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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 HDXS can be used in many multigroup transport codes, with 

minor modifications to these codes, to calculate sputtering yields, 

reflection coefficients, penetration distances, etc. 

ix 



I. INTRODUCTION 

Over the past few ytars we have presented several papers 1 - s on the 

application of neutral-particle, multigroup methods to the analysis of 

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 tfce 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 iti 

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 is done for multigroup neutral particle 

transport, is simply not feasible; too many terms in the series would be 

required. The approach we have taken, and that used by others as well, 

is to account for the energy lost by the ion when deflected through 

small angles with a continuous slowing down term. Thic approach ignores 

the directional 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 ft are also treated as continuous interactions. 
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Scatterings through angles larger than 6 are termed "discrete 

interactions" and arc; includes in the evaluation of the multigroup total 

and scattering cross sections. 

Continuous interactions lead to a term in the Bcltzmann equation 

that is not present in the transport of neutral particles. Therefore, 

in addition to the use of HDXS, one must modify the transport code in 

order to perform charged particle calculation?. For this reason, the 

modifications we made to ANISN6 for the analysis of sputtering problems 

are described in Appendix B of this report. 

The codes MOTS and ANISN can be obtained from: 

Radiation Shielding Information Center 
Oak Ridge National Laboratory 
Building 6025 
F. 0. Box X 
Oak Ridge, TN 37830. 

II. MULTIGROUP PARAMETERS CALCULATED BY MUXS 

As shown in Reference 1, the multigroup formulation of the 

sputtering problem can be written as follows: 

U ~3x + V'G ' LG ) V * » y ) 

C'SD - QG(x,u) + Z ^ ^ (x,u) 

r. 1 

G'-l -1 

for G - 1, 2, ...NTOT. 

(1) 
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The first HI energy groups represent transport of the ions; the 
remaining NT=NTOT-NI are target atom energy groups. 

The computer code MUXS generates the multigroup parameters 
T CSD S 

E_, £ G , and the Legend re coefficients of ^ G » ^ - 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 flue is assumed 
separable within each energy group, i.e., 

4>(x,E,u) = <j>G(x,u)WG(E) for Ee(E , E ^ (2) 

With this asjumption, the following definitions for the multigroup cross 
sections are obtained: 

/

E . g-1 a t(E) w G(E) dE 

Zj h—. . , 
g-1 

J W G(E) dE 
E 
g 

rCSD _ _ _ £ <±_& (/,) 
G r E i 

r g-i 
/ W G ( E ) dE 
E g 



and 
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fV-i 
N / WG(E) a f B ^ . E ^ . y ] dE 

Is

 ( y ) = — 1 & , (5) 
" 8"1 

/ 
W G(E) dE 

E g 

where 

N = target atom number density. 

The functions a t(E), S(E), a[E->(Eh,Eh_1,u], and W G(E) and their 

evaluation by MUXS, are described in the following sections, 

a. The Point-Energy Total Cross Section 

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

by integrating the differential cross section over all recoil particle 

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

't<E> " / 

v 2£ 
do(E,T), (6) 

T-YiE 
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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 energy of a discrete interaction 
^l incident particle energy 

2m 
(m,+m 

,» 2 ( m, r /m, \ = 
— — r 2 < 1 + -- sin 2 6 - cos 9 1 -I — s +m 2) I m 2 n n|^ U 2 

nij = mass of the incident particle, 
m 2 = mass of the recoil atom, 

in2 6 (7) 

6 = minimum scattering angle for a discrete interaction, 

and 

_ naximum recoil atom energy 
2 incident particle energy ' 

4mjm2 

"(»,-hn2">2 ' ( 8 ) 

Equations 7 and 8 are developed in heference 1. 
b. The 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 elastic 
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interactions in which the incident particle scatters through an angle 

less than 6 , i.e., n 

/•Y,E 
S(E) = Se(E) + N / Tda(E.T). (9^ 

T=0 

Tfce stopping cross section for electronic interactions is calculated 

with the following formula from Lindhard and Scharff.7 

seC*> = 
(10) 

where 

k = 
, 9 ,'m \ 4 / m \ 3 / 2 Zin Z2'i 

, 2? ( ._£ V (1 + -i~ ] — , (ID 

•..- (?a),/'..[^^J/]"'' 
a = 0.529 A, the Bohr r?dius, o 
m ,e = mass in amu, charge of an electron, 

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

m 2,Z 2 = mass in amu, atomic number of Che recon acorn. 

c. Calculation of the Legendre Coefficients 

In Eq. 5 f a fE *-Eh * E
h_ 1» ',J 1 represents the cross section for discrete 

interactions in which the incident particle of energy E scatters into 
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group H, i . e . , (E, , E, ) . u i s the cosine of the scattering angle 
h h- I 

(laboratory). This cross section i s expressed as a f in i te ser ies of 

Legendre polynomials, P«(u), as follows: 

NCOEF-1 
0[E •* (E E ) , u) = Y"* Ol p (u) 

h h-1 £_j E - v I H

 rn'»>> 
H=0 

where 

/

TMAX 

Max(E-E h _ 1 ,Y 1 E) 

where 

(13) 

VlH " T * J P ^> *<".» ( U ) 

TMIN 

For scat ter from one ion group to another, this expression i s 

, .Min(E-E h ,Y2 E > 
? 2 t+ l / 

a '>IH = 1 ~ J p

f (M) «ME,T), for III < NI , U5) 

- (-i)^*(-^)(i)(-ir w 

The production of energetic target atoms as recoil atoms from ion 

scatterings is treated In a manner similar to the production of 

secondary gamma rays in neutron capture or inelastic scattering 



8 

reactions. However, unlike these neutron reactions, the recoil atom 

production is i 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 emerging 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 h >y 2E) 
P?(n) da(E,T), for IH > NI, (17) 

Max(E ,y.E) h-1 ' 

where 

n - ( T / Y J E A (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. 
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Therefore, the following expression is used to evaluate the Legendre 
coefficients for target atom interactions: 

I = 2£+l 
°E-IH 2 

Min(E-E ,E) -. Min(Eh,E) 
/ P t(y) da(E,T) + ^ ~ / P £(n) da(E,T), (19) 
Max(E-E h l,Y 1E) MaxCE^.YjE) 

where 

and 

(20) 

(21) 

d. Fvaluation of the Weighting Function 
Within each energy group, the energy-dependent particle flux is 

assumed to have the following functional form 

4>(E) - C GE" X IG for E g < E < E g _ r (22) 

In MUXS, the group flux, <J>0, is assumed to be equal to (>(E) at the 
center of the energy interval, i.e., 

(E +E t \ * 

/ g-1 g 
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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 

CG Eg X l G " W g ^ - C-4) 

Equations 23 and 24 result in 2»NT0T-1 equations for 2»NT0T 
unknowns. The additional condition used is that XI- = XI-. 
These requirements result in the following equations for the XI «s: 

G 

In 

XT, = 

0 2 <E<rEl> 
( E r E 2 ) 

In 
F. +E, o l 

E 1 + E 2 

XI 
X I G = 

In (E .+E \ 

( . • • > > 

for G > 1. 

Since the weighting function appears in both the numerator and 
denominator of the equations used by MUXS to evaluate the multigroup 
parameters, Eqs. 3-5, only XIQ is needed, i.e., 

Wr.(E) ^ E" X ic (26) 
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III. CALCCLATIONAL ALGORITHM IN HOIS 

The generation of the muitigroup cross sections consist-'? of the 

following steps: 

1. The point-enerjnr total cross section, o f(E) of Fq. 3, and the 

P Legendre coefficient of the differential scattering cross o 
section a[E-»-E, ,E, -] of Eq. 5, are calculated s.t energies 

corresponding to the abscissa of a Gauss-Legendre quadrature 

set. The stopping cross section, S(E) of Eq. 4, is evaluated at 

the group boundaries. These cross sections are obtained at 

energy E by calling the following subroutines. 

a. Subroutine TSIGMA. This routine sets up a table of the 

differential scattering cross section, DSIG(E,T), as a 

function of T, the energy transferred to the recoiling 

target atom. The table is based on the approximation: 

DSIG(T)/DSIG(TM) = (TM/T) N, 

where TM is the maximum possible transferred energy. The 

tables contain values of ?n(TM/T) and of N. The values of 

DSIG are retrieved by the function DSIG(T). 
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b. Subroutine QUANC8. This routine integrates over T to 

determine the point cross sections using an adaptive 

quadrature. The adaptive quadrature ensures adequate 

accuracy in this precision-sensitive phase of the 

calculation. 

The Kultigroup cross sections, SIG(G), are obtained from the 

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

iterative procedure: 

a. An initial guess at the (infinite medium) group fluxes, 

PHIO(G), is made. 

b. Using PKIO(G), the energy-dependent flux, Eq. 22, is 

obtained 

PHE<E) = C<G)*E»M-XI(^), 

where C(G) and XI(G) are the group dependent parameters 

described in the previous section. 

c. The point cross sections are weighted by PHE(E) to obtain 

estimates of the multigroup cross sections, i.e., 

- INTEGRAL OVER CROUP C OF PSIG(E)*PHE(E) 
SIG(G) = INTEGRAL OVER GROUP G OF PHE(E) 

The integral in the numerator is obtained using a Gauss-

Legend re quadrature; thi 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 

aedi'im group fluxes, PHI(G), are calculated - se« 

Reference 1. 

e. The fractional change in the group flux, i.e., PHI(G) 

versus ?HIO(G), is calculated. If this change is greater 

than 'J for any group, PHIO is set to PHI and MUXS returns 

to step t. 

Note tnat this iterative procedure does not require reevaluation of the 

point-energy cross sections, a major time-consumer in MUXS. 

5. The higher order Legendre coefficients for the -nultigroup 

scattering ma'.rix, Eq. 5, are calculated. 

4. An ANISN-formatted, binary crosL section file for the multigroup 

c.033 section set is created. This file is suitable for input to many 

multigroup transport codes, e.g., ANISN,6 DOT,8 MORSE.9 Or, 

alternatively, this file can be converged into an AMPX 1 0 working library 

by the computer code LAVA.'' 

IV. INPUT DESCRIPTION FOR MUXS 

The input data requirements for MUXS are as follows: 

i Identification record: The first 48 characters of this record 

are printed on the output record to identify the calculations 

and are also passed to ANISM for identification of the cross 

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

information required. 

NI The number of ion groups. 

NT The number of target atom groups. The total number 

of groups (MI + 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. 

NCOEF The number of Legendre coefficients (must not 

exceed 20). 

00 The minimum energy in eV that a target atom must 

have to be considered as sputtered. The cohesive 

energy is an appropriate choice. 

DENSE The density of the target in atoms per cubic 

angstrom (or per barn-cm). 

TH The minimum laboratory scattering angle for 

discrete interactions in degrees. 

EI The initial kinetic energy of the incident ion 

in eV. 

NEWS Controls the level of output from the program as 

follows: 

NEWS=0 (The default value) causes printing of the input 

data, the converged fluxes, and the 1P multigroup 

cross sections. 

NEWS=1 Causes the printing (in addition to the above) of 

the fluxes at each iteration. 
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NEVfS=2 Causes the printing (in addition to both of the 

above) of the multigroup scattering matrix 

(Legendre coefficients). 

NEWS=3 Causes the printing (in addition to all of the 

above) of all of the interpolation tables generated 

by Subroutine TSIGM*. 

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

element refers to the incident ion. The second to the target atoms: 

AMU The mass of the particle in atomic mass units. 

Z The atomic number of the particle. 

BPAR 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 supply values using the Firsov 

formu3 a . 1 2 

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 INCIDENT ON NI - 20GPS 
4DATA NI = 10, NT = 10, NCOEF = 20, UO = 4.458, TH = 2.5, 
DENSE = 0.0913, EI s 8000, Z = 1.0, 28.0, 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 H. Calculation of sputtering yields with the cross 

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



SPUTTERING CROSS SECTIONS FOR K«>NI - 20CPS 
IC ION CROUPS 10 TARGET ATOM GROUPS 20 LEGENDS* CGEFFICIEfcTS 

MIKIMUM SCATTERING ANGLE (DECREES) 2.5000000 
TARGET bINlING ENERGY (E. V.) M.H58C00t; TARGET DENSITY (/ANGSTROMS •• 3) .91300OOOD-01 

IKITIAL INCIDENT ION KINETIC ENERGY (E. V.) 8000.0000 
INCirENT ION ATOMIC NUMBER 1.0000000 ATOMIC M « S 1.0000000 SCREENING LENGTH (ANGSTROMS) .13746768 
TARGET ATOM ATOMIC NUMBER 28,000000 ATCMIC MASS 58.710000 SCREENING LENGTH (ANGSTROMS) .75000000D-U1 

FLtXES AFTER ITERATION 

IG 
1 
f 

\\ 
16 

FLUX 
166.46 
159.63 
1.7759 
12.85" 

IG 
2 
n 
I 

12 
17 

Fl.UX 
1 6 5 , 6 5 
1 5 6 . 7 9 
*. **3 86 
11.235 

IC 
3 
6 
13 
-e 

FLUX 
164.66 
1f2.69 
7.1491 
15.416 

IG 
4 
9 

IK 
19 

FLUX 
1 6 3 . 3 7 
1 4 7 . 3 5 
9.3275 
16,459 

IC 
5 
10 
15 
20 

FLUX 
161.71 
138.79 
11.271 
17.377 ^ 

GROUP 1 

GROUP 2 

CROUP 3 

GROUP 4 

GROUP 5 

GROUP 6 

GROUP 7 

GROUP 8 

SICT ,Ut731371E-C1 

SIGT .53468846E-01 

SICT .65245509E-01 

SICT .81591961E-01 

SIGT ,10502923 

SICT ,13982838 

SIGT . '9352' 2 

SICT .28095156 

SIGSD .58527626E-02 

SIGSD .5851H39E-02 

SIGSP .584726ME-02 

SICSD .58H10652E-02 

SIGSP ,58346502E-02 

SIGSD .58285855E-02 

&1GSP ,5803'J&5fcE-02 

SICSD .57893470E-02 

S 8«.861)171 

S 76.395035 

S 67.921173 

£ 59.446591 

S 50.971115 

S H2.U9K751 

S 34.0208I3 

S 25.540710 

Figure 1. Pr in ted Output from MUXS Sample Problem 



GROUP 9 SIGT .13571001 SIGSD .57711682F-•02 CJ 17.061132 

GROUP 10 SIGT .76317233 y.lGSl . ; s 8.5829121 

GROUP 11 SICT .81756902 SIGSC • 30628532E-•01 4. 32.021169 

CROUP 12 SICT 1.C808506 PIGSP .62215183E-•CI S 21.323110 

GROUP 13 sior 1.2865772 SIGSD .98601C13E-01 s 15.975158 

GROUP 11 SIGT 1.185S101 SICSP .15C19125 s 12.779972 

GROUP 15 SIGT 1.6666307 oIGSD .20868659 s 1C. 618811 

GROUP 16 SICT 1.8111185 SIGSP .28026819 s 9.1262932 

GROUP 17 SICT 2.0193663 zyr.su •36119816 s 7.9813016 

CROUP 16 SIGT 2.1961155 fIGSD .15370111 s 7.0960989 

GROUt U. SICT 2.3763185 S7GSD .55651293 s 6.3855521 

CROUF ?c SICT 2.5608151 ficsr •67C18253 s 5.001^563 

F i g u r e ] ( c o n t d . ) 

http://zyr.su
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Appendix A 

M s t i n g of Ml'XS Program 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

•MOTS', A PROCEDURE FOR THE GENERATION OF 

MOLTIGSOUP CROSS SECTIONS FOR SPUTTERING CALCULATIONS 

USING THE MOLIERE APPROXIMATION TO THE THOMAS-fE5HI POTENTIAL 

TO DESCRIBE THE SCATTERING OF PROJECTILES AND 

THE LSS ELECTRONIC STOPPING CROSS SECTION 

REFERENCE: 

T. J. HOFFMAN, M. T. ROBINSON, AND H. L. DODDS, JR., 
MUXS: A CODE TO GENERATE MULTIGROUP CROSS SECTIONS FOR 
SPUTTERING CALCULATIONS, ORNL/CSD/TM-185, OAK UIDGE 
NATIONAL LABORATORY (1982). 

INPUT DATA REQUIREMENTS (DATA SET HEFEREHCE NUMBER 5): 

1. IDENTIFICATION RECORD: THE FIRST 18 BYTES OF THIS RECORD A3E 
PRINTED ON THE OUTPUT RECORD TO IDENTIFY THE CALCULATIONS AND 
APE ALSO PASSED TO 'ANISN' FOR THE SAME PURPOSE. 

2. THE •NAMELIST' INPUT RECORD '4DATA1 CONTAINS THE REMAINING 
INFORMATION REQUIRED: 

NI THE NUMBER OF ION CROUPS 

NT THE NUMBER OF TARGET ATOM GROUPS. THE TOTAL NUMBER OF 
GROUPS (NI + NT) MUST NOT EXCEED 50. 

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

UO 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. 

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

TH THE MINIMUM LABORATORY SCATTERING ANGLE FOR DISCRETE 
ATOMIC INTERACTIONS. 

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

NEWJ CONTROLS THE LEVEL OF OUTPUT FROM THE PROGRAM, USING 
THE CODE: 

NEWS s 0 (THE DEFAULT VALUE) CAU' 3 PRINTING OF THt; 
INPUT DATA, THE CONVERGED FLUXES, AND THE 
1D MULTIGROUP CROSS SECTIONS ONLY. 

MAINOOOI 
MAIN0002 
MAIN0003 
MAIN0005 
MAIN0005 
MAIN0006 
HAIN0007 
MAIN0008 
MAIN0009 
HAINO01O 
MAIN0011 
MAIN0012 
MAIN0013 
HAINO014 
MAIK0015 
MAIN0015 
KAIN0017 
MAIN0018 
MAIN0019 
MAIN0020 
MAINC021 
MAIN0022 
MAIN0023 
MAIN0024 
KAIN0025 
MAIN0026 
MAIN0027 
MAIH0028 
MAIN0029 
MAIN0030 
MAIN0031 
MAIN0032 
MAIN0033 
MAIN0034 
MAIN0035 
HAIN0036 
MAIN0037 
MAIN0038 
MAIN0039 
MAIN004O 
MAIN0041 
MAIN0042 
MAIN00M3 
MAIN004H 
MAINO0U5 
MAIN0046 
MAIN0047 
MAIN00H8 
MAIN00U9 
MAIN0O50 
MAIN0051 
MAIN0052 
MAIN0053 
MAIN005"* 
MAINC055 
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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 FOLLOWING THREE VARIABLES ARE ARRAYS OF TWO QUANTITIES. THE 
FIRST ELEMENT REFERS TO THE INCIDENT ION, THE SECOND TO THE TARGET 
ATP!<S: 

AMI THE MASS OF THE PARTICLE IN ATOMIC MASS UNITS. 

Z THE ATOMIC NUMBER OF THE PARTICLE. 
BPAR THE SCREENING LENGTH FOR INTERACTIONS OF THE 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 ('FT06F001' IN IBM SYSTEMS). 

2. DATA SET REFERENCE 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,NC0EF,I0N,DENSE,EI,U0,APQ(2),QGAM(2),RGAM(2;, 
SGAM(2)fGAHMA(2),TL0W(2),TL0G(2),APAR(2),BPAR(2), 
CPAR(2),EST0P(2),NEWS,NT0T 

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

APQ THESE FIVE ARRAYS CONTAIN VARIOUS FUNCTIONS OF THE 
QGAM MASSES OF THE TWO PARTICLES. fcACH ARRAY CONTAINS TWO 
RGAM VALUES, ONE FOR EACH PARTICLE AS PROJECTILE. 
SGAM 
GAMHA 

MAIN0056 
MAIN0057 
MAIN0058 
MAIN0059 
MAIN0060 
MAINOOfl 
MAIN0062 
MAIN0063 
MAIN0064 
MAIN0065 
MAIN0066 
MAIN0067 
MAIN0068 
MAIN006Q 
MAINOOYO 
MAIN0071 
MAIN0072 
HAIN0073 
MAIN0071 
MAIN0075 
MAIN0076 
MAIN0077 
MAIN0078 
MAIN0079 
MAINOOSO 
MAIN0081 
MAIN0082 
MAIN0083 
MAIN0081 
MAIN0085 
MAIN0086 
MAIN0087 
MAIN0088 
MAIN0089 
MAIN0090 
MAIN0091 
MAIN0092 
MAIN0093 
MAIN009t 
MAIN0095 
MAIN0096 
MAIN0097 
MAIN0098 
MAIN0099 
MAIN0100 
MAIN0101 
MAIN0102 
MAIN0103 
MAIN010l» 
MATN0105 
MAIN0106 
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Appendix A (contd.) 

TLOW THESE TWO ARRAYS DESCRIBE THE MINIMUM VALUES OF THE 
TLOG PROJECTILE KINETIC ENERGIES FOR WHICH DISCRETE INTER­

ACTIONS ARE USED, ONE VALOE TOR EACH PROJECTILE. 

APAR MOLIERE POTENTIAL PARAMETERS, ONE VALUE FOR EACH 
CPAR PROJECTILE. 

ESTOP THE PARAMETERS OF THE LSS INELASTIC ENERGY LOSS MODEL. 

NTOT NI + NT, THE TOTAL NUMBER OF ENERGY GROUPS. 

2. /WATE/U(4),W(4),AB(10),WT1(10),INP,MEHL 

U, W THE ABSCISSAS AND WEIGHTS FOR THE GAUSS-MEHLE? QUADRAT­
URE USED TO EVALOATE THE CLASSICAL SCATTERING INTEGRALS 
IN THE SUBROUTINE 'TSIGMA'. 

AB, WT1 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 ENERGY IN THE SUBROUTINE 'CROSSX'. 

INP THE NUMBER OF POINTS IN THE GAUSS-LEGENDRE SET. 

MEHL THE NUMBER OF POINTS IN THE GAUSS-MEI!LER SET. 

3 . /SIGX/EBI(51),EBT(51),S(50),SIGT(50),SIGSD(50),SIGS(50,50,20) 

EBI EN̂ RCY GROUP BOUNDARIES FOR THE ION GROUPS. 

ENERGY GROUP BOUNDARIES FOR THE TARGET ATOM GROUPS. EBT 

S 

SIGT 

STOPPING CROSS SECTION AT THE GROUP BOUNDARIES FOR THE 
CON1TVUOUS INTERACTIONS (R£AL«4). 

TOTAL GROUP CROSS SECTION FOR DISCRETE INTERACTIONS 
(REAL»4). 

SIGSD CONTINUOUS SLOWING DOWN GROUP CROSS SECTION (REAL»4). 

SIGS GROUP SCATTERING CROSS SECTION MATRIX FOR DISCRETE 
INTERACTIONS (REAL»4). 

4. /TABL/TMX,SIG0,KM,KQ,TE(200),SiG(200) 

TMX THE RECIPROCAL OF THE MAXIMUM POSSIBLE TRANSFERRED 
ENERGY, TM. 

MAIN0107 
M'.iN0.08 
HAINO109 
MAINOIIO 
MAINO111 
HAIH0112 
MAIN0113 
MAIN01U 
MAIN0115 
MAIN0116 
MAIN011 -
MAIN0U8 
MAIN0119 
MAINO120 
MAINOi21 
MAINO122 
MAINO123 
MAINO124 
MAIN0125 
MAINO126 
MAIN0127 
MAINO126 
MAINO129 
MAINO130 
MAIN0131 
MAINO132 
MAIN0133 
MAINO134 
MAINO135 
MAINO136 
MAINO13T 
MAIN0138 
MAIN0139 
MAINO UO 
MAINO1U1 
MAINO142 
MAIN0143 
MAINO144 
MAINO115 
MAINO146 
MAIN0147 
MAINO148 
MAIN0149 
MAINO150 
MAINO151 
MAINO152 
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MAIN0154 
MAIN0155 
MAINO156 
MAIN0157 
MAINO158 
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SIGO THE DIFFERENTIAL CROSS SECTION FOR TRANSFERRING 'TM». 

KM THE NUMBER OF ENTRIES IN THE INTERPOLATION TABLES. 

KQ KM - 1. 

TE LN( TM / T ) AT THE TABULAR POINTS, WHERE T I S THE 
TRANSFERRED ENERGY. 

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

ERROR TERMINATIONS: 

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

N = 0 NORMAL TERMINATION AT THE E!ID OF THE PROGRAM. 

N = 8 STORAGE LIMITS FOR THE INTERPOLATION TABLES HAVE BEEN 
EICEEDED IN •TSIGMA'. INCREASE THE DIMENSIONS IN THE 
COMMON BLOCK 'TABL'. 

N = 9 AN OVERFLOW HAS BEEN ENCOUNTERED IN 'DSIG/TDSIG'. 

N = 1 0 , 1 1 , . . . , 17 FAILURE OF CONVERGENCE OF THE INTEGRATION 
PROCEDURE 'QUANC8', CALLED AT SEVERAL POINTS IN 
'CROSS*'. 

N = 18 FAILURE OF CONVERGENCE IN DETERMINING THE GAUSS -
LEGENDRE PARAMETERS IN 'IMTQL2', CALLED FROM 'GAUSS', 
CALLED IN TURN FROM 'MAIN*. 

VARIABLE SPECIFICATIONS: 
IMPLICIT REAL'S (A - H, 0 - Z) 
INTEGERS NAMEC12) 
REAL«8 AMU(2) ,Z(2) ,GWS(10) 
REAL«I| SIGT,SIGS,SIGSD,S,SPUN(2650) 
COMMON/PDAT/NI,NT,NCOEF,ION,DENSE,EI,U0,APQ(2),QGAM(2),RGAM(2), 

1 SGAM(2),GAMMA(2),TL0W(2),TL0G(2),APAR(2),BPAR(2), 
2 CPAR(2),EST0P(2),NEWS,NT0T 

C0MMON/SIGX/E3I(5l),EBT(51),S(50),SIGT(50) fSIGSD(50), 
1 SIGS(50,50,20) 

COKMON/WATE/U(4),W(«»),AB(10),WT1(10),INP,MEHL 

DEFINITION OF NAMELIST INPUT RECORD: 
NAMELIST/DATA/NEWS,NI,NT,NCOEF,UO,DENSE,TH,EI,AMU,Z,BPAR 

FORMAT FOR IDENTIFICATION RECORD: 
10 FORMAT(12Aft) 

MAIN0159 
MAIN0160 
MAIN0161 
MAIN0162 
MAIN0163 
MAIN0164 
MA7N0165 
MAIN0166 
MAIN0167 
MAIN0168 
MAIN0169 
MAIN0170 
MAIN0171 
HAIN0172 
MAIN0173 
HAIN0171 
MAIN0175 
MAIN0176 
HAIN0177 
MAIN0178 
MAIN0179 
MAIN0180 
MAIN0181 
MAIN0182 
MAIN0183 
HAXN0184 
MAIN0185 
MAIN0186 
MAIN0187 
MAIN0188 
MAIN0189 
MAIN0190 
MAIN0191 
MAIN0192 
MAIN0193 
MAIN019» 
MAIN0195 
MAIN0196 
MAIN0197 
MAIN0198 
MAIN0199 
MAIN0200 
MAIN0201 
MAIN0202 
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MAIN0207 
MAIN0208 
MAIN0209 
MAIN0210 
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Appendix A (contd.) 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

DEFAULT VALUES OF THE INPUT DATA: 
NEWS = 0 
EPAR(1) = ODO 
BPAR(2) = ODO 

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

READ 'NAMELIST' INPUT: 
READ( 5, DATA) 

GENERATE QUADRATURE SETS 
INP = 10 
MEHL = k 
CALL KEHLER( MEHL, QA, U, V) 
CALL GAUSS( INP, AB, WT1, GWS) 
NTOT = NI + NT 

CONSTRUCT MASS FACTORS: 
QA = AMU(2) / AMUd) 
QB = 1D0 + QA 
APQ{1) = QA / QB 
QGAM(1) = 5D-1 • QB 
RGAMO) = 5D-1 • QGAM(I) 
GAMMA(1) = APQ(1) / RGAMO) 

= 1D0 / DSQRTC QA ) 
5D-1 
: 5D-1 
= 1D0 
= 1D0 
= 1D0 
s DSIN( 1.7l532925199'«3296D-2 
• QA - TL0W(2) 

.GT. ODO ) GO TO 20 

20 
30 

SGAMO) = 
APQ(2) = 
RGAM(2) = 
GAMMA(2) 
QGAM(2) : 
SGAM(2) = 
TL0W(2) : 
QB = QA * 
IF( QB 
QB = ODO 
GO TO 30 
QB = DSQRT( 
TLOH(1) = ( 
TLOGO) = -
TLOG(2) - -

TH ) •• 

QB • ( 1D0 - TLOW(2) ! 
QA + TLOW(2) - QB ) / 
DLOG( TLOW(I) ) 
DLOG( TLOW(2) ) 

) 
( QA QA ) 

C 
C 

TLOWC1) = GAMMAC1) • TLOW(1) 

EVALUATE THE MOLIERE POTENTIAL PARAMETERS: 
IF( BPAR(1) .LE. ODO ) BPAR(1) = 0.468493t404H3DC; • 

1 DEXP( - DL0G( DSQRT( Z(1) ) • DSQRT( Z(2) ) 
IF( BPAR(2) .LE. ODO ) BPAR(2) = O^eSUgS^^Ol^DO • 
1 DEXP( - ( 1.38629»»3611198906DO • DL0G( Z(2) ) ) / 3D0 
APARd) = 5.039645108D0 • Z(1) • Z(2) 
APAR(2) = 5.0396A5408D0 • Z(2) • Z(2) 
CPAR(1) = 0.35D0 • BPAR(1) / APARd) 
CPAR(2) = 0.35DO • BPAR(2) / APAR(2) 

MAIN0211 
MAIN0212 
MAIN0213 
MAIN0214 
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HAIN0222 
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MAIN0227 
MAIN0228 
MAIN0229 
MAIN0230 
MAIN0231 
MAIN0232 
MAIN0233 
MAIN0234 
MAIN0235 
MAINO236 
MAIN0237 
MAIN0238 
MAIN0239 
MAIN0240 
MAIN0241 
MAIN0242 
MAIN0243 
MAIN021H 
MAIN0215 
MAIN0246 
MAIN02H7 
MAIN02H8 
MAIN0219 
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MAIN0251 
MAIN0252 
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Appendix A (contd . ) 

C 
C 

C 
C 

C 
C 

EVALUATE LSS INELASTIC STOP°ING PARAMETERS: 
QA = DEXP( DLOG( Z( t ) ) / 3D0 ) 
QB = DEXP( DLCG( Z(2) ) / 3D0 ) 
QC = DEXP( 1.5DO • DLOG( QA • • 2 + QB • • 2 ) ) 
ESTOP(I) = 1.2166547D0 • Z(D • Z(2) • DSQRT( QA / AMU(I) } / QC 
EST0P(2) = 0.43015246D0 • Z(2) • DSQRT( QB / AMU(2) ) 

REPORT THE INPUT PARAMETERS: 
PRINT 100, NAME, NI, NT, NCOEF, TH, UO, DENSE, EI, 

1 (Z(IH) , AMU(IH), BPAR(IH), IH = 1 , 2 ) 

EVALUATE THE REQUIRED CROSS SECTIONS: 
CALL CROSSX 
DO 5C L = 1, NCOEF 
LM1 = L - 1 
IF( L .LE. 1 ) 

1 PRINT 110, (IG, SIGT(IG), SIGSD(IG), S(IG) , IG = 1 , NTOT) 
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 

40 PRINT 130, IG, NTOT, (SIGS(IH,IG,L), IH = 1 , NTOT) 
50 CONTINUE 

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

IHM = NTOT + 3 
NPUN = IHM • NTOT 
DO 90 L s 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 * 1 
SPUN(IND) = 0 . 0 
IGR = IG - IH • 1 
IP( IGR ,GT. 0 ) SPUN(IND) = SIGS(IGR,IG,L) 

70 CONTINUE 
«0 CONTINUE 

IDENT = 0 
WRITE(4) NTOT, IHM, IDENT, L, NAME 

90 WRITE(4) (SPUN(IH), IH = 1 , NPUN) 

OUTPUT INDICATOR (TC ANISN) THAT LAS'; HATERIAL HAS BEEN READ 
IDENT = 7 
WRITE(4) NTOT, IHM, IDENT, L, NAME 

MAIN0263 
MAIN0261 
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MAIN0276 
MAIN0277 
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MAIN0279 
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MAIN0281 
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Appendix A (contd.) 

ADD ON SOME USEFUL INFORMATION FOR SPUTTERING CALCULATION 
WRITE(4) (SIGSD(IH), IH = 1, NTOT) 
NTP1 = NT • 1 
WRITE(4) (EBT(IH), IH = 1, NTP1) 

NORMAL PROGRAM TERMINATION: 
STOP 0 

MAIN0316 
MAIN0317 
MAIN0318 
MAIN0319 
HAIN0320 
MAIN0321 
HAIN0322 
MAIN0323 
MAIN032* 

OUTPUT FORMATS: MAIN0325 
100 FORMAT( ,T,*2X,12A*//25X,I3,' ION GROUPS',10X,I3,' TARGET ATOM GR0MAIN0326 

1UPS ,10X,I3,' LEGENDRE COEFFICIENTS'//41X,'MINIMUM SCATTERING ANGLMAIN0327 
2E (DEGREES)',G15.8//15X,'TARGET BINDING ENERGY (E. V.)•,G15.8,10X.MAIN0328 
3'TARGET DENSITY (/ANGSTROMS •• 3)',G15.8//37X,'INITIAL INCIDENT I6MAIN0329 
UN KINETIC ENERGY (E. V.)',G15.8//' INCIDENT ION ATOMIC NUMBER'.G15MAIN0330 
5.8,10X,«ATOMIC MASS*,G15.8,10X,'SCREENING LENGTH (ANGSTROMS)',G15.MAIN0331 
68//' TARGET ATOM ATOMIC NUMBER',G15.8,10X,'ATOMIC MASS*.G15-8,10XMAIN0332 
7,'SCREENING L2NGTH (ANGSTROMS)',G15.8) MAIN0333 

110 FORHAT(//19X,'GROUP',I3,10X,»SIGT',G15.8,10X,'SIGSD',G15.8,10X,'S'MAIN033* 
1.G15.8) / MAIN0335 

120 FORMAK///' P',I2,' COEFFICIENT') • MAI NO 3 36 
130 FORMAT(/5X,'SIGS(IH ->',I3,'), IH = 1,»,13,')',/(10X,8G14.6)) MAIN0337 

END MAIN0338 
CRSX00C1 
CRSX0002 
CRSX0003 
CRSXOOOA 
CRSX0005 
CRSX0006 
CRSX0007 
CRSX0008 
CRSX0009 
CRSX0010 
CRSX0011 
CRSX0012 
CRSX0013 

POINT ENERGY LEGENDRE COEFFICIENTS. THESE COEFFICIENTS CRSX0014 
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 
CRSX0020 
CRSX0021 
CRSX0022 
CRSX0023 
CKSX0024 
CRSX0025 
CRSX0026 
CRSX0027 
CRSX0028 

SUBROUTINE CROSSX 
EVALUATES THE MULTIGROUP CROSS SECTIONS FROM WHICH 'ANISN' CAN 
PERFORM SPUTTERING AND OTHER ATOMIC TRANSPORT CALCULATIONS. 

SOME VARIABLE DEFINITIONS: 

PSIGT 

PSIGS 

COEF 

POINT ENERGY TOTAL CROSS SECTION FOR DISCRETE INTER­
ACTIONS. 

POINT ENERGY SCATTERING CROSS SECTION FOR DISCRETE 
INTERACTIONS. 

PNORM USED TO R'aiORMALIZE THE HIGHER ORDER COEFFICIENTS TO 
THE PO COEFFICIENT. 

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

PHE(E) = C(G) • E •• ( - X K G ) ) , 
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Appendix A ( c o n t d . ) 

0 ) L = 2 

00 / 

WHERE C(C) AND 11(G) ARE GROUP DEPENDENT. XI IS OBTAINED FROM THE 
INFINITE MEDIUM GROUP FLUX, PHI(G). DEN(G) IS THE INTEGRAL OP 
PHE(E) OYER THE ENERGY GROUP. THE GROUP FLUX IS OBTAINED 
ITEBATIVELT. PHIO(G) IS THE GROUP FLUX FROM THE PREVIOUS ITERATION. 
IT IS USED TO DETERMINE CONVERGENCE. 

VARIABLE SPECIFICATIONS: 
IMPLICIT REAL*8 (A - <?, 0 - Z) 
EXTERNAL TDSIG.DSIG 
REAL'S COEF(20),XI(50),PHI(50),DEN(50),PHIO(50),E(50,10), 

1 WTS(50,10),PSIGT(50,10),PSIGS(5O,5O,10),PNORH(50 f5O) 
REAL«4 SIGT,SIGS,SIGSD,S 
C0MM0N/PDAT/NI,NT,NCOEF,ION,DENSE,EI,U0,APQ(2),QGAM(2),RGAM(2), 

1 SGAM(2),GAMMA(2),TL0W(2),TL0G(2),APAR(2),BPAR(2), 
2 CPAR(2),EST0P(2) INE¥S,NT0T 

COMMON/SIGX/EBK 51),EBT(51),S(50),SIGT(50),SIGSD(50), 
1 SIGS(50,50,20) 

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

GENERATE GROUP BOUNDARIES AND MAKE INITIAL FLUX GUESSES: 
NIP1 = S I + 1 
NIP2 = NIP1 + 1 
NTP1 = NT • 1 
L = 1 
IF( NT ,EQ. 
EBI(1) = EI 
EBKNIP1) 
A = ( DSQRT( EBI(I) 
PHIOO) = A 
DO 10 IG = 2 , NI 
PHIO(IG) = A 

10 EBI(IG) = ( DSQRT( EBI(IG-I) ) -
IF( NT .EQ. C ) GO TO 30 
EBT(1) = EI • GAMMA(I) 
EBT(NTPI) = UO 
QQ = ( 1D0 / DSQRT( EBT(NTPI) ) 
PHIO(NIPI) = QQ 
DO 20 IG = 2 , NT 
PHI0(NI+IG) = QQ 

20 EBT(IG) s ( 1D0 / ( QQ • 1D0 / DSQRT( EBT(IG-I) ) ) • • 2 ) 

DETERMINE POINT ENERGIES: 
30 DO 50 IG = 1 , NI 

A = 0.5DO • ( EBI(IG) - EBKIG+1) ) 
QQ = 0.5DO • ( EBI(IG) • EBKIG+1) ) 
DODO NN : 1 , INP 

40 E(IG,NN) * A • AB(NN) • QQ 
50 CONTINUE 

DO 70 IG = 1 , NT 
A = 0.5DO • ( EBT(IG) - EBT(IG+1) ) 
QQ = 0.5D0 • ( EBT(IG) • EBT(IG+1) ) 
DO 60 NN > 1, INP 

60 E(NI+IG,NN) s A • AB(NN) • QQ 
70 CONTINUE 

GAMMA(L) 
) - DSQRT( EBKNIP1) ) ) / 

A ) •• 2 

NI 

1D0 / DSQRT( EBT(1) ) ) / NT 

CRSX0029 
CRSX0030 
CRSX0031 
CRSX0032 
CRSX0033 
CRSX0034 
CRSX0035 
CRSX0036 
CRSX0037 
CRSX0038 
CRSX0039 
CRSX0040 
CRSX0041 
CRSXO042 
CRSX0043 
CRSX0044 
CRSX0045 
CRSX0O46 
CRSX0047 
CRSX0048 
CRSX0049 
CRSX0050 
CRSX0051 
CRSX0052 
CRSX0053 
CRSX0054 
CRSX0055 
CRSX0056 
CRSX0057 
CRSX0058 
CRSX0059 
CRSX0060 
CRSX0061 
CRSX0062 
CRSX0063 
CRSX0064 
CRSX0065 
CRSX0066 
CRSX0067 
CRSX0068 
CRSX0069 
CRSX0070 
CRSX0071 
CRSX0072 
CRSX0073 
CRSX0074 
CRSX0075 
CRSX0076 
CRSX0O77 
CRSX0078 
CRSX0079 
CRSX0080 
CRSX0081 
CRSX0082 
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Appendix A (contd . ) 

C 
C 
C 
C« 
C 
C 

c 
c 

END OF INITIALIZATION. 

• • • • • • • • • • • •BEGIN ION POIKT-ENERGY CROSS SECTION EVALUATION* 

C 
C 

SET ION FLAG AND START LOOP OVER ALL ION GROUPS: 
ION = 1 
DC 110 IG = 1, NI 

CALCULATE STOPPING CROSS SECTION AT LOWER ENERGY GROUP BOUNDARIES: 
CALL TSIGMA( EBI(IG+1) ) 
TMIN = 0D0 
WAX = TLOW(I) • EEKIG+1) 
CALL QUANC8( TDSIG, TMIN, TKAX, ODO, ID-*, ELAS, ERREST, 
1 NOFUN, FLAG) 
IF( FLAG .NE. ODO ) STOP 10 
MIG) = ELAS + ESTOP(1) • DSCRT( EBKlG+1) ) 

EVALUATE TOTAL POINT ENERGY CROSS SECTION FOR DISCRETE INTERACTIONS: 
DC 100 NN = 1, INP 
CALL TSIGMA( E(IG,»'N) ) 
TMIN = TL0W(1) • E(IG,NN) 
TMAX = GAMMAO) • E(IG,KN) 
CALL QUANC6( DSIG, TKIN, TMAX, ODO, 1D-5, TOT, ERNEST, 
1 NOFUN, FLAC) 
IF( FLAG .NF. ODO ) STOP 11 
PSIGT(IG,NN) = TOT 

CALCULATE POIKT-ENERGY SCATTERIKG CROSS SECTION FCR INTERACTION;; IN 
WKICK THE INCIDENT ION EKERGES IN GROUP IK: 

D^SO IK = IG, NI 
TMIN = DMAXK E(IG,NN) - EEI(IH), TLOW(1) • E(IG,NN) ) 
TMAX = DMIKK E(IG,NN) - EBKIH+1), GAMMA(I) • E(IG,KN) ) 
SCAT = ODO 
1F( TFIN .GE. TMAX ) CO TO 80 
CALL Q0ANC8( DSIG, TWIN, WAX, ODO, 1D-5, SCAT, LRRfcST, 
1 NOFUN, FLAG) 
IF( FLAG .NF. ODG ) STOP 12 
(ALL LEGEND( E(1G,»'N), TMIK, TMAX, 0) 

80 PSIGS(IO,IH,NK) = SCAT 
IF( NT .EQ. C ) CO TO ICO 

CALCULATE POIKT-ENERGY SCATTERING CROSS SECTION FOR INTERACTIONS IN 
WHICH THE RECOIL TARGET ATOM EMERGES- IN CROUP IF: 

DO 9C IK = 1, NT 
I HI' = NI • IH 
TMIN - DMAXK EBT(JK*1), TLOWd) • E(IG,NN) ) 
TMAX = DMIKK EPT(IH), CAWA(I) » E(IG,NN) ) 
SCAT s ODO 
IF( TMIN .GF. TMAX ) GC TO 50 

CRSX0083 
CRSX0081 
CRSX0085 
•CRSX0086 
CBSX0087 
CHSX0088 
CRSX0089 
CRSX0090 
CRSX0091 
CRSX0092 
CRSXC093 
CRSX0094 
CRSX0095 
CRSX0096 
CRSX0097 
CRSX0098 
CRSX0099 
CHSXC10G 
cnsxcioi 
CRSX0102 
CRSXO103 
CRSX01M 
CRSXC1C5 
CRSXC106 
CRSXC1C7 
CRSX0106 
CRSX0109 
CRSX0110 
CRSX0111 
CRSX0112 
CRSX0113 
CRSXC1U 
CRSXC115 
CRSX0116 
CRSXC117 
CRSX0118 
CRSXC119 
CRSXC120 
CRSX0121 
CRSXC122 
CRSXC123 
CRSX012») 
CRSXC125 
CRSX0126 
CRSX0127 
CRSX0126 
CRSXC129 
CFSX0130 
CRSX0131 
CRSX0132 
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Appendix A (contd.) 

C 
C 
c 
c« 
c 
c 

c 
c 

CALL CUAKC8( DSIG, TMIK, TMAX, 0D0, 1D-5, SCAT, ERREET, 
1 NCFUN, FLAG) 
IF( FLAG .FE. ODO ) STCP 1? 
CALL LECEND( E(IG,NN), THIN, TKAX, 1) 

90 PSIGS(IG,IHH,!W) = SCAT 
IOC CONTINUE 
110 CONTINUE 

IF( NT .EO. C ) GO TC 160 

END OF ION PCIKT-ENEBGT CROSS SECTION EVALUATION. 

C 
C 

C 
C 
C 

CRSXG133 
CRSXG13* 
CRSXC135 
CRSX0136 
CRSXG137 
CRSX0138 
CRSXC139 
CRSXCUO 
CRSXGW 
CRSXC142 
CRSXCH3 

• • • • • • • • • • B E G I N TARGET ATOH POINT-ENERGY CROSS SECTION EVALUATJON»™"CRSX014« 
CRSXCU5 

SET ION FLAG AND START LOOP OVER ALL TARGET ATOH GROUPS: 
IOH = 2 
DO 15C IG = 1 , XT 

CALCULATE STOPFING CROSS SECTIOH AT LONER ENERC-T GROUP BOUNDARIES: 
IGG s KI + IG 
CALL TSIGKA( EET(IG+1) ) 
TMIK r CDC 
TMAX = TL0fc(2) • KbT(IG*1) 
CALL CUANC8( TOSIG, THIK, TMAX, ODO, 1 E - « , ELAS, ARREST, 

1 NOFUK, FLAG) 
IF( FLAG .KE. ODC ) STCP U 
S(IGC) = KLAS + EST0P(2) • DSQBTf EETCIG+1) ) 

EVALUATE TCTAL POIKT-ENF.RCY CROSS SECTION FOR DISCRETE INTERACTIONS: 
DO 160 Nil = 1 , IKP 
CALL T£IGKA( E(IGG,NN) ) 
TKIK = TLOVC?) • E(IGG,KN) 
TMAX = E(IGO,NK) 
CALL C«ANC8( DSIC, TMI», TMAX, ODO, 1 D - 5 , TCT, ERFEST, 

1 NCFUK, FLAG) 
IF( FLAG .VE. ODC ) STCP 15 
PSIGTCGG.NK) = TOT 

CALCULATE POIKT-EKERGY SCATTERING CROSS SECTION FOP INTERACTIONS II! 
WHICH THE IKCIL'KNT TARGET #TOh EKERGES IK GROUP IH: 

DC 130 III = TG, NT 
IKH » IH • KI 
TMIN = DKAXK E(IGG,NN) - EFT(IH) , U0VC2) • E(IGC,NN) ) 
TMAX = DMIM( EUGG.KN) - E B T ( I K + D , F(IGG,NN) ) 
SCAT = ODO 
IF( TMIK .GE. TMAX ) GO TO 120 
CALL QlANC6( DSIG, 7i : iN, TMAX, ODO, 1D-5 , SCAT, PRPfcST, 

7 NOFUN, FI./T) 
I F ( FLAG .NP. ODC > S10F 16 
CALL LEGENE( E(IGG,KN), TMIK, TMAX, 0 ) 

120 PMG3(IGG,1HH,NN) = SC*T 
PSIGS(IGG,IH,NN) = SCAT 

CRSXCH6 
CRSIC1*7 
CRSXC148 
CRSXC149 
CRSX0150 
CRSXC151 
CRSX0152 
CRSXG153 
CRSXC15* 
CRSX0155 
CRSXG156 
CRSXC157 
CRSX0158 
CRSXC159 
CRSXG160 
CRSXG161 
CRSXCi62 
CRSX0163 
CRSXG18H 
CRSXCI65 
CRSXC166 
CRSXG:67 
CRSX0166 
CFSX0169 
CRSXC17C 
CRSX0171 
CRSXG172 
CRSXC173 
CRSX0171 
CRT.XC17S 
CRSXC176 
CRSX0177 
CRSX0178 
CRSX017 9 
C.R?-XC1ftO 
CRSXC161 

CRSXCie3 
Cfif-XCl8lJ 
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C CALCULATE POINT-ENERGY SCATTERING CRCSS SECTIOII FCR INTERACTIONS IK 
C WHICH THE RECOIL TARGET ATOP. EFERCES IK CROUF IE: 

TKLK = DMAXU EBT(IH+1), TL0V(2) • E(IGG.KH) ) 
THAI = DWNK EET(IH), E(IGG,NN) } 
SCAT = ODC 
IF( TKIN .OF. TMX ) GO TC 130 
TALL 0UAKC8(DSIG, THIN, TMAX, ODG, 1D-5, SCAT, FREEST, 

1 KCFUK, FLAG) 
IF( FLAG .HE. PDO ) STOP 17 
CALL LECEMDC E(IGG,IHi), THIN, IKAX, 1) 

130 PSIGS(IGG,IHH,WI) = PSICSUGG.IHH.NN) • SCAT 
14G CONTINUE 
1^0 CONTINUE 

C 
C END OF TARGET ATOM POIKT-EHERGY CROSS SECTION EVALUATION. 
C 
C*M«*»STAKT FLUX ITERATION AND MULTIGROUP (PO) CALCULATIONS"*""™* 

160 ITER = 0 
CAMP = C.5C0 

C 
C EVALUATE XI, THE EXPONENT OF TKE WEIGHTING FUNCTION: 

170 XN = PhI0(2) • (fc£I(1) - EM(2)) / (PFI0(1) • (EEI(2) - EEI(3) ) ) 
XT = ( EBI(1) • EBK2) ) / ( EBK2) + EBI(3) ) 
QQ = DLOG( XN ) / DLCC( XT ) 
IF( ITER .EO. C ) X K l ) = QQ 
XI(1) = ( IDC - DAMP ) * QQ + DAM • XI(1) 
DO i e o IG = 2 , NI 
XN = XKIG-D • 

1 CLOC-C ( EBKIG-1) • EBKIG) ) / ( FBI(IG) • EBJ(IG) ) ) 
2 - DLOG( PHIO(IG) • ( EEl(IC-l ) - EBI(IG) ) / 
3 ( PHIO(IG-I) • (EBKIG) - EBKIG+1) ) ) ) 

XD = DLOG( ( EBKIC) «• EEI(IG+I) ) / ( EEI(IC) • EBI(IG) ) ) 
QQ s XK / XT 
IF( ITER .EQ. 0 ) XKIG) = QQ 

180 XKIG) = ( ICO - DAMP ) • QQ • DAMP • XI(IG) 
IF( KT .EO. 0 ) GO TO 200 
XN = PHI0(NIP2) * ( EBT(1) - EBT(2) ) / 

1 ( PHIO(NIPI) • ( EET(2) - EET(3) ) ) 
XD = ( EET(1) «• EBT(?) ) / ( EBT(2) • EBT(3) ) 
QQ r DLOG( XN ) / DLCG( XE ) 
i:-( ITER .EQ. C ) XKNIP1) = CO 
XI(NIPI) = ( IDC - DAMF ) • QQ • DAMP • XI(NIPI) 
DO 190 IG s KIP2, NTOT 
IH = IG - NI 
XN = XKIG-1) • 

1 DLOG( ( EET(IH-I) • EETCH) ) / ( KET(IH) • EET(IK) ) ) 
2 - DLCG( PHIO(IG) • ( EBT(IH-l) - EBT(IK) ) / 
3 ( PKIO(IC-I) • (EET(IK) - EETUH+1) ) ) ) 

XD » DLOG( ( EBT(IH) • EBT(IH*1) ) / ( EBT(IK) • EBT(IE) ) ) 
QQ = XN / XD 
IPC ITER .EQ. C ) XKIG) = QQ 

190 XKIG) = ( 1D0 - DAMP ) • QQ • DAM? • XKJG) 

CRSXCies 
CRSXC166 
CRSXC167 
CRSXC18P. 
CESXC1C9 
CRSXC19C 
CRSXC191 
CRSXC192 
CRSXC193 
CRSXG19* 
CRSXC195 
CRSXC196 
CRSXC197 
CRSXC19C 
CRSXC199 
CRSXC200 
".RSXC2C1 
CRSXC202 
CRSXC203 
CRSX02CI 
CRSXC2G5 
CRSX0206 
CRSXC207 
CRSX0208 
CRSXC2C9 
CRSX021C 
CRSXG211 
CRSX0212 
CRSX0213 
CRSXC2H 
CRSX0215 
CRSX0216 
CRSX0217 
CRSX0218 
CRSXC219 
CRSX0220 
CRSX0<T21 
CRSAO?22 
CRSX022? 
CRSX0224 
CRSX0225 
CRSX0226 
CRSX0227 
CRSX0228 
CRSX0229 
CRSX0230 
CRSXC231 
CRSX0232 
CRSXC233 
CRSX0231 
CRSX0235 
CRSX0236 
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C 
C 

C 
C 

C 
C 

CALCULATE DEN(G), THE INTEGRAL OF THE WFJGFT FUNCTIOK: 
200 DO 21C IG = 1, KI 

X11 = 1DO - XI(IG) 
21C PSi(IG) = ( EBI(IG) " XII - EBKIG+1) •• XII ) / XII 

DC 220 IG = 1, KT 
XII = 1E0 - XI(IG*HI) 

220 DEN(IC+NI) = ( EET(IG) «• XII - EET(IC+1) « XII ) / XI1 

CALCULATE THE WEIGHTS FCF: THE INTEGRATION OVER THE ENERGY GROUPS: 
DO 2*0 IG = 1, NI 
DO 23C NN = 1, IKP 
A = 0.5DO • ( EBI(IG) - EBKlG+1) ) 

230 VTS(IG,NN) = k • H U N K ) • E(IG,NN) •• ( - XI(IG) ) / CEN(IG) 
240 CONTINUE 

DC 26C IG = 1, KT 
DO 250 KM = 1, INP 
A = 0.5D0 • ( EET(IC) - EBT(IG+1) ) 

250 WTS(NI+IG,NN) = A • WTI(NN) • E(NI*IC,KN) •• ( - XKNI+IC) ) 
1 / DENCKI+IG) 

260 CONTINUE 

CALCULATE THE TCTAL KULTIGROUP CROSS SECTION: 
DC 300 IG = 1, NTOT 
SIGT(IG) = 0D0 
DO 270 NN = 1, INP 

270 SIGT(IG) = SIGT(IG) + DENSE » fc'TS(IG.KN) • 1SIGT(IG,KN) 

CALCULATE THE CONTINUOUS SLOWING BOWK CROSS SECTION: 
IF( IG .LF. NI ) SIGSD(IG) = 
1 DENSE • S(IG) • EEI(IG*1) •• ( - XI(IG) ) / DEN(IG) 
IF( IG .GT. NI ) SIGSD(IG) = 
1 DENSE • S(IG) • EET(IG-NI*1) •• ( - XI(TG) ) / DEW(IG) 

MODIFY THE TOTAL CROSS SECTION FOR 'ANISN': 
SIGT(IG) = SIGT(IG) • SIGSD(IG) 

CALCULATE THE MULTIGROUP SCATTERING MATRIX, PO COEFFICIENT: 
DO 290 IH = IG, NTOT 
SIGS(IG,IH,1) = 0D0 
DO 280 NN = 1, INP 

280 SIGS(IG,IH,1) = SIGS(IG,IH1) • 
1 DENSE • WTS(IG.NN) • PSIGS-UG,IH.NN) 

290 CONTINUE 
300 CONTINUE 

PREVENT IONS FROM ENTERING THE TARGET ATOM GROUPS: 
SIGSD(NI) s 0D0 

UPDATE THE FLUXES USING THE NEW MULTIGROUP PARAMETERS: 
PHI(t) = 1DO / ( SIGT(1) - SIGS(1,1,1) ) 
DO 320 IG s 2, NTOT 
SUM = SIGSD(IG-I) • PHI(IG-J) 
IGM1 » IG - 1 
DO 310 IH s 1, IGM1 

CRSXC237 
CRSX0238 
CRSXC239 
CRSX0240 
CRSX0241 
CRSX0242 
CRSXC243 
CRSX0244 
CRSXC245 
CRSX0246 
CRSXC247 
CRSX0248 
CRSXC249 
CRSXC25C 
CRSX0251 
CRSX0252 
CRSX0253 
CRSX0254 
CRSXC255 
CRSX0256 
CRSXC257 
CRSX0256 
CRSX0259 
CRSX0260 
CRSXC261 
CRSX0262 
CRSXC263 
CRSX0264 
CRSX0265 
CRSXC266 
CRSXC267 
CRSX0266 
CRSX0269 
CRSX0270 
CRSX0271 
CRSX0272 
CRSXC273 
CRSX0274 
CRSX0275 
CRSX0276 
CRSXC277 
CRSX0278 
CRSX0279 
CRSX0280 
CRSX0281 
CRSX0282 
CRSX0283 
CRSX0284 
CRSX0285 
CRSX0286 
CRSX0287 
CRSXQ288 
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CRSX0290 
CRSX0291 
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310 SUM = SUM + SIGS(IH,IG,1) • PHI(IH) 
320 PHI(IG) = SUM / ( SIGT(IG) - SIGS(IG,IG,1) ) 

ITER = ITER + 1 

CHECK FOR CONVERGENCE OF THE FLUTES: 
IFLG = 0 
DO 330 IG = 1, NTCT 
IF( DABS( PKI(IG) - PKIO(IG) ) / PKIO(IG) .GT. 1D-2 ) IFLG = 1 

330 PKIO(IG) = PHI(IG) 

CRSX0292 
CRSX0293 
CRSX029* 
CRSX0295 
CRSX0296 
CRSX0297 
CRSX0296 
CRSX0299 
CRSX0300 
CRSX0301 
CRSXC302 
CRSX0303 
CRSX03C* 

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

3k0 F0RhAT(//5X,'FLUXES AFTER ITERATION',I*//8X,•IG',6X,'FLUX',13X,'IGCRSX0305 
1',6X,'FLUX',13X,'IG',6X,'FLUX',13Xt'IG',6X,'FLUX',13X,'1G',6X,'FLUCRSXC306 
?X'/(I10,G15.5fI1O,G15.5,I1O,G15.5,I10,G15.5,I10,G15.5)) CRSX03C7 
1F( IFLG .HE. 0 ) GO TO 170 CRSX0308 

CRSX0309 
END OF FLUX ITERATION AND MULTIGROUP (PO) CALCULATIONS: CRSX0310 

CRSX0311 
•••••••••CALCULATE HIGHER ORDER LEGENDRE COEFFICIENTS»«»««««««««««««««CRSXC31£ 

CRSX0313 
SAVE THE PO COEFFICIENT AND CLEAR THE CROSS SECTION VWPIX: 

DO 37C IG = 1, NTOT 
DO 36C IK = IG, NTCT 
PNORM(IG,IH) = SIGS(IG,IH,1) 
DO 350 L = 1, NCOEF 

350 SIGS(IG,IK,L) = ODO 
360 CONTINUE 
370 CONTINUE 

RETRIEVE THE POINT-ENERGY COEFFICIENTS FROM DATA SET REFERENCE 
NUMBtP 4, WHERE THEY WERE SAVED BY 'LEGEND': 

REWIND 4 

ION CALCULATION: 
DO 130 IG = 1, NI 
DC 420 NN = 1, INP 
DO 390 IH = IG, NI 
IF( PSIGS(IG,TH,NN ) .LF. ODO ) GC TC 390 
PEAD(1») (COEF(L), L = 1, NCOEF) 

INTEGRATE NUMERICALLY OVER THE ENERGY JROUP TC OBTAIN SIGS(IG,IH,L): 
DC 38C L = 1, NCOEF 

380 SIGS(IG,IH,L) * SIGS(IG,IH,L) • DENSE • WTS(IG.NN) • CCEF(L) 
390 CONTINUE 

DO J»10 IH = 1, NT 
IHK = NI • IH 
IF( PSIGS(IG,IHH,NN) .LE. ODO ) CO TO U10 
REAL(U) (COEF(L), L z 1, NCOEF) 
DO UOO L = 1, NCOEK 

CRSX0311 
CRSX0315 
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CRSXC320 
CRSXC321 
CRSXC322 
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CRSX0321* 
CRSXC325 
CRSX0326 
CRSX0327 
CRSXC328 
CREX0329 
CRSX0330 
CRSX0331 
CRSXC332 
CREX0333 
CRSXC331* 
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CRSX0336 
CRSX0337 
CRSX0338 
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CRSXC3H0 
CRSXC3H1 
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400 SIGS(IG,IHH,L) 
410 CONTINUE 
420 CONTINUE 
430 CONTINUE 

SIGS(IC,IHH,L) + DENSE • VTS(IG,KN) • COEF(L) 

TARGE? ATOM CALCULATION: 
DO 490 IG = 1, NT 
IGG r NI + IG 
DO 480 NN = 1, INP 
DO 470 IH = IG, NT 
IEH = IF + KI 
IF( PSIGS(IGG,IH,NN) .LE. 0D0 ) GG TG 450 
READ(4) (COEF(L), L = 1, NCOEF) 
DO 440 L = 1, NCOEF 

440 SIGS(IGG,IHH.L) = SIGS(IGG,IHH,L) •» DENSE * WTS(IGG,KN) • COEF(L) 
450 IF( PSIGS(IGG,IHH,NN) .LF. PSIGS(IGG,IP,NN) ) GC TO 47C 

READ(4) (COEF(L), L = 1, NCOEF) 
DO 460 L = 1, NCOEF 

460 SIGS(IGG,IHH,L) = S I G S ( I G G , I H T ' , L ; + DENSE • WTS(IGG.KN) • COEF(L) 
470 CONTINUE 
480 CONTINUE 
490 CONTINUE 

RENORMALIZE USING THE HIGHER PRECISION PO COEFFICIENT: 
DO 520 IG = 1 , NTCT 
DO 510 IH = IG, NTOT 
IF( PNORMUG.IH) -EQ. ODO ) GO TO 510 
PNORM(IG.IK) = PNORM(IG,IH) / SIGS(IG,IH,1) 
DO 500 L = 1, NCOEF 
SIGS(IG,IH,L) = SIGS(IG,IH,L) • PNORM(IG.IH) 

500 CONTINUE 
510 CONTINUE 
520 CONTINUE 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NORMAL TERMINATION OF THE PROCEDURE: 
RETURN 
END 

RETURN TO CALLING PROGRAM. 

SUBROUTINE TSIGMA(EP) 
THIS PROCEDURE SETS UP A TABLE OF THE DIFFERENTIAL SCATTERING CROSS 
SECTION, 'DSIG', AS A FUNCTION OF »T', THE ENERGY TRANSFERRED TO THE 
RECOILING TARGET ATOM. «EP' IS THE ENERGY OF THE INCIDENT PARTICLE. 

THE TABLE IS BASED ON THE APPROXIMATION: 

DSIG(T) / DSIG(TK) s (TM / T) •» N 

WHERE 'TM» IS THE MAXIMUM POSSIBLE TRANSFERRED ENERGY. THE TABLES 
CONTAIN VALUES OP LN( TM / T ) AND OF N. THE VALUES OF »DSIG' ARE 
RETRIEVED BY THE FUNCTION DSIG(T). THE TABLES ARE PASSED IN THE 
COMMON BLOCK 'TABL'. 

CKSXC343 
CRSX0344 
CRSXC345 
CRSfcC346 
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CRSX0348 
CRSX0349 
CRSX0350 
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CRSX0362 
CRSX0363 
CRSX0364 
CRSX0365 
CRSX0366 
CRSX0367 
CRSX0366 
CRSX0369 
CRSX0370 
CRSXC371 
CRSX0372 
CRSXC373 
CRSX0374 
CRSX0375 
CRSX0376 
CRSX0377 
CRSX0378 
CRSX0379 
TSIG0001 
TSIG0002 
TSIG0003 
TSIGC004 
TSIG0005 
TSIG0006 
TSIGO007 
TSIG0008 
TSIC0009 
TSIG0010 
TSIG0011 
TSIG0012 
TSIG0013 
TSIG0011 
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Append ix A (contd . ) I 

C 
C 
C 

C 
C 

VARIABLE SPECIFICATIONS: 
IMPLICIT ?EAL»8 (A - H, 0 - Z) 
REAL*8 D1J»(2) 

- COMMON/PIAT/NI,NT,NCOEF,ION,DENSE,EI,TO,APQ(2),QGAM(J),RGAM(2), 
1 SGAM(2),GAMMA(2),TL0W(2),TL0G(2),APAR(2),BPAR(2), 
2 CPAR(2),ESTOP(2),NEVS,HTCT 

COMMON/VATE/U(4),W(1),AB(10),VT1(10),INP,MEHL 
COMHON/TABL/ TMX,SIGO,KM,KQ,TE(200),SIG(200) 
DATA CI,C2.C3/1.142161800,6.19086816881D-2.-6.39879712938D-2/ 

QX = APQ(ION) • EP 
TKX = RGAM(ION) / QX 

ESTIMATE THE SPACING IN THE IMPACT PARAMETER NEEDED TO CONSTRUCT 
TABLES WITH SUITABLE SPACINGS IN T AND SIGMA FOR INTERPOLATION. 

XX = ( 0.4312911819032516300 • DLOC( QX • CPARC ION) ) ) + 6D0 
DELS = BPAR(ION) • DEXP( 2.3025850929910157D0 * 
1 ( C1 + XX • ( C2 + C3 • XX ) ) ) 

EVALUATE CROSS SECTION IN HEAD-ON COLLISION: 
L = 0 
K = C 
SONE = ODO 
SAA = 1C-10 
ASSIGN 120 TO MARK 
GO TO 10 

STEP TC THE NEXT IMPACT PARAMETER VALUE: 
20 K = K + 1 

IF( K .GT. 200 ) STOP 6 
L = L + 1 
IFC K .NE. 1 ) GO TO 30 
SAA = 1D-5 
GO TO 10 

30 SAA = SONE + (L - 1) • DELS 

EVALUATION OF THE APSIS OF THE COLLISION, P. 
INITIAL ESTIMATE OF THE APSIS: 
10 QA = CPAR(ION) • QX 

QE = DLOG( QA } 
QA = DEXP((6.205630-3 • QB + 3.15158D-1) • QE - 1.51369D-1) + QA 
P = EPAR(ICN) / QA 
IF( SAA .GT. R ) R = SAA 

REFINE THE APSIS BY QUADRAT]C EXTRAPOLATION: 
5C OQ = R - POTENZ(R.DER) / QX 

QA = DER(I) / QX 
QB = CQ «• QQ - QA 
IF( QB .GT. ODO ) GC 70 70 

60 R = R + SA.A 
GO TO 50 

7SIG0015 
TSIG0016 
TSIG0017 
TSIG0018 
TSiG0019 
TSIG0020 
TSIG0021 
TSIG0022 
TSI00023 
TSIG0021 
TSIG0025 
TSIG0026 
TSIG0027 
TSIG0026 
TSIG0029 
TSIG0030 
TSIG003'. 
TSIG0032 
TSIG0033 
TS1G0031 
TSIG0035 
TSIGO036 
TSIGC17 
TS1G0036 
TSIG003S 
TSIG0C10 
TSIG00U1 
TSIG0012 
TSIG0013 
TSIG0011 
TSIG0C15 
TSIG0016 
TSIC0017 
TSIG0016 
TSIG0019 
TSIG0050 
TSJG0051 
TSIG0052 
T3IG0053 
TSIG0051 
TSIG005? 
TSIG0056 
TSIG0057 
TSIGO056 
TSIG0059 
TSIG0060 
TSIG0061 
TSIG0062 
TSIG0063 
TSIG0061 
TSIG0065 
TSIG0066 
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Appendix A (contd.) 

C 
C 

70 QA = CQ - QA - QA - DEF(2) / (QX • QX) 
QC = R • QC - ( SAA • SAA ) 
QA = QQ / ( QB - QA « QQ / ( QB » R ) ) 
IF( QA .GT. K ) GC TO 60 
F = R - CA 
IF( DABS(QA) .GT. 1D-3 • R ) GO TO 50 

CONTINUE REFINEMENT FY FAST LINEAR EXTRAPOLaiiON: 
60 QA = (P. • (R - P0TEHZ(R,DER) / QX) - ( SAA • SAA ) ) / QB 

R = R - QA 
IF( DABS(QA) .GT. 1D-8 • R ) GO TO 80 

THE BARYCENTRIC (CK) SYSTEM SCATTERING INTEGRALS: 
a'M = ODO 
DTHDS = ODO 
IF( P .LE. SAA ) GO TO 90 
GO TO 1G0 

90 SA = POTENZ(SAA,DER) / (SAA • CX) 
SB = DSQRT' 1D0 - £A ) 
R = SAA / SB 

100 QZ = R / QX 
PB = POTENZ(R.DER) 
PA = DER(1) 
PB = DER(1) / F 

GAUSS-KEHLEP QUADRATURE OF THE SCATTEPING INTEGRALS: 
DO 110 J - 1, MEKL 
QA = R / U(J) 
QQ r SAA • U(J) 
QE = QZ • U(J) 
QC a POTE!JZ(QA,DER) 
QD s 1D-70 / QB 
IF( QD .GT. OC ) QC = ODO 
QB s QB • QC 
QQ = (R + QQ) • (R - GQ) - QB 
Q = W(J) / DSQRT( QQ ) 
SUM = SUM • Q 

110 MHDS = DTHDS • Q • ( PB • U(J) • U(J) - DER(1) / QA ) / QQ 
PB = SAA • SUM 
RATIO = ( DSIN( 1.57079632679t8966jO - U ) ) •• 2 

CALCULATION OF THE DIFFERENTIAL CROSS SECTION: 
PA = 1E0 / (1D0 - 0.5D0 • QZ • PA / (SAA • SAA)) 
DTHDS = DABS( CZ • DTHDS • R • PA • (PA - 1D0) • (SUM + SUM) ) 
PA = 1D-10 « SUM 
IF( PB .LT. ?A ) b - PA 
IF( RATIO .LT. 1D-10 ) PB = 1D-10 
DTHDS = 12.56637061U39DO « TMX • SAA / ( DTHDS • DSIN( PB + PB ) 
GO TO MARK, ( 120, 130, 1K0) 

120 SIGO = DTHDS 
ASSIGN 130 TO MARK 
GO TO 20 

TSIG0067 
TSIGO068 
TSIG0069 
TSIG0070 
TSIG0071 
TS1G0072 
TSIG0073 
TSIG0C74 
TSIG0075 
TSIGO076 
TSIG007 i 
TSIGOC78 
TSIGO079 
TSIG0080 
TSIG0081 
TSIGO082 
TSIGO083 
TSIGO084 
TSIGO085 
TSIG0086 
TSIG0087 
TSIGO088 
TSIG0089 
TSIG0090 
TSIG0091 
TSIGO092 
TSIGO093 
TSIG009t 
TSIG0095 
TSIGO096 
TSIG0097 
TSIG0098 
TSIG0099 
TSIG0100 
TSIG0101 
TSIGC102 
TSIG0103 
TSIG0104 
TSIG0105 
TS1G0106 
TSIG0107 
TSIG0108 
TSIG0109 
TSIG0110 
TSI&0111 
TSIG0112 
TSIG0113 
1TSIG0114 
TSIG0115 
TSIG0116 
TSIG0117 
TSIG0118 
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C 
C 

C 
C 

130 TE(K) = - DLOO( RATIO ) 
SIG(K) = DL0G( DTHDS / SICO ) / TE(K) 
IF( L .IT. 4 ) GO TO 20 
SFOUR = SAA 
SAA = SOHE + 1.5D0 • DELS 
ASSIGN 140 TO HARK 
GO TO 4C 

TEST TKE CURRENT IMPACT PARAMETER SPACING: 
140 ASSIGN 130 TO MARK 

QQ = - DLOG( RATIO ) 
PA = SIG(K-3) * (QQ - TE(K-2)) • (QQ - TE(K-D) • (QQ - TE(K)) / 

1 ( ( T E U - 3 ) - TE(K-2)) • (TE(K-3) - TE(K-D) • (TE(K-3) - 7E(K))) 
PA = PA + 

1 SIG(K-2) • (QQ - TE(K-3)) • (QQ - TE(K-I)) • (QQ - TE(K)) / 
2 ((TE(K-2) - TE(K-3)) • (TE(K-2) - TE(K-li) • (TE(K-2) - TE(K))) 

PA = PA • 
1 SIC(K-1) • (QQ - TE(K-3)) • (QQ - TE(K-2)) * (QQ - TE(K)) / 
2 ((TE(K-1) - TE(K-3)) • (TE(K-I) - TE(K-2)) • (TE(K-I) - TE(K))) 

PA = PA + 
1 SIG(D • (QQ - TE(K-3)) • (QQ - TE(K-2)) • (QQ - TE(K-I)) / 
2 ((TE(K) - TE(K-3)) • (TE(K) - TE(K-2)) • (TE(K) - TE(K-1))) 

PA = DABS( SIGO • DEXP( PA • CQ ) / DTHDS - 1D0 ) 
IF( PA .GT. 1D-3 ) GO TO ISO 
1F( PA ,GT. 1D-4 ) GO TO 160 

IKCREASE SPACING OF IMPACT PARAMETER: 
DELS = 1.6D0 • DELS 
L = 0 
K = K - 4 
GO TO 20 

DECREASE IMPACT PARAMETER SPACING: 
150 DELS = 0.9DC • DELS 

L = C 
K = K - 4 
CO TO 2C 

CONTINUE WITH CURRENT IMPACT PARAMETER SPACING; 
160 IF( TE(K) .GT. TLOG(ION) ) GO TO 170 

SONE = SFOUR • DELS 
L = 0 
GO TO 20 

PRINT TABLE IF REQUESTED AND RETURN TO CALLING PROCEDURE: 
17C KM = V. 

KG r K - 1 
IF( NEWS .CT. 2 ) PRINT 180, ION, EP, TLOO(ION), KM, TMX, .TIGO, 
1 (J, TEC J), SIG(J), J : 1, HH) 
RETURN 

TSIG0119 
TSIG0120 
TSIG0121 
TS1G0122 
TSIG0123 
TS1G0124 
TSIG0125 
TSIGC126 
TSIG0127 
TSIG012e 
TSIG0129 
TSIG0130 
TSIC0131 
TSIG0132 
TSIG0133 
TSIG0134 
TSIG0135 
TSIG0136 
TSIG0137 
TSIGGI38 
TSIG0139 
TSIG0140 
TSIG0141 
TSIG0142 
TSIG0143 
TSIGCK44 
TSIG0145 
TSIG0146 
TSIG0147 
TSIGC148 
TSIG0149 
TSIG0150 
TSIG0151 
TSIO0152 
TSIG0153 
TSIG0154 
TSIC0155 
TSIG0156 
TSIG0157 
TSIG0156 
TSIG0159 
TSIGC160 
;?.IG0161 
'S1GC162 
TSIG0163 
TJIGC164 
TSIG0165 
T51GC166 
TSIG0167 
TSIG0166 
TSIG0169 
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C OUTPUT FORMAT: TSIG0170 
180 FORHAT(///30X,'INTERPOLATION TABLE FOR THE DIFFERENTIAL ELASTIC SCTSIG0171 

UTTERING CROSS SECTION'//nX, 'ION' ,12,5X, 'EP* ,G15 -8.5X, 'TLOG' ,G15 .TSIG0172 
28 ,5X, , KM\I5 ,5X, , THX , ,&15 .8 ,5X, 'SIG0\&15.8 / /8X, , R , ,SX, 'TE(K) \11XTSIG0173 
3, , SIC(?:)» f l4X,'K , ,«?X f 'TE{K) ,

F 11X,'SIG(K)' ,1HX f «K , ,5X,«TE(K)' ,1U,«TSTG017l 
^siGCKj'/dio^Gie.s.no^Gie.e.no^cie.e)) 

END 
c 

FUNCTION DSIG( T ) 
C INTERPOLATES THE TABLES CONSTRUCTED BY TSIGMA TO PROVIDE VALUES OF 
C THE DIFFERENTIAL CROSS SECTION FOR TRANSFERRING ENERCY T. 

IMPLICIT REAL*8 (A - F, 0 - Z) 
CO«K0N/TABL/TMX,SIG0,KMfKQ,TE{2O0),SIG(200) 

C 
TG = T 
ASSIGN 90 TO JIT) 
GO TO 1C 

C 
ENTRY TDSIG( T ) 

C SUPPLIES THE VALUE OF T • DSIG INSTEAD OF DSIG. 
TQ = T 
IF( Tv! .LT. 1B-I> ) TQ r 1D-4 
ASSIGN 80 Tu JTD 

1C QQ = - DLOG( TC 
IF( OQ .LT. ODO 

• TKX ) 
) QQ = ODO 

1F( KM .GT. 4 ) GO TC 20 
K = 3 
GO TO 60 

20 KA = 2 
KZ - KG 

30 K = ( KA + KZ ) 
IF( QQ .GT. 
IF( K - KA 
KZ = K 
GO TO 30 

40 IF( KZ - K 
KA = K 
CO TO 30 

50 K = KZ 
60 YF = SIGU-2) • (QQ - TE(K-U) • (QQ - TEC::) • (QQ - TE(K+1)) / 

/ 2 
TE(K) ) GO TO 40 
.LE. 1 ) GC TO 60 

,LE. 1 ) GO TO 50 

TSIG0175 
TSIG0176 
DSIG00C1 
DSIG0002 
DSIG0003 
DSIGOC04 
DSIG00G5 
DSIG0006 
DS1G00C7 
DSIG0C08 
DSIG0009 
DSIG0C1C 
DSIGC011 
DSIG0012 
DS1G0013 
CSIGOOU 
DS1G0015 
DSIG0016 
DSIGG017 
DSIG0016 
DSIG0CI9 
DSIG0020 
DSIG0021 
DSIG0022 
DSIGO023 
DSIG0024 
DSIG0025 
DSIGC026 
DSIG0027 
DSIG0026 
DSIG0029 
DSIG0030 
DSIG0031 
DSIG0032 
DS1G0033 
DSI30034 

TE(K-D) » (TEU-2) - TE(K)) 1 ((TE(K-2) 
YF = YF «-
1 SIG(K-I) • (QQ - TE(K-2)) • (QQ - TE(K)) • (CQ -
2 ((TE(K-I) - TE(K-2)) • (TE(K-1) - TE(K)) » (TE(K-1) 
YF = YF + 
1 SIG(K) • (QQ - TE(K-2)) • (QQ - TE(K-D) • CQQ -
2 ((TE(K) 
YF s YF + 
1 SlCtt+l) 
2 ((TE(K*1) -
YF s YF • OQ 
IF( YF .GT. - 174D0 ) GO TO 70 
DSIG » ODO 
GO TO JTD, (80, 90) 

• (TE(K-2) - TE(K+1))) DS1G0C35 
DSIGO036 

TE(K+D) / DSIG0037 
- TE(K*1))) DSIGOC36 

DSIGO039 
TE(K-»1)) / 

TE(K-2)) • (TE(K) - TE(K-O) • (TE(iC) - TE(K+1))) 

• (QQ - TE(K-2)) » (QQ - TE(K-D) • (QQ - TE(K)) 
TE(K-2)) • (TE(K*1) - TE(K-I)) • (TE(K*1) 

DSIG0040 
DSIG0041 
DSIG0042 
DSIGO043 

TE(K))) DSIG0044 
DSIGO045 
DSIGO046 
DSIG0047 
DSIG0018 
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C 
C 
C 

70 IF( YF .GT. 174D0 ) STOP 9 
DSIG = SIGC • DEXP( YF ) 
GO TO JTD, ( 8 0 , 90) 

80 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*»2 • DV(R)/DR'. 'DER(2) r R»»3 • D(DV(R)/LR)/DR». 

IMPLICIT REAL*8 (A - H, 0 - Z) 
REAL'S DER(2),C0EFF(9) 

COMM0N/PDAT/NI,NT,NCOEF,ION,DENSE,vI,U0,APQ(2),QGAK(2),RGAM(2), 
1 SGAM(2),GAMHA(2),TLCW(2. ,TL0C(2),APAR(2),BPAR(2), 
2 CPAR(2)tEST0P(2),HEVSfNT0T 

VALUES OF NUMERICAL CONSTANTS. THE VALUES AFTER THE FIRST THREE ARE 
1 1 / 7 , 4 4 / 7 , 176 /7 , 2 / 7 , 4 0 / 7 , 600 /7 , RESPECTIVELY. 

DATA COEFF/177DO, 44.25D0, 8.85D0, 1 .5714285714285714D0, 
1 

FQ = 0.330 
IF( FC .GT 
F1 = DEXP( 
FEXF = F1 
GEXP = F1 
HCXF = F1 
IF( FQ .GT 
F1 = ( 
FEXF = 

F1 

6.2857142857142857D0, 25.142857142857143D0, 
0.28571428571428571D0, 5.7142b57l42e57143D0, 
114.28571426571429DC/ 

• R / BPAR(ION) 
. rOEFF(l) ) GO TO 20 
- FQ ) 

C0EFF(2) ) GO TO 10 
F1 ) • • 2 

FEXP + CCEFP(4) 
GEXP = GEXP + C0EFF(5) 
HEXP = HEXP + CCEFF(6) 

• Fl 
• F1 
• F1 

IF( FC .GT. COEFF(S) ) GO TO 10 
Fl = F1 • ( F1 • Fl ) ™ 2 
FEXP = FEXP + C0EFF(7) • F1 
GEXP = GEXP • C0EFF(8) • F1 
HE»P = HEXP «• C0EFF(9) • F1 

10 PCTENZ = APAR(ION) • FEXP 
GEXP = FEXP 4 FC • GEXP 

- APAR(ION) • GEXP 
APAR(ION) • ( GEXP + CEXP • 

DER(1) 
DER(2) 
RETURN 

20 POTENZ 
DER(1) 
DER(2) 
RETURN 
END 

FC • FC • KEXP ) 

ODO 
ODO 
ODO 

DSIG0049 
DSIG0050 
DSIG0051 
DSIG0052 
DSIGO053 
DSIG0054 
PTZA0001 
PTZA0002 
PTZA0003 
PTZA0004 
PTZA0005 
PTZA0006 
PTZA0007 
PTZA0008 
PTZA0009 
PTZA0010 
PTZA0011 
PTZA0012 
PTZA0013 
PTZA0C14 
PTZA0015 
PTZAr0l6 
PTZA0017 
PTZA0018 
PTZA0019 
PTZA0020 
PTZA0021 
PTZA0022 
PTZA0023 
PTZA0024 
FTZA0025 
PTZA0026 
PTZA0027 
PTZA0C28 
PTZA0029 
PTZA0C30 
PTZA0031 
PTZA0C32 
FTZA0033 
PTZA0C34 
FTZA0035 
PTZA0036 
PTZA0037 
PTZA0038 
PTZA0039 
PTZA0040 
PTZA0041 
PTZA0W2 
PTZA0043 
PTZA0C44 
PTZA0045 
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C 
C 

C 
C 
C 

SUBROUTINE LEGEND(E, TLO, THI, ROIL) 
CALCULATES TEE LEHEHCRE COEFFICIENTS, COEF, FOR SCATTERINGS WITE AS-
INCIDENT ENERGY CF E AND RECOIL ENERGIES IN (TLO, T H I ) . 

IF KOIL = 1 , THE PROJECTILE IS TEE RECOIL ATOh. 
IF KCIL = 0 , THE PROJECTILE IS THE INCIDENT PARTICLE. 

IKPLICIT REAL'S (A-H.O-ZI 
DIMENSION P ( 2 0 ) , C 0 E F ( 2 0 ) 
COHMON/PDAT/NI,NT,NCOEF,10N,DENSE,EI,UO,APQ(2),QGAM(2),RGAM(2), 

1 SGAM(2),GAMHA(2),TL0W(2),TL0G(2),APAR(2),BPAR(2), 
2 CFAR(2),EST0P(2),NEVS,NTC-T 

C0HMON/WATE/U(4),W(4),AB(10),VT1(1C),INP,:<EHL 

IF( KOIL ,EQ. 1 ) GO TO 10 
ASSIGN 5C TO KGILX 
GO TO 20 

10 ASSIGN 40 TO ROILX 
20 A = 0.5DO • ( THI - TLO ) 

B = 0.5DO • ( TKI • TLC 5 
CA = DSQRT( E ) 
DO 30 L s 1 , NCOEF 

30 COEF(L) = 0D0 

INTEGRATE FROM TLO TO THI USING INP-POINT GAUSS-LEGENDRE QUADRATURE 
DO 90 NN = 1 , INP 
T = A • AB(NN) •» B 
SIG = A • WTKNN) • DSIC( T ) 
QB = DSQPT( E - T ) 

P ( 2 ) I S THE COSINE OF THE ANGLE BETWEEN THE INCIDENT PARTICLE AND 
TV.E PROJECTILE UNDER CONSIDERATION. 

P ( 1 ) = 1D0 
P(2 ) = ( E - QGAM(ION) • T ) / ( QA • QE } 
GO TO KOILX, ( 10, 50) 

40 P(2) = SGAM(ION) • ( QA - QE • P(2) ) / DSQRT( T ) 
50 IF( NCOEF .LT. 3 ) GO TO 70 

XMU s P(2) 

HICHER ORDER POLYNOMIALS ARE FOUND WITH RECURRENCE RELATION. 
DO 60 LL = 3 , NCOEF 
EL2 = LL - 2 

60 P(LL) = ( (EL2 • EL2 • 1D0) • XMU • P(LL-1) - EL2 • P (LL-2) ) / 
1 (EL2 • 1D0) 

7 0 DO 80 LL = 1 , NCOEF 
EL s LL •#• LL - 1 

80 COEF(LL) = COEF(LL) •» EL • ?(LL) • SIG 
90 CONTINUE 

TEMPORARILY STORE COEFFICIENTS ON UNIT 4 
WRITECO (COEF(L), L = 1 , NCOEF) 
RETURN 
END 

LCND0001 
LGND0002 
LGND0003 
LGND0004 
LGND0005 
LGND0006 
LGNDP007 
LGNDOOOE 
LGND0009 
LGND0010 
LGND0011 
U.-ND0012 
LGND0013 
LGHD0C14 
LGNDC015 
LGND0016 
LGND0017 
LGNE0018 
LGND0C19 
LGND0020 
LGND0021 
LGND0022 
LGND0C23 
LGND0024 
LGND0025 
LGND0026 
LGND0027 
LGND0C28 
LGND0029 
LGND0030 
LGND0031 
LGND0032 
LGND0033 
LGND0034 
LGND0O35 
LGND0O36 
LGND0037 
LCflD0C38 
LGND0039 
LGND0040 
LGND0041 
LGND0042 
LGNP0043 
LGND0044 
LGND0045 
LGND0O46 
LGND0047 
LGND0048 
LGND0049 
LGND0050 
LGND0051 
LGND0052 
LGND0053 
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SUBROUTINE MEHLER{ N t WO, D, W) 
CONSTRUCTS TABLES OF ABSCISSAS, O(J) , AND WEIGHTS, WO AND W(J), FOR 
GAUSS-MEHLER (CKEBYSHEV) QUADRATURE OF INTEGRALS FROM A TO B OF 
G(U) • DU. THE INTEGRAL IS APPROXIMATED BY T • ( SUM FROM J = 1 
TO J r N OF D(J) • F(T(J)} ) , WHERE C, D ( J ) , V(J) , AND F(X) ARE AS 
DEFINED BELOW: 

A. H-POINT QUADRATURE OF G(U) = F(U), NHERE F(U) IS ARBITRARY: 
C = 2(B - A) , D(J) = W(J) • U ( J ) , ? ( J ) = A • (B-A) • U ( J ) « 2 

P. N-POINT QUADRATURE OF 
G(U) = F(U) / SQRT(U • (B + A - U} - A • B) 

WHERE F(U) IS ARBITRARY: 
C = 2 • WO, D(J) = 1 , V(J) = A + (B - A) • « ( J ) " 2 

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

C = B - A, D ( J ) = W ( J ) , V ( J ) = A + (B - A) • U(J ) 

D. 2N-P0IKT QUADRATURE CF 
G(U) = F(U) / SWRT( (B - U) • (E - 2 • A • U) ) , 

WHEhE F(U) IS SYMKETWCAL ABOUT U = A: 
C = WO, D(J) = 1 , V(J) = A • (E - A) • U(J) 

IMPLICIT REAL»3 (A - F, 0 - Z) 
REAL«6 U(N),W(N) 
WO = 1.57079632679*8966DG / K 
Y = DCCS( WO ) 
Z = 5D-1 • Y 
U(1) = DSQBT( 5D-1 * Z ) 
U(K) = DSQRT( 5D-1 - Z ) 
Z = V(l) • U(K) + U(1) • U(N) 
W(1) = WO • U(N) 
N(N) = WO • U(1) 
IF( N .LF. 1 ) RETURN 
LIM = (N • 1) / 2 
DO 10 J = 2 , UK 
U(J) = Y • U(J-1) - Z • 0(N-J*2) 
U(N-J*1) = Z • U(J-1) •» Y • U(N-J*2) 
W(J) = WO • U(N-J+1) 

10 W(NW+1) = WO • U(J) 
RETURN 
END 

SUBROUTINE GAUSS(N,T,W,B) 

nEHLCOOl 
ME>iI0002 
HEHL1C03 
MEHLOOO* 
MEHL0005 
MEHL0006 
MEHL0007 
MEHL0008 
MEHL0009 
KEHL0010 
MEHL0011 
MEHL0012 
KEKL0013 
MEKLOC11 
MEHL0015 
MEHL0016 
MEHL0017 
MEHL0018 
HEKL0019 
MEHL0020 
MEHL0021 
MEHL0022 
KEHL0023 
MEHLO02* 
MEHLC025 
KEKLC026 
KEHL0027 
KEHL002E 
MEKLCC29 
KEHL003C 
MEHLOC31 
KEHL0032 
KEHL0033 
hEHL0C3* 
KEHL0035 
MEHL0036 
KEKL0C37 
kEHLO036 
KEHL0039 
KEHLOCUO 
MEHLOO*1 
MEHL0042 
MEHL00H3 
KEHLCGW 
CAOS0001 
GAUS0002 
GAUS0003 
GAUS0001 
GAIK0005 
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C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

THIS ROOTIKE COMPETES THE ABSCISSAS T ( J ) AND WEIGHTS Hi J ) FOR 
AN K-POINT GAUSS-LEGENBRE QUADRATURE. THESE ARE USEt WHEN 
ONE WISHES TO APPROXIMATE THE INTEGRAL FROM - 1 TO • ! OF F(X) 

EI 

B 

N 
SOP. W 
J=1 J 

F(T ) 
J 

REAL SCRATCH ARRAY CF LENGTH N 

OUTPUT PARAMETERS (BCTK DOUBLE PRECISION ARRAYS OF LENCTK N) 

T 
W 

ACCURACY 

WILL CONTAIN THE DESIRED NODES. 
•(ILL CONTAIN THE DESIRED WEIGHTS W ( J ) . 

THE ROUTINE WAS TESTED UP TO H = 5 1 2 . COMPARISON WITH 
TABLES IN REF. 3 SHOWEE 12 OR MCRF SIGMFICANT DIGITS 
OF ACCURACY. 

OF 

METHOD 

THE COEFFICIENTS OF THE THREE-TERM RECURRENCE RELATION 
FOF THE CORRESPONDING SET CF ORTHOGONAL POLYNOMIALS ARE 
USED TO FORM A SYMMETRIC TRICIAGONAL MATRIX, WHOSE 
EIGENVALUES (DETERMINED BY THE IMPLICIT QL-METKOD WITH 
SHIFTS) ARE JUST THE DESIRED NODES. THE FIRST COMPONENTS 
THE ORTHONORMALIZED EIGENVECTORS, WHEN PROPERLY SCALED, 
YIELD THE WEIGHTS. THIS TECHNIQUE IS MUCH FASTER THAN USING A 
ROCT-FINDER TO LOCATE THE ZEROES OF THE OF.THOGONAL POLYNOMIAL. 
FOR FURTHER DETAILS, SEE REF. 1 . 

REFERENCES 

1 . GOLUB, G. H . , AND WELSCH, J . H . , "CALCULATION OF GAUSSIAN 
QUADRATURE RULES," KATHEMATICS OF COMPUTATION 2 3 (APRIL, 
1 9 6 9 ) , PP. 2 2 1 - 2 3 0 . 

2 . COLUB, G. H . , "SOME MODIFIED MATRIX EIGENVALUE PROBLEMS," 
SIAM REVIEV 15 (APRIL, 1 9 7 3 ) . PP. 3 1 8 - 3 3 * (SECTION 7 ) . 

GAUS0006 
GAUSG0C7 
GAUS0006 
GAUS0009 
GAUS001C 
GACS0011 
CAUSOCU 
GPUSOG13 
GAUSOOU 
GAUS0C15 
GAUS0G16 
GA!JS0C17 
GAUSOOIf. 
GAUSOC-19 
GAUS002C 
GAUS0021 
GACS0022 
GACSG023 
GA0S0024 
GACS0025 
GAUS0026 
GAUS0027 
GACS0028 
GAUS0C29 
GAUS003G 
GAUS0031 
GAUS0032 
GAUS0033 
GAUS0031 
GAUSO035 
GAUSOC36 
GAUS0037 
GAUS0038 
GAUS0C39 
GAUS0040 
GAUSOOM 
GAUS0042 
GAUS0043 
GAUS0044 
GAUS0015 
GAUS0046 
GAUS00»7 

GAUSOOie 
3 . STROUD AND SECREST, GAUSSIAN QUADRATURE FORMULAS, PRENTICE-GAUS0049 

HALL, ENGLEWOOD CLIFFS, N . J . , 1 9 6 6 . GAUS0050 
GAUS0051 

IMPLICIT REAL'S (A - H, C - Z) GAUS0052 
REAL»8 T(N) ,W(N) ,B(N) GAUS0053 
NM1 = N - 1 CAUS0054 
W(1) » 1D0 GAUS0055 
DO 10 I -• 1 , <*M1 GAUS0056 
T ( I ) = ODO GAUS0057 
W ( I * t ) = ODO GAUS0056 
ABI = I GAUS0059 
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10 

20 

C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

B(I) = AEI / DSQRT( *D0 • A6I * ABI - ICO) GAUS0060 
T(N) = ODO GADSO061 
CALL IMTQL2( N, T, B, V, IERR ) GAOSO062 
IF( IERR .HE. 0 ) STOP 18 GAUSO063 
DO 20 I = 1, N GAUS006* 
H(I) = 2D0 • V(I) • W(I) GA0S0065 
RETURN GAUSOO66 
END GAOSO067 

IMTQ0001 
SUBROUTINE IMTQL2( N, D, E, Z, IERR) IMTQ0002 

IMTQ0003 
THIS SOBROOTINE IS A TRANSLATION OF THE ALGOL PROCEDURE IMTQL2, IMTQOOO* 
NDM. MATH. 12, 377-363(1968) BT MARTIN AND UILKINSOfl, IMTQ0005 
AS MODIFIED IN ROM. MATH. 15, *50(1970) BT DOBRULLE. IKTQ0006 
HANDBOOK FOR AUTO. COMP., VOL.II-LINEAR ALGEBRA, 2*1-2*8(1971). IMTC0007 
THIS IS A MODIFIED VERSION OF THE 'EISPACK' ROUTINE IMTQL2. IMTQ0008 

IKTQ0009 
THIS SUBROUTINE FINDS THE EIGENVALUES AND FIRST COMPONENTS OF THE IMTQ0010 
EIGENVECTORS OF A SYMMETRIC TRIM AGONAL MATRIX BT THE IMPLICIT CL IMTQ0011 
METHOD. IMTQ001Z 

IMTQ0013 
IMTQ0014 
IMTQ0015 
IMTQ0016 
IMTQ0017 
IMTQ0018 
IMTQ0019 
IKTQ0020 
IMTQ0021 
IKTQ0022 
IKTQO023 
IMTQ002* 
IMTQ0025 
IKTQ0026 
IMTC0027 
IKTQ0028 
IHTQ0C29 
IKTQ0C30 
IKTQ0C31 
IKTQCC32 

CONTAINS THE FIRST COMPONENTS OF THE ORTKONORMAL EIGENVECTC&SIKTC0033 
OF THE SYMMETRIC TRIDIAGONAL MATRIX. IF AN ERRCP EXIT IS IKTOO03* 
MADE, Z CONTAINS THE EIGENVECTORS ASSOCIATED WITH THE STORED IKTQ0035 
EIGENVALUES; IKTQ0036 

IKTCO037 
IKTQO038 
IMTQ0039 
IMTQ0010 
IMTQ0W1 
IMTQ001I2 

OK INPUT: 

N IS THE ORDER OF THE MATRIX; 

D CONTAINS THE DIAGCNAL ELEMENTS OF THE INPUT MATRIX; 

E CONTAINS THE SUBDIAGONAL ELEMENTS OF THE INPUT MATRIX 
IN ITS FIRST N-1 POSITIONS. E(N) IS AFBITRART; 

7. CONTAINS THE FIRST ROW OF THE IDENTITY MATRIX. 

ON OUTPUT: 

D CONTAINS THE EIGENVALUES IN ASCENDING ORDER. I F AN 
ERROR EXIT I S MADE, THE EIGENVALUES ARE CORRECT BUT 
UNORDERED FOR INDICES 1 , 2 , . . . , I E R R - 1 ; 

E HAS BEEN DESTFOYED; 

1ERR IS SET TC 
ZERO FOR NORMAL RETURN, 
J IF THE J-TH EIGENVALUE HAS NOT BEEN 

DETERMINED AFTER 30 ITERATIONS. 
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- IKTQ0M3 
IMTECER I , J , I, L, H, H, I I , MIL, IESK IHIOOOM 
RElL«e D(K), F(K), Z(K), B, C, F, C, F, P, s. MACPEf IKTQ00»-j 
REAL«8 DSQRT, CABS, DS1CK IKTQ0046 

IHTC0M7 
IMIQ0048 

TEE RELATIVE PRECISION 0* FLOATING POIKT ARITHMETIC. IHTQ0019 
KACHEP = 16D0 • • ( -13 ) FOR LCHC FORK ARITHMETIC IKTQ005G 

IKTQ0051 
DATA KACHEF/Z3*10000000000000/ IKIQ0052 

IMTQ0053 
IERE = 0 IKTQ005* 
IF (If .EQ. 1) GO TO 1001 IKTC0055 

IMTQ0056 
E(N) = ODO IKTQ0057 
DC 2*0 L = 1 , K IMTQ0056 

J = 0 IMTG0059 
IMTQ0060 

105 DO 110 M = L, If 11000061 
IF (M .EQ. K) GO TO 120 IKTQ0062 
IF (DABS(E(M)) .LE. KACHEF • (DABS(D(H)) • DAB£(D(M*1)))) IHTC0063 

X CO TO 120 IMTQ006* 
110 CONTIHOE IMTQ0065 

IKTQ0066 
120 P = C(L) IKTQ0067 

IF (M .EQ. L) CO TO 24C IKTQO068 
IF (J ,FQ. 30) GO TO 1C00 IKTQ0069 
J = J • 1 IKTQ0070 

IKTQ0071 
G = (D(L*1) - P) / (2D0 • E(L)) IKTQ0072 
R = DSC,RT(G»G+1D0) IKTQ0073 
G = D(K) - P • LCD / (G + DSIGK(R, G)) IKTQ007* 
S s 1D0 3KTQ0075 
C = 1D0 IKTQ0076 
P = ODO IKTOXK)77 
MML = M - L IMTQ0C78 

: : : : : : : : : : FOE IsH-1 STEP -1 OMTIL L DC — 
IKTQ0079 
IKTQ0080 : : : : : : : : : : FOE IsH-1 STEP -1 OMTIL L DC — • • • • V • * • * m 

IKTQ0079 
IKTQ0080 

DO 200 II = 1 , KHL IMTC0081 
I s H - II IKTQ0082 
F = S • E(I) IKTQ0083 
B s C • E(I) IKTQ0084 
IF (DABS(F) .LT. DABS(G)) GO TO 150 IKTQ0085 
C - G / F IKTQ0086 
R = DSQRT(C»C*1C0) IMTQ0087 
E(I*1) = F • R IKTQ0088 
S x 1C0 / R IMTQ0089 
C = C • S IKTQOOSO 
GO TO 160 IKTQ0091 

150 S * F / G IKTQ0092 
R s DSQRT(S«S*1D0) IMTQ0093 
E(I*1) = G • R IKTQ009* 
C s 1D0 / R IMTQ0095 
S » S • C 1HTQ0096 
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C 
C 

160 C = D(I*1) - P 
R r (D(I) - C ) » S + 2 D 0 » C « B 
P = S • R 
D(I-tl) = C • P 
C = C • R - B 

: : : : : : : : : : FORM FIRST COMPONENT OF VECTOR 
F = Z(I*1) 
Z(I*1) = S • 2 (1 ) + C • F 

200 Z(I ) = C • Z ( I ) - S • F 

D(L) = D(L) - P 
E(L) = C 
E(M) = 0D0 
GO TO 105 

2*0 COMTIWJE 

: : : : : : : : : : ORDER EIGENVALUES AND EIGENVECTORS 
DO 300 I I = 2 , N 

I = I I - I 
r = i 
P = D(I ) 

DO 260 J r I I , N 
IF (D(J) .GF. P) GO TO 260 
K = J 
P = D(J) 

260 CONTINUE 

C 
C 
C 
C 

IF ( r .EQ. I ) GO TC 300 
D ( « = D(I) 
D(I) s P 
P = Z(I) 
Z(I ) = Z(K) 
Z(K) = P 

300 CONTINUE 

GO TO 1C01 
:::::::::: SET ERROR — NO CONVERGENCE TO AN 

EIGENVALUE AFTER 30 ITERATIONS ;::::::::: 
1000 IERR = L 
1001 RETURN 

:::::::::: LAST CARD OF IKTQL2 ::;::::::: 
END 

SUBROIfTIKE QUANC8( FUN, A, B, ABSERR, RELERR, RESULT, ERREST, 
t NOFUN, FLAG) 

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

IMTQ0097 
IKTQ0098 
IMTQ0099 
IKTQC100 
IMTQ0101 
IMTQ0102 
IHTQ0103 
IKTQ0104 
IKTQ0105 
IMTQ0106 
IMTQ010T 
IKTQ0108 
IKTQ0109 
IHTQ0110 
IMTQ0111 
IMTQ0112 
IKN0113 
IMTQC114 
IMTQ0115 
IKTQ0116 
1MTQ0117 
IKTQ0118 
IMTQ0119 
IKTQ0120 
IMTQ0121 
IKTQC122 
IKTQ0123 
IKTQC12II 
IMTQ0125 
IKTQ0126 
IMTQ0127 
IKTQ0128 
IMTQ0129 
IKTQ0130 
1MTC0131 
IKTQ0132 
IMTC0133 
IKTQ013* 
IMTQ0135 
IKTQ0136 
IMTQ0137 
IMTQ0138 
IMTQ0139 
QNC80001 
QNC80002 
QNC80003 
QNC80004 
QNC80005 
ONC80006 
QNC80007 

! 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INPUT 

FUN TEE NAME OF TEE INTEGRAND FUNCTION SCBFFOGRAP FBN(X). 
FUNCTION NAME SHOULD APPEAP IN AN EXTERNAL STATEMENT IE 
CALLING PROGRAM 

A THE LOVER LIMIT OF INTEGRATION. 

B THE UPPER LIMIT OF INTEGRATION.(B HAT BE LESS THAN A . ) 

RELERR A RELATIVE ER30B TOLERANCE. (SHOULD BE NON-KEGATIVE) 

ABSERR AN ABSOLUTE ERROR TOLERANCE. (SHOULD BE NON-KFGATIVE) 

OUTPUT: 

RESULT AN APPROXIMATION TO THE INTEGRAL HOPEFSLLT SATISFYING THE 
LEAST STRINGENT OF THE TWO ERROR TOLERANCES. 

ERREST AN ESTIMATE OF THE MAGNITUDE OF THE ACTUAL ERROR. 

NOFUN THE NUMBER OF FUNCTION VALUES USED IN CALCULATION OF RESULT 

FLAG A RELIABILITY INDICATOR. I F FLAG IS ZERO, THEN RESULT 
PROBABLY SATISFIES THE ERROR TOLERANCE. I F FLAG I S 
XXX.TTT , THEN XXX = THE NUMBER OF INTERVALS WHICH HAVE 
NOT CONVERGED AND O.YTT = THE FRACTION OF THE INTERVAL 
LEFT TO DO WHEK THE LIMIT ON NOFUN WAS APPROACHED. 

REFERENCE: 

G. E . FORSYTHF, M. A. MALCOLM, AND C. B. HOLER, COMPUTER 
METHODS FOR MATHEMATICAL COMPUTATIONS (PRENTICE-HALL, ENGLEWOOD 
CLIFFS, N. J . , 1 9 7 7 ) , PP. 8 4 - 1 0 5 . 

DOUBLE PRECISION FUN, A, B, ABSERR, RELERR, RESULT, ERREST, FLAG 
INTEGER NOFUN 
DOUBLE PRECISION WO,W1,W2,W3,W,AREA,X0,F0,ST0NE,STEP,COR11,TEMP 
DOUBLE PRECISION QPREV,QNOV,QDIFF,QLEFT,ESTERR,TOLERR 
DOUBLE PRECISION Q R I G K T ( 3 1 ) , P ( 1 6 ) , X ( 1 6 ) , P S A V E ( 8 , 3 0 ) , X S A V E ( 8 , 3 0 ) 
DOUBLE PRECISION DABS,DMAX1 
INTEGER LEVMIN,LEVMAX,LEVOUT,N0MAX,NOFIN,LEV,NIM,I,J 

GENERAL INITIALIZATION 
c c ••• STAGE 1 ••• 
c SET CONSTANTS. 
c LEVMIN > 1 

LEVHAX * 30 
LEVOUT * 6 
NOMAX = 5000 
NOFIN * NOMAX - 8»(LEVMAX-LEVOUTf2«(LEVOUT+1)) 

QNC80008 
QNC80009 
ONC8001C 
CNC80011 
QNC8G012 
QNC80013 
0NC80014 
QNC60C15 
QNC8G016 
QKC80017 
QNC8001E 
QNC80C19 
CNC8OO20 
QMC80021 
QNC80022 
QNC80023 
QNC8C024 
QNC80025 
QNC80026 
QNC80027 
QNC80028 
QNC80G29 
QHC8003C 
QNC80O31 
QNC80032 
QNC80033 
QNC80031 
QNC80035 
QNC8OO36 
QNC80O37 
QNC60036 
QNC60039 
QNC80O40 
QNC80O41 
QNC80O42 
QNC80O43 
QNC80O4U 
QNC80045 
QNC800A6 
QNC80047 
QNC80048 
QNC80049 
ONC80050 
QNC80051 
ONC80052 
QNC80O53 
QNC80050 
QNC80O55 
QNC80056 
QNC80OS7 
QNC90058 
QNC80O59 
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C 
C 

C 
C 
C 

C 
C 
C 

TROUBLE WHEK NOFUN REACHES NOFIN 

WO = 3956DO / 1417500 
¥1 = 2355200 / 1*17500 
W2 = -3712D0 / 14175DO 
M3 = 419WD0 / 1*17500 
W = -1316000 / 1417500 

INITIALIZE RUHNHTG SDKS TO ZERO. 

FLAG = 000 
RESULT = 000 
C0R11 s 000 
ERREST = 000 
AREA ' ODO 
NOFUN = 0 
IF (A .EQ. P) RETURN 

• • • STAGE 2 • • • IKITIALIZATION FOR FIRST INTERVAL 

LEV = 0 
KIM = 1 
XC = A 
X(16) = B 
QPREV = ODO 
FO = FUN(XO) 
STOliE = 0.0625D0 

25 

X(8) 
X(4) 
X(12) 
X(2> 
X(6) 
X(10) 
X(14) 
DO 25 

F(J) 
CONTIMJF 
NOFUN = 9 

.500 

.500 

.5D0 

.500 
,500 
.500 
,5DC 

J = 2 , 16, 

• (B -
(XO + 
(XO • 
(x(e) 
(XO • 
(X(4) 
(X(6) 
(X(12) 
2 

A) 
X(16)) 
X(6>) 
• X(16)) 
X ( * ) ) 
+ X(8)) 
• X(12)) 
• X(16)) 

FUN(X(J)) 

• » • STAGE 3 • • • CENTRAL CALCULATION 
REQUIPES QPREV,X0 ,X2 ,X4 , . . . ,X16 ,P0 ,F2 ,F4 , . . . ,P l6 . 
CALCULATES X1 ,X3 , . . .X15 , F1,F3,...F15,GLEFT.QRIGHT,QNOW.QBJFF,AREA, 

30 X(1) = 0 .500 • (XC • X(2)} 
F(1) = FUN(X(D) 
DO 35 J s 2 , 15, 2 

X(J) * 0 .500 • (X(J-1) •» X(J-»D) 
F(J) » PUN(X(J)) 

35 CONTINUE 
NCFUN = NOFUN «• e 
STEP = C.062500 • (X(16) 
QLEPT * (W0»(F0 • F (6 ) ) 

1 

XC) 
• W1«(F(1)fP(7)) 
• H3#(P(3)*P(5)) 

• K2»(F(2)*P(6)) 
• WU«F(J|)) • STEP 

QMC80060 
QMC80061 
QHC80062 
QNC80063 
QNC80064 
QNC80065 
QHC80066 
QMC80067 
0NC80068 
QNC80069 
QNC80070 
QNC80071 
QNC80072 
QNC80073 
QHC8007* 
QHC80075 
QNC80076 
QKC80077 
QNC80076 
QNC80C79 
QNC80080 
QNC80081 
QHC80082 
QNC80083 
QNC80084 
QNC80085 
QNC80086 
QNC800e7 
QNC80088 
QNC80089 
CNC80090 
QNC80O51 
QNC8C092 
QKCeC093 
QNC8CG9'; 
QNC80095 
QNC80096 
QNC&0097 
QNC80098 
QNC80099 
0NC80100 
QNC80101 
QNC8C102 
QNC8C103 
QNC80104 
QNC8C105 
QNC801O6 
QNC8C107 
QNC80108 
QNC80109 
QNC80110 
QNC80111 
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C 
C 

C 
C 
C 

QRIGHT(LEV+1) = («0»(F(6)+F(16))+«1«{F(9)*F(15»-»W*(F(1C)*F(H)) 
1 •• H3*(F(11)+F(13)) + M » F ( t 2 » • STEP 

CHOV = CLEFT + CRIGHT(LEV+1) 
QDIFF = QNOW - QPREV 
AREA = AREA + QDIFF 

• • • STAGE it • • • IKTERVAL CONVERGENCE TEST 
ESTERR = DABS(QEIFF) / 1023DC 
TOLERR = DMAX1(ABSERR,RELERR«EABS(AREA)) • (STEP/STCNE) 
IF (LEV .LT. LEVHIK) GO TO 50 
IF (LEV .GE. LEVMAX) GO TO 62 
IF (KOFUN .GT. NOFIM) GC TO 60 
IF (ESTERR .LE. TOLERR) GO TO 70 

• • • STAGE 5 • • • NO CONVERGENCE 
LOCATE NEXT INTERVAL. 

50 NIK = KIM + KIK 
LEV = LEV • 1 

STORE RIGHT HAND ELEMENTS FOE FUTURE USE. 
DO 52 I = 1 , 8 

FSAVE(I.LEV) = FCI+8) 
XSAVE(I,LEV) = X(I+8) 

52 CONTINUE 

ASSEMBLE LEFT HAND ELEMENTS FOR IMMEDIATE USE. 
QPREV = CLEFT 
DO 55 I = 1, 8 

J = - I 
FU+J+18) = F(J«-9) 
X(J*J+18) = X(J+9) 

55 CONTINUE 
GO TO 30 

« " STAGE 6 • • • TROUBLE SECTION 
NUMBER OF FUNCTION VALUES IS ABOUT TO EXCEED LIMIT. 

60 NOFIN = NOFIN + NOFIN 
LEVMAX = LEVOUT 
FLAG = FLAG • (B - XC) / (B - A) 
GO TO 70 

CURRENT LEVEL IS LEVMAX. 
62 FLAG = FLAG • ICO 

• • • STAGE 7 • • • IKTERVAL CONVERGED 
ADD CONTRIBUTIONS INTO RUNNING SUMS. 

70 RESULT < RESULT • QNOH 
ERREST = ERREST • ESTERR 
COR11 s COR11 • QDIFF / 1023DO 

LOCATE NEXT INTERVAL. 

QNC80112 
QKC80113 
QNC80114 
QNC80115 
QNC80116 
QNC80117 
QNC80118 
QNC80119 
CNC80120 
QNC60121 
QNC80122 
QNC80123 
QNC8012>I 
QNC8C125 
QNC80126 
QNC80127 
QNC80128 
QNC80129 
QNC80130 
QNC80131 
QNC80132 
QNC80133 
QNC80131 
QNC80135 
QNC80136 
QNC80137 
QNC80138 
ONC80139 
QNC801MO 
QNC8C111 
QNC80142 
QNC8C1H3 
QNC801H1 
QNC60105 
QNC80146 
QNC8C1U7 
QNC80148 
QNC80149 
QNC80150 
QNC80151 
QNC80152 
QNC80153 
QNC80151 
QNC80155 
QNC80156 
QNC80157 
QNC80158 
QNC80159 
QNC80160 
QNC80'r6l 
QNC80162 
QNC80163 
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C 
C 

C 
C 

C 
C 

72 IF (NIK .EQ. 
MM = RIM / 
LEV = LEV -
GO TO 72 

7f NIK = KIK • 
IF (LEV .LE. 

2»(MIK/2)) CO TO 75 
2 
1 

1 
0 ) GO TO 80 

ASSEMBLE ELEMENTS REQUIRED FOP THE KEXT INTERVAL. 
QPREV = CRICRT(LEV) 
XO = 1(16) 
FO = F( t6) 

1, 6 
= FSAVE(I.LEV) 
= XSAVE(I.LEV) 

DO 78 I = 
F(M> 
X(I*I) 

76 CONTINUE 
GO TO 30 

••• STAGE 8 ••• 
80 RESULT = RESULT + 

FINALIZE AND RETURN 
C0R11 

MARE SURE ERREST POT LESS THAN ROUNDOFF LEVEL. 
IF (ERREST .EO. ODO) RETURN 

62 TEMF = DAES(RESULT) + EPREST 
IF (TEMP .NF. I>ABS(RESULT)) RETUPH 
KRREST r EREEST + EPREST 
GO TO 62 
EKB 

0NC80164 
QNC80165 
ONC8G166 
QNC8C167 
CNC80168 
QNC80169 
QNC80170 
QNC80171 
QNC80172 
QNC80173 
QNC80174 
QNC80175 
CNC8017o 
QNC80177 
QNC80178 
QNC80179 
QNC8018G 
QNC80161 
QNC80T82 
QNC80183 
CNC8018* 
QNC8C185 
QNC80186 
QNC8C187 
CNC80168 
QKC8C189 
QNCe0190 
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Appendix B 

ANISN Sputtering Calculations Using MUXS Data 

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

perform sputtering calculations with the cross sections generated by 

* 

1. From Eq. 1, i-G_, v G_i(x Ty) must be addsd to the total source 

term for group G if G > 1. He have made this change to ANISN 

in Subroutine S833. Two arrays are used: E3SAV1(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 
-CSD , . 
-G *C< 
CSD saves T. $ (x,y) for the current energy group being 

CSD processed by S833. ESAVE2 is the value of E„ . $_ .(x.y) 

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. 

2. An angle dependent response function for the leakage is needed 

to prevent leakage by target atoms with energy less than U /y , 

where U Q is the surface binding energy and y 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.13 We have made 

this change to Subroutine SUMARY of ANISN. The current at the 

right surface of the slab, XND, is multiplied by this response 

function, R, to obtain the right leakage 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 3. We have also modified Subroutine S833 to input E„ , SIGSD, 

and the target atom energy group structure, EBT, from the cross 

section file produced by MUXS. With this change, all card 

input to AN1SN 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 E1. 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 atom/incident proton. This result is in excellent 

agreement with the experimental value (.00822 Ni atom/incident proton) 

obtained by Roth, Bohdansky, and Ottenberger. 
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//TJHAKSP JCB ( 2 1 5 4 1 , I 6 ) , ' 6 0 2 5 T J HOFFMAN',TIKE=6 
//STP3 EXEC FOHTHCLG,PARM.FORT=,XREF•,PABM.LKED=,KAP,LET,LIST•, 
/ / GOSIZE=950K 
C KAIN ROUTINE - ALLOT SPACE ( LIK1 AND DUKT ) 

COMMON/BULKBU/D( 1) ,LIH1 ,DUKY( 170000) 
LOfl =170000 
CALL CLEARO.LIHI) 
CALL CONTRL 
STOP 
END 
SUBROUTINE S833(XN,XNH,ST,SR,CS,K1,J5,AA,SAT,SA,CH,XNA,XNR,PNC,DSNANSK2192 

1 ,W,XMI, NO,B,D*,DB,DC,DS,V,XNF,Pv,WD,CT,SG,XHD,I1, Ml,I2,IH1,KRANSN2193 
1,ART,ALFT) ANSN219* 

C • • • ITER 'IMPOSSIBLE TO ^TRANSLATE, "EXPLAIN OR •HEKEKEEK AKSN219 
C SPUTTERIKG CHANGE - SETUP ARRAYS, COMMOK/SPUT/ 

REAL»6 EBT.UO 
DIMENSION E3SAV1(201,33),E3SAV2(2C1,33) 
CCMHCN/SPUT/SIGSDC50) ,EET( 51),UO,NI 

DIMENSION XN(1) ,XNN(1) ,ST(1) ,SR(1) ,CS(1) ,MA(1) ,J5 (1 ) ,AA(1) , ANSN2196 
1 SAT(1) ,£A(1) ,CH(1) ,XKAM) ,XNR(1),PNC(i) ,DSN(1) t ANSN21 
2 k ( 1 ) , X N I ( 1 ) , N0(1 ) ,B (1 ) ,PA(1) ,PP(1) ,PC(1) ,DS(1) , ANSN21S8 
3 V(1),XNE(1),PA(1) ,WD(1),CT(1),SG(1),XHD(1) ,MR(1) AKSN2199 
It ,ART(1),ALFT(1) ANSN22C0 

COMMON /BULKBU/ ANSK2201 
$ E(1),LIM1tUKI,LFrtLXK,LR,LVE,LW,LDSM,LHA,LMZ,LMB,l.MC,UKDfANSN22C2 
1LMTT,LCRX,LFIX,LFLT,LQ,LPA,LJ5,LRH,LDF,LJ3,LJ«»,LlGTfLART,LALFT, AKSN22C3 
2LFGP, LF'GG, I END, LV, l.AA, LWD,LMR,LPNC, LXJ, LCH,LCA,LCF,LCT, LCS, LTAB, ANSN2204 
3LXNrtLSA,LSAT,LRAV,LRA,l.XNN,LXNF,I.XNP,LXNA,LSR,LST,LGG,LFG,LSG, ANSN22C5 
ULXKE,LXKI, LXKC, IT3 ,LT5 ,LDA, LDB, LDC, LDS, LB, IGMP,IGHM, IICG,KFRR,IMJTANSN22C6 
5,IHG,IMPfMP,NDS,NUS,SDG,SCG,AGfXNLGGfXHLG,SNG,ALA,ASR,EAM,EPG,EQ, ANSN22C7 
6F1,E2,E3,Ei»,E5,F6,E7,E8,E9,E1C,E11,F-1?,F13,Flt f E15,Eie,F17,El8,E1?AKSK22C8 
7,E20,ESC,ES»',FVP,EVPP,FTP,IC t lCVT i :CP,IG,IHP,IiC,IIG,IP,17.P,I01, ANSN2209 
8102,103,104,J05,106,107,108,109,I0G,JT,LC,Hfi ,f 'I ,ML,KM.NFK.yiTR, ANSN221C 
9XLAP,XLAPP,Xl.AP,XLA>XKIO,XNII,Z21,ZZ2,ZZ?,XNB fXKEP lXKIP,IH,J,r,l f ANSN2211 
AK,J,K,NN,ISV, ANSN2212 
fID,ITH,ISCT,lSN,JGF,IBL,IBF,]ZM,IM,IFVT,JGM,IFT,IHS,IHM,MS,MCR,KTFANSK2213 
C fMT,IDFM,IPVT,IQh flPM,IPP,IIM,IC1,ID2 rID3,ID1,JCM,IDAT1,IDAT2,IFG lAKSN221l) 
riFLU.IFN.IPRT.IXTP, AKSN2215 
BEV,EW, FPS,BF,P*fDZ,EFK1,XNP,PV,PYF,XLAL,yLAK,EQL,XNPKf ANSH2216 
FT(12),MN fNOU,NT1,NT2,NT3,KTt,NT5,KT6,M7 ANSN2217 

C SPUTTERIl̂ G CHANGE - INPUT DATA 
DATA ICAI.L/C/ 
IF(ICALL.ra.O) GO TC 200 

210 READ(I») N1,N?,IXENT 
IF(IDENT.FQ.7) GO TO 22C 
FEAr(«t) LUV. 
GC TC 21C 

220 REAt(iO (SICSD(]GG) fIGG=1,IGM; 
DC 230 IGG=1,]Gh 
IF(SIGSD(1GG).EC.C.) GO TC 2tG 

230 CONTINUE 
NI=IGM 
GO TC ZbO 

2UG KIsIGG 
250 NTF1 = ICK-KI-»1 

Figure Bl . ANfSN Sample Problem fnput 
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GO TO 250 
2*0 KI=IGC 
250 KTFUICK-KJ+1 

READC4) (EBT(1GG),IGG=1,HTP1) 
UC=EET(KTP1) 
ICALL=t 

200 CONTINUE 
IH2=1K+IM 
E1=0.0 
ICMC=1 
DO 8003 1-1,IM 
E1=E1 + CT(I)«DC(I) 
NO(I)=ICHC 
IFd.LT.IM .AND. E1.LT.1.0)GO TO 8003 
!J0(ICMC + IK)=1*1 
E1=0.0 
ICMCsICHC • 1 

8003 CONTINUE 
ICMCrNO(IM) 
KGE=C 
IF(IGE.EQ.2)NGE=1 
1FLUUIFLU 
IF(IFLU.EQ.Il)IFLC1=0 
JGMPH=(IGHP-1)»»f 
IGMPI=(IGMP-1)«IM 
IGMIs(IIGG-1)BMf*IKP - tt< 
IF(IC.GT.1 .OB. IC.EQ.1 .AND. IFN.GE.l) GO TO 832 

C • « FIRST GENERATION EOUWDARy FLUXES 
lGHFWf=IGHPM + 1 
DO 55 K=1,HM 
IF(DSN(H))53,53,5* 

53 B(IGMPKM)=XNN(1) 
GO TO 55 

5" B(IGHPMM)=XKN(IM) 
55 IGMP»I=1CMP»I • 1 
832 IGMPII=IGHPI + 1 

SCLHX=0.0 
IF(IIC.GT.IIM/2 .AND. JIM.GE.20)IFLU1=3 
DO 1001 1=1,IM 
XN(IGMPII)=XNN( ) 
IGMPII=IGKPII •» 1 

C ••• ADD IK-GROUP SOURCE COMPCNEKT (PO) 
ST(I)=SR(I)+ CS(I)»XNN(I) 

1C01 XNN(I)=0.0 
IF(ISCT.EQ.C)G0 TO 1002 
DO 1 1 = 1,IH 
NLOsI 
JsKA(I) 
JsJ5(J) 
IF(J.EQ.C)CC TO 1 
INN=I 
IN=I 

AKSK221E 
AKSN2219 
ANSN2220 
AKSK2221 
ANSN2222 
ANSN2223 
ANSN2224 
AKSK2225 
ANSN2226 
AKSH2227 
AKSN2228 
AKSN2229 
AKSN2230 
ANSN2231 
AKSN2232 
ANSN2233 
ANSN2234 
ANSN2235 
ANSN2236 
AKSN2237 
ANSN223 
ANSN2239 
ANSN2240 
ANSN2241 
ANSN2242 
ANSN2243 
ANSN2241 
ANSN22S5 
ANSN2246 
ANSN2247 
ANSN22U 
ANSN2249 
ANSN2250 
ANSN2251 
ANSN2252 
ANSN2253 
ANSN225<t 
ANSN2255 
ANSN2256 
ANSN2257 
ANSN2258 
ANSN2259 
ANSN2260 
ANSN2261 
ANSN22 2 

Figure Bl (contd.) 
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DO 2 N=1,J 
MKI=HLC + NGE»(K*N+1)/4 
DO 3 KN=KLO,NHI 
SAT(INK)=SA(INN) • CH(IK)«XNA(1NN) 
XNA(IWi)=0.0 

3 i N f e i i m + m 
NL0=NHI*1 

2 IN=IN+IH 
1 CONTINUE 

1002 CONTINUE 
LC=LC*1 
KK=KM»1 
IFUEL.NE.3 -AND. IBR.NE.3)GO TC 842 

; • • • COMPUTE WHITE BOUNDARY FLUX 
ZKIUO.O 
X*IO=0.0 
IGHPHM=IGMP»: • 1 
DO 45 M=1,KK 
IF(VD(M))46,46,47 

46 XNII=XNII • B(]CHPHK)*AES(ND(M)} 
CC TO 45 

4? XNIOrXKIO • B(IGHFMK)«WD(K) 
i»5 IGHPKK=IGMPHH + 1 

IF(IBL.E0.3)XNII=XNII»ALFT(IIG)/ZZ3 
JF(IBR.EQ.3)XNIOsXKIO»AET(IIG)/ZZ3 

: • « BEGIN ANCLE LOOP FOR FLUX CAl« " .ATION 
842 DC b H=1,HM 

LSNK=D£N(M) 
WH=W(H) 
1FKK=(K-1)«IF 
JGMIP=ICMI f Y 

; • « • CCHEIHE PC Atir PL SOURCE TERMS 
DO 6 1= 1 , IM 

6 XKP(I) = £T{I3 
IFUSCT.EQ.OGO TO 9 
HK=h 
IF=1 
DO 8 K=1,JT 
DC 88 1 = 1,IM 
XKR(I)=XKR(;) • PNC(MN)».SAT(I>) 

88 I!f=II? * 1 
6 MK=M: • n: 

Z • • • COMPUTE TSAKSVERSE VCIt STRtAMKG CORRECTION 
9 E£=O.C 

IF(DPK-!.EQ.C.O)CC TC 1C 
IF(IGF.EQ.1)E8=S0JtT(1.C - DSNM»DSNK)/(0.5»rFK1) 
)F(1GE.NE.2)G0 TC 1C 
IF(WM.NF.O)GC TO 11 
»KsKK-1 

ii EC=L::.K(KK;/(G.5»LFKI) 
: • • • SET UP LCUNDARy CONDITIONS 

1C IKLSMH.GF.O.OGO TC 12 

ANSK2263 
ANSN226* 
ANSN2265 
ANSN2266 
ANSN2267 
ANSN2268 
ANSN2269 
ANSN2270 
AXSH2271 
ANSN2272 
ANSN2273 
ANSN2274 
AN5N2275 
ANSH2276 
ANSN2277 
ANSN2278 
ANSN2279 
AKSN2260 
ANSM2281 
ANSN2282 
ANSN2283 
ANSN2284 
ANSN2285 
AKSN2286 
ANSN2287 
ANSN22 
AK£N22e9 
ANSN2290 
ANSN2291 
AKSN2292 
AKSN2293 
ANSN2294 
ANSN2295 
ANSN2296 
AKSN2297 
ANSN229C 
AKSN2299 
ANSN2300 
AKEN2301 
ANSN2302 
ANSJS2303 
AK5N2304 
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ANSN2307 
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ANSN2309 
ANSN2310 
ANSN2311 
ANSN2312 
ANSN2313 
AKSN2314 

FiRurt- Bl (contd.) 
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ILS=IP 
IT=IF 
100=IP • i 
IOIrlPR 
MrXKIC 
CC TO 19 

12 rr=o 
IL£=-1 
100=0 
ICIrjPL 
ElsXKII 

19 IF(IC1-1)13,1*,15 
13 XKH=C.C 

GC TC' 17 
14 IGHPKUIGHPH • KR(H) 

XKK=B(1CHPHL) 
GO TO 17 

15 XEK=E1 
IGHPHfrlGMPM + H 
IF( 101 .EQ.2)IKK=B( 1GHPHK) 

17 IF(¥M.NE.0.0)GO TO 2* 
DO 18 1=1,IK 

18 XNE(I)=O.C 
24 EE=XKK 

C • • • BEGIN INTERVAL LOOP FCR FLUX CALCULATION 
IF(1PM.NF.1)G0 TO 8644 
PAIC1«=FA(ICHIK + **>) 

C NOTE 
C SOKE PATCHWORK C0D1KC NOV IN S833 
C ALSO KOTE FIXED EIKENSJON STKT. IN TFI5- ROUTINE 

8844 DO 25 J=1,IK 
844 L =IABS(IOO-J) 
843 I =IABS(IT-J) 

K=IABS(ILS-J) 
lPWiI=IPIfUI 
IPMHlC=IPMf+K 
IPmUJPHH + L 
IP(DSNH.GT.0.0)GO TO 26 

C • • • ADD SHELL SOURCE TC FLUX WHEN Mil.IT.0 
IF( IPH-1)26 ,27 ,28 

28 IGKIKI=IGHIM • I»HM 
XNK=XNM • PA(IGMIW) 
GC TO 26 

27 IF(IPP.EQ.I)XNH=XNM •#• PAIGHM 
C • • • SAVE ANGULAR FLUX 

26 XND(IPMHL)=E6 
• • t a f f i f l i a t C 

C 
c 
c 
c 
c 

ANISN FIVE MODE FLUX CALCULATION 
E3 = CENTERED FLUX 
E5 = ANCLE EXTRAPOLATED FLUX 
E6 = SPACE EXTRAPOLATED FLUX 
XNK = KNOWN SPACE BOUNDARY FLUX 
PHIH = KNOWN ANGLE BOUNDARY FLUX 

ANSK2315 
AKSN2316 
ANSN2317 
ANSN2318 
AKSN2319 
AKSN2320 
ANSN2321 
ANSN2322 
ZNSN2323 
AKSN2324 
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ANSN2326 
ANSN2327 
ANSR2328 
ANSN2329 
AKSN2330 
ANSK2331 
AKSN2332 
ANSN2333 
ANSN2334 
ARSN2335 
AKSN2336 
ANSN2337 
ANSN2338 
ANSN2339 
ANSN2340 
ANSN2341 

<«REDO LATER» 
ANSN2342 
ANSN2343 
ANSN2344 
ANSN2345 
ANSN2346 
ANSN2347 
ANSN2348 
AKSN2349 
ANSN2350 
ANSN2351 
ANSN2352 
ANSN2353 
ANSN2354 
ANSN2355 
ANSN2356 
ANSN2357 

•ANSN2356 
•AXSN2359 
•ANSN2360 
•ANSN2361 
•ANSN2362 
•ANSN2363 

Figure Bl ( c o u t d . ) 



tl 

C • * « « • * ! « « • XMHI = TOTAL SOURCE 
C • • • • • • • • • • E 1 = SIGMA TOTAL 

56 E1=CT(I) 
IF(E1.EQ.O.O)E1=E1 • E6*V(I) 
JXtll-Jmil) 

C SPUTTERING CHANCE - ADD CSD TERM TO TOTAL SOURCE 
IF(IIG.KE.I) XMRI=IKFI+E3SAV2(I tM)*V(I) 

DSW=DS(IPMMT 
?SUI=DS(7fHHL) 
ESKK2=uSKM • DSLh 
IFCVM.EQ.C.O .OR. IGE.EQ.DGO TO 600» 

C c « a * * • * * * • GENERAL DIRECTIOII FLUX CALCULATION -
PHDUXKEU) 
DAIM=DA(IPMMJ) 
DBIKsDB(IFNMI) 
DBDO=DAIH • DBIM 
1F(IFLU1-2)6001,6002,600J 

c • • • « • • « • • • LIREAR MODEL 
6001 E3=(X*RI * DSXK2*XNM + DBIK2»PKIM)/(E1 + DSKK2 • PB1K2) 

E5=E3 • E3 - PHIM 
E6=E3 • E3 - XKM 
IF(AHIB1(E5,E6) .GT. 0.0)GO TO 6007 
IF( IFLO-1 )60P2 ,6007 ,6003 

c • • • • f f « t « « « CTEP FOMCTION MODEL 
6002 E3=(XKRI • DSLM«XNK • DAIM»PHIK)/(E1 • DSXK + DBIK) 

E5=E3 
E6sE3 
GC TC 6007 

c • • • • • • • • • • WEIGHTED DIFFERENCE MODEL 
C • » • • • • • • • • COMPUTE WEIGHTED SPACE TERMS 

6003 IF(XNM.LE.0.0)GO TO 7001 
7005 XNUfeEl • DBIM • DRIh 

XrEKsXKUK - DSLM - (DAIM'PMM + XNRI)»0.9/XNH 
U CXDEH+XDEN .LE. XNUfc) GO TO 7001 
1F(XDEH-XNUK)7006,7003,7001 

7006 BBBsXNUM/XDEN 
7004 XT1=DSLK - DSKM + DPB«rSKH 

GO TO 7002 
7003 XT1=DSLM 

EEBsl.C 
GO TO 7002 

7001 XI>1=DSKM2 
BBE=2.0 

C • # • # • # # # • • COMPUTE WEIGHTED AWGLE TERMS 
7002 IF(PHIK.LE.0.0)GO TO 7C11 
7015 XHUKsEI • DSKK + DEO: 

XDEN.XKUM - DAIK - (DSLH'XNH • XNRI)»0.9/PHIM 
IF(XDEB+XDEK .LP. XNUK) GO TO 7011 
IF(XDi»-XNUM)70l6,7013,7011 

7016 CCC«XNUM/XDEN 
701* XD2*DAIM - DBIM • CCC'DBIM 

GC TC 6004 

W.GT.O 

•ARSK236* 
•ARSN2365 

ARSM2366 
AKSN2367 
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AHSK2369 
ARSS2370 
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AKSK2382 
AKSN2383 
ANSN2384 

•AMSK2365 
AKSN2386 
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AKSK2386 
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ANSN2393 
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ANSN2411 
ANSN2412 
ANSN2413 

Figure Bl (contd.) 
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7013 XD2=BAIK 
CCO1.0 
GO TO 6004 

7011 XB2=DBDB 
CCC=2.0 

6004 E3=(X»RI • ZDinant • XD2»PHIM)/(E1 + XD1 • XD2) 
E5=CCC»(E3-PHDI) • PBIK 
E6=BBB*(E3>XNM) • INK 
CO TO 6007 

C • • « • • • • « • • n i T U L DIRECTION FLUX CALCULATION -
C • • • • • • • • » • CK SLAB FLUX CALCULATION - IGE.EQ.1 
6006 IF(IFLC1-2)6011,6012,6013 

C • • • • • • • « • • LINEAR MODEL 
6011 E3=(XHRI + DSKH2*XNM)/(E1 • DSOC) 

E5=E3 
E6&E3 • E3 - XNK 
IF(E6.GT.O.O)CO TO 6007 
IF(IFLU-1)6012,6007.6013 

C » • » • • • • • • • STEP FUNCTION MODEL 
6012 E3=(XNRI • DSLMnJBf)/(E1 •*• DSLK) 

E5=E3 
B6=E3 
GO TO 6007 

C « • • • • • • • • • WEIGHTED DIFFERBlCE MODEL 
C • • • • • • • • • • COMPUTE WEIGHTED SPACE TERMS 

6013 IP(XNM.LE.O.0)GO TO 7021 
7025 DBIK2=DSLM - DSKM 

XRUKsEI • DBDC 
XDEfeXNUM - DSLK - XNRI*0.9/XNM 
IP(XDEN+XDEN .LE. XNUM) GO TO 7021 
IF(XDEN-XNUM)7026,7023,7021 

7026 BBBsXNUM/XDEN 
7024 XDIsDBDQ • BBB»DSKM 

GO TO 7022 
7023 XDIrDSLM 

BBBxI.O 
CO TO 7022 

7021 XDUDSKK2 
BBB=2.0 

7022 E3=(XURI • XD1*XNM)/(E1 + XD1) 
E5=E3 
E6=BBB»(E3-XNK) • XNM 

6007 CONTINUE 
C SPUTTERING CHANGE - SAVE CSD FOR CURRENT CROUP 

6008 E3SAV1(X,M)*E3*SIGSD(I1G) 
E3«E3*VM 
XNE(I)«E5 
XNM>E6 

C • • • COMPUTE TOTAL FLUX (SCALAR) 
XJW(I)*XNN(I) * E3 
IPCISCT.EQ.0)00 TO 33 

C ••• COMPOTE P-L CURRENTS 

V.EQ.O 
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Figure Bl (coned.) 
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I f c l 
MfcM 
DO 32 fcl.JT 
XRA(II)=XM(IM) • raC(MM)«E3 
I f c l i + IM 

32 HKsMM + MM 
33 IF(DS«M.LT.0.0)CO TO 25 

: « • • ADD SHELL SOURCE TC FLUX HHEK MD.GT.O 
IF(IPH-1)25,3*.35 

35 iGMDa=icfOf • ;-*;*: 
XBHcXRH • PA(ICMIKI) 
CO TO 25 

3* IF(IPP.EQ.I)I»fcDm +PAIGMM 
25 c a m n i E 

I • • • SATE BGPBDABY FLUX 
IGHFHfclGKPK * H 
B(IGMPMM)=E6 

: ••• SATE LAST AIGULAR FLUX 
IPMMUIPMM • IABS(IOO-IP) 
»D(IPMM\)=E6 

5 CONTINUE 
8«5 £1=0.0 

E2=0.0 
IF(IBL.E0.1)GO TO 3337 
1=1 
DO 37 M=1,KM 
E1=E1 + TO(K)*XKD(I) 

37 1=1 • IP 
3337 J=IP 

DO 337M=1,MM 
E2=E2 t- W)(M)*XKD(J) 

337 J=J * IP 
C • • • COMPUTE LEAKAGE 

RUE2»AA(IP) 
XLL=E1«AA(1) 
XNLGG=RL - ILL 

833 IIC=IIC+1 
El=0.0 
ESCsC.O 
ESM=0.G 
EAM=0.0 

C • « • COMPUTE CONVERGENCE NUMBERS 
IGMPJIsIGMPI • 1 
DC 36 1=1,Ik 
E«=XNN(I) - XN(IGMPII) 
IGMPIIsIGMPII • 1 
E2*CS(I)«E4 
ElsEUEw 
ESMsESM * A6S(E2) 
EAKsEAK • ABS(E4)»(CT(I)-CS(I)) 
E*«ABS(E* /XNN(D) 
IF(E4.LT.£SC)G0 TO 36 
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IFDMX=I 
ESC=E4 

38 CCITINOE 
ESK=AKAX1(ESM,EAK) 

C • • • COMPOTE INNER ITERATION SCALE FACTOR 
E1=ZZ1/(ZZ1-E1) 
IF(E1 .LE.O.O.OR.E1 .CT. 10.0)E1 =10 .0 
IFdCMC.EQ.DCO TO 124 

C • • • COMPOTE SPACE DEPENDENT SCALE FACTORS 
C • • • COMPOTE LEAKAGE TERMS AMD SHELL SOURCE CONTRIBUTION TO C 

DO ICO 1=1,IOC 
DC(IM *I)=O.C 
XWUDsO.O 

100 XRE(I)sO.O 
IGMPII=IGMPJ + 1 
DO 101 1=1,IM 
II=NO(I) 
XNE(II)=XNE(II) • SR(I) 

C SPUTTERING CHANGE - PRESERYE BALANCE FOR CONVERGENCE TESTS 
DO 888 H=1,HK 

888 XKEdI)=XNEdI)+E3SAV2dlM)«V'I)*V(M) 
XNR(II)=XSR(II) • CSd)*(XlldC<iPII)-XJINd)) 
DCCIK +II)=DCdK +11) + CS(I)«XNN(I) 
SP=O.C 
SM=0.0 
IF(IPM-I)108,102,103 

102 IF(IPP.HE.I)GO TO 108 
J=1 
GO TO 104 

103 J=I 
104 IGMIJ=ICMI • J»HM • 1 

DO 1011 Ksl.MH 
E3=PA(IGMIJ)»ABS(WD(M)) 
IGMIJ=IGMIJ*1 
IF(W>(M).LT.O.O)GO TO 105 
SP=SP + E3 
GO TO 1011 

105 SMsSM • E3 
1011 CONTIiiUE 

XNE(II)=XNE(II) * SM»AAd+1) 
IF(I+1 .EQ. NO(IM+II))GO TO 1C6 
XNEdl)sXNE(II) * SP»AA(I+1) 
GO TO 108 

106 IF(II.NE.ICHC)XNE(IIf1)=XNE(II+1) • SP»AA(I+l) 
108 IGMPIIrIGMPII+1 
101 CONTINUE 

I l l r l 
DO 109 Is1,ICMC 
DC(IM +I)xDC(IM *X)«0,25 
II2*N0(IW*-I) 
II1S.II1 
II2S.II2 
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ILM=0.0 
XLP=0.0 
DO 115 M=1,MM 
IF(WD(K).CT.0.0)GO TC 116 
XLP=XLP + XKD(II2)«A3S(VD(M)) 
GO TO 117 

116 XLHrXLM • XKD(II1)«UD(M) 
117 IH =H1 + IP 
115 II2=U2 * IP 

II1=II2S 
ST(I)=-XLP«AA(II2S) 

109 SAT(I)=-XLH»AA(II1S) 
FLOXP=DC(IM +1) 
00 118 I=1,ICMC 
FLOIM=FL0XP 
IF(I.EQ.ICMC)CO TO 8001 
FL0XP=AMAX1(DC(IM +I),DC(IK +1+1)) 
GO TO 8002 

8001 FLOTP=DC(IK +1) 
8002 ST(I)=ST(I)-F1.UXP 

SAT(I)=SAT(I)-FLOXM 
118 XNF(I)=XKR(I) + XME(I) - ST(I) - SAT(I) 

C • • • 
C • • • SOLVE TRI-DIAGOKAL KAfBIX 
C • • • 
C • • • COMPOTE A{1) AND A(ir; 

XKB(1)=XNR(1) + SAT(1) 
XHB(ICMC)rXKB(ICMC) • ST(ICMC) 

C ••• REMOVE B TERMS FROM MATRIX 
J=1 
DO 111 I=2,JCMC 
C0EF=SAT(I)/XNR(J) 
XNR(I)=XKE(I) - C0EF»ST(J) 
XNE(I)=XNE(I) - C0EF*XWE(J) 

111 J=J*1 
C ••• SOLVE FOR F(i; 

I=ICMC 
DO 112 J=2,ICMC 
XNE(I)=XKE(I)/XNR(I) 
IF(XNE(I).LT.O.0)GC TC 12U 
1=1-1 

112 XHE(I)=X»E(I) - XNE(X+1)*ST(I) 
XNE(1)sXKE(1)/XKR(1) 
IF(XNE(1).LT.0.C)GC TC 124 

C ••• 
C •»• MATRIX SOLVED 
C ••• 

I=IM 
DO 119 J=1,IM 
II*N0fI) 
XNE(I)*XKE(II) 

115 1*1-1 

AKSK2565 
ANSN2566 
AMSN2567 
AKSN2568 
AKSH2569 
ANSN2570 
AMSM2571 
AKSH2572 
AMSM2573 
ANSN2574 
AMSK2575 
AKSN2576 
ANSN2577 
ANSN257 
AHSN2579 
AKSN2580 
AHSH2581 
ARSN2582 
ANSN2583 
ANSN2584 
AKSK2585 
ANSN2586 
ANSN2587 
AKSK25 
Ai!rr;i589 
AKSK255C 
ANSN2591 
ANSK2592 
AWSN2593 
ANSN2591 
AKSH2595 
ANSN2596 
AKSN2597 
ANSK2598 
AKSN2599 
ANSN2600 
ANSN2601 
ANSW2602 
ANSN2603 
ANSW560H 
AKSH2605 
AKH.2606 
ANSN2607 
ANSK2608 
ANSN2609 
AKSK2610 
AKSN2611 
ANSH2612 
AKSN2613 
ANFK261K 
AKSK2615 
ANSN2616 

Figure Bl (contd.) 



62 
Figure Al (contd.) 

DO 114 1=1, IM 
111 SAT(I}=0.0 

GO TO 125 
C ••• APPLY SPACE DEFENDEKT SCALE FACTORS 

124 DO 123 1=1,IM 
123 XKE(I)=E1 
125 DO 39 1=1,IM 

IF(ABS(1.0 - XNE(I)).LT.SCLMX)GC TO 39 
SCLHX=»PS(1.0 - XKE(D) 
SCLXX=/.NE(I) 
ISKX=I 

39 XNM(I)=XNM(I)«XKE(I) 
122 IF(ISCT.EQ.C)GO TO 3399 

DO 339 1=1,IM 
IK=I 
DO 4C M=1,JX 
XNA(IM)=XKA(IK)*XNE(I) 

40 IM=IN • IM 
339 CONTINUE 

3399 E1=XME(1) 
E2=INE(IM) 
IGMPMK=IGMPM*1 
DO 41 M=1,MM 
IP(WD(M).GT.0.0)GO TO 441 
F(IGMPMM)=B(IGMPMM)«E1 
GO TO 41 

441 B( IGMPMM)=B(IGMPMK)»E2 
41 IGMPMK=IGNPMM • 1 

C • • • TEST CONVERGENCE 
IF((XITR.EQ.O .AND. IBR.EQ.O) .OF. IIC.CE.IIM)GO TO 42 
IF(ESM.GT.EPG .AND. ESC.GT.EPS .OR. XLAL.GT.0.0 .AND. 

1 ESC.GT.XLADGO TO 832 
42 K=1 

DO 43 M=1,MM 
WDM=VD(M) 
J=IC*1 
DO 443 I=1,IM 
XNEI=XNE(I) 
IF(WDM.LT.0.0 .OR. 
IF(WDM.GT.0.0 .OR. 
KsK+1 

C SPUTTERING CHANGE - SAVE CSD FOR NEXT GROUP 
E3SAV2(I,M)sE3SAV1(I,H) 

443 J=J*1 
K*J 

43 CONTINUE 
XNLGG=RL»E2 - XLL»E1 
IPCICVT.NE.DGO TO 999 
IP(IIG.EQ.1)VHITE(NOU,60) 
WRITE(N0U,70) IIG,JIC,IFDMXfESC,ISMX,SCLXX,ICMC 

60 F0RMAT(76X,' GROUP INNER MFD MAX. FLUX MfcF MAX. SCALE 
•RSE»/83X,'ITERS INT. DIFFERENCE INT. FACTOR MESH') 

I.EQ.1)IND(K)=XND(r)«XNEI 
I.EQ.IM)XND(J)=XND(J)*XNEI 
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70 F0RKAT(76X,3I6,1PE13.5,I6,E13.5,I6) ANSN2667 
999 RETURN ANSN2668 

END AHSN2669 
SUBROUTINE SUMARKXKI.FD.XN, Vfc,W,DSN,MA,MZ,CRX,Q,PA,DF,I2,CA,CF,ANSN3072 

1CT,CS,?,AA,TAB,WD,XND,FXStFISfSIIN1SFS,OTStAPS,Firr,TXN,DEN,RFL,RCT,ANSN3073 
2RLX,XLL,XLI1XBB,RXM,IG1,I1fIH1IIGM1,M1,IM1) ANSN307* 

C • • • SUMARY PRINTS ANGULAR FLUXES AND COMPUTES SUMMARY TABLES ANSN3075 
C SPUTTERING CHANCE - SETUP ARRAYS, COHHON/SPUTV 

REAL»8 EBT.UO 
DIMENSION E(5C,2),F(50,33),ETA(16,2),NT(16) 
COMMON/SPUT/SIGSD(50),EBT(51),UO,NI " 

DIMENSION XH(1),FD(1),XN(i;.-1), VE(1\W(1),DSN(1),MA(i),MZ(1)ANSN3076 
1,CRX(IHl tIGMl,l),Q(n,1),FA(M1,IMl,l),DF('),CA(l),CF(1),CT(1), ANSN3077 
2 CS(1),V(1),AA(n,TAB(1),ND(l),IMD(I2,1),rXS(IG1 t1),FIS(IG1,1), ANSN3076 
3 SNN(IG1p1),SFS(r31 f1) tOTS(IGl,1)rAPSQG1 t1),XLK(IG1,1),IBB(IG1,1)ANSN3079 
H,RXN(IG1,1),RFL(ICl,'l),RCT(IG-|,1)fFLiC(IG1,1)IXLL(lG1,1),FhT(IG1,1)ANSN3080 
5,TXN(IG1 f1),DEN(ir.1,1) ANSN3061 

COMMON /BULKPn/ ANSN3082 
$ D(1),Lnn,LX^7,Lri<>LXNlLR,LVE,LV,U>SN,LMA,LMZlUfB,LMC,UMD,ANSN3083 
1LMTT, LCRX, LFIX, LFLT, LQ, LPA , U 5 , LRH, LDF, U 3 , LJH, LI3T, LART, LALFT, ANSN3084 
2LFGP,LFGG,LENl',LV,LAA,LyD,LHF,LPNCfLXJ,LCH,LCA,LCF,LCT,LCS,LTAB, ANSN3085 
3LXKD,LSA,LSAT,LRAV,LRA,LXNN,UKE,LXHRtLXNAfLSR,LST,LQG,LFG,LSG, ANSN3086 
4LXKF,LXNI,LXNO,LT3fLT5,LDA,LDB,LDC,LDS,LB,IGMP,lGMM,IIGG,NERRfIHJTANSN3087 
5,IHG,IHP,KP,NDS,NUS,SIX;tSCG,*G,XNLGG,XNLGf£NG,ALA,ASR,EAM,EPG,EQ, ANSN3088 
6E1FE2,E3,E4,E5,E6,E7,E8,E9 fE10,E11,E12,E13,E1*,E15,El6,E17,El8 fEl9ANSN3089 
7,E20,ESC,ESK,EVP,EVPP,FTP,IC,ICVT,IGP,JG,IHP,IIC,IIG,IP,IZr,I01, ANSN3090 
8102,103,104,105,106,107,108,100,100,JT,LC,MG,MI,ML,MM,NFNfXITR, ANSN3091 
9XLAP,XLAPP,XLAR,XLA,XNI0,XNII,ZZ1, ZZ2,ZZ3,XNB,XKEP,XKIP,IH,I,fr,L, ANSN3092 
AM,J,N,HH,13V, ANSN3093 
EID,ITH,ISCT,ISN,IGE,TBL,IBR,IZM,IKfIEVT,IGH,IHT,IHS,IHM,KS,MCP.,MTPANSN309,» 
C,MT,IDFM,IPVT,IQM,IPM,IPP,JIH,ID1,ID2,ID3,ID«,ICM,IDAT1,IDAT2,IFG,ANSN3G95 
DIFLU,IFN,IPRT,IXTF, ANSN3096 
EEV,EVM,EPS,BF,DY,DZ,DFM1,XNF,PV,PYF,XLAl,XLAK,EQl,XKPM, AKSN3097 
FT(12),KIN,K0U,NT1,NT2,NT3,NT4,NT5,NT6,NT7 AKSN3098 

C SPUTTEPING CHANCE - CALCULATE ANGULAR RESPONSE FUNCTION, R 
NT=IGM-NI 
JSNsISK 
VRITE(6,2C00)M,NT,JSN,UO 

2000 FORMAT(1K1,15,' ICN GROUPS;',15,'TARGET ATOM GROUPS; S ' , I 2 , 
1 » UO=',D15.5) 

JSN=JSN/2 
NTF1=NT+1 
J£K1=JSN+1 
DO 105 1=1,JSF 

1C5 WT(I)=W(I*1) 
WFJTP.(6,2005) 

2C05 FORMATCO TARGFT ATOM GROUP BOUNDARIES AND SN WEIGHTS') 
WRITE(6,2010)(EBT(J),I=1,NTP1) 
WRITE(6,201C)(WT(1),I=1,JSN) 

2C10 FORHATOH JE15.5) 
DO 110 JG=1,NT 
E(J0,1)=KFT(JG+1) 
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110 E(JG,2)=EET(JC) 
E?A(1,1)=0.0 
ETAi1,Z)=?.«KT(1) 
DO 120 IA=2,JSN 
ETA(IAf1)=ETA(IA-1,Z) 

120 ETA(I#,2)rETA(IA,1)+2.»WT(IA) 
JSK2=2«JSN+1 
iNTOT=NI+KT 
DO 130 JG=1,NT0T 
DO 130 IA=1,JSR2 

130 R(JG,IA)=0.0 
DO 140 JG=1,NT 
IGG=KI+JG 
DO 140 IA=1,JSH 
IAA=JSK1-IA+1 
EA=E(JG,1)»ETA(IA,1)"2 
EB=E( JG,2)»ETA(IA,1 ) « 2 
EC=E(JG,1)«ETA(JA,2)"2 
ED=E(JGt2)»ETA(IA,2)"2 
IF(EA.G'..0O> GO TO 101 
IF(ED.Lr.OO) GO TO 106 
3F(EC.GT.W0) GO TO 102 
ETAL*ETA(IA,1)»»2 
IF(EB.LT.OO) ETAUU0/E(JG,2) 
R(IGGFlAA)=(ETA(IA,2)"2*ETAL)/?./UO-1./E(JGf2) 
RfIGC,IAA)=R(lGG,IAA)/(l./E(JG,1)-1./E(JG,2)) 
IF(EB.LT.UO) P(IGG,IAA)=R(IGG,IAA)»(ETA(IA,2)«2-ETAL)/ 

1 (ETA(IA,2)"2-ETA(IA,1)"2) 
GO TO 140 

101 R(IGG,IA/)=1.0 
GO TO 140 

102 EUrE(JG,2) 
IF(EB.GT.UO) EU=U0/ETA(IA,1)«2 
F(IGC tIAA)=UC»(1./E(JG,1)+1./EU)/2.-ETA(IA,1)"2 
IF(EB.CT.OO) R(IGG,IAA)=R(IGG,IAA)»(1./E(JG,1)-1./EU)/ 

1 (1./E(JG,1)-1./E(JG,2)) 
R(IGGfIAA) = 1.-R(IGG,IAA)/(ETA(IA,?)«2-ETA(IA f1)™2) 
GO TO 140 

106 R(IGG,IAA)=0.0 
140 CONTINUE 

WRITE(6,L015) 
2015 F0RMAT(///» ANGULAR LEAKAGE RESPONSE FOR SPUTTERING PROBLEM'/) 

DO 170 JGsl.NTOT 
DO 169 IA=2,JSK1 
RTEMP=R(JG.Iil} 
IATP=JSK2-IA+2 
R(JG,IA)*R(JG,IATP) 

169 R(JG,IATP)rRTEMP 
WRITE(6,2020) JG.JSN2 

1TC W^ITE(6f201C) (R(JG,IA),IA=1,JS»2) 
2020 FORMATC R( ' , I2 ,» , IA),IA*1,' ,12) 

DO 1 IIC*1,IGM 
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IIGGrllC 
CALL HAHDR1 ( 3 ,XND,IP«HH,2) 
IF(ID1.EQ.C .OR. JD1.EQ.2)G0 TO 2 

• • • P5INT ANGULAR FLUX 
WRITE (NCU,10)IIG 

10 FOR»i.T( 37K1 Pl.UX FT ANGLE AND POIkT FOR GROUP 13) 
CALL VOTUKP.m.IP, 1, 'PUT. *,'AHGL' ,0,IBU) 

2 IF(IDAT1.EQ.0)GO TO 3 
IIGC=1 
CALL MANOR 1 (NTS.CRX.IHP'MT.Z) 
IC1=MP»IKP 
IF(1QK*IPM.NF.C) CALL kANDFI (NT3,Q,I01,2) 

• • • COMPUTE SUWttRY TABLES 
3 IHsIHH 
* C=IIG+X»S-IF 

IF(r.LF.O)GO TO 5 
IFU.GT.IGH)CO TC 6 
IF(IDfT1.NF.2)G0 TC 7 
»=1 
CALL kANDEI (NT1,XN,IM,2) 
IFdSCT.GT.OREAD (KT1) 

7 DO 8 1=1,IM 
J=KA(I) 
UJAB£(K2(J)} 
J=KIN0(*,JZH) 
E4=V(I) 
IF(IBFK.GT.O)Ei!=Et»rF(I) 
IF(IH.NF.IHS)GO TO 39 
CS(I)=ZN(I,1C) 
E1sCRX(lKT,IlGC,l) 
E2=CRX(IKT-2,IIGG,L) 
E'sO.C 
1F(IDFK.EQ.C)G0 TC 11 
E1sE1»DF(I) 
E2sE2»DF(I) 

• • • TRAKSVERSE BUCK11NG COPRECTICh 
11 IF(DY.GT.O.O) E3=3.289866»E1/(DY»E1 +BF)*«2 

IF(DZ.GT.O.O) E3=E3 • ?.289866»E1/(M»E1 • BF)«2 
CT(I)=(E1 • TAB(IIG) • E3)»CS(I) »V(1) 

C 
C 
C 
C 
C 
C 
C 
C 
C 

CA(I)=(E2 • 
GO TC 8 

•*• FXS -
M pis _ 

• • • SNN -
••« SFS -
• • • OTS -
• • • APS -
• • • XLK -
• • • XBB -
• • • RXK -
• • • RFL -
• • • RCT -

TAB(IIC) + E3)«CS(I) »V(I) 

r J > ̂  D SOURCE 
P.TSSIGN SOURCE 
SCATTER GAINS 
SELF SCATTER 
SCATTER LOSSF£ 
ABSORPTIONS 
NET LEAKAGE 
KEUTRCN BALANCE (GAINS/LOSSES) 
FLUX AT RIGHT BOUNDARY 
J+ AT RIGHT BOUNEARY 
J-NET AT RIGHT BOUNEARY 

ANSN3100 

ANSN3102 
ANSN31G3 
ANSN3104 
ANSN3105 
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ANSK3108 
03*39000 
AKSN3110 
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C • • • RLI - BIGHT LE1KAGE ARSI3152 
C • • • XIX - LEFT LEAKAGE ANSN3153 
C ••« FRT - FISSIOK RATE AKSK3154 
C • • • TM - TOTAL FLUX AKSK3155 
C • • • DEN - DENSITY ANSN3156 

39 SKM(UO,J)=Sim(IIG,J) • CRIUH,I1GG,L)*XN(I,K)*E4 AKSN3157 
8 CCNT1MJE AKSK315B 
5 Ifc=IH-1 AKSN3159 

IF(IE.GT.JHT)GO TO * AKSN3160 
6 IF(IDAT1.RE.2)G0 TO 35 AKSII3161 

IF(KDS.LT.IIG .AND. IIG.KE.IGH)CO TO 43 ANSN3162 
REMIND KT1 AKSR3163 
GO TO 35 AISN3164 

43 K=NDS • KmO(BUS,lCH-IIG) AKSN3165 
IF(ISCT.GT.O)R=K»N AKSN3166 
DO 36 1=1, N ANSN3167 

36 BACKSPACE NT1 ANSN3168 
35 E1=EV ANSR3169 

IF(IEVT.NE.1)E1=1.0 ARSN3170 
I0I=(IIGC-1)«KP«IHP ANSN3171 
DO 9 1=1,IM AISN3172 
JsMA(I) ANSN3173 
K=IABS(KZ(J)) ARSH3174 
J-KUKXJ.IZM} ARSV3175 
E4=V(I) ARSN3176 
IF(IDFK.GT.O)E«=E«»tF(I) ANSN3177 
IFUTH.EQ.OGO TO 41 ANSN3176 
FIS(IIG,J)=FIS(IIG,J) • CRX(IKT-1,IIGG,K)«FD(I)»E« AHSN3179 
GO TO 42 ANSN3180 

41 FIS(IIG,J)=FIS(IIC,J) • XKI(IIG)»FD(I)»V(I)/E1 AKSN3U1 
42 SFS(JIC,J)=SFS(IIG,J) • CS(I)»CRX(1KS,IIGG,K) »E4 AKSK3162 

0TS(IIG,J)=0TS(IIC,J) • CT(I) AKSNS163 
APS(IIG,J)=APS(IIG,J) • CA(I) ANSN3184 
TXN(IIC,J)=TXN(IIC,J) • CS(I)»V(I) ARSN3185 
JF(IQM.rE.O)FXS(IIG,J)sFXS(IIG,J) • Q(IGI+I,1)»V(1) AKSN3186 

9 FET(II0,J)=FRT(IIC,J) • CS(I)»CRX(IHT-1,IICC,R)»E4 ANSN31B7 
DO 12 J=1,IZH AKSN3188 
DEN(JIG,J)=TXN(IIG,J)/VB(IIG) ANSN3189 

1? OTS(IIC,J)=OTSaiC,J) - APS(IIG,J) - SFSdlC,J) ANSN3190 
IFQPH.EQ.OGO TC 13 ANSN3191 
JsKIKO(IZM,MA(IFP}} An.'i,:-92 
JJ=J ANSN3193 
IF(IPP.RE.IM)JJ=KIN0(IZMfKA(IPP*1)) ANSN3194 
DO 17 1=1, IK ANSN3195 
IF(IPM.EQ.1)GO TO 1007 ANSN3196 
JrKrXO(IZH,KA(I)) ANSN3197 
JJ*J ARSN3198 
IF(J,NE.IM)JJ=HINO(IZK,HA(I+D) ANSN3199 

1007 E3«0.0 ANSN3200 
E4s0.0 ANSN32i1 
DO 16 M*1,MM ARSN3202 
E2=PA(M,I,IIGG)»ABS(WD(M)) ANSN32G3 

Figu-e Bl (contd.) 
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IF(VC(M).LY.0.0)GO TO 1005 
E3=E3 • E2 
CO TO IE 

1005 E4=E4 • E2 
16 CONTINUE 

IFOPH.EO.DGO TO !5 
]r'I.EQ.IM)GG TC 17 
Fli(IIG,JJ)rFXS(TIC,JJ) • E3«AA(I*1) 

17 FIS(IIC,J)=FXS(IIC,J) • E4»AA(I+1) 
GO TC 13 

15 1F(IPP.EQ.IM)C0 TO 1008 
FXS(IIG,JJ)=FXS(IIG,JJ) • E3««(IP?+1) 

1008 FIS(IIG tJ}=FXS(IIG,J) * E4aAA(IPP«1) 
13 DO 18 J=1,IZP 

IFU.KE.IZP .AKD. IZM.NE.DGO TC 24 
101-1 
I02=IK 
CO TO 25 

24 DO 19 I01=1,IM 
IF(J.EQ.KA(I01))GO TO 2\ 

1S CONTINUE 
21 I02=IP 
22 102=102-1 

IF(J.NE.HA(I02))GO TO 22 
25 DO 23 K=1 ,KM 

RXN(IIC,J)=RXH(IIG,J) • XND(102*1,K)«W(K) 
1F(WB(M).GT.O.O)RFL(IIG,J)=RFX(IIC,J) * XNDO02-M ,K)«WD(H) 

: SPUTTERING CHANCE - FOLD R WITH RIGHT LEAKAGE 
RCT(IIC,J)=RCT(IIC,J)+XKD(I02+1,M)»WD(M)»R(IIG,H) 

23 XLL(IIC,J)=XLL(IlGtJ)+XND(I01,K)«Mi(K) 
RLK(IIG,J)=RCT(IIG,J)»AA(I02+1) 
XU.(IIC,J)=XU.(IIG,J)»AA(I01) 
XLX(IIC,J)=RLK(JIG,J) - XLL(IIC,J) 

•6 CONTINUE 
1 CONTINUE 

REWIND 3 
IF(IDAT1.NE.0)REVIND NT3 

37 DC 34 K=1,16 
L=(K-1)«IZP 
K=UIZP 
10 26 Jsl.IZP 
K=L*J 
DO 27 IIG=1,IGM 
E1=FXS(IICfN) 
IF(J.EC.IZP)CO TC 28 
FXS(ICP,N)=FXS(IGP,N) • F1 
IF(K.GT.9)C0 TO 27 
FXS(IIGfK)»FXS(IIG,K) • El 
00 TO 27 

28 FXS(3GP,K)sFXS(lCP,K) + El 
27 CONTINUE 
26 CONTINUE 

AKSN3204 
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ANSN3206 
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ANSN3209 
ANSN321C 
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ARSN3216 
AKSN3217 
ANSN321E 
ABSK3219 
AKSK3220 
ANSN3221 
ANSN3222 
ANSN3223 
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ANSN3225 
ANSN3226 
ANSN3227 
ANSN3228 
ANSN3229 
ARSN3230 

ANSN323* 
ANSN3233 
ANSN3234 
ANSK3235 
ANSN3236 
ARSN3237 

ANSN3239 
ANSN3240 
ANSN3241 
AKSK3242 
ANSN3243 
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ANSR3250 
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ANSN3253 
AKSK3254 

Figure Bl (coned.) 
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3* CGNTIKUE AKSR3255 
DO 29 J=t,IZP AKSN3256 
CT(J)*0.0 
DO 29 IIG=1,IGP MSI3257 
E1=FXS(nG,J) * FIS(HG.J) * SNW(IIG,J) + AKAXUILLUIG.J) , 0 .0 ) 

• -CAHK1(RLK(IIG,J),0.0) 
E2=0TS(IIC,J) • APS(IIG,J) • AHAX1(HLK(JIG,J),0.0) -

• AH»1(XLL(IIG,J),0.C) 
29 XEB(HG,J)=B1/E2 AKSK3270 

DO 1029 1=1,IK 
J=KA(I) 
CT(J)=CT{J) • »(I ) 

1029 CT(IZP)=CT{IZP) • V(l) 
W 38 J=1,IZP AKSN3271 

32 IF(J.EQ.IZP)CO TO 31 ANSN3272 
C • • • PKIRT SUMMRT JULES A»S«273 

WRITE (N00.2C) J,JCP,CT(J) 
20 FORKATOBHI SUMURT FOR ZONE I3,*7H BT GROUP INCLOMKC SUM FOB AIXAKSN3275 

1 GROUPS IN LIRE 1 3 , ' ?OLUKe=',1PE13.5) 
CO TO 33 AWSN3277 

31 WRITE (NOW, 30) CT(IZP) 
30 FGRHAT(20K1 SUMKOT FOR SYSTEM,' VOLUKE=*,1FE13.5) 
33 WRITE (N0U,*0) (I,FXS(I,J),F1S(J,J),SK1I(J,J),SFS(J,J),GTSU,J),APSANSN3280 

1(I,J),ILK(I,J},XBB(I,J).I=1,ICP) ANSW3281 
40 FORMAT(108H0 GRP. FIX SOURCE FISS SOURCE IK SCATTER SLF SCATAJTSN3282 

ITER OUT SCATTER ABSORPTIOH LEAKAGE BALANCED I6.1P8E13. 5 ANSN3283 
2)) ANSN328« 

WRITE (ROD,50) (I,RXM(J,J),RFL(I,J),RCT{I,J),RLKO,J),XLL(I,J),FRTANSN3285 
1(I,J),TXW(I,J),DEN(J,J),Is1,ICP} AHSR3286 

50 FORKAT(108H0 GRP. RT BDT FLUX RT BDT J+ RT BDT J RT LEAKANSN3287 
1AGE LFT LEAKAGE FISS RATE TCTAL FLUX CENSITT/(l6,1P8E13.5ANSN328e 
2» ANSN3289 

38 CONTINUE AKSK3290 
IPC ID.LT.1000000)C0 TO 999 ANSN3291 
CALL FACTCKH7.,D(LMB),D(LHC),D(LXHD),HA,V,XN,DF,TAB,IM,IGK) ANSN3292 

999 RETURN ANSN3293 
END ANSN329* 

//LKED.PROG DD EISP=SHR,DSN=X.WARU636.WA*PROG 
INCLUDE PRCG(ANISN) 

//GO.FT01F001 CD UNITsSTSDA,SPACE*(TEA,(1 CO, 10) ,RLSE), 
/ / DCB=(RECFMsVBS,LRECLsX,BLKS1ZE=7206) 
//GO.FT02F001 DD UKITaSTSDA,SPACE=(TRK,(1C0,10) ,RLSE), 
/ / DCBs(RECFH*VBS,LR£CLsy,BLKSIZE*7208) 
//GO.PT03F001 CD UNIT«SYSDA,SPACE=(TRK,(100,10),RLSE), 
/ / DCE»(RFCFMsVBS,LRECLsX,BLKSIZE=7208) 
//GO.FT0UF001 CD DSK*T.TJH*5255.XSPU,CISP=SHR 
//GO.FTCFOOI DD STSOUT*B 
//GO.FTO JF001 CD UKTT-STSDA, SPACE* (TRK,( 100,10), RLSE), 
/ / DCEsvRECFMsVBS,LRECLsX,BLKSIZEc7208) 
//GO.FTO9F001 CD WNIT«STSDA,SPACE«(TRK,(100,10),RLSE), 
/ / DCB*<RECPM«VBS,LRP.CL«X,BUS1ZE«7208) 
//OO.FT05F001 DD • 

Figure Bl (contd.) 
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SPUTTERING: H->M1 20CPS 
15$* 1 C 19 32 1 0 0 1 200 0 20 3 4 23 20 0 20 20 0 0 0 1 200 3G 0 C 
0 C 1 0 0 0 3 1 0 0 
16" 2H0.0 0.001 4HC.0 1.0 0.0 0.5 0.0001 3B0.0 T — 
13$$ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 16 19 20 
T 

1 8 " 0.0 1.0 FO.O T 
3 " FO.O T 
1 " FO.O 
4 " 9910.0 99HC00. 2000. 
5 " F1.0 
6 " 

0 . .0067881 .0155634 .0237896 .0311572 .037399 .0422891 .0456508 
.0473626 .0473626 .0456508 .0422891 .037399 .0311572 
.0237896 .015563^ .0067881 1N16 

7 " 
- 1 . - .9947 -.972286 -.932815 -.877701 -.808937 -.729008 - .6»oeoi 
-.547506 -.452494 -.359198 - .270992 -.191062 -.122298 -.0671843 
-.0277125 -.00529954 1H16 

8$$ F1 
9$$ 1 
1C$$ 1 2 3 » 5 6 7 8 9 1C 11 12 13 14 15 16 17 18 19 20 
11$$ FC 
1 2 " F1.0 
19$l 19 

T T 

/ • 
/ / 

Figure BJ (contd,) 


