGEML( E(JIGG,NN}, TMIN, TMAX, O) CROXC1E1

120 PSJGS(IGG,IHH,NN) = SCAT CREXC 182
PSIGS(IGG,IH,NN) = SCAT CROXG1E3

c CREXC1EY

]
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C CALCULATE PGINT-ENERGY SCATTEKING CRCSS SECTION FCR INTERACTIONSE 1IN

C WHICKF THE RECOIL TARGET ATOM EMERCGES IN CROUF IF:
TMIMA = DMAXI( EBT(IH+1), TLOW(2) ® E(IGG,NM) )
THAXY = DMINI{ EET(IH), E(IGG,NN) )
SCAT = ODC

IF( THIN .GF. TMAX ) GO TG 130
CALL GUANCB(DSIG, TMIM, THAX, DG, 1L-5, SCAT, ERPEST,
1 KCFUX, FLAC)
IF( FLAC .PE. PDO ) STCP 17
CALL LEGEND( E(IGG,NN), THIN, THAX, 1)
130 PSIGS(IGG,IEH,NN) = PSIGS(IGG,IHH,NN) + SCAT
14G CONTINUE
156 CONTINUE
c
C END OF TARGET ATOM POGINT-EWERGY CRGSS SECTIGN EVALUATICH.
c

CRSXC1ES
CE=X( 166
CRSXC1E7
CRSXC188
CESXC189
CREXC19C
CRSXG191
CRSXC192
CRSXG3i93
CRSX(194
CRSXC10%
CRSXC196
CRSXC107
CREXC19E
CRSXC199
CREXCZ0C

CSEsaSRESTAKT FLUX ITERATION AND MULTIGROUP (PO) CALCULATIONSSSSEERRERRSCRSYC2C1

160 ITER
LAVP

nn

0
c.5ce

C

C EVALUATE XI, THE EXPONEKT CF TEE WEIGHTING FUNCTION:

170 XN = PRI0O(2) ® (EEI(1) - FEI(2)) /7 ‘PEIO(1) ® (EEI(2) - FEI(3)))
Xr = ( EBI(1) + EBi(2) ) 7 ( EBi(2) + EBI(3) )
QC = DLOG( XN ) / DLCG( XD )

IF( ITER .EQ. € ) XI(1) = QQ

XI(1) = ( 1DC - DAMF } ® QQ + CAME * XI(1)
DO 180 IG = 2, NI

XN = XI(IG-1) #

1 tLoc( ( EBI(IG-%) + EBI(IG) ) / ( EBI(IG) + ERI(IG) ) )
P - DLOG( PHIO(IG) ® ( EEI(1G-1) - EBI(IG) ) /
3 ( PHIO(IG-1) ® (EBI(IG) - EBI(IG+1) ) ) )

XL = DLOG( ( EBI(IG) + EEI(IG+1) ) / ( EEI(IC) + EBI(IG) ) )

G =IN/ X

IF( ITER .EC. O ) XI(IC) = ¢Q
180 XI(IG) = ( I1CO -~ DAMP ) ® QQ + DAMP ® XI(IG)

IF( T .EO, 0 ) GC TO 200

XN = PHIO(NIP2) ® ( EBT(1) - EBT(2) ) /
1 ( PEIO(NIP1) ® ( EBT(2} - EET(3) ) )
XD = ( EBT(1) + EBT(2) ) 7 ( EBT(2) + ERT(3) )

QQ - DLOG( XN } 7/ DLOG( XT )

I7( ITER .EQ. C ) XI(NIP1) = QC

XI(NIP1) = ( 1DC = DAMF ) & QQ + DAMP ® XI(NIPT1)

DO 190 IG = NIP2, NTCT

IH = IG - NI

XN = XI(1G-1) ®

1 DLOG( ( EET(IH=-1) + EET(ZIH) ) / ( EET(IH) + EBT(IH) ) )

- DLCG( PHIO(I1G) ® ( EBT(IH-1) -~ EBT(IE) ) /

3 ( PPIO(IC-1) ® (EBRT(IF) - EET(IHe1) ) ) )

XD = DLOG( ( EBT(IK) + EBT(1H+1) ) 7/ ( EBT(IE) + EBT(1E) ) )

Q= XN/ X

IF( ITER .FQ. C ) XI(1G) = QQ
190 XI(IG) = ( 1DO - DAMF ) ® QG + DAMP ¥ X1(1G)

CREXC202
CRSXG203
CRSY020Ck
CRSXG2CS
CREX020G6
CRSXG207
CREX0208
CRSXC2C9
CREX0Z1C
CRSXG211
CRSX0z12
CRSX0212
CRSXGz 14
CRSX021¢
CRSX0216
CRSX0217
CREX0218
CRSXc21¢
CRSX02z0
CRSX0221
CRSx0222
CRsX0223
CREX022%
CRSX0225
CRSX0226
CRSX0227
CRSX022€
CRSX0229
CREX0230
CRSX0231
CRSX0232
CRSXG2313
CRSX0234
Ck3X0235
CREX0236
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Appeadix A (contd.)

CALCULATE DEN(G), THE INTFGRAL OF THE WEJGHT FUNCTION:

200 O 21C IG = 1, NI
X11 = 1DC - XI1(1G)

210 PEu(IG) = ( EBI(IG) ®® XI1 - EBI(IG+1) ®® XI1 ) 7/ XI1
DC 220 1G = 1, AT
XI1 = 100 - XI(IG+NI)

220 CEN(IC+NI) = ( EET(IG) %® XI? - EET(IG+1) %® XI1 ) / XI1t

CALCULATE THE WEIGHTS FCE THE INTEGKATICN OVEE THE ENERGY GROUPS:

pC 280 IGC = 1, NI
DO z3C NK = 1, IRP
A = G.5D0 & ( EBI(IG) -~ EBI(1G+1) )

230 WIS(IG,NN) = & * WII(NN} ® E(IG,NN) ** ( - XI(IG) ) s/ CEN(IG)
280 CONTINUE
DC 26¢ 1G = 1,
DO 256 NN = 1,
kR = 0.5DC ® ( EBT(IC)} - EBT(IG+1) )
250 WTS(NI+IG,NN) = A ® WI1(NN) ®* E(NI+IG,KN} ®% ( - XT(NI+IG) )
1 / DEN(KI+IG)
260 CONTINUE

CALCULATE TEE TCTAL MULTIGROUP CROSS SECTION:
DC 300 IG = 1, N1OT
SIGT(IC) = ODO
PO 276 NN = 1, INP
270 SIGT(IG) = SIGT(IG) + DENSE ® WTS(IG,NN) ® §SICT(IG,KN)

CALCULATE THE CONTINUGUS SLOWING COWE CROSS SECTION:
IF( IG .LF, NI ) SIGSD(IC) =

1 DENSE * S(IG) ® ERI(IG+1) ®* ( - XI(IG) ) / DEN(IG)
IF( IG .GT. NI ) SIGSD(IG) =
1 DENSE ® S(IG) ® EET(1G-NI+1} #® ( - XI{TG) } / DEN(IG)

MODIFY THE TOTAL CROSS SECTION FOR *ANISN':
SIGT(1G) = SIGT(IG) + SIGSD(IG)

CALCULATE THE MULTIGROUP SCATTERING MATKIX, PO COEFFICIENT:
DO 290 IE = IG, NTOT
SIGS(IG,IH,1) = ODO
£O 280 NN = 1, INP
280 SIGS(IG,IY,1) = SIGS(IG,IY.1) »
1 DENSE ® WTS(IG,NN) ® PSIGS{IG,IH,NN)
290 CONTINUE
300 CONTINUE

PREVENT IONS FROM ENTERING THE TARGET AT(M GROUPS:
SIGSD(NI) = ODO

UPDATE THE FLUXES USING THE NEW MULTIGROUP PARAMETERS:
PHI(!) = 100 / ( SIGT(1) - SIGS(1,1,1) )
DO 320 IG = 2, NTOT
SUM = SIGSD(IG-1) ® PRI(IG-1)
IGM1 = IG - 1
DO 310 IE = 1, IGMI

CRSXC237
CREX0238
CRSXG229
CRSX0240
CRSX0241
CRSXO242
CRSXG283
CREX02k4
CRSXGC245
CRSXC246
CRSXG247
CREX024E
CRSXC2h9
CRSXC25¢
CRSX02¢51
CRSX0252
CRSX0253
CRSX025h
CRSXC255
CRSX0256
CRSXC2:7
CRSX025&
CRSX0259
CRSX0260
CREXC2€1
CRSX0262
CRSXG263
CRSX0264
CRSX0265
CREXC266
CRSXC267
CRSX0266
CRSX0269
CRSX0270
CRSX0271
CREX0272
CRSXGC273
CREX0274
CRSX0275
CRSX0276
CRSX0277
CREX0278
CR3X0279
CRSX0280
CRSXn281
CRSX0282
CRSX0283
CRSXC284
CRSX0285
CRSX0286
CRSX0287
CRSX0288
CRSX0289
CRSX0290
CRSX0291
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Appendix A (contd.)

310 SUM = SUM + SIGS(IF,IG,1) ® PHI(IE)
320 PHI(IG) = SUM / ( SIGT(IG) - SIGS(IG,IG,1) )
ITER = ITER + 1

CHECK FOR CONVERGENCE OF TPE FLUTES:

IFLG = 0

DO 33C IG = 1, NTCT

IF( DABS( PRI(IG) - PHIO(IG) ) / PEIO(IG) .GT. 1D-2 ) IFLG = 1
330 PRIC(IG) = PHI(IG)

REPORT FLUXES, IF REQUESTED:
IF( NEWS .LE. 0 .AND, IFLG .NE. 0 ) GO TO 170
PRINT 340, ITER, ( (IG, PHI(1G)), IG = 1, NTCT)

CRSX0292
CRSX0293
CRSX029h
CRSX0295
CRSX0296
CRSX0297
CRSX0298
CRSX0299
CRSX0300
CRSX0301
CRSXG302
CRSX0303
CRSX03C4

240 FORMAT(//5X,'FLUXES AFTEK ITERATION',IB//8X,'IG',6X,'FLUX*,13X,'IGCREXC305
1¢,6X, 'FLOX*,13X, *IG',6X, 'FLUX*,13X, *IG* ,6X,'FLUX',13X, '1G* ,6X, ' FLUCRSXG306

2x%*s/(110,615.%,110,G15.5,110,G15.5,110,G615.5,110,615.,5)) CRSX03C7

1F( IFLG .ME. ¢ ) CO TC 170 CRSX0308

c CRSXC309
C END OF FLUX ITERATION AND MULTIGROUP (PO) CALCULATIONS: CRSX0310
o CRSX0311
CH¥SSBSRBR8CALCULATE HIGHER CRDER LEGENDRE COEFFICIENTS®SSSSussssssuas uCRSYC31z
c CRSX0313
C SAVE TEE PO CCEFFICIENT AND CLEAR TEE CROSS SECTION MATRIX: CRSX031%
DC 37C IG = 1, NTOT CRSX0315

DO 360 1K = IG, NTCT CRSX0316
PNORM(IG,IE) = SIGS(IG,IH,1) CRSX0317

DO 3506 L = 1, NCOEF CRSXC316

350 SIGS(IG,IH,L) = ODO CRSX0319
360 CONTINUE CRSXC320
370 CONTINUE CRSXC321

C CRSX(322
C RETRIEVE THE PCINT-ENERGY CCEFFI1CIENTS FROM DATA SET REFERENCE CRSXC323
C NUMBLP 4, WHERE THEY WERE SAVED BY ‘LEGEND': CRSX032%
REWIND & CRSXC325

c CRSX0326
C ION CALCULATION: CRSX0327
DO 530 XG = 1, NI CRSXC328

DC 520 NN = 1, INP CREX0329

DO 390 IE = IG, NI CRSX0330

IF( PSIGS(IG,JH,NN )} .LF. OD0 ) GC TC 290 CREX0321
FPEAD(Y4) (COEF(L), L = 1, NCOEF) CRSXC332

c CREX0332
C INTEGRATE JUMERICALLY GVER THE ENERGY ROUP TC OBTAIN SIGS(IG,IH,L): CRSXC33%
DC 38C L = 1, NCOEF CRSX0335%

380 SIGS(IG,TH,L) = SIGS(IG,TH,L) + DENSE ® WTS(IG,NN) ® CGEF(L) CRSX0336
390 CONTINUE CRSX0337
DO 410 IE = 1, NT CRSX0338

IHE = NI & IH CRSX0339

IF( PSIGS(IG,TEH,NN) .LE, 0DO ) CO TC 410 CREXC340
READ(4) (COEF(L), L = 1, NCOEF) CREXC341

DO 400 L = 1, NCOEF

CRSX0342
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Appendix A (contd.)
500 SIGS(IG,IHM,L) = SIGS(IC,IWH,L) + DENSE ® WTS(IG,EN} ® COFF{L)
%50 CONTINUE
20 CONTINUE
330 CONTINUE

TARGET ATOM CALCULATION:
DO 890 IG = 1, NT
16G = KI + IG
DO 480 NN = 1, INP
DC R70 IH = IG, NT
IFH = IE + KI

IF( PSISS(IGG,IH,NN) .LE. ODO ) GC TG 150

READ(2) (COEF(L), L = 1, NCOEF)
DO 880 L = 1, NCOEF

420 SIGS(IGG,IHH,L) = SIGS(IGG,IHH,L)

450 IF( PSIGS(IGG,IHH,NN) .LF. PSIGS(
READ(3) (COEF(L), L = 1, NCOEF)
DO 460 L = 1, NCOEF

860 SIGS(IGG,IHH,L) = SIGS(IGG,IH,L]

470 CONTINUE

480 CONTINUE

390 CONTINUE

+ DENSE * WTS(IGG,NN) ® COEF(L)
1GG,IH,RN) ) GC TO &7C

+ DENSE ®* KTS(IGG,NN) ® COEF(L)

RENORMALIZE USING THE HIGHER PRECISIGN PO COEFFJICIENT:

DO 520 IG = 1, NTCT
DO 510 IH = IG, NTOT

IF( PNORM(IG,IH) .EQ. CDO ) GO TO 510
PHORM(IG,IK) = PNORM(IG,IH) / SIGS(IG,IH,1)

DO 500 L = 1, NCOEF

S16s8(1G,IR,L) = SIGS(IG,IH,L) ® PNORM(IG,IH)

500 CONTINUE
510 CONTINUE
520 CONTINUE

NORMAL TERMINATION OF THE PROCEDURE:
RETURN
END

SUBROUTINE TSIGMA(EP)

RETURN TC CALLING PROGRAM.

THIS PROCEDURE SETS UP A TABLE OF THE DIFFERENTIAL SCATTERING CROSS
SECTION, *DS1G*, AS A FUNCTION OF 'T*, THE ENERGY TRANSFERRED TO THE

RECOILING TARGET ATOM. 'EP' IS THE

ENBRGY OF THE INCIDENT PARTICLE.

THE TABLE IS BASED ON THE APPROXIMATION:

DSIG(T) / DSIG(TM) = (TM / T) #® §

WHERE 'TM' 1S THE MAXIMUM POSSIBLE TRANSFERREL ENERGY. THE TABLES
CONTAIN VALUES OF LN( TM / T ) AND OF N, THE VALUES OF 'DSIG' ARE

RETRIEVED BY THE FUNCTION DSIG(T).
COMMON BLOCK 'TABL'.

THE TABLES ARE PASSED IN THE

CRSXG343
CRSX0324
CRSXC3235
CRSXC346
CRSXG347
CRSX0348
CRSX0349
CRSX0350
CRSXG351
CRSX0352
CRSX0352
CRSX0354
CRS¥9355
CRSX0356
CRSX0357
,CRSX0358
CRSX0359
CREX0360
CRSX0361
CRSX0362
CRSX0363
CRSX0364
CRSX0365
CRSX0366
CRSX0367
CRSX0366
CRSX0369
CRSX0370
CRSXG3T1
CRSX0372
CRSXG373
CRSX0374
CRSX0375
CRSXG376
CRSX0377
CRSX0378
CRSX0379
TS1G0001
TSIC0002
TSIGO003
TSIGCOOY
TS1G0005
TSIG0006
TS1G0007
TSIGNO08
15160009
TSIGO010
TSIGOO11
TSIGOO12
TSIG0013
TSIGOO1Y
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Appendix A (contd.) ‘

VARIABLE >PECIFICATIONS:

IMPLICIT DEAL%E (A - H, C - 2}

REAL®8 DI:R(2)
- COMMON/PL AT/NI,NT,NCOEF, ION,DENSE, EI, U0, APQ(2) ,QGAM(Z) , RGAM(2),
1 SGAM(2) ,GAMMA(2) , TLOW(2) , TLOG(2) , APAR(2) ,BPAR{ 2) ,
z CPAR(2),ESTOP(2), NEWS, NTOT

COMMON/MATE/U(K),W(R) ,AB(10) ,WT1(10), INP,MEHL

COMMON/TABL/ ™X, SIGO KM, KQ, TE(200),SIG(200)

DATA C1,C2,C3/1.4521618D0,6.19086836881D-2,-6 . 39879712938D-2/

QX = APQ(ION) ®* EP
THX = RGAM(ION) / QX

ESTIMATE THE SPACING IN THE IMPACT PARAMETER NEEDED TO CONSTRUCT
TABLES WITH SUITABLE SPACINGS IK T AND SIGMA FOPR INTERPOLATION,
X¥ = ( 0.433295381903251E3D0 & DLOG( QX ® CPAR(ION) ) ) + 6DO
DELS = BFAR(ION) ® DEXP( 2.3025850929930857D0 &
1 (Ct+XX®(C2+C3®%XX)))

EVALUATE CROSS SECTION IN HEAD-CN COLLISION:
L=2¢
K=2¢
SONE = ODC
SAA = 1L-10
ASSIGN 120 TC MARK
GC TO 40

STEF TC THE NEXT IMPACT PARAMETER VALUE:
260 E =K + 1
IF( K .GT. 200 ) STOP §
L=L +1
IF{ K .NE. 1 ) GO TO 30
SAA = 1D=5

GO TO 40
30 SAR = SONE + (L - 1) # CELS

EVALUATION OF THE APSIS OF TEE CCLLISION, R,
INITIAL ESTIMATE OF THE APSIS:

40 QA = CPAR(ION) * QX
QE = DLOG( QA )
QA = DEXP((6.20563D-3 ® QB + 3.75458D=1) ® QB ~ L.54369D-1) + GA

R = EPAR(ICKN) 7/ QA
IF( SAA .GT. R } R = SM

REFINE THE APS1S EY QUADRATIC EXTRAFOLATION:
5C ¢Q = R - POTENZ(R,DER) / Q¥
QA = DER(1) / QX
B=C+WQ-~CA
IF( QB .GT, ODC ) GC TO 70
€0 R = R + SAA
GO TO 50C

TSIGOO1S
TSIGOO16
TSIGOO1T
TSIGO018
TS.GOG19
TS1G0020
TS1G0021
TS1G0022
TSICG0023
TSIGO024
TSIG0025
TS1G0026
TSIG0027
TSICO028
TS1G0029
TSIGO030
TSIG003"
TS1G0032
TSIGOC33
TSI1GOO033
TSIGOO3E
TSIGO036
TSIGC. 37
TS1G0038
TSIG003S
TSIGOCU0
TSIGOOL1
TSIGOOAZ
TSIGOO43
TSIGOCRL
TSIGOCUS
TSIGO046
TSICOOUT
TSIGOOLE
TSIGO0AS
TSIGO050
TSIC00S1
TS1G0052
TSIG0053
TSIGOOS4
TSIGOO0S%
TSIG0056
TSIGO0S7
T£1GO058
TSIGO059
TS1G0060
TSIGO06 1
15160062
18160063
TSICO06Y
TSIGO065
TSIGOCE6
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70 QA = Q0 - QA - GA - DER(2) / (QX + QX)
Q=R*"Q - ( SAL®SA)
QA =Q /(Q-CA*CQe/ (Q*R))

IF( QA .GT. F ) GC TC 60
F=R-CA
IF( DABS(QA} .GT. 1D-3 ® R ) GO TO 50

C CONTINUE REFINEMENT BY FAST LINEAR EXTRAFOLAfiON:
66 QA = (R ® (R - POTENZ(R,DER) /7 QX) ~ ( SAA % SAL ) ) / QB
R=D- QA
IF( DABS(QA) .GT. 1D-8 ® R ) GO TC 80

C THE BARYCENTRIC (CM) SYSTEM SCATTERING INTEGRALS:
SUM = 0DO
DTHDS = GDO
IF( R .LE, SA& ) GO TO 90
GO TO 1C0
90 SA = POTENZ(SAA,DER) / (SAA ® OX)

SB = DSQRT’ 1O - SA )
R= SAA / SB
100 QZ = R / X
PB = POTENZ(R,DER)
PA = DER(1)
PB = DER(1) / F

c
C GAUSS-MEHLER QUADRATURE OF THE SCATTERING INTEGRALS:
DG 110 J = 1, MEHL

QA = R /7 U(J)

QQ = SAA * U(J)

QB = QZ ® U(J)

QC = POTENZ(QA,DER)

QD = 1D-70 / QB

IF( QD .GT., QC ) QC = ODO
QB = QB % QC

Q= (R+QQ) * (R-~0CQ - QB
Q = W(J) /7 DSQRT( GQ )
SUM = SUM + ¢
110 NTHDS = DTHDS + Q # ( PB ® U(J) ® U(J) - DER(1) 7/ QA )} / QG

PB = SAR ® SUM
RATIC = ( DSIN( 1.5707963267948066.0 - 3 ) ) *8 2

c

C CALCULATION OF THE CIFFERENTIAL CROSS SECTION:
PA = 1LO / (1D0 - 0.5D0 ®# QZ # PA / (SAA ® SAQA))
DTHDS = DABS( GZ ® DTHDS #* R # P2 + (PA - 1DO) ® (SUM + SUM) )
PA = 1D~10 § SUM
IF( PB .LT. PA) Ek = P2
IF( RATIO .LT, 1D-10 ) PB = 1D=10

TSIGQ067
TSIGO068
TSIGQ069
TSIGOOTO
TSIGOOT1
TS1G0072
TSIGOO073
TSIGOCTA
TSIGOO75
TSIGOOT6
TSIGOOT(
TSIGOCT78
TSIGOOTY
TSIGO080
TSIGO081
TSIG008Z
TSIGO083
TSIGO084
TSIGO08S
TSI1G00B6
TSIGOO8T
TSIGU088
TSIG0089
TSIGO090
TSIGO091
TSIGO092
TSIGO093
TSIGO094
TSIG009S
T31G0096
TSIGO097T
TSIG0098
TSIG0099
TSIGO100
TSIGO101
TSIGC102
TS160103
TSIGO 104
TSIGO105
TSIGO106
TSIGO107
TSIG0108
TSIGO109
TS1G0110
TSIGO111
15160112
TSIGO113

DTHDS = 12,56637061439D0O ® TMI & SAA / ( DTHDS ® DSIN( PB + PB ) YTSIGO114

GO TO MARK, ( 120, 130, 140)
120 SIGO = DTHDS

ASSIGN 130 TN MARK

GO TO 20

TSIGO115
TSIGO116
TSIG0117
TSIGO118

B AR TP
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Appendix A (contd.)

130 TE(K) = - DLOG( RATIO )
SIG(K) = DLOG( DTHDS / SIGO ) / TE(K)
IF( L .1T. % ) GO TO 20
SFOUR = SAA
SAR = SONE + 1.5D0 ® DELS
ASSIGN 140 TO EARK
GO TO &C
&
C TEST TEE CURRENT IMPACT FARAMETER SPACING:
180 ASSIGN 130 TO MARK
QQ = - DLOG( RATIO )

PA = SIG(K-3) ® (QQ - TE(K-2)) * (QQ - TE(K-1)) * (QQ - TE(K)) /
1 ((TE(K-3) - TE(K-2)) * (TE(K-3) - TE(K-1)) ® (TE(E-3) - TE(K)))

PA = PA &+

1 SIG(K-2) ® (QQ - TE(K-3)) * (QQ - TE(E-1)) ® (QQ - TE(K)) /
2 ((TE(K-2) - TE(K-3)) ® (TE(K-2) - TE(K-1)) ®* (TE(K-2) - TE(K)))

PA = PA +

1 SIG(K-1) ® (QQ - TE(K-3)) ®* (Q@ - TE(K-2)) # (QQ - TE(K)) /
z ((TE(K-1) - TE(K-3)) ® (TE(K-1) - TE(E-2)) ® (TE(K-1) - TE(K)))

PA=PAL + :

1 SIG(F) ® (QQ - TE(K-3)) ®* (QQ - TE(K-2)) ® (QQ - TE(EK-1)) /
2 ((TE(K) - TE(K-3)) ® (TE(K) - TE(K-2)) ®* (TE(K) - TE(K-1)))
PA = DABS( SICO ® DEXP( PA ® CQ ) ; DTEPS - 1L0 )

IF( PA .GT. 1D-3 ) GC TG 150
1F( PA .GT. 1D-4 ) GO TC 160

C

C INCREASE SPACING CF IMPACT PARAMETEK:
DELS = 1.6D0 ® DELS

L=2¢0
K=K -1
GO TO 20

C
C DECREASE IMPACT PARAMETER SPACING:
150 DELS = 0.9DC ® CELS
L=¢C
K=K-~-4
GO TO 20
Cc

C CONTINUE WITH CURRENT INPACT PARAMETER SPACING:

160 IF( TE(K) .GT. TLOG(ION) ) GO TO *7¢C
SONE = SFOUR + DELS
L=¢0
GO TO 20
C

17C KM = K
KG = K -1

IF( NEWS .GT. 2 ) PKINT 180, ION, EP, TLOG(ION), KM, TMY, SIGO,
1 (4, TEW), SIG(J), J = 1, KM)

RETURN

C PRINT TABLE IF REQUFSTED AKD RETURN TC CALLIMG PROCFLURE:

TSIG0119
TSIGC12D
TSIGO121
TS1G0122
TS1G0123
TSI1GO124
TSIGO125
TSIGG 126
TSIGO12T7
15160128
TSIG0129
TSIGO13C
TSIG0131
TS1G0132
TS1G0133
TS1GO13L
TSIG0135
TSIGO136
TSIGO137
TS1G0:38
TSIGO139
TSIGO140
TSIGO141
TSIGC142
TSIGO43
TSIGO 4y
TSIGO145
TSIGO146
TSIGOT147
TSIGC148
TSIGO149
TSIG0150
TSIGO151
TSIGC152
TSIG0153
TSIGO154
TSIG015%5
TSIGG156
TSIGO1ET
TSIGO158
TSIGO1:9
TSIGC160
12160161
*.81GC162
T31GO163
TLIGG164
TSIG0165
TE1GC166
TS1G0167
TSIGC16¢E
TSIG0169
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Appendix A (contd.)

OUTPUT FORMAT:
180 FORMAT(///30X, ' INTERPOLATION TABLE FOR THE LIFFERENTIAL ELASTIC SCTSIGO171
1ATTERING CROSS SECTION'//11X,'ION',I2,5X,*EP*,G15.8,5X, "TLOG" ,G15 .TSIGO172
28,5X,'KM'  I5,5X, *TMX ", G 15.8,5X, 'SIGO' ,G15.8//8X, 'K* ,5X, *TE(K) ', 11X TSIGO 173
3, 'SIG(F)*,18X, K" ,5X, *TE(R) ', 11X, 'SIG(K)", 12X, *K*,5X, *TE(K) ', 11X, * TSTGO17 4

TSIGO170

3SIG(K)'/(110,2G16.8,110,2G16.8,110,2G16.8)) TSIGO175
END TSIGO176
DS1GOOC1

FUNCTION DSIG( T )

DSIG0002

INTERPOLATES THE TABLES CONSTRUCTFD BY TSIGMA TO PROVIDE VALUES CF  DEIGO003

THE DIFFERENTIAL CROSS SECTIGR FOR TRANSFERRING ENERCY T. DSIGOCCH
IMPLICIT REAL#8 (A - F, 0 - Z) DS1G0005
COMMON/ TABL/ TMX, SIGO ,KM, KQ, TE{ 200 ), S1G(200) DSIG0006

DSIGO0GT
Q=T SIGOCOE
ASSIGN 90 TO J1D DEIGC009
GO TO 1C DSIGOC1L
DSIGCO11
ENTRY TDSIG( T ) DSIG001z

SUPPLIES THE VALUE OF T ®# DSIG INSTFAD OF DSIG, DE1G0O013
M="T LSIGOO14
IF( TQ .LT. 10-4 ) TQ = 1D-4 DS1GOG 15
ASSIGN 80 Tv JTD DSIG0016

CS1IGGO17

1C QQ = - DLOG( TC * TMX ) LSIGOO01€
IF( Q0 .LT. ODC ) QQ = OLO DS1GOGC19
IF( KM .GT. § ) GO TC 20 DSIGO02C
K=3 DS1G0021
GO TO 60 DS1G0022

20 K& = 2 £S1G0023
KZ = KQ DSIGOO24

30 K=(KA+K2) /2 DSIG0025
IF( QQ .GT. TE(K) ) GO TOC 40 DSIGCO26
IF( K - KA .LE. 1) GC TO 60 DSIGO02T
KZ =K DSIG0028
GO TO 30 DSIG0029

40 IF( KZ - K .LE. 1 ) GO TC 50 DSIGO03C
Kk = K D51G0037
CC TC 30 DSIG0032

50 K = K2 DS1G0033

60 YF = SIG(kK-2) * (GQ - TE(K-1)) ® (QQ - TE(:]) ® (QQ - TE(K+1)) / DSIZ0034
1 ((TE(EK-2) - TE(K-1)) % (TE(K-2) - TE(K)) % (TE(K-2) - TE(K+1))) DSICGOC35

YF = YF +

DSIGO036

1 SIG(K-1) * (QQ - TE(K-2)) ®* (QQ -~ TE(K)) ® (CQ - TE(K+1)) ¢/ DSIGO037
2 ((TE(E-1) - TE(K-2)) ® (TE(K~1) - TE(K)) * (TE(K-1) - TE(K+1))) DSIGOC3E

YF = YF «

DSIGO039

1 SIG(K) * (QQ - TE(K-2)) * (GQ - TE(K-1)) ® (QQ - TE(K+1)) / DSIGOOKOD
2 ((TE(K) - TE(K~2)) ® (TR(K) - TE(K-1)) ® (TE(X) - TE(RK+1))) DSIGO041

YF = YF +

DSIGOO42

1 SIG(K+1) ® (QQ - TE(K-2)) ® (QQ - TE(K-1)) * (QQ - TE(K)) / DSIGOO43
2 ((TE(K+t) = TE(K=-2)) *® (TE(K+1) - TE(K-1)) ® (TE(K+1) - TE(K))) DSIGOOUk

YF = YF # QQ

IF( YF .GT. - 174D0 ) GO TO 70

DSIG = 0DO
GO TO JTD, (80, 90)

DSIGOOUS
DSIGOOL6
DSIGOGLT
DSIGOOLS

m—r

M
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Appendix A (contd.)

70 IF( YF .GT. 173D0 ) STOP 9
DSIG = SIGC # DEXP( YF )
GO0 TO JID, (80, 90)

8C TDSIG = TQ * DSIG

90 RETURN
END

FUNCTION PCTENZ( R, DER )
VERSION A. THE MOLIERE APPROXIMATION TO THE THOMAS~FERMI INTER-
ATOMIC POTENTIAL FUNCTION AND ITS DERIVATIVES. 'POTENZ = R ® V(R)'.
'DER(1) = R#82 & DY(R)/DR'. °‘DER(2) = R®#3 & D(DV(R)/LR)/DR'.

IMPLICIT REAL®8 (A - K, 0 - 2)

REAL®§ DER(2),COEFF(9)

COMMON/ FDAT/NI,NT,NCOEF , ILN,DENSE, °1, U0, APQ(2) ,QGAM(2) ,RGAM(2) ,
1 SGAM(2) ,GAMMA(2), TLOW(2. ,TLOG(2),APAR(2) ,RPAR(2),
z CPAR(2),ESTOP(2),NEWS ,NTOT

VALUES OF NUMERICAL CONSTANTS. THE VALUES AFTER THE FIRST THREE ARE

11/7, a4/7, 176/7, 2/7, 80/7, 60G/7, RESPECTIVELY.

DATA COEFF/177D0, 34.25D0, 8.85D0, 1.57142857 142857 14DO,
6.2857182857182857D0, 25.142857142857143D0,
0.28571%42857 142857 1D0, 5.7142¥57142€5714300,

115 .28571826571429DC/

L R -

FQ = 0.3D0 # R / BPAR(ION)
IF( FC .GT. TOEFF(1) ) GO TO 20

F1 = DEXP( ~ FC )
FEXF = F1
GEXP = F1
HCXF = F1

n ]

IF( FO .GT. COEFF(2) ) GO TO 10

F1 = ( F1 8 F1 ) e

FEXF = FEXP + CCEFP(3) ® F1
GEXP = GEXP + COEFF(5) % F1
HEXP = HEXP + CCEFF(6) ® F1

IF( FC .GT. COEFF(3) ) GO TC 10
F1 =F1 % (F1 # F1 ) %% 2
FEXP = FEXP + COEFF(7) ¥ F1
GEXP = GEXP + COKFF(8) # F1
BEYP = HEXP + COFFF(9) ® F1

10 PCTENZ = APAR(ION) ® FEXP
GEXP = FEXP + FQ ® GEXP

DER(1) = - APAK(ION) ® GEXP
DER(2) = APAR(ION) * ( CEXP + GEXP + FC ® FC ® HEXP )
RETURN
20 POTENZ = 0DO
DER(1) = 0DO
DER(2) = 0DO
RETURN
END

DSIGO0k9
DSIG0050
DSIG00S51
DS1G0052
DSIG0053
DSIGO0SA
PTZA0001
PTZA0002
PTZA0003
PTZAOOOR
PTZA0005
PTZR0006
PTZA0007
PTZA000E
PTZA0009
PTZAR0G10
PTZA0011
PTZAC012
PTZA0013
PIZAOG1E
PTZA0015
PIZACC16
PTZACO17
PTZAOG18
PTZAG01G
PTZA0020
PTZAG021
PTZA0022
FTZAG023
PTZA0024
ETZAG02S
PTZ20026
PTZAC027
PTZAO02E
PTZAG029
PTZAOC3C
PTZA0031
PTZA0C32
FTZA0033
PTZAOC3H
FTZAGO3C
PTZA0036
PTZAGO37
PTZA0038
PTZA0039
PTZAGGLO
PTZA0041
PTZAG(HZ
PTZACO43
PTZACCHL
PTZAOOLE
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Appendix A (conid.)

SUBROUTINE LEGEND(E, TLO, TRI, RCIL)

CALCULATES TEE LEGENCRE COEFFICIENTS, COEF, FOR SCATTERINGS WITE AN

INCIDENT ENERGY CF E AND RECOIL ENERGIES IN (TLO, THI).

IF KOIL
IF KCIL

1, THE FRGJECTILE IS TEE RECOIL AT(M.

IKPLICIT REAL®8 (A-F,0-2)
LIMENSION P(20),COEF(20)

COMMOR/PDAT/NT, NT,NCOEF , 108, DENSE , EX, U0, APQ(2) ,QGAM(2) ,RGAM(2),
1 SGEM(2) ,GAMMA(2), TLOW(2),TLOG(2) , APAR(2) ,BPAR(2),

2 CEAR(2) ,ESTOP(2), NEWS, NTCT
COMMON/WATE/U(N),W(R),AB(10),NT1(1C), INP, EKL

IF( ROIL .EQ. 7 ) GO TC 1C
ASSIGN 5C TO RCILX
GG TO 20
10 ASSIGEN 40 TO RCILX
20 A = C.5D0 * ( THI - TLO )
B=0.5D0 & ( TEI + TLC )}
= DSQRT( E )

NCOEF

INTEGRATE FROM TLO TC THI USIMG INP-POINT GAUSS-LEGENDRE QUADRATURE

DO 90 KN = 1, INP

T=A® AB(KN) + B

SIG = A ® WTI1(NN) ® DSIG( T ;
QB = PSQFT( E - T )

P(2) 1S THE COSINE OF TFE ANGLE BETWEEN THE INCIDENT FARTICLE AND

THE PROJECTILE UNDER CONSIDERATION.

P(1) = 10

P(2) = ( E - QGAM(ION) ®* T ) 7 ( QA ® QE )

GO TO KoOILX, ( 10, 50)
40 P(2) = SGAM(ION) ® ( QA - GE ® P(2) ) 7 DSQRT( T )
50 IF( NCOEF .LT. 3 ) GO TC 70

XMU = P(2)

0, THE FRCJECTILE £ THE INCIDENT PARTICLE.

HIGHER ORDER POLYNOMIALS ARE FOUND WITH RECURRENCE RELATION,

PO 60 LL = 3, NCOEF
EL2 = LL - 2
6n P(LL) = ( (EL2 + EL2 + 1D0) ® XMU ® P(LL~1)} - E.2
1
70 DO 80 LL = 1, NCOEF
EL = LL + LL -~ 1
80 COBF(LL) = COEF(LL) + EL # 2(LL) # SIG
90 CONTINUE

TEMPORARILY STORE CGEFFICIENTS ON UNIT 4
WRITE(4) (COEBF(L}, L = 1, NCOEF)
RETURN
END

* p(LL-2) )
(EL2 + 1DO)

LGNDOOO1
LCND0OO0O02
LGNDOOC3
LGNDPOOOA
LGNDOOCS
LGNDO006
LGNDGOOT
LGKDOOOE
LGNDOGOS
LGNDOG 10
LGNDOO11
LuUNDOO 12
LGNDOO13
LGNDOC 12
LGNDCO1E
LGND0OO 16
LGKDOO17
LGRTLJ018
LGNDOG19
LGND0OO20
LGNDOO21
LGNDOO22
LGNDOC23
LGNL0024
LGNDOO2S
LGNDOO2¢
LGNDOO27
LGNDOG28
LGND0O29
LGND0OO030
LGNDOG31
LGND0O 32
LGND0C33
LGND0O34
LGNDOC35
LGND0O36
LGNDOO37
LCADOC38
LGND0039
LGNDOO O
LGNDOOY 1
LGNDOOY2
LGNDOO43
LGNDOOUY
LGNDOOSS
LGKDOO 46
LGNDOOK7
LGNDOOYS
LGNDOOk9
LGND0050
LGNDOOS1
LGND0052
LGNDO0OS3
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Appendix A (contd.)

SUBROUTIRE MEHLER{ N, WO, U, W)

CONSTRUCTS TABLES OF ABSCISSAS, U(J), AND WEIGHTS, WO AKD W(J), FOR
GAUSS-MEHLER (CHEBYSHEV) QUADRATURE OF IMTEGRALS FROM A TO B OF
G(U) * DU. THE INTEGRAL IS APPROXIMATED BY T ® ( SUM FROM J = 1

TO J = N OF {J) ® F(V(J)) ), WHERE C, D(J), V(J), AND F(X) ARE AS
DEFINED BELOW:

10

A. B~POIKT QUADRATURE OF G(U) = F(U), WHRERE F(U) 1S ARBITRARY:
C=2(B-14), DJ) =WI) # UI), V(I) = A + (B-A) ® B(J)0e2

P. N-POINT QUADRATURE OF
G(U) = F(U) / SQRT(U ® (E+ A - U) - A ®* B)
WHERE F(U) IS ARBITRARY:
C=2%"%0, DWJ) =1, V(J) =&+ (B-A)® y(J)ee

C. 2N-POINT QUADRATURE OF G(U) = F(U), WHERE F(U) IS SYMMETRICAL
ABOUT U = A:

C=B-4k, DJ)=WJ), V(J) =4+ (B-1)® U

D. 2N-POINT QUADRATURE CF
G(U) = F(U) / S\RTU (B -U) " (B-2%* 2+ V) ),
WHEKE F(VU) IS SYMMETKICAL ABOUT U = A:
C=W0, D(J) =1, W(J) =A+ (B- A) *UQ)

IMPLICIT REAL®3 (A - F, 0 - 2)
REAL®E U(N),W(N)

WO = 1.5707963267958966DC / K

Y = DCCS( W0 )

Z=5D-18Y

(1) = DSQRT( 5D-1 + Z )

U(K) = DSQRT( SD-1 - 2 )
Z=U(1) ® U(N) « U(1) & y(N)
W(1) = WO ® U(N)

W(N) = WO ® U(1)

IF( ¥ _LF. 1) RETURN

LI = (N + 1) /2

DO 10 J = 2, LIK

U(J) = Y ® U(J~3) = 2 ® Li(N-J+2)
U(N-J+1) = Z ® U(J=-1) + ¥ ® U(N-J+2)
W(J) = WO ® B(N-J+1)

W(N-J+1} = W0 ® U(J)

RETURK

END

SUBROUTIKE GAUSS(N,T,W,B)

nEHLCO01

ME:1{. 0002
MEHLNCO3
MEHLO00A
MEHLO005
MEHLO006
MEHLO007
MEHL0008
MEHL0009
MEHLO010
MEHLOO11

MEHLOO012
MEHLOO13
MEHLOC 14
MEHLOO1%
MEHLO016
MEHLOO017
MEHL0018
MEHLOO1¢
MEHLLO020
MFHLO0O021
MEHL0022
MEHLGO23
MEHLOO24
MEHLCO02S
VEHLGO 26
MEFLCC27
MEHLOO2E
MEHLCC2¢
HEHLOO3C
MEKLOC31
VEHLOC32
MEHLOO033
MEHLGC38
MEHLOO03E
MEHLOO36
MEKLO0C37
VEHLOO3 8
MEHL0OO036
FEHLOCHO
MEHLOO& 1
MEHLOOAZ
MEFL00%3
MEHLCGh3
GAUS0001
GAUSO00<
GAUS00C3
GAUSO004
GAUSO0CS
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Appendix A (contd.)

THIS ROUTINE COMPUTES THE AESCISSAS T(J) AND WEIGHTS W{J) FOR GAUSDOQ6
AN E-POINT GAUSS-LEGENDRE QUADRATURE. THESE ARE USEL WEEN GAUSGOOT
ONE WISHES TC APPROXIMATE THE IFTEGRAL FROM ~1 TO +1 OF F(X)  GAUSGO0S

GAUS0009

N GAUS001C

BY S W F(T) GAUBS0011
J=1 J J catso012

G2US0G13

B REAL SCRATCH ARRAY CF LENGTE N GAGS001L
GAUSNC 15

OUTPUT PARAMETERS (BCTF DOUBLE PRECISIOM ARRAYS OF LENGTE N) GAUSO0C16
GABSOG17

T WILL COMTAIN TEE DESIRED KOLES. GAUS001E

W WILL CONTRIN THE DESIRED WEIGETS W(J). GAUSOC19
GAUS002C

GAUS0021

ACCURACY GAUS0022
GAUS00Z3

THE KOUTIKE WAS TESTED UP TC M = 512. COMPARISON WITH GAUSQ024
TABLES INK REF. 3 SHOWEL 12 OR MCRE SIGAIFICANT TIGITS GAGS0025

OF ACCURACY. GALS0026
CAGS0027

METHOD CAUS0028
GAUS0C29

TEE COEFFICIENTS OF THEE. THREE~TERY RECURRENCE RELATION GAUS0036

FOF THE CORRESPONDING SET CF ORTHOGORAL FOLYNGMIALS ARE GALS0021
USED TO FORM A SYMMETKIC TRICIAGOMAL MATRIX, WHOSE GAUSGO032
EIGENVALUES (DETERMINED BY THE IMPLICIT QL-METHOD WITE CAUS0033
SHIFTS) ARE JUST THE DESIRED NODES. THE FIRST COMPONENTS OF  GAUS003%
THE ORTHONORMALIZED EIGENVECTORS, WHEN FROPERLY SCALED, GAUS0035

YIELD THE WEIGHTS, THIS TECHNIGUE IS MUCH FASTER THAN USING A GAUSOC36
ROCT-FINDER TO LOCATE THE ZERCES OF THE ORTHOGOMAL PFOLYNOMIAL. GAUS0037

FOR FURTHER DETAILS, SEE RFF. 1. GAUS0038
GAUSOC39

REFERENCES GAUSO0XO0
GAUSOQu1

1.

GOLUB, G. P., AND WELSCH, J. E., "CALCULATION CF GAUSSIAN GAUS0052
QUADRATURE RULES,"™ MATHEMATICS OF COMPUTATION 23 (APRIL, GAUSOO0R3

1969), PP. 221-230. CGAUSOOBE
GAUS00R5

2. GOLUB, C. EB,, “SOME MCDIFIED MATRIX EIGEMVALUE PROBLEMS," GAUSO0Y6
SIAM REVIEF 15 (APRIL, 1973), PP. 318-234 (SECTION 7). GAUS00B7

: GAUSOO4E

3. STROUD AND SECREST, GAUSSIAN QUADRATURE FORMULAS, PRENTICE-GAUSO0N9
HALL, ENGLEWOOD ZLIFFS, N.J., 1966. GAUS0050
GAUS0051

IMPLICIT REAL®8 (A - K, C - 2) GAUS0052
REAL®8 T(N),W(N),B(N) GAUS0053
NMT = N - 1 GAUS0054
W(1) = 100 GAUS0055
po 1o I = 1, AM1 GAUS0056
T(I) = 0ODO GAUS005T
W(I+1) = ODO : GAUS0058
ABI = 1 CAUS0059
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Appendix A (:ontd.)

10 B(I) = AEI / DSQRT( ADO ® AEI ® ABI - 1L0)
T(X) = 0DO
CALL IMTQL2( N, T, B, W, IERR )
IF( IERR .NE. O ) STOP 18

pO20 1 =1, N
20 W(I) = 2D0 * W(I) * wW(I)

RETURN

END

SUBROUTZRE IMIQL2( N, D, E, Z, IERR)
THIS SUBROUTINE IS A TRANSLATION OF THE ALGOL PROCEDURE IMYQL2,
NUM. MATH, 12, 377-383(1968) BY MARTIN AND WILKINSONM,
AS MODIFIED IN NUM. MATH. 15, A50(1970) BY DUBRULLE.
{IAWDBOOK FOR AUTO. COMP., VOL.IJ-LINEAR ALGEBRA, 2¥1-288(1971).
TEIS IS A MODIFIED VERSION OF THE 'EISPACK' ROUTINE IMIQL2.
THIS SUBROUTINE FINDS THE EIGENVALUES AND FIRST COMPONENTS OF THE
EIGENVECTORS OF A SYMMETRIC TRIPIAGONAL MATRIX BY THE IMPLICIT QL
METHOD.
ON INPUT:

N IS THE ORDER OF THE MATRIX;

D CONTAINS THE CIAGCNAL ELEMENTS OF THE INPUT MATRIX;

E CONTAINS THE SUBDIAGOH‘L ELEMENTS OF THF INPUT MATRIX
IN ITS FIRST N-1 POSITIONS, E(N) IS AFBITRARY;

7 CONTAINS THE FIRST POW OF THE IDENTITY MATPIX.
ON OUTPUT:
D CONTAINS THE EIGEMVALUES IN ASCENLCING ORDER. IF AN
ERROR EXIT 1S MADE, THE EIGENVALUES ARE CORRECT BUY
UNORDEREL FOK INDICES 1, 2, ..., IERR-1;

E HAS BEEN DESTFOYED;

GAUS0060
GAUS0061
GAUSQ062
GAUS0063
GAUSO06 &
GADS0065
GAUS0066
GAUS0067
IMTQO001
INTQ0002
IMTQO003
IMTQO00N
INTQO005
IFTQ0006
INTC0007
IMTQO008
IMTQO009
I¥TQ0010
IMTQO011
IMTQOO1C
IMTQO013
IMIQOO13
IMTQO01E
IMTQ0016
IMTQO017
IMrQo018
IMTQ001S
IKTQ0020
IMTQ0021
I¥TQ0022
IMTGO0023
IKTQOO24
IMTQ0025
IKTQ0026
IMTC0027
I¥TQ0028
IMTQOC2¢
I¥TQOC30
IMTGOC
IMTQOC32

Z CONTAINS THE FIRST CCMPONENTS OF THE ORTHONORMAL EIGENVECTCHSIMTCO033

OF THE SYMMETRIC TRIDIAGONAL MATRIX. IF AN ERRCP EXIT IS
MADE, Z CONTAINS THE EIGENVECTCRS ASSOCIATED WITH TEE STORED
EIGENVALUES;

1ERR IS SET TC
ZERO FOR KORMAL RETURN,
J IF THE J-TH EIGENVALUE HAS NOT BEEN
DETERMINED AFTER 30 ITERATIONS.

I¥TQO03b
IVMTQO03S
I¥TQ0036
IMTGO037
1¥7Q0038
IMTQ0039
IMTQOO4C
JHMTGOCR 1
IMTQO042
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Appendix A (coatd.)

INTEGER I, J, K, L, b, N, II, ML, IERR
FEAL®E L(N), F(N), Z(N), B, C, F, G, F, P, S, MACPEY
REAL®8 DSQRT, DABS, DS1GK

sssiscszz: KACHEP IS A KACEINE DEPENDENT FARAMETER SPECIFYING
TEE RELATIVE PEECISION OF TLOATING POIKT ARITHMETIC,
MACHEP = 16DC ®® (-13) FOR LCNG FORM ARITHMETIC
Ol S360 ::::=::3s::

DATA KACHEF/Z3A10000000000000/

IERR = G
IF (X .EQ. 1} CO TC 1001

ts2z:23:2: LOOK FPOR SMALL SUB-T'TACCBAL ELEMENT ::::::-::::
DO1IOM=L, ¥
IF (M .EQ. K) GO TC 120
1F (DABS(E(M}) .LE. MACHEP ® (DABS(D(M)) + PABS(D(M+1))))

X GO TC 120

CONTIRUE

= E(L)

IF (M .EQ. L) GO TC 2&C

IF (J .FQ. 30) GO TO 1C00

=J +1

sz : FORM SHIFT :o::ossece
G = (D(L+1) = P) / (200 ® E(L))
R = DSGRT(GS®C+1D0)

G =z D(¥) - P+ E{L) / (C + DSIGN(R, G))

S =

C =

P=

€y
]

100

D0

oDo
ML =M-L

s22c:2:c FOP I—H—! STEP =1 UNTIL L DC == :::z:::2:s:
DO 200 1T = 1, MML

z M- ll

= S ® E(I)

= C ® E(1)

ABS(F) .LT. DABS(G)) GO TC 150

/ F

RT(C'CHBO)

=F ®R

R

F(

MQ:’OHH"BH
] u.-‘u "
O-A-UQU
«378

N

o’ N

(S%S+1D0)
G*R
R

-8:3\-
3o

MON’MQO
(o B

—~
I“Hllﬂ

M-‘-‘U'ﬂo

IMTQO0% 3
INTQOOXRM
IMTQOONS,
IMTQO0R6
IKTCOCNT
IMTQOOAS
INTCOO0NS
IKTQ0050
INTQO0S1
IKTQ0052
IMTGO053
I¥TQO05A
INTGOO0%SS
IWTQ0056
INTQO057
IMTQO056
IMTGO0S9
IMTQOG60
IMTQO06 1
IrTQ0062
IMTCO063
IMTQOO06N
IMTQO06 5
IMTQO066
1KTQ0067
IMTQO068
IMIQOc6 9
IKTQO070
IMTQOO071
IMTQO0T72
INTCO07 5
IMTQOOTA
INTCO075
IMTQ0076
IMTQOOTT
IMTQOCT8
INTQOO079
IMTQ0080
IMTCO081
IvTQ0082
IMTQ0083
IMTQO08A
IMTCO08S
IMTQO086
IMTQ0087
IMTQ0088
IMTQ0089
IFTQO0%0
IMTQO091
IMTQ0092
IMTQ0093
I¥TQ009%
IMTQ009S
1MTQ0096

,_%
:
.
3
4

KA e e At
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Appendix A (contd.)

DI+1) - P
((I)-G)®"S+2D0%C®B
SeR

1) =G+ P

S R-B

n-‘

= Z(I+1)
Z(I+1) =S ® 2Z(1) + C® F
Z(1) =C ®* 2(1) - S *F

D(L)
E(L} =G
E(M) = ODO
GO TC 105
CONTINUE

p(L) - P

LU (I ]

R EXGENVALUES AND EIGENVECTORS ::::3s::s:
N
[ ]

:: ORDE
I =2
1-1

bd bl ey e

(1)

DO 260 J = II, N
IF (D(J) .GE. P) GO TG 260

K = Jd
= D(J)
CG‘TII.UE

IF (K .EQ. I) GO TC 300

e(x) (1)

D(I)

P=

2(1)

z(x)
CONTINUE

(x)

" on A“ ]

D
P
1)
r4
P

GO TO 1C01
tisgssssss SET ERROR -~ NO CONVERGENCE TO Ak

IERR = L

FETURK

ts3s3333:: LAST CARD CF IMIQL2 ::::02::::
END

SUBROVTINE QUANCS( FUN, A, B, ABSERK, RELERR, RESULT, ERREST,
1 NOFUN, FLAC)

ESTIMATE THE INTEGRAL OF FUN(X) FROM A TO B TC A USER PROVIDED
TOLERANCE: AN AUTOMATIC ADAPTIVE ROUTIKE PASED OK THE 8-PANEL
NEWTON-COTES RULE.

IMTQO097
IMTQ0098
IMTQ0099
I¥TQC100
IMTQO101
IMTQ0102
INTQO103
IMTQO10A
INTQO105
IMTQ0106
IMTQO107
IMTQG108
IXTQO109
IMTQ01 10
IMTQO111
IMTQ0112
IMTO0113
IMTQG1 1N
IMTQO11S
IMTQ0116
IMTQ0117
I¥TQ0118
IMrQ0119
I¥TQ0120
IMTQ0121
INTQC122
IMIGO123
IMTQC128
IMFC0125
IMTQG126
IMTG0127
IMTQ0128
IMTQ0129
IXTQ0130
IMTGO131
IMTQC1 32
IMrGo133
IMTQO13%
IMTQ0135
I¥TQ0136
INTG0137
IMTQ0138
INTQ0139
QNCB00G1
QNC80002
QNCB80003
QNCE000%
QNC80005
ONCB0006
QNCB0007
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Appendix A (contd.)

IKPUT :

FON TEE KAME GF TEE INTEGKAND FUNCTIOM SUBFROGREV FGN(X).

FUNCTIOR KAME SHOULD APPEAF IN AN EXTERNAL STATEMENT IE
CALLING PROGRAM

A THE LOWER LIMIT OF INTEGRATION.

B TFE UPPER LIMIT OF IKTFGRATION.(B MAY BE LESS THAM A.)

RELERE A RELATIVE ERIOR TCLERANCE. (SHOULD BE NON-EEGATIVE)
ABSERR AN ABSOLUTE ERROR TCLERANCE. (SHCULD BE NON-EFGATIVE)
OUTPUT:

RESULT AR APPROXIMATION TC TPE INTEGRAL HOPEFIJLLY SATISFYING THE
LEAST STRINGENT OF THE TWO ERROR TOLERANCES.

ERREST AN ESTIMATE OF THE MAGNITUDE OF THE ACTUAL ERROR.
KOFUN THE NUMBER OF FUNCTION VALUES USED' IN CALCULATION OF RESULT.

FLAG A RELIABILITY INDICATOR. 1F FLAG IS ZERO, THEN RESULT
PROBAELY SATISFIES THE ERROR TOLERANCE. IF FLAG IS
XXX.YYY , THEN XXX = THE NUMBER OF INTERVALS WEICH RAVE
NOT CONVERGED AND O0.YYY = THE FRACTION OF TFE INTERVAL
LEFT TO DO WHEX THE LIMIT ON NOFUN WAS APPROACHED.

REPERENCE:

G. F. FORSYTHF, M. A. MALCOLM, AND C. B, MOLER, COMPUTER
METHODS FOR MATEEMATICAL COMPUTATIONS (PRENTICE-RALL, ENGLEWOOD
CLIFFS, N. J., 1977), PP. 83-105.

DOUBLE PRECISION FUN, A, R, ABSERR, RELERR, RESULT, ERREST, FLAG
INTEGER NOFUN

DOUBLE PRECISICN WO,W1,W2,W3,Ws,AREA,X0,F0, STONE,STEP,COR11, TEMP
DOUBLE PRECISION QPREV,QNOW,QDIFF,QLEFT,ESTERR, TOLERR

DOUBLE PRECISION QRIGET(31),F(16),X(16),FSAVE(8,30),XSAVE(S,30)
DOUBLE PRECISION DABS,DMAX}

INTEGER LEVMIN,LEVMAX,LEVOUT,NOMAX,NOFIN,LEV,NIM,I,J

888  STAGE 1 %88  GENERAL INITIALIZATION
SET CONSTANTS.

LEVMIN = 1

LEVMAX = 30

LEVOUT = 6

NOMAX = 5000

NOFIN = NOMAX - B%(LEVMAX-LEVOUT+2%#(LEVOUT+1))

QNC80008
QNCB0009S
ONc8co1C
QNCBOO11
GQNCBGO12Z
QKC80013
ONCB0O012
QNCe0C 15
QNC8GO16
QRC80017
GNCBON1E
QNCBOC 1Y
CNCB0020
QNCB0021
QNCBC022
QnCcsooz2
QNCBGOo2%
QNC80025
QNC80026
QNCeoo27
QNC806028
QNC80029
QNC8603C
QNCB0031
GNC86032
QNC80023
QNCB0O034
QRCB0G35
QNC80036
QNCB0037
QNC60036
QKCE0039
QNCB00OX0
QNC80041
QNCEoO0&?2
QNC80053
QNC8COLA
QNCB80045
QNCB0OA6
QNC8oOUT
Qucéooxs
QNC800X9
ONCB0050
QNC80051
ONCB00S52
QNC80053
QNCBOOSK
QNC80055
QNCB0056
QNC80057
QNC30058
QNC80059

i
3
B
i
2
B
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Appendix A (contd.}

C TROUBLE WHEN KOFUN REACHES NOFIN QNC80060
c QNC80061
W0 = 3956D0 / 13175D0 QNC80062

¥1 = 2355200 / 18175D0 QNC80063

W2 = -3712D0 / 1¥175D0 QNCB006 &

W3 = 219843D0 / 1X175D0 QNCB0065

Wh = -12160D0 / 18175D0 QNC80066

¢ QNCB0067
C INITIALIZE RUNNIKG SUMS TO ZERO. QNCB006 8
(o QNCB0059
FLAG = ODO QNC80070
RESULT = 0DO QNCB80071

COR11 = ODC QNCBLOT 2
ERREST = ODO QNC80073

AREA = 0DO QNCB0OT &

NOFUN = 0 QNC80075

IF (A .EQ. P) RETURN QNCR007€

c T QRCB007T
C #®%8 STAGE z ®#%  IKITIALIZATION FOR FIRST INTERVAL QNC80076
c QNCB0CT9
LEV = 0 QNC80060

NIM = 1 QONCBCOE 1

X =2 GNCB0082

X(16) = B QNCB0O0E3

QPREV = GDO ONCBGOSY

FC = FUN(X0) QNCEp085

STONE = G,0625D0 ® (B - A) QLCEO086

X(8) = 0.5D0 ® (X0 + X(16)) QNCBOOET

X(4) = 0.5D0 ® (XC + X(§)) QNC80068

X(12) = 0.5D0 & (X(&) + X(16)) QNCE0089

X(z) = 0.5DC ® (X0 + X(h)) CNCE009C

X(6) = 0.5D0 & (X(8) + X(8B)) QNC80061

X(10) = 0.5D0 ® (X(6) + X(12)) QNCecog2

X(18) = 0.5DC ® (X(12) + X(16)) QrCECOG3

pO2s J =2, 16, 2 QNC8CO0Gk

F(J) = FUN(X(J)) QNCE0095

25 CONTINUE QNC80056
NOFUN = 9 QNCE000T

C QNC80098
C #®8  ST)GE 3 ##8  CENTRAL CALCULATION Q"1C80099
C  REQUIFES QPREV,X0,X2,%4,,..,X1€,F0,F2,FL,... F16. ONCB0100
C  CALCULATES X1,X3,...X15, F1,F3,...P15,QLEFT,QRIGHKT,QNOW,QCIFF,AREA, QNC801C1
30 X(1) = 0.5D0 ® (XC + X(2)) QNC8c102
F(1) = FON(X(1)) QNC8C103

Lo 38 4 = 2, 15, 2 QNCB0 104

¥(J) = 0,500 ® (¥(J-1) + X(d+1)) QNC8C105

F(J) s PUN(X(J)) QNC80106

35 CONTINUE QNCBG107
NCFUN = NOFUN + @ QNCB0108

STEP = C.0625D0C ® (X(16) - X0) QNCB0109

QLEFT = (WO®(FO + F(&)) « WIF(F(1)+P(T)) + W2®(F(2)+F(6)) QNC80110
1 + W3%(P(3)+F(5)) + WLP(4)) ¥ STEP QNCB0111
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Appendix A (contd.)

QRIGHT(LEV+1) = (WO®(F(8)+F(16))+X1%(F(Q)+F(15))M2%(F(1C)+F(14)) QNCBO112

1 + W3S(F(11)+F(13)) + WA®F(12)) ® STEP

GNOX = QLEFT + QRIGHT(LEV+1)
QIIFF = QNO¥ - QPREV
AREA = AREA + CQDIFF

882  STAGE 4 #3838 INTERVAL CONVERGENCE TEST
ESTERR = DABS(QLIFF) / 1023DC

TOLERR = DMAX1(ABSERR,RELFRRSDABS(AREA)) ® (STEP/STCNE)

IF (LEV .LT. LEVMIN) GO TO 50

IF (LEV .GE. LEVMAX) GO TO 62

IF (KOFUN .GT. NOFIN) GC TO 60
IF (ESTERR .LE. TOLERR) GO TC 70

%88 STAGE & ®8%  NO CONVERGFNCE
LOCATE NEXT INTERVAL.,
50 MIM = KIM + KIM
LEV = LEV 4+ 1

STCGRE RIGHT BAND ELEMENTS FOF FUTURE USE.
pes21=14,8

FSAVE(I,LEV) = F(I+8)
XSAVE(I,LEV) = X(1+8)
52 CONTINUE
ASSEMBLE LEFT HAND ELEMENTS FOR IMMEDPIATE USE.
QPREV = CLEFT
D055 I =1, 8
J=-1
F(J+J+18) = P(J+9)
X(J+J+18) = X{(J+9)
55 CONTINUE
GO TC 30

%88 STAGE 6 *#® TROUBLE SECTION
NUMBER OF FUNCTIOM VALUES IS ABOUT TO EXCEED LIMIT,
6C NOFIN = NOFIN + NOFIN
LEVMAX = LEVOUT
FLAG = FLAG + (B -~ XC) / (B - A)
GO TO 70

CURRENT LEVEL 1S LEVMAX,
62 FLAG = FLAG + 1L0O

888 STAGE 7 #%®  IKTERVAL CONVERGED
ADD CONTRIBUTIONS INTO RUNNING SUMS,
T0 RESULT =z RESULT + QNOW
ERREST = ERREST + ESTERR
CORT1 = COR11 + QDIFF / 1023D0

LOCATE NEXT INTERVAL.

QrC8ot13
QuC80o 114
QNCBO115
QNC80116
QNCB0117
GNCBO118
QNCBG119
QNCBG120
QNCB0121
QNc80122
QNC80123
QNC80 128
QNCcBe12s
QNC80126
QNC80127
QNcéo128
QNCBG129
QNCB0130
QNC80131
QNC80132
QNC80133
QNC80134
QNC80135
QNCB0 136
QNC80137
QNC8G138
ONC80139
QNC80 140
QNCBC 151
QNCBO 142
QNCBC 143
QNCBO 148
QNCE0 145
QNC80146
QNC8C 187
QNCBO148
QNC80 149
QNC80150
QNC80 151
QNCB0152
QNC80153
QNCBO154
QRCBO 155
QNCBO 156
QNC80157
QNCB0 158
QNCB0159
QNC80160
QNCB04561
QNC80162
QNC80163
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Appendix A (contd.)

72 IF (NIV .EQ. 2%(NIN/2)) GO TC 7%
FIM = NIM / 2
LEV = LEV - 1
GO 10 72
75 RIK = KIV + 1
IF (LEV .LE. 0) GC TO 80

ASSEMBLE ELEMENTS REQUIRED FOF THE NEXT iINTERVAL.
QPREV = GRIGRT(LEV)
X0 = X(16)
Fo = F(16)
po78 1 =1, &
F(I+I) = FSARVE(),LEV)
X(I+I) = XSAVE(T,LEV)
TE CONTINUE
GC TG 30

@82 STAGE 8 %&®  FINKALIZE AND RETURN
8C RESULT = RESULT + COR1J

MAKE SURE ERREST FOT LESS THAN RGUNCOFF LEVEL.
1IF (ERREST .EO. CDO) RETURM
82 TEMF = DAES(RESULT) + ERREST
IF (TEMP .NF. DABS{RESULT))} RETURM
FRREST = EREEST + EFREST
GO TO 82
EBD

QNC8C164
QNCAG165
CNCBG 166
QNC8C167
CKC80168
QKC8016¢
QNCB0170
QNCBO171
CNCBO172
QNCB0173
QNCRCITS
QNC80175
LNCBO1T73
QNC80177
QNcec178
QRCB0179
GRC8G180
QNCBO1ET
Quceo182
QNC8C183
QNCBC16L
QNC8c185
CNCBc 186
QRC8C187
CNCBC1EB
Qrcec1lg
QKCRG 190






Appendix B

ANISN Sputtering Calculations Using MUXS Data

Three changes were made to the standard version of ANISN in order

to perform sputtering calculaticns with the cross sections generated by

MUXS:

1.

CSD
From Eq. 1, L;_; ¢, ;(x.1) must be added to the total source

term for group G if G > 1. We have made this change to ANISN
in Subroutine S833. Two arrays are used: [E3SAVi(I,M) and
E3SAV2(I,M) where I is an index for the spatial mesh interval
and M is an index for the angular quadrature interval. E3SAV1
saves ZgSD ¢C(x,u) for the current energy group being
processed by S833. ESAVE2 is the value of ngg @G_l(x,u)
obtained from the previous call to S833. ESAV2 is added to
the total source term, XNRI, if the group being processed
is not group 1.

An angle dependent response function for the leakage is needed

to prevent leakage by target atoms with energy less than Uo/uz,

‘where Uo is the surface binding energy and i: is the cosine of

the angle between the surface normal and the target atom
direction, This is essentially a post-editing procedure and
would require no modification to ANISN if a spherically
symmetric surface binding energy were assumed.'’ We have mad;4
this change to Subroutine SUMARY of ANISN, The current at the
right surface of the slab, iND, is multiplied by this responae

function, R, to obtain the right 1leakage for the summary
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tables, i.e., RCT. The ion source is assumed to have been
input on the right surface of the slab by the user. With this
change, the calculated sputtering yield will be printed as a
function of the energy group in the summary tables under the

heading "RT LEAKAGE."

CSD
c ’

3. We have also modified Subroutine S833 to input I SIGSD,
and the target atom energy group structure, EBT, from the cross
section file produced by MUXS, With this change, all card
input to ANISN is the same as that for the standard version.

The modified ANISN routines, S833 and SUMARY, along with the
required data and JCL for a problem with an 8 kev proton incident on a
nickel target, are shown in Figure Bi. The statements that were added
are indented and commented.

This problem was run with the cross sections obtained from MUXS
using the input described in Section V. The calculated sputtering yield
is 0.00818 Ni atowm/incident proton. This result is in excellent
agreement with the experimental value (.00822 Ni atom/incident proton)

obtained by Roth, Bohdansky, and Ottenberger.lk
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//TJHAKSP ICB (21541,16),'6025 T J HOFFMAN' ,TIME=6

//STP? EXEC FORTHCLG, PARM.FORT="XREF®', PARM LKED="MAP,LET,LIST',
// GOSIZE=950K

C HAIK ROUTINE - ALLOT SPACE ( LIMY AKD DUMY )

C

COMMON/ EULKBU/D( 1) ,LIM1,DUMY( 170060)

LIM1=170000

CALL CLEAR(2,LIM1)

CALL CONTRL

STOP

END

SUBRCUTINE S833( XN,¥NM,ST,SR,CS,MA,J5,AL, SAT,SA,CH,YNA, XNR, PNC,DSNANSE2192
1 ,V¥,XNI, NG,B,DA,DB,DC,DS,V,XNF,P\,WD,CT,SG,XND,I1, M1,I2,IM1 VKRAKSNZ193
1,ART,ALFT) ANSN2194
#¥% ITER ®INPGSSIBLE 10 ®TRANSLATE, ®EXPLAIN CR ®REMEMEER AKSRZz 19

C SPUTTERING CHANGE - SFETUP ARRAYS, COMMON/SPUT/

REAL®*§ EBT,UO
DIMENSION E3SAV1(201,323),E3SAv2(201,33)
CGMMON/SPUT/SIGSD(50) ,EET(51) ,UQ,KI
DIMENSION XN(1)  ,XNK(1),ST(1),S8R(1),CS(1),MA(1),35(1),Aa(1), ANSN2166
1 SAT{(1) ,=A(1) ,CH(1)  ,XMAR(1)  ,XNK(1),PNC(1) ,DSM(1), ANSEZ1
z W(1),¥NI(1), MO(1),B(1) ,pa(1) ,DB(1) ,DC(1)  ,DS(1) , ANSN21G8

2 V(1),XNE(1),FA(1) ,WD(1),CT(1),S6(1),X0D(1)  ,MR(1) ANSN21¢9
5 ,ART(1),ALFT(1) ANSN22G0
COMMCK /BULKBU/ ANSN2201
$ £(1),LIM1,LXKI, LFD,LXK,LR,LVE,LW,LDSN,L MR, LMZ ,LMB, LMC, LXVD, ANSN22G2

1LMTT,LCRX,LFIX,LFLT,LQ,LPA,LJS ,LRM,LDF,LJ3,LJ4,LIGT,LART,LALFT,  AKSN22C2
ZLFGP,LFGG, L.END, LV, LAR, LWG, LMR, LPKC, LXJ , L.CH,LCA, LCF, LCT, LCS,LTAB, ANSN2204
3LXND,LS#,LSAT,LRAV,LRA, LXNN, LXNF,L.XNR, LXN8,LSR,LST,LGG, LFG,LSG,  ANSN22CS
LLYKE,LXNI,LXNC,LT3,LTS,LDA,LDR,LDC,LDS, LB, IGMP, JGMM, TICG, KERR, IMJTAN SN22C6
5, 1HG, IMP,MP, NDS, NUS, SDG, SCG, AG, XNLGG, XNLG, SNG, AL A, ASR, EAM, EPG,EQ, ANSKz2C7
6F1,E2,F3,Ek ,E5,F6,E7,E8,E9,E1C,E11,E12,812 ,F1L ,E15 E1€,F17,B18 ,E1CANSK22C6
7,E20,ESC,ESV,EVP,EVPP,F TP, IC, 1CVT, IGP, IG,IHP,11C, TIG,IP,1ZP,I01, AKSNZ20S
8102,103,10% ,705,106,10T,J08,109,10G,JT,LC, MG, T, ML, MM, NFK ¥ITk,  AKSK2Z1C
OXLAP,XLAPP, XI.AR,YLA,XKIO,XNIY,Z21,222,222,XNB,YKEP, XKIP, IH, T, K, 1, ANSK2211
AM,J, K, NN, ISV, ANSN221%2
EID,JTH, ISCT,1SN,IGF,IBL,IBR,1ZM, IM, IFVT,)GM, 1FT, IHS, THM,MS, MCR, KTEANSE2213
¢, MT, IDF¥,TPVT, IQM,TPM, IPP, TIM, IC1,TD2,1D3, 1G4, JCH, IDAT, IDAT2, IFG, ENSK2214

I'IFLU,IFN,IPRT,IXTR, : AKSKZZ15
EEV, EVM, FPS,BF,DY,DZ,LFM1,XNF, PV, FYF, XLAL,YLAF,EGL,XNPK, ANSH2216
¥T(12),MIN,NOG,NT1,NT2, NT3, KTE  MNTS , AT6 , NT7 ANSNZ21T

C SPUTTERIMG CHANGE ~ INPUT DATA

210

22C

3¢

240
250

DAT: ICELL/C/

IF(ICALL.PE.0) GO TC 200
READ(L) N1,N2,ILENT
IF(IDENT.FQ.7) GO TO 22¢
READ(4) LUM

GG TC 21¢

REAC(L) (SICSD(1GG),IGG=1,IGH;
DC 236 1GG=1,1Gh
IF(SIGSD(1GG).EG.C.) GO TC 2LC
CONTINUE

NI=iCM

GC TC 2%0

LI1=1GG

NTF1z ICH-NI+1

Figurce Bl. ANISN Sample Problem TInput
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250

2C0

€003
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GC TG 250
N1=IGC
KTF1=ICH-KI+1
REAL{%) (EBT(1GG),IGG=1,NTP1)
UG=EET(NTP1)
ICALL=1
CONTINUE
IM2=1M+ 1M
E1=0.0
ICMC=1
DO 8003 I=1,IM
E1=E1 + CT(I)®*DC(I1)
NO(X)=ICMC
IF(1.LT.IM .AND. E1.LT.1.0)GC TC 8C03
HO(ICMC + INM)=I+1
E1=0,0
ICMC=ICMC +
CONTINUE
ICMC=HOL T™)
KGE=C
IF(IGE.EQ.2)NGE=1
IFLU1=IFLU
IF(IFLU.EQ.43)IFLC1=0
JGMPM=( IGMP-1) MM
IGMPI=(1GMP-1)*IM
IGMI=(IIGG~1)*MMSINF ~ MM
IF(IC.GT.1 .OR. IC.EQ.1 .AND. IFN.GE.1) GC TO 832

C %88 FIRST GENERATION POUNDARY FLUXES

IGMFMM=IGMPM + 1
DO 55 K=1,MM
IF(DSM(M))53,53,54
B(JGMPMM) =XNN(1)
GO TO 55
B(IGMPMM) =XNN( IM)
IGMPMM=1GMPMM + 1
IGMPII=IGMPI + 1
SCLMX=0.0
IF(IIC.GT.IIM/2 .AND. JIM.GE.20)IFLU1=3
DC 1001 I=1,IM
XN(IGMPII)=XNN( )
IGMPII=IGMPII + 1

C  #88 2AbD IN-GROUP SOURCE COMPCNENT (PO)

1€01

ST(I)=SR(I)+ CS{I)®XNN(I)
XNN(I)=0.0
IFP(1SCT.EQ.C)GC TO 1002
Lo 1 I=1,IM
NLO=1
J=MA(I)

J=d5(J)
IP(J.EQ.C)CC TO 1
INN=1

IN=1
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DG 2 N=1,J

NEI=HLC + RCE®(N+N+1)/B

DG 3 ENz=KLQ,BNHI .
SAT(INK)=SA(INN) + CH(IN)®XNA(1INN)
XNA(INN)=0.C

INN=IKN+TM

NLO=NPI+1

IN=IN+IM

CONTINUE

CONTINUE

LC=LC+1

EK=MM+1

IF(IEL.NE.3 .AND. IBK.NE.3)GO TC 8&2

C 88 CCMPUTE WHITE BOUNDARY FLUX

he

47

45

IXII=0.0

XNIO=0.0

IGMPMM=IGMPY. + 1

DO &5 M=1,M»

IF(WD(M)) 26,486,807

XRII=XKII + B(IGMPMM)EABS(WD(M))
GC TO 25

INIO=XNIC + B(IGMPM:)%™WD(NM)
IGMPMM=IGMPMM + 1
IF(IBL.EO.3)XNII=XNII®ALFT(YIG)/Z23
IF(IBR.EQ.3)XNIO=XNIO®ART(11G)/223

C ®88 BECIN ANGLE LCOP FOR FLUX CELt ™ .ATION

Ba2

DC 5 M=1,MM
LSKM=DEN(¥)
WM=K(M)
IPM¥=(M~1)%]1F
IGMIM=ICMI + V

C ®28 CCMEINE PC ANI PL SCURCE TERMS

6

DC 6 I= 1, IM
XKR(I} = ST(1}
IF(ISCT.EQ.C)GO TC 9

Mh=)
IF=1
DO 8 M=1,J1
DC 68 I=1,IM
XER(I}=XNF(Z) + FNC(MN)®SAT(IN)
88 INzIN + %
E ME=ME &+ MM
C 888 COMPU'TE TRANSVERSE VCIL STREAMING CORRECTION
9 E€=0.C

11

IF(DF¥1.EC.C.0YCO TC 1C

IF(JGF.EQ. 1)EB=SQkT(1.C - DSNMBUSNM)/(C.5%FM1)
JF(1GE.ME.2)GO TC 1C

IF(WM,NF.0)GC TC 11

KK=KK~1

EC=LoL(KK}/(C.5PLFMT)

C #88 SET UP LCUNDARY CONDITIONS

1¢

IF(LSNM.GF.0.C)GC TC 12
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ILS=1iP
IT=1F
100=IP + 1
IG1=1IRk
E1=XKIC
GC TC i¢
12 A =0
JLE=-1
1G0=0
IC1=IPRL
EV1=INII
1¢ IF(1Ct-1)13,14,15
12 XXM=C.0
GC TC 17
14 IGMPVL=IGMPM + MR(M)
XK¥M=B( IGHPML )
GO TG 17
1€ XKE=E1
IGMPMM=ICMPN + M
IF(I01.EQ.2)INK=B(IGHPMM]
17 IF(WM.VE.0.0)GG TC 2%
DG 18 I=1,IE
18 XNE(1)=0.0
2% FE=XKF

C S&# BEGIN INTERVAL LOOF FCR FLUX CALCULATION

IF(1PM.NF.1)GC TO 86MA
FAIGMM=FA( IGHIV + M)
c .'0.....'."CTEI......".

C.....SOME PATCHWOKK CODIKG NOW 1N S833

ANSK231E
ARSN2316
ANSN2317
ANSN2218
ARSK2319
AKSN2320
ARSN2321
ANSN232Z
2N¥SN2323
ANSN2328
ANSN23C5
AKSE2326
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ANSK2328
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AKSN2330
ANSK2331
AESN2332
ARSNZ2333
ANSNZ233%
AREN2335
AKSN233€
ANSN2337
ANSN2238
ARSN2339
ANSN2340
ANSN23R1

Covevecsoncesees ALSC KOTE FIYED CIVMENSION STMT. IK TPIS ROUTINE <<<REDO LATER>>

8833 DO 25 J=1,IM

88k L =IABS(I00-¢)

843 I =IABS(IT-J)
K=1ABS(ILS-J)
IPMMI=1PMM+1
IPMMX = IPMM+ K
IPMML=JPMM + L
IF(DSNHM.GT.0.0)GO TC 2€

C #98 ADD SHELL SOURCE TC FLUX WKEN MU.LT.0

IF(IPM-1)26,27,28
28 IGMIMI=IGMIM + I1®MM
XNM=XKM + PA(IGMIMI)
GO TO 26
2T IF(IPP,EQ.I)XNM=XNM + PAIGMM
88 SAVE ANGULAR FLUX
26 XND(IPMML)=E6

(g}

OO0
T s ae
® % e
e % " ae
e e 888
® e 2 9 e

ANISN FIVE MODE FLUX CALCULATION
E3 = CENTERFD FLUX

ES = ANGLE EXTRAPOLATFD FLUX

E6 = SPACE EXTRAPOLATED FLUX
XNY. = KNOWK SPACE BOUNDARY FLUX
PHIM = KNOWN ANGLE BOUNDARY FLUX
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C S e s ase® XNRI - TOTAL SOURCE
C "sesssees F|-SIGM TOTAL
56 E1=CT(1)
IF(E1.EQ.0.0)E1=E1 + E6*V(I)
INRI=XLR(I)

C SPUTTERING CHANGE -~ ADD CSD TERM TC TCTAL SOURCE
IF(IIG.KE.1) XNRI=XIKRI+E3SAV2(I,M)®*V¥(])
DSKM=DS( IPMMK’
DSLM=DS{ ~FMML)
LSKM2=uSKM + DSLhk
IF(WHM.EQ.C.0 .OR. IGE.EQ.1}GO TOC 600

C xesstaeess GENERAL DIRECTION FLUX CALCULATION - W.GT.0

PHIM=XXE(I)
DAIM=DA( IPMMT)
DBIK=DB( IPMMI}
DBIM2=DAIM + DBIM )
1P(IFLU1-2)6001,6002,6003
C #® s s s s ® [TNFAR MODEL

6001 E3=(XWRI + DSKM2®%XKM + DBIM2*PHIM)/(E1 + DSKM2 + I'BIK2)

E5=zE3 + E3 - PHIM
E6=E3 + E3 - XKM
IFCAMIN1(ES,E6) .GT. 0.0)GO TC 6007
IF(IFLD-1)60¢2,6007,6003
C sesduEBes@® CcTEP FUNCTION MODEL

6002 E3=(XKRI + DSLM®XNM + DAIMBPHIM)/(E1 + DSKM + DBIK)

ES=E3
E6=E3
GC TC €007
C s sss WEIGHTED DIFFERENCE MODEL
C s s suss CCGMPUTE WEIGHTED SPACE TERMS
6003 IF(XKM.LE.0.0)CO TO 7001
7005 XKUK=E! + DBIM + DERIM
) XPER=XKUM - DSL.M ~ (DAIM®PEIM + INRI)®0.9/XNM
1} (ZDEN+XDEN .LE. XNUK) GO 70 7301
IF(XCEN-XNUM)T006 ,7003,7001
7006 EBBR=XNUM/XDEN
7005 XC1=DSLM - DSKM + LPP®DSEM
GC TO 7002
7003 XL 1=DSLM
BBB=1.0
GO TO 7002
7001 XD1=DSKMZ2
BBE=2.¢
C #es 233848 COMPUTE WEIGHTED AMGLE TERKS
7002 IF(PHIK.LE.C.0)GO TO 7011
7015 XNUM=E1 + DSK¥* + DZKw
YDENaXNUM - DAIM - (DSLM®XNK + XNRI)®0.9/PHIM
IF(XCER+XDEN¥ .LF. XNUM) CO TO 7011
IP(XDEN-XNUM)T016,7013,7011
7016 CCC=XNUM/XDEN
T01% XD23DAIM - DBIM + CCC®LBIM
GC TC 6004
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7013 ID2:=DAIM
cCC=1.0
GO TO 600N
7011 XP2=DBD®2
=2.0
6008 E3=(XNRI + XDI"XNK + XD2®PRIM)/(E1 + XD1 + XD2)
ES=CCC®(E3-PRIM) + PHIM
B6=BEE®(E3-XNM) + XNM
GO TO 6007
cC &=
C ®®s a8 ass CF SLAB FLUX CALCGLATION -
6006 Ir(m.m-z)sou.smz,sms
cC s [ ] l [ X BX B BN BN J LIEEAR MODEL
6011 E3=(XNRI + DSKM2®XNM)/(E1 + DSEM2}
ES5=E3
E6=E3 + E3 - X)M
IF(E6.GT.0.0)GO TO 6007
IF(IFLU-1)6012,6007,6013
C s sEss e s STEP FUNKTION MODEL
6012 E3=(XNRI + DSLN®XEM)/(E1 + DSL¥)
E5=E3
Eb=E3
GO T0 6007
C ®ss e s 8ss YFEIGHTED DIFFERENCE MODEL
C *ssesss 888 (COMPUTE WEIGHTED SPACE TEWMS
6013 IF(XNM.LE.0.0)GO TO 7021
7025 DBIM2:=DSLM - DSKM
INUM=E1 + DBIM2
XDEN=XNUM - DSLM - YKRISO.9/XNM
IP(XDEN+XDEN .LE. INUM) GO TO 7021
JF(XDEN-XNUM)7026 ,7023,7021
7026 BEB=XNUM/XDEN
7028 XD1=DBIK2 + BBB®DSKM
GO TO 7022
7023 XD1=DSLM
BBB=1.0
GO TO 7022 _
7021 XD1=DSKM2
BBB=2.0
7022 E3=(XNRI + XD1%XNM)/(E1 + XD1)
E5=E3
E6=BBB®(E3-XNK) + XNM
6007 CONTINUE
C SPUTTERING CHANGE ~ SAVE CSD FOR ZURRENT GROUP
6008 E3SAVI(I,M):=E3®SIGSD(I1G)
E3sE3%WM
XNE(I)=E5
XNM=ES

C ®8% COMPUTE TOTAL FLUX (SCALAR)

XWN(I)=XNN(I) + E3
IF(ISCT.EQ.0)GO TO 33

C 9% COMPUTE P-L CURRENTS

Figure Bl (contd.)
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59

Ix=1
Mi=M
DO 32 R=1,JT
XNACIN) =XBACIN) + PNC(ME)®E3
I=IR+ M
32 ME=MK + MM
33 IF(DSEM.LT.0.0)GO TO 25
Cc 888 aDD SHELL SOURCE TC FLUX WHEN MU.GT.O
IF(IPM-1)25,38,35 ‘
35 IGMIMI=IGMI} - >3
XHM=INM + PA(IGMIFI)
- GO TO 25
33 IF(IPP.EQ.I)XNM=XKN +PAIGMM
25 CONTINOE
C %88 SAVE BGPNDARY FLUX
1GHPW=ICKPY + M
B(IGMPMM) =Eb
C 882 SaVF LAST ANGULAR FLUX
IPMML=IPMM + IABS(I00-IP)
IVD(IPMIM.)=Eb
5 CONTINUE
885 F1=0.0
E2=0.0 -
IF(IBL.EG.1)GO TC 3337
1=1
DO 37 M=1,MM
E1=E1 + WP(M)®XKD(I)
37 I=1I + IP
3337 J=IP
DO 33TM=1, MV
E2=E2 + WD(M)®XKD(J)
337 J=J + IP
C #6% COMPUTE LEAKAGE
RL=E2%AA(IP)
XLL=E1%AR(1)
XNLGG=RL - XLL
833 IIC=1IC+3
E1=0.0
ESC=C.0
ESHM=0.0
EAH=0.0
C #8% COMPUTE CONVERGENCE NUMBERS
IGMPII=IGMPI + 1
bC 38 121,IK
B4=XNN(I) - XR(IGMPII)
IGMPII=IGHPII + 1
E22CS(I)%EL
E1cE1+Ee
ESM=ESH + ABS(E2)
EAVSEAM + ABS(EA4)®(CT(I)-CS(I))
E4=ABS(E4 /XNN(I))
IF(EL.LT.ESC)GO TO 38
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IFDMX=

ESC=EX

CCETINUE

ESM= AMAX 1 (ESM, EAV)

C ®8% COMPUTE INNER ITERATION SCALE FACTOR

E1=221/(Z21-E1)
IF(E1,LE.0.0.0R.E1.GT.10.0)E1=10.0
IF(ICMC.EQ.1)GO TO 12K

C 888 COMPUTE SPACE LEPENDEXT SCALE FACTORS
C - ®88 COMPUTE LEAKAGE TERMS AND SHELL SOURCE CORTRIBUTION TO C

DO 100 I=1,ICHC
DC(IM +I)=0.C
XNR(I)=0.0

100 XRE(I)=0.0

IGMPII=IGMPI + 1

DO 101 I=1,IM

II=NO(1)
XMNE(II)=XNE(XI) + SR(I)

C SPUTTERING CHANGE - PRESERVE BALANCE FOR CONVERCENCE TESTS

102

103
108

105
1011

106
108
101

DO 888 M=1,MM
INE(II)=XNE(IX)+E3SAV2(I,M)*V/ I)M(M)
XNR(II)=XNR(I1) + CS(I1)S(XN(I APII)-XNR(I))
LCIIK +IX)=DC(IM +IXI} + CS(I)®XNN(I)
SP=0.C
SM=0.0
IF(1PM-1)108,102,103
IF(IPP.NE.I1)GO TO 108
J=1
GO TO 108
J=1
IGMIJ=IGMI + J*MM + 1
DO 1011 K=1,M
E3=sPA(IGMIJ)®ABS(WD(M))
ICMIJ=IGMIJ+1
IF(WD(M).LT.0.0)GO TO 105
SP=SP + E3
GO TO 1011
SM=SM + E3
CONTLiilE
XNE(II)=XNE(II) + SM#AA(I+1)
IF(I+1 .EQ. NO(IM+1I))GO TO 1C6
XNE(II)=XNE(II) + SP*AA(I+1)
GO TO 108
IF(IT.NE,ICMC)XNE(IX+1)=XNE(1I+1) + SPRAA(I+1)
IGMPYI=IGMPII+1
CONTINUVE
II=1
DO 109 I=1,ICMC
DC(IM +1)sDC(IM +1)%g,25
II2=NO(IM+1)
II18=I11
J128=112
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116
17
115

109

8ol
8002

[z Ne Nz

«Q

c
c
c

118 XKR(I)=XNR(I) + XNE(I) - ST(I) - SAT(I)

ILM=0.0

ILP=0.0

DO 115 M=1,MM
IF(WD(M).GT.0.0)GC TC 116
XLP=XLP + XRD(II2)®ABS(WD(M))
GO TG 117

YLM=XLM + XRD(II1)®WD(M)
IT1=11I1 + IP

I12=112 » IP

II1=112S
ST(1)=-XLP®AA(II2S)
SAT(I)=~XLM®AA(II1S)
FLUXP=DC(IM +1)

DO 118 I=1,ICMC
FLUXM=FLUXP
IF(1.EQ.ICMC)GO TO 8001

FLUXP=AMAX1(DC(IM +I),DC(IK +1+1))

GO TO 80902
FLUXP=DC(IM +I)
ST(I1)=ST(1)-FLUXP
SAT(I)=SAT(I)-FLUXK

#8% SOLVE TRI-DIAGOMAL MpfRIX
[ 2 4]

#88% COMPUTE A(1) ANC A(3D)

XNR(1)=XNR(1) + SAT(1)
XNR(ICMC)=XKR(ICMC) + ST(ICMC)

#8¢ REMCVE B TERMS FROM MATRIX

111

J=1

PO 111 I=2,JCMC
COEF=SAT(I)/XNR(J)
XNR(I)=XKR(I) - COEF®ST(J)
XNE(I)=XNE(1) - COEF®XNE(J)
J=J+1

888 SCLVE FOR F(I:

112

I=ICMC

DG 112 J=2,ICMC
XKE(I)=XKB(I)/XNKR(I)
IF(XNE(I).LT.0.C)GC TC 124
1=1-1

XNE(I)=XBE(I) - XME(I+1)8ST(I1)
XNE(1)=XKE(1)/XNR(1)
IF(XNE(1).LT.0.C)GC TO 124

898 MATRIX SOLVED
aes

116

I=IN

Lo 119 J=1,IM
II=NO(T)
XNE(I)sXNE(II)
I=sI-1
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Figure Al (coatd.)

DO 114 I=1,IM
114 SAT(I)=0.0
GO TO 125
C 8% APPLY SPACE DEFENDENT SCALE FACTORS
124 DO 123 I=1,IM
123 XNE(I)=E1
125 DO 39 1=1,IM
IF(ABS(1.0 ~ XNE(I)).LT.SCLMX)GC TO 3¢9
SCLMX=APS(1.0 - IKE(I))
SCLXX=<RE(I)
ISMX=1
39 XNN(I)=XNN(I)®XNE(I)
122 IF{1SCT.EQ.C)GO TO 3399
BC 339 I=1,IM
IR=1
DO AC N=1,J% .
XNA(IN)=XNA(IK)SXKE(I)
O IN=IN + IV
339 CONTINUE
3399 E1=XNE(1)
E2=XNE( IM)
IGHMPMM=IGHIM+1
DO B1 M=1,MM
IF(WD(¥).GT.0.0)GO TO 241
E( IGMPMM) =B( IGMPMM ) *E
GO TO a1
A31 B(IGMPMM)=B( IGMPMM)*E2
§1 IGMPMM=IGMPMM + 1
C &88 TEST CONVERGENCE
IF((XITR.EQ.0 .AND. IBR.EQ.0) .OR. IIC.GCE.IIM)GC TO 42
IF(ESM,GT.EFG .AND. FSC.GT.EPS .OR. XLAL.GT.0.0 .AND,
1 ESC.GT.XLAL)GC TO 832
§2 k=1
DO A3 M=1,MM
WDM=WD(M)
J=zK+1
DO 443 1=1,IM
XNEI=XNE(I)
IF(WDM.LT.0.0 .OR., I.EQ.1)XND(K)=XND(K)®XNEI
IF(WDM.GT.0.0 .OR, I.BO,IM)XND(J)=XND(J)®#XNEL
K=zK+1
C SPUTTERING CHANGE - SAVE CSD FOR NEXT GROUP
E3SAV2(I,M)=E3SAVI(Z, M)
A3 J=zJd+i
KzJd
43 CONTINUVE
XNLGG=RL®E2 ~ XLL®E1
IF(ICYT.NE.1)GO TO 999
IF(1IG.EQ.1)WRITE(NOU,60)
WRITE(NOU,70) IIG,JIC,IFDMX,ESC,TSMX,SCLXX,ICMC
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60 FORMAT(T6X,* GROUP INNER  ¥FD MAY., FLUX McF  MAY, SCALE COAANSKZ2665

®RSE'/83X,'ITERS INT. DIFFERENCE INT, FACTOR
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70 FORMAT(76X,216,1PE13.5,16,E13.5,16) ANSN2667
999 RETURN ANSN2668
END ANSN2669

SUBROUTINE SUMARY(XKI,FD,XN, VE,W,DS¥,MA,MZ,CRY,Q,PA,DF,I2,CA,CF,ANSN3072
1CT,CS,V, AA, TAB, WD, ¥ND, FXS, FIS, SN, SF'S, 0TS, APS, FRT, TXN, DEN, RFL , RCT, ANSN3073
2RLK, XLL, XLK, XBB, RXN, IG1,I1,IH1,IGM1,M1,IM1) ANSN30TH

C  %a% SUMARY PRINTS ANGULAR FLUXES AND COMPUTES SUMMARY TABLES ANSK307S
C SPUTTERING CHANCE - SETUP ARRAYS, COMMON/SPUT/

REAL®B EBT, U0

DIMENSION E(5C,2),R8(50,33),ETA(16,2),WT(16)

COMMON/ SPUT/SIGSD(50) ,8ET(51),00,N1 ~
DIMENSION XKX(1),FD(1),XN(1:.1), VE(1},W(1),DSN(1),MA(1),MZ( 1)ANSN3O76
1,CRX{ IR1,1IGM1,1),Q(11,1), FA(M1,TM1,1) ,DF( *},CA(1),CF(1),CT(1), ANSN3077
2 ¢S(1),¥(1),AA(1),TAB(1),WD(1),XND(12,1),FXS(IGI,1) ,FIS(IGT,1), ANSK3IOTE
3 SMN(I61,1),SFS(1%31,1),0TS(1G1,1),APS(iG1,1),XLk(IG1,1),XBB(IG1,1)ANSN3079
&, RXN(IG1,1),RFL(IG1,1),RCT(IGY,1),RuK(1G1,1),XLL(IG1,1),FKT(1G1,1)ANSN3080

5, TIN(IG1,1) ,DEN(IC1,1) ANSN30€1
COMMON /BULKR/ ANSN3082
$ D(1),LIM1,LX:Y, 70, LXN, LR, LVE, LW, LDSN, LMA, LMZ, LMB, LMC, LXMD, ANSN3083

1LMTT, LCRX, LF I, LFLT, LQ, LPA,LJ5 ,LRM, LDF ,LJ3,LJ8 ,LI3T, LART, LALFT,  ANSN308% -
2LFGP, LFGG, LEND, LV, LAA, L4D, LMF, LPNC,LXJ,LCH,LCA,LCF,LCT,LCS,LTAB, ANSN3085
ILXND, LSk, LSAT,LRAV, LRA, LXKN,LXKE, LXNR,LXNA, LSR,LST, LQG,LFG,LSG,  ANSN3086
KLXKE,LXNT,LXNO,LT3,LT5,LD#,LDB,LDC,LDS, LB, IGHP, IGMM, 11GG, NERR, IMJ TANSN3087
5,IHG, IMP, MP, NDS, NUS, SDG, SCG, £G, YNLGG, XNLG, SNG, ALA,ASR,EAM, EPG,EQ, ENSN3088
6E1,E2,E3,El,ES,E6,ET,E8,B9,E10,E11,E12,E13,E14 ,E15,E16,E17,E18,E19ANSN3089
1,E20 ,ESC, ESM, EVP, EVPP,FTP, IC, ICVT, IGP, JG, INP, IIC, 11G, IP, IZ7, 101, ANSN3090
8302,102,108,105,106,107,108,100,10C,JT,LC, MG, MT ML , MM, KFN,XITR,  ANSK3051

" 9XLAP,XLAPP,XLAR,XLA,XNIC,XNII, 221,222,223 ,¥NB, YKEP,¥KIP,TH,T,K,L, ANSN3092

AM,J,N,¥N, 13V, ANSN3093
EID,ITH,ISCT, ISN,IGE, TBL,IBR,IZM,I1¥,IEVT, IGM, IHT, THS, IHM, MS,MCR, MTPANSN3094
C, MT,1DFM, IPVT,JQM, IPM, IPP, TIM, ID1,ID2,1D2, ID4, TCM, IDAT1, IDAT?,, IFG, ANSN3G95

DIFLU,IFN,IPRT,IXTE, ANSN3096
EEV,EVM,EPS,BF,DY,DZ,DFM1,XNF, PV, RYF,XLAL , XLAK, EQL , XNPH, ANSN3097
FT(12),VIN,NOU,NT1,NT2,NT3, NT4 , NTS , NT6 , NT7 - ANSK3098
C SPUTTERING CHANCE - CALCULATE ANGULAR RESPONSE FUNCTION, R
NT= ICM-MI
JSN=18K

2000

105

2C05

2C10

WRITE(6 ,2C00)M1,NT, JSN,UO

FORMAT(1E1,IS,* ICN GROUPS;',I5, 'TARCET ATOM GROGPS; S',I2,
1 ' U0=’,D15.5)

JEN=JSN/ 2

NTF1=NT+1

JENT12JSN+1

DO 105 I=1,J8N

WT(I)=W(1+1)

WRITE(6,2005)

FORMAT('0 TARGET ATOM GROUP BOUNLARIES ANLC SN WEIGHTS')

WKITE(6,2010)(EBT(T),I=1,NTP1)

WRITE(6,201C ) (WT(1),I=1,J3N)

FORMAT(1H ,7E15.5)

DO 110 JG=1,NT

E(JG,1)=EET(JG+1)

Figure Bl (contd.)
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E(JG,2)=EET(J0)

ETA(1,1)=0.0

ETA(1,2)=2.%T(1)

DO 120 1k=2,JSN

ETA(IA,1)=ETA(IA-1,2)
ETA(IA,2)=ETA(IA,1)+2.%0T(14)

JSK2=2%JSH+1

NTOT=NI+NT

DO 130 JG=1,NT0T

DO 130 IA=1,JSN2

R(JG,IA)=0.0

[0 130 JG=1,NT

166=RI+JG

DO 120 IA=1,JSN

IAR=JSK1-1A+1

EA=E(JG,1)%ETA(1),1)882
EB=E(JG,Z)®ETA(IA,1)882

EC=E(JG, 1)®ETA(1r,2) 082
ED=E(JG,Z)*ETA(14,2)%82

IF(EA.G.00; GO TO 101

IF(ED.LF.U0) GO TC 106

JF(EC.GT.U0) GO TO 102

ETAL=ETA(IA,1)882

IF(EB.LT.00) ETAL=U0/E(JG,2)
R(IGG,IAA)=(ETA{1A,2)%92+ETAL)/2./00-1./E(JG,2)
R{1GG,IAA)=R(IGG,IAA)/(1./E(JG,1)=-1./E(JG,2))
IF(EE.LT.U0) R(IGG,IAA)=R(ICG,IAA)®(ETA(IA,2)®02-¥TAL)/

1 (ETA(IA,2)982-ETA(IA,1)%%2)

GO TO 14C

R(IGG,IA2)}=1.0

GO TO 140

EU=E(JG,2)

IF(EB.CT.U0) EU=UO/ETA(IA,1;%®2
R(IGG,IAA)=UC®(1./E(JG,1)+1./EU)/2,-ETA(IA,1)%%2
IF(EB.C( 7,U0) R(IGG,IAA)=R(IGG,JIAA)*(1./E(JG,1)-1./EU)/

1 (1./B(JG,1)~1./E(JG,2))

F(IGG,IAA)=1.-R(IGG,IAA)/(ETA(IA,2)®82-ETA(IA,1)882)
GO TO 140
R(IGC,IAR)=0.0
CONTINVE
WRITE(6,.015)
FORMAT(///' ANGULAR LEAKAGE RESPONSE FOR SPUTTERING PROBLEM'/)
DC 170 JG=1,NTOT
DO 169 IA=2,JSN1
RTEMP=R( JG, T2}
_ IATP=JSK2-1842
R(JG,IA)=R(JG,IATP)
R(JG, IATP) =RTEMP
WRITE(6,2020) JG,JSK2
WAITE(6,2010) (R(JG,IA),TA=1,58N2)
FORMAT(' R(',I2,',1A),IA=1,',12)

Do 1 1ICs1,IGM ANSN3099

Figure g1 (contd.)
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116G=116
CALL WANDRY ( 3 ,XND,XP¥MM,2)
IF(IC1.EQ.C .OR. ID1.EQ.2)GO TO 2

888 PRINT ANGULAR FLUX

WRITE (NGU,10)1IG

10 FORFLT(3TE1 FLUX PY ANGLE AND POIMNT FOR GROOP 13)

CALL WOT(XKP,MM,IP,1, PNT.*, ANGL’®,0,N0U)

2 IF(IDAT1.EQ.0)GO TO 3

11GG=1

CALL WANDK! (NBT3,CRX,IHFSMT,Z)

101 =MP#IKP

IF(IQM+IPM_NE.C) CALL ¥ANDF1 (NT3,Q,I01,2)

8% COMPUTE SUMMARY TABLES
3 IE=IHM
§ K=1IG+:t8-1IF

IF(K.LF.0)GC TO 5
IF(K.GT.IGM)GO TC 6
IF(ID/T1.NF.2)GO TO 7
k=1

CALL kXANDE1 (NT1,XN,IM,Z)
IP(1SCT.GT.C)REAL (¥T1)

7008 I=1,IM

=¥A(I)

L=JABS(¥.Z(J3))
J=MIKO(.,TZH)

E8=V(1)
IF(IDFM,GT.0)EL=ELSTF(1)
IF(IH.NF.IES)GC TC 39
€S(1)=YK(1,K)
E1=CRX(IHT, I1GG,L)
E2=CRX(IKT-2,IIGG,L)}
E2=0.0
1F(1DFKE.EQ.C)GO TC 11
E1=E1%DF(1)
E2=E2%DF (1)

88 TRANSVERSE BUCKL ING COGFRECTICK
11 IF(DY.GT.0.0) E3=3.28986ESE1/(LY®E1 +EF)%#2

IF(D2.G6T.0.0) E3=E3 + *.289866%F1/(L2%ET + RF)®62
CT(I)=(E' + TAB(JIG) + E3}®CS(I) #v(1)
CA(I)=(E2 + TAB(IIC) + E3)®C5(1) #v(I)

GO TC &
*#8 FXS -~ ¥)XFD SCUKRCE
~#8 FIS - PTSSION SOURCE
8% SNN - SCATTER GAINS
#88 SFS ~ SPFLV SCATTER
888 OTS ~ SCATTER LOSSFS
888 2PS - AESOAPTIONS
88 YLK -~ NET LFARKAGE
#88 XBB - FKEUTKCN BALANCE (GAINS/LOSSES)
88 RXN - FLUX AT KIGHT BOUNDARY
®#82 RFL - J+ AT RIGHT BOUNCARY
888 RCT -

J=NET AT KIGHT BOUNLCARY

Figure B1 (contd.)
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&8¢ RLK - RIGHT LEAKAGE
&8¢ yLL - LEFT LEAKAGE
8% FRT - FISSION RATE
#88 TXN - TOTAL FLUX
88 DEX - DENSITY

39
8
5

6

A3

L]
52

1007

SHM( 1IG,J)=SNN(11G,J) + CRX(IH,I1GG,L)*XN(I,K)*EX
CCNTIMUE

Ik=IH-1

IF(IE.GT.JHT)GO TG X

IF(IDAT1.KE.2)GC TO 35

IF(RDS.LT.1IG .AND. TIG.KE.IGM)GO TO &3
RENIND KT1

GO TO 35

E=NDS + MINO(NUS,ICM-IIG)
IF(ISCT.GT.0)E=K+¥

DO 36 1=1,N

BACKSPACE NT1

E1=EV

IF(IEVT.FE.1)E1=1.0

IGI=( I11GG~1)*MP® IMP

DO 9 I=1,IM

J=MA(I)

K=IABS(MZ(3))

J=MINO(J, 1ZM)

ER=V(I)

IF(1ZFM.GT.0)ER=ERSLF(])
IF(1TH.EQ.C)GO TO N1
FIS(IIG,J)=FIS(1IG,J) + CRX(IET-1,11GG,K)*FD(1)"EA
GO TO &2

FIS(11G,J)=FIS(1IG,J) + XKI(IIG)®FD(I)*V(I)/E1
SFS(116,J)=SFS(11G,J) + CS(I)®CRX(IKS,IIGG,K) *EM
OTS( IIG,J)=0TS(I1I1G,J) + CT(I)
APS(1IG,J)=APS(11G,J) + CA(I)

TXN(1IG,J)=TXN(1IG,J) + CS(I)#V(I)
IF(IQM.FE.0)FXS(IIG,J)=FXS(IIG,J) + Q(IGI+I,1)%V(1)
FRT(I1G,J)=FRT(IIG,J) + CS(I)SCRX(INT-1,IIGC,R)SER
DO 12 J=1,IZM

DEN( IIG,J)=TXN(I1G.J)/VE(IIG)
0TS(116,J)=0TS(IIG,J) - APS(IXG,’) - SFS(IIG,J)
IF(1PM.£Q.0)GO TC 13

J=MINKO(IZM,MA(IPP)

JI=J

IF(IPP.NE.IM)JJ=MINO( IZM,MA(IPP+1))

DO 17 1=1,1I¥

IF(IPM.EQ.1)GO TO 1007

J=MINO(IZM,MA(I))

JJ=d

IF(T.NE.TM) JJ=MINO( IZM, MA(T+1))

E3=0,.0

E4s0.0

DO 16 M=1,MM

E2=PA(M,I,TIGG)#ABS(WD(H))

Figu~e B1 (contd.)
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IF(VC(M).LY.0.0)GO TO 1005
E3=E3 + E2

GO TO 1€

EA=EA + E2

CONTINUE

IF(YPM.EQ.1)GC TO 15

Jr‘1.EQ.IM)GG TC 17
FX:(1XG,JJ)=FXS(T1G,JJ) + E3®AA(I+1)
FXS(IXG,J)=FXS(IIG,J) + EXPAR(I+1)
GO TC 13

IF(IPP.EQ.IM)GO TO 1008
FXS(IIG,JJ)=FXS(11G,JJ) + EI®AA(IPP+1)
FXS(IIG,J)=FXS(IIG,’) + ER®RA(IPP+1)
DO 18 J=1,12P

IF(J.XE.IZP .AND. IZM.NE.1)GO TC 23
101=1

102=1K

GO TO 25

DO 16 101=1,IM

IF(J.EQ.MA(IO01))GC TO 21

CONTINUE

102=IP

10z2=1C2~-1

IF(J.RE.MA(I02})GO TO 22

PO 23 k=1,MH

RXM(1IC,J)=RXH(IIG,J) + XND(I0Z+1,K)®H(F)
IF(WD(M).GT.0.0)RFL(11G, ) =RFL{1IG,J) + XND(102+1,K)*WD(M)
C SPUTTERING CHAMCE - FOLD R WITH RIGET LEAKAGE
RCT(1IG,J)=RCT(1IC, )+XKD(102+1,M)*WD(M)*R(IIG,H)

XLL(IXIG,J)=XLL(IIG,J)+XND(IO1,N)SWD(¥)
RLK(IXG, ) =RCT(1IC,J)®AR(I0Z+1)
XLL(IIG,J)=XLL(JICG,J)®AA(I01)
XL¥{1I1C,J)=RLK(]11G,J) - XLL(IIG,J)
CONTINUE

CONTINUE

REVIND 3

IF(IDAT1.NE.C)PEWIND NT3

DO 38 ¥=1,16

L=(K-%)91ZP

V=1+1ZP

10 26 J=1,IZP

K=L+J

DO 27 11G=1,IGM

E1=FXS(J1G,N)

IF(J.EQC.IZP)GO TC 28
FXS(1CGP,N)=FXS(IGP,K) + F1
1F(K.GT.9)G0 TO 27
FXS(11G,K)=FXS(IIG,V) + EV

GO T0 27

FXS(IGP,M)=FXS(IGF,M) + E1
CONTIMUE

26 CONTINUE

Figure Bl (contd.)
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3% COMTIAUE
DG 26 J=1,1ZP
cr(J)=0.0
[0 2§ 1IG=1,IGP

E1=FXS(IIG,J) + FIS(IIG,J) + SNM(IIG,J) + AMAX1(XLL(IXG,J),0.0)

* L aMIK1(mx(1I1G,J),0.0)

E2=07S(II1G,J) + APS(IIG,J) + AMAX1(BRLK(]IG,s),0.0) -

s AMINY(ILL(¥1G,J),0.C)
29 XBB(X1G,J)=E1/E2
DG 1029 I=1,IM
J=MA(I)
€T(J)=CT(J) + ¥(I)
1029 CT(IZP)=CT{IZP) + V(1)
IC 38 J=1,1ZP
32 IF(J.EQ.IZF)GO TO 31
C @9 PRINT SUMMARY TABLES
WRITE (NOU,2C) J,IGP,CT{J)

ARSN3255
AKSN3256

AESK3257

AKSN3270

AKSN32T1
ANSR3272
ANSN3273

20 FORPAT(18HY SUMMARY FOR ZGEE I3,47H BY GROUP INCLUDIKG SUM FOB ALLARSN3I27S

1 GROUPS 1IN LINE I13,° VOLUME=",1PE13.5)
GO TO 33
31 WRITE (NOU,30) CT(IZF)

- 30 FGRMAT(2CH) SUMMARY FOR SYSTEM,' VOLOME="',1FE13.5)

ANSN3277

33 WRITE (NOU, M) (I,FXS(T,Jd),F1S(T,J),SHN(T,J),SFS(T,J),0TS(T,J), APSANSK3260

1(1,J4) ,XLK(Y,Jd},XBB(1,J) ,T=1,IGP}

ANSN3281

N0 FORMAT(108HC GRP, FIX SOURCE FISS SOURCE IK SCATTER SUF SCATANSN3282
1TER OUT SCATTER  ARSORPTION LEAKAGE BALANCE/( 16, 1PBE13.5ANSN3283

2))

ANSN3288

WRITE (MOU,50) (I,RXN(1,J),RFL(Z,J),RCT(1,J),RLK(],d),3LL(],J),FRTANSN328S

1(1,J),TX¥(1,J) ,DEN(T,J) ,1=1,IGP)

S0 FORMAT(108HO GRP. RT BDY FLUX RT BDY J+ RT BDY J

ANSN3286

RT LEAKANSK3287

IAGE LFT LEAKAGE FISS RATE TCTAL FLUX DENSITY/(16, 1PBEI3.5ANSN328E

2))
38 CONTINUE
IF(1D.LT.1000000)GO TO 999

CALL FACTCK(MZ,D(LMB),DP(LMC),D(LXMD),MA,V,XN,DF,TAB,IN, IGM)

999 RETURM
END

//LKED.PROG DD LISP=SHR,DSN=X.WAR1%5636 ., WAKPROG
INCLUDE PRCG(ANISK)
//GO.FTO1FO0T LD UNIT=SYSDA,SPACE=(TPRK,( 100,10) ,RLSE),
// DCB=( RECFM=YBS,LRECL=X ,BLKS1ZE=7208)
//60.FT02F001 ID UKIT=SYSDA,SPACE=(TRK,(1C0,10) ,RLSE),
// DCB=z( RECFMzVBS,LRECL=Y ,BLKSIZE=7208)
//GO.FT03P001 LD UNIT=SYSDA,SPACE=(TRK,(100,10),RLSE)},
// DCB=( RECFM=VBS,LRECL=X ,BLKSIZE=7208)
//GO.FTOLFO001 LD DSK=T.TJIH4S255,XSPU,DISP=SHR
//GO.FT07P001 DD SYSOUT:B
/7G0.PT0 3P001 BD UKIT=SYSDA,SPACE=(TREK,{100,10) ,RLSE),
// DCBz\ RECFMsVBS,LRECL=X,BLKSI12E£7208)
//GO.FTO9F001 LD unmsrsm SPACE=( TRX,(100,10) ,RLSE),
// DCBs{ RECFMsVBS,LRECLsX,BLRKSIZEx7208)
//G0.FTOSP001 DD ®
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1200020 3223200202000012003G0G6

00.00.50.0001 3RO.0 T -
11 12 13 15 15 16 17 1€ 19 2¢

O

LD FO 0T

1%% F0.0

%% 99I0.0 9911C00. 2000.

588 F1.0

(.04

6. 0067881 0155634 .0237696 .0311572 .037399 .O0R22691 .0456506
.ONT3626 .0R73626 .CB56508 0422891 .037390 .0311572
.0237896 .015563L .0067881 1N16

7"

-1. -.9957 -.972286 -.932815 -.877701 -.808937 -.729008 -.6808G1
-.587506 -.A52498 -.35G198 ~.270992 ~.1G10€2 -.122298 —. 0671843
-.027712% -.0052995% 1M16

8%$ F1

933 1

188 1 23856789 3C 11 12 13 15 15 16 17 18 19 26

11$$ FC

12%% F1.0

198¢ 19
T T

VA
e4
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