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ION IMPLANTATION RANGE AND ENERGY DEPOSITION 

CODES COREL, RASE4, AND DAMG2 

D. K. Brice 
Ion-Solid Interactions, Division 5111 

Sandia Laboratories, Albuquerque, New Mexico 87115 

ABSTRACT 

The FORTRAN codes COREL, RASE4 and DAMG2 can be used to cal-

cUlate quantities associated with ion· implantation range and 

energy deposition distributions within an amorphous target, or 

for ions incident far from low index directions and planes in 

crystalline targets. RASE4 calculates the projected range, R , 
P 

the root mean squar.e spread in the projected range, Lmp ' and the 

root mean square ~pread of the distribution perpendicular to the 

projected range ~Rl' These parameters are calculated as a func

tion of incident ion energy, E, and the instantaneous energy of 

the ion, E'. They are sufficient to determine the three dimen-

sional spatial distribution of the ions in the target in the 

Gaussian approximation when the depth distribution is independent 

of the lateral distribution. RASE4 can perform these calcula-

tions for targets having up to four different component atomic 

species. In addition, it calculates the rates at which energy 

is deposited into atomic motions and displacements (atomic 

processes), into electronic excitation and ionization (electronic 

processes), as well as the effects of target atom recoils in 

redistributing the deposited energy. The code COREL is a short, 

economical version of RASE4 which calculates the range and 
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straggling variables for E' = O. Its primary use in the present 

package is to provide the average range and straggling variables 

for recoiling target atoms which are created by the incident 

ion. This information is used by RASE4 in calculating the 

redistribution of deposited energy by the target atom recoils. 

The code DAMG2 uses the output from RASE4 to calculate the depth 

distribution of energy deposition into either atomic processes 

or electronic processes. With other input DAMG2 can be used to 

calculate the depth distribution of any energy dependent inter

action between the incident ions and target atoms. This report 

documents the basic theory behind COREL, RASE4 and DAMG2, 

including a description of codes, listings, and complete instruc

tions for using the codes, and their limitations. The codes 

are written in F¢RTRAN, Version 2.3 for CDC 6000 series computer 

systems, to be compiled and executed by FUN C¢MPILER, SCOPE 

3.3-SCM VER324 31 07/30/75. Copies of these codes are avail

able from the Argonne Code Center, Argonne National Laboratory, 

as well as from the NEA Computer Programme Library in Ispra, 

Italy for member requesters. 
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I. INTRODUCTION 

Over the past decade ion beams have found increased applica

tion in the study and alteration of the near-surface region of 

solids. Charged atomic projectiles (ions) with energies of tens 

or hundreds of keV will penetrate into target material from a 

few hundred angstroms (for heavier ions) up to a few microns 

(for lighter ions). The resultant implantation of the ions, 

along with the deposition and distribution within the target 

material of their initial kinetic energy, provides a useful and 

precisely controllable tool for altering the properties of the 

target in the near-surface region. Among the uses of ion implan

tation are the implantation doping of semiconductors, creation 

of near-surface alloys and compounds, sputter etching of sur

faces, enhanceme~t of diffusion rates in the implanted region, 

the creation and study of structural damage produced in crystal

line or polycrystalline targets, and the simulation of neutron 

produced structural damage in nuclear reactor structural 

materials. 

During the last six or seven years research workers in 

Division 5111 have been investigating the physics of ion 

implantation processes. By combining experimental measurement 

with the development of appropriate theoretical models an 

increasingly comprehensive understanding of ion-solid interac

tions has been obtained. The computer codes COREL, RASE4 

and DAMG2 have evolved fr.am this interplay of theory and experi

ment. Through these codes some of the theoretical quantities 

of interest in such studies can be readily evaluated for 
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comparison with experimental measurement, or as an aid in 

designing future experiments. The purpose of this report is to 

provide a detailed description of these codes so that they may 

be used by other groups who may have an interest in one or more 

of the quantities which are evaluated. In a previous report 

earlier versions of RASE4 (then named RASE3) and DAMG2 were 

documented. 1 In the intervening two and a half years, however, 

new theoretical developments,2 as well as improvements in the 

codes themselves, have increased the power and applicability of 

these routines. Thus, it is necessary that these two codes be 

brought up to date along with the initial presentation of the 

code COREL. 

The three codes should be considered as a single package 

which provides a variety of information concerning the spatial 

distribution of the incident ions in a target material, as well 

as the distribution of energy deposited into atomic displace-

ments and motions (atomic processes) and into electronic 

excitation and ionization (electronic processes). In addition, 

the output of each individual code in the sequence COREL, RASE4 

and DAMG2 is normally required as input for the calculations of 

the next code in the sequence. 

The basic purpose of COREL in this sequence is to provide 

information concerning recoiling target atoms which are created 

through collisions by the incident ions. In particular, this 

code provides, as a function of recoil atom initial kinetic 

energy, the average distance traveled by the atom parallel to 

its initial direction of motion before it comes to rest, R , 
P 



(average projected range), the standard deviation in recoil pro

jected ranges, ~R the standard deviation in transverse displacep 

ment of the recoils from the initial direction of motion, ~RL' 

and the average distance actually traveled by a recoil atom along 

its trajectory before coming to rest, R. COREL can also be used 

to obtain these range and straggling parameters for foreign 

atoms moving in the target material. In this respect COREL can 

be considered as a truncated, economical version of RASE4 which 

performs only these particular calculations. 

RASE4 calculates range and straggling parameters for the 

incident ions. In addition to calculating these parameters for 

the ions after they have come to rest in the target RASE4 also 

evaluates them at a number of intermediate energies. Thus, all 

four of these parameters (Rp, ~Rp, ~Rl and R) are presented as 

functions of two variables, the initial iop kinetic energy E 

and instantaneous ion kinetic energy E'. This code also pro-

vides the results of averaging certain quantities of interest 

over the elastic and inelastic scattering cross sections. In 

this latter category RASE4 gives as a function of instantaneous 

ion energy the inelastic contribution to the ion stopping power, 

the average range of the target atom recoils projected onto the 

ion direction of motion, the standard deviation in these particu-

lar recoil projected ranges and the partitioning of the elastic 

contribution to the stopping power into that fraction which 

will ultimately be deposited into atomic processes and that 

fraction which will ultimately be deposited into electronic 

processes. 

11 
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Finally, the last code in the sequence, DAMG2, takes as 

input the results from RASE4, and calculates the distribution 

in depth of the energy deposited into electronic processes or 

atomic processes. These calculations are carried out as a 

function of incident ion energy, and provide for redistribution 

of the deposited energy by the recoiling target atoms. In 

addition, if other quantities of interest are produced through 

the interaction of the ions and target atoms, e.g., nuclear 

reaction products, x rays, etc., DAMG2 can also calculate the 

depth distribution of this production. In this latter case, 

however, the relevant averages over the production cross section 

must be obtained from external sources for input into DAMG2. 

The physical theory which underlies the calculations of 

this code package have been presented in great detail in the 

literature. 2,3 In the present report the mathematical expres

sions to be evaluated will be emphasized at the expense of the 

physics of the ion implantation process. This report is meant 

primarily to provide that information which is necessary for 

other users to apply the three codes to their own research pro

grams, and to maintain and alter the codes as their needs may 

require. 

II. COREL 

A. General Equations 

Consider an atomic projectile with mass Ml , atomic number 

Zl' and kinetic energy, E, incident on a solid target composed 

of atoms of mass M2 and atomic number Z2. The incident particle 

t 
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loses its energy through interactions with the electrons and 

atomic cores of the target, and E' represents its instantaneous 

energy as it is slowing to a stop. The range and straggling para-

meters of interest are l} the average distance a projectile will 

have traveled along its trajectory when its energy is E', R(E,E'}; 

2} the average distance it will have traveled in its original 

direction of motion (average projected range), R (E,E'); 3} the p 

standard deviation in Rp' ARp(E,E'); and 4} the standard devia-

tion in the transverse displacement from its initial trajectory, 

LlR (E, E ' ) • 

These parameters are sufficient to construct the spatial 

distribution of the ions at energy E' in the gaussian approxi-

mation. In particular, if P3(E,E',x,y,z)dxdydz is the prob

ability of finding the ion in the volume dxdydz centered on 

(x,y,z) after its energy has been reduced to E' then approxi-

mately 

2 
2~1/27T-3/2 j (x - R ) ( 2 + z2) } 

P3 (E,E',x,y,z} = LlR AR 2 exp t - 2LlR 2
P 

- Y LlR 2 
P 1 p 1 

(l) 

In (1) the cartesian co-ordinate system (x,y,z) has been chosen 

with the x-axis parellel to the initial direction of motion of 

the incident ion, and the origin is located at the target surface. 

Let the parameters R2 (E E') and R2 (E, E' ) be defined by 
c ' r 

R2 = R2 + (LlR.l) 
2 

+ (LlR ) 2 , (2a) 
c p p 

and 

R2 -2 2 (LlR ) 2 (2b) = R - ~(LlRl) + r p p 
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For an amorphous target, or for incidence far fram low index 

crystallographic axes and planes in crystalline targets, it can 

be shown3 that R, R , R2 and R2 all satisfy differential equations 
p c r 

of the same general form. In particular, if X(E,E') stands for 

R, Rp' R~ or R;' then 

g(E,E') 

00 

n=o 

S (E,E') d~(E,E')/dEn 
n 

where the source function, g(E,E'), and the coefficients, 

(3 ) 

Sn(E,E') are well defined functions of" the energy variables, 

which are characteristic of the specific parameter represented 

by X. 

The coefficients Sn are given by 

" rm Tl I 
So(E,E') = Nt", a(E,T) dT - ~ h(1jJ) a(E,T) dTj (4) 

and 

e, (E,E') - SeE) + N~' T hew) cr(E,T) dT 

f3n (E,E') = (_l)n+l (N/n!) JCT
1 

Tn h(1jJ) a(E,T)dT 
o 

(5) 

, (6) 

for n = 2,3, • • •• In Eqs. (4) through (6), N is the target 

atomic density, a(E,T) is the differential cross section for an 

incident particle with energy E to transfer energy T to a recoil

ing target atom in an elastic scattering event, SeE) is the 

electronic contribution to the stopping power of the target for 

the incident particle, and the upper limits on the integrals 

are given by 



0' 

.. 

, (7 a) 

and 

. Tl = minimum of (Tm, E - E') (7b) 

The elastic energy exchange described by a(E,T) results in a 

deflection of the incident ion's trajectory through a laboratory 

angle l/J, where 

with 

The function h(l/J) depends on which of the four parameters is 

to be represented by X. The functions g(E,E') and h(l/J) are 

given in Table I. 

TABLE I 

Values of g(E,E') and h(l/J) for R, Rp ' R~ and R;. 

X (E,E') g (E ,E') h (l/J) 

R (E, E ' ) 1 1 

Rp (E,E') 1 Cos l/J 

R~ (E, E') 2 Rp (E,E') 1 

R: (E ,E') 2 Rp (E,E') 1 - (3/2) Sin2l/J 

( 8a) 

(8b) 

From the values of g(E,E') in Table I it is seen that solutions 

to the equation for R must be obtained before the equations p 

for R; and R~ can be solved. 

The expressions above all refer to monatomic targets. The 

results can be extended to polyatomic targets by summing the 
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Sn values obtained from Eqs. (4) through (6) for each individual 

atomic species present in the target. The resultant sum then 

replaces Sn in the differential equation, Eq. (3). COREL is 

designed to accept targets with up to four different atomic 

components. 

B. Solutions to the Equations 

First order solutions to Eq. (3) are represented by 

Xl(E,E') where Xl satisfies 

g(E,E') = So(E,E') Xl (E,E') + Sl (E,E') d Xl (E,E')/dE • (9) 

This equation has the formal solution 

E 
Xl(E,E') ={, [g(y,E')/Sl(y,E')] W(y,E,E') dy (10) 

where 

W (y , E , E ') = ex p {- t [B 0 (x ,E • ) / B 1 (x, E') 1 dX} (11 ) 
y 

A second order correction to Xl can be obtained by writing 

and substituting this expression for X into Eq. (3). This sub-

stitution results in 

+ Sl (E,E') dill (E,EI)/dE + terms of higher order in Xl and llr(12) 

Let Y2(E,E') be a solution to Eq. (12) when the terms of higher 

order are dropped. The approximate solution to Eq. (3) for X 

through second order is then given by X2 (E,E') where 

" 



(13) 

Note that the truncated version of Eq. (12) is formally the 

same as Eq. (9), the only change being that the source fUnction 

g(E,E') is replaced by the left hand side of Eq. (12). Thus, 

formal solutions for Y2 can be obtained from Eqs. (10) and (11) 

by making this replacement for g. The iterative procedure 

described above can be continued to higher order, each time 

resulting in an equation of the form ,of Eq. (9) with a new source 

function which depends on the lower order solutions. COREL uses 

this procedure to obtain approximate solutions to Eq. (3) 

through second order. 

C. scattering Cross Section and Stopping Power 

The elastic differential scattering cross section used by 

COREL is the Lindhard 4 expression, based on a Thomas-Fermi model 

of the interacting atoms. It is given by 

where 

and 

E = E/EL ' 

2 e (Ml + M2 )/(M2a) 

2 
t = E T/Tm 

, (14 ) 

(15 ) 

(16 ) 

(17) 

In Eq. (16) e is the electronic unit of charge and a is given by 

(18 ) 
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where a o is the Bohr radius of the hydrogen atom (ao = 0.529 x 

10-8 cm). The function f
L

(tl / 2 ) in Eq. (14) is tabulated by 

Lindhard, et al. 4 

For the electronic contribution to the stopping power 

COREL offers the user two choices. The first, valid at suffi-

ciently low incident energy, is given by 

SeE) = NC EP Se 
(19) 

where CSe and p are constants. The constants in Eq. (19) can 

come from experimental measurements, or from the theoretical 

expressions of Lindhard4 or Firsov. 5 The former case requires 

input by the user, while the theoretical expressions are con-

tained in the code. 
For higher incident energy the user may choose to use the 

expression 

SeE} = AN(Z Z) f ( ) {'u l / 2 [30U
2 

+ 53u +21-' 
1 + 2 B u 3(1 + u}2 J 

+ (lOu + 1) Atan(ul / 2 }} , (20) 

-15 2 where A = 0.60961 x 10 eV cm /atom. The E dependence is 

given by u where 

u = E 

Z2 MIEI 
(21) 

with El = 99.20 keV. Tne function fB(u) is given by 

(21) 

This more complex expression for SeE) results from a modifica

tion6 of the Firsov5 theory and provides S(E) at all nonrela-

tivistic velocities. This expression requires input of values 



for the constants Z, a' and n. These parameters depend on the 

particular ion-target combination for which S(E) is desired, 

and they can be obtained by fitting Eq. (20) to experimental 

data. 

D. User's Guide 

i. General 

COREL calculates R (E,O), R(E,O), ~R (E,O) and ~R~(E,O) for 
p p 

a number of equally spaced incident energies up to some maximum 

energy. Both the energy spacing and the maximum energy may be 

selected by the user within certain restrictions described 

below. The code provides printed output, and output on TAPE10 

for use as input to the code RASE4. The calculations may be 

carried out for any incident atomic projectile and for targets 

composed of up to four different atomic species. 

The primary purpose of COREL is to provide the range and 

straggling parameters for target atoms incident on the target. 

This information allows the codes RASE4 and DAMG2 to account for 

the redistribution of deposited energy by the recoiling target 

atoms which are produced by any incident ion. Because of this 

basic purpose, the information written on TAPE10 does not 

identify the incident ion; it is assumed to be a target atom. 

For compound targets, the constituent atomic species in the tar-

get must be labeled with an index which provides an ordering of 

the species types. This same labeling scheme should be used 

in the codes RASE4 and DAMG2. Output on TAPE10 for compound 

targets must contain results for each species type as incident 

19 



20 

ions, with the results in the same order as the labeling scheme. 

That is, the calculation of range and straggling variables must 

be done in the chosen order using each component atomic species 

as incident ion with all other input variables remaining the 

same. This is not done automatically by the code, otherwise it 

would not be possible to use COREL for incident ions of other 

types. The printed output identifies the incident ion. Writing 

on TAPEIO can be suppressed by the user by setting the value of 

NOIVE on card 4 of the input to a number greater than 1 (see 

below). The instructions which cause writing on TAPEIO are 

COR 138-139, COR 501 and COR 511-514 (see listings in Section V) . 

COREL uses the subroutines COPHI, FET, FSET, SECALC and 

WINDIO (See subroutine listings in Section VI). COREL writes 

an EOF on TAPEIO after completing a given set of calculations. 

WIN010 searches for this EOF mark on subsequent runs of the 

code so that COREL can begin writing at that point. This 

allows a library of range and straggling data for different 

targets to be compiled. If the user does not wish to maintain 

such a library, subroutine WlN010 and instruction COR 106 can 

be eliminated. 

ii. Input 

The input to COREL consists of five data cards for each 

incident ion. These cards, and the variables they contain are 

described below. 

Card 1 

Input (TITLE (I), 1=1,8) 



.r 

Format (8AlO) 

TITLE (1) identifies the incident ion. 

TITLE(2), TITLE (3) identifies the target material • 

TITLE(S), through TITLE(8) identify atomic species present 

in the t.;trget. 

Example 
0-16 SILICOH DIOXIDE SI02 

ooooooooon 0000000000 0000 0000000000000 0000000000 OOOOOOOOOOOOOOOOOOOOOOOOOOC 
1 2 3 4 5 6 7 8 9 In 111213 14 1516 17 18192021 22232425262728293031 32333435363738394041 42434445464748495051 525354 55 56 5158 59 60 61 626364656661686970 11111314 15 76 77 78 79 80 

111 11111111111111111111111111111.1111111111111 n 11111111111111111111111111111111 

Card 2 

Input (IVAR(J),J = 1,8) 

Format (8AlO) 

IVAR(J), J = 1,8 contains a variable format for printed 

output. The only changes from the example shown below 

should be in the number of digits desired after the deci-

mal point in the floating point variables.· 

Example 

o 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0·0 0 0 0 0 C 
1 2 3 4 5 6 7 8 9 In 111213 14 15 1617 18 19 20 21 22 23 2425 2& 27 28 29 30 31 32333435363738394041424344454647484950 51 525354 55 56 57 58 59 60 61 62636465666168697011121374157677181980 

11 I 1 1 1·11 11 I 1 1 I 11 11111 1 1 11 11 I 11 1 11 1 11111 1 1 111 1 11 1 1 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 

Card 3 

Input ALAT,Pl,Zl, (P2(J) ,Z2(J),J = 1,4), (CSE(K),K == 1,4), EQM 

Format (16FS. 0) 

ALAT is the value in" angstroms of the cube root of the 

volume of a unit cell of target material. The size of 

21 
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the unit cell may be chosen by the user, but this must 

be consistent with the input on card 4. 

PI is the atomic mass (amu) of the incident ion. 

Zl is the atomic number of the incident ion. 

P2(J} is the atomic mass (amu) of atoms of the J'th 

species in the target. 

Z2(J) is their atomic number. ~or target~ w~tn fewer tnan 

~our constituent atomic species the extra values for p2(J) 

and Z2(J} may be set to zero, or left blank. 

CSE(K) is the value of CSe in Eg. (19) for ions incident 

on atoms of the K'th atomic species in the target. COREL 

assumes Bragg's Rule in calculating SeE) for a compound 

target. That is, SeE) is calculated from Eg. (19) or (20) 

for each component atomic species in the target and the 

results are summed to obtain a total S(E}. CSE(K) must 

have a value such that for energy in units of keV Eg. (19) 

gives S(E)/N in units of 10-18 kev-cm2/atom. If theoreti

cal values are to be used for CSE(K) or if SeE) is to be 

obtained from Eg. (20) this variable may be set to zero 

or left blank. 

EQM is not used in the code COREL. It has been left as an 

input variable in order that the input to COREL would be 

identical in form to the first five cards of input to RASE4. 



*. 

Example 

3.566 16. 8. 28. 14. 16. 8. o. o. o. o. o. o. o. o. o. 

ooooooooonooooooOOOOOOOOOOOOOOOOOOOOOO 0000 0000 0000 0000 0000 oolo 0000 0000 C 
, 2 3 4 5 I 1 8 9 lP 1112 13 14 151611111120 21 22232425262128293031 32333435363138394041 42434445464148495051 525354 55 56 51585910 61 626364656661686910 111213 7415 7617 78 79 80 

Ill! 111 11111111111111 1111 11 J 1111111111111111111 111111111111111111111111 11 111 1 

Note that in this example CSE(K) has been set to zero. Input 

directing COREL to an appropriate calculation of SeE) is con-

tained on the next card. 

Card 4 

Input NE,NSTP,NCOMP, (NFORM(J),J = 1,4),(NEXP(K),K = 1,4), 

NDIV,NDIVE,NMULT,NDSKP,NRPT 

Format (1615) 

NE,NDIV,NDIVE and NMULT determine the various energy inter

vals associated with the calculation. The integration 

mesh size used in the trapezoidal integration of Eq. (10) 

and (11) is ~E, where ~E is given in keV by NMULT/NDIV 

until the value of the integration variable exceeds 

5*NDIVE*NMULT/NDIV, after which ~E is given by 

NDIVE*NMULT/NDIV. For accuracy in the integrations AE 

should initially be less than EL/2, where EL is given by 

Eq. (16). The primary purpose of NDIVE in the code COREL 

is as a flag variable for writing on TAPEIO. For NDIVE>l 

writing on TAPEIO will be suppressed. Printed output is 

given by COREL for ion energies Em = mE in keV, m = 1,2, .•. , 

where E = NDIVE*NMULT/NDIV. The maximum ion energy con-

·sidered in the calculation is Emax = NE*NMULT/NDIV. Thus, 

23 
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Emax/E = NE/NDIVE should be chosen to be an integer. The 

maximum permissible value for NE is 1600. 

NSTP,NDSKP are not used by COREL. They have been left as 

input variables so that the input to COREL would be 

identical in form to the first five cards of input to RASE4. 

NCOMP is the number of component atomic species present 

in the target. 1~COMP~4 

NFORM(J) is the number of atoms of the J'th atomic species 

in a unit cell of the target. This value should be con

sistent with ALAT on card 3. 

NEXP(K) is 100 times the value of p in Eq. (19), except 

when theoretical values are desired, or when Eq. (20) is 

to be used to compute S(E). To use the Lindhard theoreti

cal values for CSE and p, set NEXP(K) = O. To use the 

Firsov values for CSE and p, set NEXP(K) = -50. To use 

Eq. (20) set NEXP(K) = any negative number except 50 

(see discussion of Card 5). 

NRPT is a flag variable which tells COREL when the last 

set of input data is being read. For NRPT ~ 0 the code 

will complete the calculations of the present five-card 

set of data and terminate. For NRPT = 0 the code will 

expect another five-card set of data to follow the present 

set. 



Example 

30 10 1 o o o o o o 1 1 1 1 1 

0000 0000 0000000000000010000 0000 0000 0000 0000 0000 OOOOOOOOOOOOOOOOOOOOOOOOC 
1 23451789Wll"~U~"""a~~U~NHH~~~~~U~~~~u~~~~a~Ug~"~~~~~~~~~~~~~~~~~~"~""ronnnNnnnroro~ 
11111111 1111111111111111111111111111111111111111111111111 1111 1111 1111 1111 

Card 5 

Input (SETA(J), ALP(J), EN(J),J = 1,4) 

Forma t (12F 5.0) 

SETA(J}, ALP(J}, and EN(J) are, respectively, values for 

Z,a' and n to be used in Eg. (20) for calculating SeE) 

for the J'th target atomic species if that option has 

been chosen on Card 4. If Z, a' and n are not needed then 

they may be left blank on this card. Note that the choice 

of method for calculating SeE} may be different for each 

individual species in the target. For example, Eg. (20) 

may be used for the first component, and Eg. (19) for the 

remaining three, with a mixed choice between experimental 

and theoretical values for CSE(K). 

Example 

2.533.46503.1672.134.44763.393 

000000000 0000000000000000000000000000000000000000000000000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
12345i711~"""UHK""Kft~nnN~5Uftft.~~~~~~u~~~~a~ug~o~U~~~~~HH~~~A~H~~HN~U"ronnnNnnnroro~ 

1 11 11 1 1 111 11 111 1 111 1 1 111111 1 11 11 1 11 1 1 1 1 1 11 1 1 I 1 11 11 11111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Note that this example has been chosen for protons incident on 

silicon dioxide. The four previous cards have been examples 

25 



26 

for oxygen incident in Si0 2 for which Z, a' and n values are 

not available. 

iii. Output 

The output of COREL consists of information on TAPE10 (if 

NDIVE = 1) and printed output. Two logical blocks of data are 

written on TAPE10 for each incident ion considered. For com

pound targets there should be one set of two output blocks 

for each type of atom in the target material, and this output 

should be in the same order as the target components are 

ordered for the input data cards. This same ordering should 

also be used for the input cards to RASE4. The data blocks 

are indicated schematically in Fig. 1 for both elemental and 

compound targets. 

Elemental Target Compound Target 

Ident. Block Ident. B1ock1 

Data Block Data B1ock1 

Ident. B1ock2 

Data Block
2 

Figure 1. Data Block Structure Written on TAPEIO by COREL 

The identification block contains NE,NDIV,NMULT,NCOMP, 

ALAT, (P2(J),Z2(J),SETA(J) ,ALP(J) ,EN(J),NFORM(J),NEXP(J), 

J = 1,4). This information is written by instruction COR138 

and COR139. 



j 

The data block contains NE,NDIV,NMULT,NCOMP, (RP(J),DELTA(J), 

DP(J),J = 1,NE). This data is written by instruction CORSOI. 

The variables are RP, projected range, DELTA, standard deviation 

in RP, and DP, the standard deviation in the ion locations trans-

verse to RP. The energy associated with these variables is 

E(J) = J*NMULT/NDIV. 

After completing all requested calculations COREL writes 

an identification block and a data block which are internally 

genera ted. In its calculations, RASE.4 searches TAPEIO for 

range and straggling variables for the target atoms. If it 

reaches the last data block and it has been unable to find the 

desired data, a flag is set which tells RASE4 to calculate 

approximate values ,for this information. 

Sample printed output is shown in Section II.F. below for 

the example input cards previously shown. ,Note that because 

of. the values of NEXP on card 4 the information on card 5 is 

ignored. The running time for this sample was 13 seconds. The 

running time should be roughly proportional to NE*NCOMP. 

The quantities in the printed output which have not 

previously been discussed are: 

ENERGY MAXDMUM = zi/3 * PI * 25 keV. This is the upper 

limit of validity for SeE) given by Eq. (19). 

T-F RADIUS = a in Eq. (18). 

EFFECTIVE Z = denominator of Eq. (18) raised to the 3/2 

power. 
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CHAR. ENERGY = EL in Eq. (16). 

CHARACTERISTIC LENGTH is a length defined by Lindhard 4 

and is presented for information only. 

ATOMIC DENSITY is the target atomic density calculated 

from the input variables. 

U(I) is the variable t l / 2 in Eqs. (14) and (17) and F(U) 

is f
L

(tl / 2 ). 

SLOPE is the slope of F(U) vs LOG U. 

The printed range and straggling variables are: 

RP(E,EP) = R (E,E') 
P 

SPREAD IN RP-PARA = ~R (E,E') 
p 

R(E,EP) = R(E,E') 

SPREAD IN RP-PERP. = ~R~(E,E') 

E. Brief Programmers Guide 

i. Methods of Integration 

The integrations indicated in Eqs. (10) and (11) are 

carried out by the trapezoidal method. They are executed in 

the loop beginning at instruction COR247. The index J steps 

the integration variable over intervals with width as described 

in the user's guide. (See input card 4.) Summation over the 

component atomic species in the target is performed by the loop 

beginning at instruction COR267. The loop index LJ is the 

component number. 

The integrations indicated in Eqs. (4), (5) and (6) are 

executed in the loop beginning at instruction COR293. These 

integrations are performed by the rectangular method. The 

( 



integrand is evaluated in the middle of the interval, multiplied 

by the interval width, and summed. Integration is performed 

in this loop using u = t l / 2 from Eq. (17) as the integration 

variable. For this variable the upper limit to the integration 

is EPS = E, from Eq. (15). -A variable integration interval is 

used here. The first interval has a width of lO-NQT where NQT 

is given in instruction COR274. The next 18 integration inter

vals have width lO-NQT/2 ; the next 18, lOl-NQT/2 ; the next 18, 

l02-NQT/2 ; etc., until the upper limit is reached. The last 

interval has width OVER which is calculated internally. These 

intervals can be made narrower by increasing the value of X in 

instruction COR279. The value of X in this instruction should 

always be an integer. 

ii. Main Program Variables 

The values of Sn are stored as 

So = ~P~ 

Sl = BETA 

62 = G~ 
with suffixes on ~P~, BETA AND G~ to distinguish between 

Sn values for R, Rp ' R~ and R;. Suffix 1 refers to Rp' suffix 

2 to R2 and suffix 3 to both Rand R2 since the 6 values are r c n 

identical for these two parameters. 

The variables EXINT(J) contain values of [W(O,E,O)]-l 

from Eq. (11). The suffix convention for EXINT is the same as 

for the S. Note that W(y,E,O) = W(O,E,O)/W(O,y,O). 
n 

Inside the integration loops the variables R(J), RP(J), 

RC2(J) and RR2(J) contain first order solutions to the equations 
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for R, Rp, R~ and R;' respectively, multiplied by the correspond

ing EXINT(J). The variables ORO, DR, DRC2 and DRR2 contain 

the corresponding second order corrections to R, RP, RC2 and 

RR2. Values for R, ~R , ~RI' and R are calculated in the loop . p ~ 

beginning at instruction COR460. 

iii. Subroutines. 

COPHI(CPHI,T,J,LJ) 

CPHI is the cosine of the ion scattering angle in 

laboratory coordinates. 

T is the energy transfer to a recoiling target atom 

in keV. 

J is an index which gives the ion energy before the 

scattering event. E(J) = NDIVE*NMULT*J/NDIV. 

LJ is an index which identifies the component atomic 

species of the target. 

COPHI returns a value for CPHI for an input of T,J,LJ. 

The Common Block PHIVAR contains E(J) values and 

P2(LJ) values. 

FET(Y,X) 

Y = f (tl/2) from Eg. (14). 
L 

X = t l / 2 

FET returns a value of Y for an input of X. 

FSET 

FSET contains a tabulation of fL values. 

SECALC(Zl,Z2,Pl,E,SE,Z,A,EN) 

Zl = incident ion atomic number. 

Z2 = target atom atomic number. 



-. 

PI = incident ion atomic mass in amu. 

E = ion energy in keV 

SE = S(E}/N from Eq. (20) 

Z = Z from Eq. (20) 

A = a r from Eq. (20) 

EN = n from Eq. (20) 

SECALC returns a value of SE in kev-cm 2/atom for an 

input of the remaining variables. 

WINOIO 

WINOIO positions output TAPEIO so that writing begins 

after the last data block previously written on the 

tape. 

F. Sample Output 

The sample output on the next two pages was obtained using 

as input the example cards of Section II-oii. 
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III. RASE4 

A. General Equations 

The equations governing the range and straggling p~rameters 

are solved by RASE4 for several values of E', the instantaneous 

ion energy. The solutions to these equations have already been 

outlined in the discussion under COREL in Section IIA. In 

addition, RASE4 evaluates the average of several other quantities 

over the elastic scattering cross section. Input to RASE4 from 

a previous run of COREL is required for this process, and the 

resultant averages are used by DAMG2 in the evaluation of the 

energy deposition distributions. The quantities which are 

averaged are discussed below. 

One important average evaluated by RASE4 is ~(E) where 

T . 
~(E) = N jmq(T) cr(E,T) dT 

o 

In Eq. (23) geT) is that portion of the energy, T, of the 

(23) 

recoiling target atom which will eventually wind up in atomic 

motions and displacements (atomic processes). All other sym

bols in Eq. (23) are as defined in Section II. For elemental 

targets the function q(T) is given by Lindhard 4 as 

(24) 

where 

(25) 

A2 is the target atomic mass number. Robinson
7 

gives gL(x) as 



gL(X) = x + 0.40244 x3/ 4 + 3.4008 x l / 6 , (26 ) 

and Eo is the value of EL , Eg. (16), for Zl = Z2 and Ml = M2 . 

For compound targets, a simple expression for geT) is not 

available, and the user must provide values for this function. 

Note, however, the iterative procedure described in Section IIIB. 

A second quantity evaluated by RASE4 is E1(E) given by 

Tm 
E1(E) = 1 g'(T) cr(E,T) dT (27) 

o 

where g' (T) = T - g(T). Note that gi (T) is that portion of the 

recoil energy, T, which will ultimately be deposited into elec-

tronic processes. 

Let Rp(T,O), ~Rp(T,O) and ~R~(T,O) be the range and strag

gling parameters for a recoiling target atom of energy T. Let 

n be the cosine 0f the recoil angle in laboratory coordinates, 

relative to the direction of motion of the 'ion before the 

collision which created the recoil atom. Define 

and 

Then, 

and 

= [nR (T,O)]2 + [n~R (T,O)]2 
p p 

+ (1 - n2) ~R1(T,0)/2 

Tm 
geT) cr(E,T) dT/~ geT) 

o 

cr(E,T) dT 

(29 ) 

(3 0) 
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Tm 
q(T) a(E,T) dT/~ q(T) 

o 

a(E,T) dT (31) 

represent weighted averages of the recoil range and its square, 

projected on the direction of motion of the incident ion. These 

averages are related to the redistribution of the energy 

deposited into atomic processes by the recoiling target atoms. 

In particular, if D is the average distance energy is carried 

by the recoils before deposition, and ~ its standard deviation, 

then to a very good approximation, 

D = 0.8 Gl (3 2) 

and 

(33 ) 

Equations similar to Eq. (30) - (33) can also be written for 

energy deposited into ionization. For that case q(T) in Eq. (30) 

and (31) would be replaced by q'(T). In order to distinguish 

between the redistribution parameters D and ~ for energy deposi-

tion into both atomic processes and ionization, the symbols I 

and ~I will be used to represent the left hand sides of Eq. (32) 

and (33) when ql (T) is used in the evaluation of Gl and G2 

(ionization) while D and ~D will continue to represent the para

meters when q(T) is used in the evaluation (atomic processes). 

RASE4 evaluates both sets of parameters, i.e., D, ~D, I and ~I. 



B. Compound Targets 

For elemental targets Eq. (~4) gives q(T) for the evalua-

tion of the averages discussed in the previous section. For 

compound targets a simple formula such as this is not avail-

able and functions qi(T) (one is required for each component 

atomic species of the target) must be obtained by other means 

for input into RASE4. An iterative procedure using the codes 

RASE4 and DAMG2 can be carried out to obtain this information. 

As an example of the iterative procedure, consider a tar-

get of silicon dioxide, Si0 2 . Each of the atoms Si and 0 is 

considered, in turn, as an ion incident on Si0 2 , and to begin 

with q(T)/T = 1 is assumed. This last assumption means that 

the recoils created by the incident Si and 0 deposit all their 

energy into atomic processes. The incident Si and 0, however, 

lose some of their energy to electronic excitation because of 

S(E). The calculation of the above averages is then carried 

out by RASE4 under these assumptions, and the output of RASE4 

is input to DAMG2 which calculates the partitioning of the 

energy into atomic and electronic processes. As a result, 

DAMG2 outputs a function F (T) which is a first order approxi-

mation to q(T)/T. (Note: a function F(T) is obtained for Si 

ions and a different F(T) for 0 ions). These first order 

approximations to q(T)/T are then input to RASE4 and the pro-

cedure is repeated. After several iterations the functions 

F(T) converge and the functions q. (T) are determined over the 
l. 

energy range considered in the iterative procedure. Note 
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that the qi(T)/T are functions which describe the damage 

efficiency of the target atom recoils, so functions are needed 

only for those atoms which are present in the target material. 

Thus, once the iterative procedure has been completed for a 

given target material, calculations for incident foreign ions 

can be carried out without iteration, since the qi(T)/T have 

been detennined. 

C. User's Guide 

i. General 

The range and straggling parameters R(E,E'), R (E,E') 
p 

~Rp(E,E') and ~R~(E,E') are calculated by RASE4 for several values 

of E and E' which are under the control of the user as described 

below. These calculations are carried out in exactly the same 

manner as described in Section II for COREL. The code provides 

printed output and output on TAPE20 for input to the code DAMG2 

for calculating energy deposition distributions. 

In addition to calculating the range and straggling varia-

bles RASE4 also calculates the averages over the cross section 

L(E), LI(E), D(E), ~D(E), I(E) and ~I(E) as described in 

Section IlIA. The user may choose to have only L, D, and ~D 

evaluated; only r I , I and ~I evaluated; all six quantities 

evaluated; or none of the six quantities evaluated. (See 

discussion of input variable NDSKP.) 

RASE4 uses the subroutines COPHI, FET, FSET, SECALC, DAMG, 

RANGER, TEN, and WIND20 (see subroutine listings in Section VI) . 

RASE4 writes an End of File mark on TAPE20 after a given set 
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of calculations. The subroutine WIN020 positions output TAPE20 

so that writing will begin on the tape after the last data block 

previously written. This allows the user to maintain a library 

of RASE4 output on tape. If it is not desired to maintain such 

a library the instructions RAS 122 and the subroutine WIND20 

can be eliminated. 

ii. Input 

The input to RASE4 consists of recoil data from TAPElO, 

and five or more data cards. For elemental targets only five 

cards are required. For compound targets at least thr.ee 

additional input cards are required. 

Card 1 This card has the same form and function as for 

COREL. 

Card 2 

Card 3 

This card has the same form and function as for 

COREL. 

This card has the same form and function as for 

COREL. The variable ED (listed as EQM in the 

discussion of COREL) is functional in RASE4. 

ED is the threshold energy (in keV) for dis

placement of atoms of the target. When a 

recoiling target atom is created with energy T 

less than ED then all its energy is assumed to 

go into atomic processes. For T greater than ED 

an energy ED goes into atomic processes, and the 

recoiling target atom moves away from the site 

of the collision with an energy T-EO, which is 
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Card 4 

subsequently partitioned into atomic and elec

tronic processes. Except for light ions incident 

on heavy atom targets, or at very low incident 

energy, realistic values of ED have no signifi

cant effect on the range or energy deposition 

distributions, i.e., generally such effects are 

much less than 1%. 

This card has the same form and input as for 

COREL. The variables NSTP and NDSKP are func

tional in RASE4. 

NSTP in conjunction with NDIV, NMULT and NDIVE deter-

mines the energy spacing of the variables E and E' 

in the output of the range and straggling variables. 

All energies are in keV. The energy spacing in the 

variable E is given by NSTP*NMULT/NDIV. The low 

energy spacing in the variable E' is given by 

NDIVE*NMULT/NDIV up to E' = NSTP*NMULT/NDIV, after 

which the energy spacing in E' is the same as for E. 

The user should use values of NDIVE, NSTP and NE 

such that NE/NSTP = integer and NSTP/NDIVE = 

integer. For accuracy in DAMG2, NE/NSTP ~ 10, 

NSTP/NDIVE ~ 10. All other output has energy 

spacing in units of NMULT/NDIV. See discussion 

of this card for COREL for other limitations on 

these variables. 

. 



NDSKP determines which of the averages described in 

Section IIIA will be calculated. For NDSKP = 1, 

all six averages are calculated. For NDSKP = 2, 

Card 5 

Card 6 

LI , I and ~I are calculated using q' (T) in Eqs. (30) 

and (31). For any other positive value of NDSKP, ~ 

D and ~D are calculated using q(T) in Eqns. (30 

and (31). For NDSKP = 0 none of the averages are 

calculated. When RASE4 is used in the iterative 

procedure described above for compound targets, 

NDSKP should be set to a negative value ~ -2. A 

value of NDSKP ~ -2 written on TAPE20 in a previous 

calculation instructs the code to begin writing new 

data on TAPE20 at that point, since the old data 

is temporary in the iterative mode. The last cal

culation of an iteration sequence should have a 

positive value for NDSKP. NOTE the program DAMG2 

will consider its output on TAPE30 to be temporary 

for any value of NDSKP except NDSKP = 1. 

This card has the same form and function as 

for COREL. 

This card is necessary only if NCOMP > 1 on 

card 4. 

Input DE, NDAM 

Format (F6.l,I4) 

DE is the energy spacing at which equally spaced 

values of qi(T)/T are to be read fram subsequent 

cards. DE is in keV. For accuracy DE should be 
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Example 
10. 10 

less than EL/4 where EL is calculated from Eg. (16) 

for .the lightest target component. 

NDAM is the number of equally spaced values of g. (T)/T 
1. 

which are to be entered for each component. atomic 

species in the target. NDAM should be less than or 

equal to 100, and should be chosen so that NDAM*DE 

is greater than or equal to the maximum possible 

recoil atom energy. This value can be determined 

by evaluating Eg. (7a) for each of the atomic 

species in the target and using the largest of 

these values for determining NDAM. 

0000 0000 OOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOooooooeOOOOOOOOOOOOOOOOOOOOOOOOC 
I 2 3 4 5 6 1 8 910 111213141516111819 20 212223242526272829 30 313233343536373839404142434445464148495051525354 55 56515859 6061626364656667686910 11121314151611181980 

111 1111 11111111111111111111111111111111111111111111111.111111111111111111111111 
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Additional Cards These cards are needed only if NCOMP > 1 on 

card 4. A set of the~e card~ i~ requ~red fox each component 

atomic species present in the target. 

Input (PART(J,K),K = 2, NDAM + 1) 

Format (lOFS. 5) 

PART (J,K) contains the value of g(T)/T for the J'th target 

atom species with T = (K-l)*DE. The code reads cards for 

the J'th species through the instruction READ 1001, 

(PART(J,K),K = 2, NDAM + 1). This instruction is con-

tained in a DO loop with J as loop variable (see sub

routine DAMG, instructions DMG 25-DMG 2S). Thus, for 
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NDAM = 10, 1 input card is required for each target atom 

component, for 10 < NDAM ~ 20 two cards are required 

for each component, etc. Up to 10 cards may be required 

for each qomponent. Values for PART(J,K) may ·be obtained 

by the iterative procedure described in Section IIIB. 

Briefly, the iterative procedure begins by assuming 

PART (J,K) = I for all energies (K), and for each of the 

component atomic species (J) present in the target. The 

code RASE4 is then processed using these PART(J,K)-values 

and the resultant output is used to evaluate damage 

functions with the code DAMG2 (see Section IV). The 

resultant output of DAMG2 provides a first order estimate 

of the correct PART(J,K)-values. Cards containing these 

new PART{J,K)-values must then be punched for input 

to RASE4. The subsequent output is again used with 

DAMG2 to obtain a better estimate of the PART(J,K)-values 

This procedure continues until the PART(J,K)-values have 

converged to values which do not change significantly 

with further iteration. 

ExaDlples 
.6616 .6539 .6162 .5945 .5742 .5555 .5382 .5221 .5072 

1110800 •••• 0.'.00 •• 080000000000'000000000009000000000000000000000000000000000 DC 
It3451711~"n"U~"n"".~UDMnavaa.~n~~H.n •• ~~~a«fi.CQU~~~UMM.~AH.~~U~HAUU"ronnnu~nnn~~ 
111111 1111111111111111111111 1111111111111111111111111111111.1111111111 11111111 

.6246 .5974 .5529 .5135 .4797 .4507 .4253 .4030 .3831 .3653 

180000000nooooo00000088'088080011800000'110000 00001.0.000000 0 OOOOOOOOOOOOOOOC 
IZ3411711~fln"U~"n"".nUDMn.8.a.~~AM •• v ••• ~~a«u.CQU~~RUMH.D ••• ~UUMH.u.nronnnu~nnn~~ 
11111111111111111111111111111 11111111111111111111111111111111111111111 11111111 
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iii. output 

The output of RASE4 consists of information on TAPE20 and 

printed output. Two, three, or four logical blocks of data 

are written on TAPE20 for each incident ion considered. The 

data blocks are indicated schematically in Fig. 2. 

Ident. Block 

Damage Block 

Ionization 
Block 

Range Block 

Figure 2. Data Block Structure Written on TAPE20 by RASE4. 

The identification block contains NE, NSTP, NDIV, NMULT, 

NCOMP, NDIVE, NDSKP, (NFORM(J), NEXP(J), J = 1,4), ALAT, PI, 

Zl, (P2(K), Z2(K), CSE(K), SETA(K), ALP(K), EN(K),K = 1,4). 

This information is written by instructions RAS l60-RAS 162. 

The damage data block contains NE + 1, NDIV, NMULT, NDSKP, 

(D(J), DR(J) , DRR2(J), J = 1, NE). The locations D, DR and 

DRR2 contain L(E), D(E) and ~D(E), respectively, from Eqs. (23), 

(32) and (33), with E(J) = J*NMULT/NDIV. This information is 

written by instruction RAS 432 and RAS 433. 

The ionization data block contains NE + 1, NDIV, NMULT, 

NDSKP, (DRO (J), D (J), DR (J), DRR2 (J), J = 1, NE). The loca-
o 

tions DRO, D, DR and DRR2 contain, respectively, SeE) in eV/A, 

LICE) from Eq. (27), and I(E) and ~I(E) from Eqs. (32) and (33) 

using q' (T) in the integrations. Again E(J) = J*NMULT/NDIV. 

This information is written by instructions RAS 434 and RAS 435. 

-' 



The range data block contains «DAMRP (J ,K), DAMDEL (J ,K) , 

DAMR(J,K), DAMDP(J,K), K = 1,60), J = 1, 50). This information 

is written by instructions RAS 749 and RAS 750. The locations 

DAMRP, DAMDEL, DAMR, DAMDP contain, respectively, Rp(E,E'), 

llRp(E,E'), R(E,EI) and llR.L(E,E ' ) from Eqs. (1), (2) and the 

solutions of Eg. (3). The variable E(J) = J*NSTP*NMULT/NDIV. 

For K ~ NSTP/NDIVE, Et(K) = (K - l)*NDIVE*NMULT/NDIV. For 

K > NSTP/NDIVE, Et(K) = (K - NSTP/NDIVE)*NSTP*NMULT/NDIV. 

The printed output for RASE4 has essentially the same for-

mat as that for COREL. Also printed are DRO, D, DR and DRR2, 

as described for both the damage and ionization blocks of TAPE20 

output. With this exception, the output variables all have the 

same meaning as for COREL. Sample output is shown in 

Section IIlE. 

D. Brief Programmer's Guide 

i. General 

The programming of RASE4 is essentially the same as for 

COREL. The main differences are that E' has non-zero values, 

and the additional averages over the cross section are cal-

culated as described in Section IlIA. The value for E' is set 

by the loop variable I in the DO loop beginning at instruction 

RAS 440. The averages over the cross section are carried out 

at the same time the B are evaluated, and by the same method. 
n 

These integrations are performed in the loop beginning at 

instruction RAS 313. The energy integrations for Eq. (10) and 

(11) are performed by the loop beginning at instruction RAS 465. 
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The variables in RASE4 have the same meaning as in COREL. 

The locations DR and DRR2 are used in the loop beginning at 

instruction RAS 277 for temporary storage of G-values 

(Eq. (30), (31)). 

ii. Subroutines 

RASE4 uses the subroutines COPRI, FET, FSET and SECALC 

as described in Section IIEiii for COREL. In addition, the 

following subroutines are used by RASE4. 

DAMG(Z, T, ALF, I) 

Z = q(T) (See discussion in Section IIIA) 

T = recoil atom energy in keV. 

ALF = value of k in Eq. (25). 

I = index to identify target atom species in compound 

target. 

DAMG returns a value of Z for an input of the other 

variables. For elemental targets Z is calculated 

from Eq. (25) and the parameter I is ignored. 

For compound targets, DAMG reads input cards 

6, 7, .•. etc. NDAM, NCOMP, DE and PART(J,K) 

are shared with the main program through the 

Cornmon Block DFIR. 

RANGER(E, LJ, CPRI, I, X, DELT) 

E = recoil atom energy in keV. 

LJ = index to identify target atom species in compound 

target. 

CPRI = n in Eq. (28) and (29). 

X = rp(E) from Eq. (28). 



DELT = r p2 (E) from Eq. (29). 

RANGER returns a value for X and DELT for an input of 

the other variables. I = read index; for I = 1, 

RANGER reads the range and straggling variables 

for target atoms from TAPEIO. These variables are 

stored in the Common Block DSEC. 

WIND 2 0 

WIND20 positions output TAPE20 so that writing begins 

after the last data block previously written on the 

tape. If WIND20 encounters a data block with NDSKP < 0 

it positions the tape to write over that data block. 

Negative values for NDSKP are used to indicate 

temporary data storage in the iterative procedure for 

compound targets. 

TEN 

TEN searches TAPEIO for target atom range and strag-

gling variables consistent with the present calculations 

being carried out by RASE4. In particular TEN insures 

that i} the target atom variables have been calculated 

to sufficiently high energy, ii) the target is composed 

of the same constituents as indicated in the RASE4 

input, and iii) that targets with the, same density are 

used in both the COREL and RASE4 calculations. 

E. SAMPLE OUTPUT 

The sample output on page 46~ et. seg., was obtained using 

as input the example cards 2, 4, 5 from Section II-Dii, the 
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example cards from Section III-Cii, and the following cards for 

card 1 and card 3. 

SI-28 SILICON DIOXIDE $102 SILICON OX'{GEN 

o ooooooon 0000000000 0000 0000000000000 0000000000 OOOOOOOOOOOOOOOOOOOOOOOOOOC 
I 2 3 4 5 6 7 8 9 IP 11 12131415161718 182021 22232425262728293031 3233343536373639404142434445464746495051 5253545551575851&061626364 65 66 67&8 &9 70 71 72 73 74757677 78 79 80 

l111111111111111I 111111111111111111111111111111111111111111111111111111111111111 

.3. St.b ·",t~ c.o. 14. 28. 14. lb. 8 .. O. O. O. O. o. o. o. o. o. 

OOOoooooonooooooOOOOOOOOOOOOOOOOOOOOOO 0000 0000 .0000 0000 0000 0000 0000 0000 G 
I 2 3 4 5 6 7 6 9 11'11 121314151617 18 19 20 21 22232425262728293031 32333435363736394041 42434445464748495051 5253545556575859 &0 &1 62636465666751 69 70 71 72 73 74 75 76 77 78 79 80 

111111111111 111111111 1111 1111111111111111111111111111111111111111111111111111 
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RASE4 also used as input from tape 10 the sample output 

shown for COREL in Section II-F (along with similar data for 

silicon incident on Si0 2) to obtain the output presented on 

the next several pages. 
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RANGE AND STRAGGLING DATA FOR SI-26 IONS INCIDENT ON AI~N SILICON DIOXIDE SI02 TARGET 

INIrIAl VALUES 

INCIDENT ION SI-28 
ATOMIC NUMBEReZ1) = 
ATOMIC MASSeM1) = 
ENERGY HAX!~UH = 

14 
28. 00 AMU 

23431.06I<EII 

TARGET - SILICON DIOXIDE SI02 

COMPONENTS 
ATOHIC NU"'BER 
ATOHIC HASS 
T-F RADIUS 
EFFECTIVE! 
CHAR. ENERGY 

SILICON 
14 

28. 00 AMU 
1.375 E- 09 eM 

39.598 
41.043 KEV 

OXlG£N 
8 

1&.on AMU 
1."97E-09 CM 

30.720 
29.532 KEV 

CHARACTERISTIC LENGTH = 239.Q4 ANGSTROMS 

ATO~IC DENS!TY = 5.61512£.22 ATOMS/CC 

o 
D.n AMU 

D. eM 
O.ODO 

0.0110 KEW 

a 
0.00 A"IU 

o. CM 
0.000 

0.00.0 KEV 

THE FOLLOH!NG fLECTRONIC STOPPI~G C~OSS SECTIONS HERE US~~ I~ TH~ CALCULATIONS 

SILICON THOMAS-FER",I ATOMIC ~OOEL , LINOHA~D THEORY 
CSt = 1.23221E-03 

OXYGEN THOMAS-FERMI ATOMIC HODEL, LINDHARD THEORY 
CSf = 1.81522E-~3 



U1 
0 

NE NSTP NCOMP NFORH(U NEI(P (J) NOIII NDIVE NHULT NOSKP NRPT 
1=1 2 "3 4 J :::: 1 2 3 4 

30 10 2 1 2 II :1 (J !l 0 0 1 1 1 1 0 

I U (!) F(U) SLCPE FW) IS UNIVERSAL T~OI1AS-FERHI FUNCTION - FROM LSS 

1 .002 .162 .06781 
2 .1l04 .209 .07749 
"3 .01(, .260 • a 7191 
4 • (j 20 .334 .07059 
5 .'.:'40 .383 .05239 
6 .10D .431 .00987 
7 .150 ... 35 -.il 2433 
8 .20G .42~ -.D&2()4 
9 .4DC .3AS -.12005 

1!l 1.DOI! .27? -.13129 
11 2.00C .184 -.111'19 
12 4. "00 .1t'l7 -.06221 

••••• UNITS ••••• 
ENERG., I(EV 
lENGTH~ ANGSTROMS 
ENERGY DEPOSITION RATES EV/ANGSTRO~ 

ELECTRONIr. STOPPING POWEP , flfl A NG STROH 

E DE/OX ~ OE/'lX E O::/OX - OEIOX E OEIOX f. uE/OX E DE/OX 

1.0 3.tl474E+OO 2.1l 4.3il97E+i10 3.0 5.278~E+DD ,+.0 6.D949E+OO 5.0 6.8143E+DD 6.0 7.4646E+00 7.0' 6.Q&27E+OO 
8.a 6.6194£+00 9.!! 9.1423E+CO 10.e 9.6368E+DI) 11.01.D1il7E+Ol 12.ll 1.J557f+(i1 13.0 1.C968f+01 14.0 1.1402E+01 

15.0 1. 1803E"+!)1 16.1' 1.2190E+u1 17.0 1.25&5::+111 18.1) 1.2929E+Ol lSi.O 1.3233E+01 2ii.O 1.3629E+\l1 21.0 1.3965£+01 
22.0 1.4294E+Cl 23.0 1.4015E+a z ... o 1.4929E+;1 Z5.'l 1.5237E+Ol 26.0 1.5539E+i31 27.0 1.5835E+Ol 28.0 1.&125E+01 
29.0 1.6411E+01 30.0 1.6691E+!J1 



U1 .... 

DEPOSITED EN£RGYCEV/ANGSTROMJ , D EP-E 

E D,,"P-t:: ::: Of.P-[ E D=P-E £ DE~-E 

1.0 3 .91'7&E+ 01 2.0 4.5163E+01 3.0 4.8603E+]1 4.0 5.!l132E+Ol 
8.0 5.Q724E+~1 9.!! 5.~242£+Ol 1Q.O 4.9655E+IU 11.!} 4.931&::+01 

15.0 1t.6634E+Ol 16.0 4.61C3f+Ol 17.0 4.5561E+U B.D 4.5l2J E+Ol 
22.') 4.31']31::+01 23.1' 4.2&1t3E+H 2".0 4.?2C3E+ill ~5.0 4.1779[+01 
29.0 4.0151E+ii1 30.0 3.9761E+I)1 

AVE~AbE P~OJECTEO RECOIL RANGE(ANGSTRO"S» RP-REC 

E PP-REC E RP-REC E QP-REC E ~P-~EC 

1.1l 6.28BE.+00 2.0 1.1755E+~1 3.0 1.6?5~E+D1 4.0 2.05Q7E+C1 
8.0 3.497&;::,+01 9.!) 3.7969£+)1 lil.1I 4.(177'4::+01 11.0 4.3+23[+01 

15.D 5.397~t::+Ol 16.0 5.6665E+";1 17.0 5.9283F.+Jl 18.0 6.1!l&2E+D1 
22.0 7.2189[+1:1 23.(' 7.47.27E+Ol 24.0 7.7254E+Ji 25.0 7.9740E+Ol 
29.0 6.q"17E+01 30.0 Q.18&5E+01 

RMS SPPE AI) IN RP-REC 

[ DPP-RFG E ""P-REC f DRP-QEC E ,)~P-~EC 

1.0 1.239'1F+C1 2.~ 2.(67Q[+')1 3.0 2.5785Uil1 4.0 3.0)77::+01 
8. C 4. 9940;+ 1;1 9.1J 5.4786E+J1 10.0 5.'3631f+J1 11.0 &.433'3E+!H 

15.0 8.3440c.+il1 16.0 8.f!366E+:l 17.e Q.:'Z47E+Jl lB.!) 9.~37?EHH 
22.1) 1.17:;'JE+G2 23.0 1.2234HC2 24.r 1.2713[+02 2S.') 1.1168E.02 
29.0 1.50 73E+ 112 30.0 1. '=539£+"2 

E OEP-E E DEP-E E OEP-E 

5.0 5.0896E+Ol 6.\} 5.1153£+01 7.0 5.1055E+01 
12.0 4.R357E+Gl 13.3 4.7163E+Ol 14.0 1t.7196E+01 
19.C 4.1t54DE+Dl 20.0 4.4064E+01 21.0 4.3584£+01 
26.0 4.1357[+1)1 27.tl 4.0941E+Ol 26.0 4.0545£+01 

E RP-REC E RP-REC E RP-REC 

5.0 2.4715E+01 6.0 2.6305E+81 7.0 3.1786E+01 
12.0 4.5968E+!Ji 13.0 4.8709E+01 14.JJ 5.1348E+01 
19.06.4497E+Ol 20.0 6.71JJ1E+Di 21.0 6.9656E+01 
26.0 8.2197£+01 27.0 8.1t635£+01 28.0 8.70h£+01 

E ORP-REC E DRP-REC E ORP-REC 

5.J 3.4955E+Jl 6.t! 3.9312£.·01 7.0 4.4984£:+01 
12.!i 5.89,,5E.+wl 13. ~ 7.3 0&3E +01 14.0 7.6646£+01 
1 g.o 1.[2901'+02 2J.C 1.(;783£+02 21.0 1.1264£+02 
26.0 1. 36&4E +0 2 27.C 1 ... 135E+02 28.0 1.1t606£+02 



Ul 
IV 

ELECTRONIC STOPP1NG FOWER , Elf/ANGSTROM 

F. DE/OX I'" OEI1X £ OYO X E DE/OX 

1.0 3.0474F+~0 2.£ 4.3097E+00 3.0 5.2783E+00 4.0 &.a')49E+OC 
e.o 8.6194E+00 9.1) 9.1423£+00 10.0 9.6358E+OO 11.0 1.0107:.+111 

15.01.1803E+Ol 15.1] 1.2190E+tl1 17.0 1.<.'%5E+31 18.0 1.2929E+01 
22.0 1.4294£+01 23.0 1.4615E+!l1 24.01.492CJE+!J1 ,5.0 1.5237E+01 
29.0 1.6411E+01 30.0 1.f6CJ1£+'l1 

DEPOSIT£D ENEPGY(EV/ANGSTROH) , 0 fP-E 

r:: DEP-E E DEP-E £ DEP-E £ OP-E 

1.0 5.3499£-01 2.01.2219£+00 3.0 1.CJ/t35£+~0 4.l) Z.51i57E+OC 
8.0 5.31155E+00 9.0 6.C1J2E+1J3 10.0 6.620~E+1J0 11.0 7.H91E+OD 

15.C 6.8092£+CO 16.0 9.(581E+DO 17.0 9.JDOIE+lO 16.0 9.5193£+00 
22.0 1.0044E+01 23.0 1.01/t5E+)1 24.0 1.0226o;+1I1 25.0 1.0292E+Ol 
29." 1.0513£+01 30.0 1.1)559E+01 

A~ERAGE PROJECTED RECOIL RANG£(ANGSTROHS' RP-REC 

E ~P-REC E i<P-REC £ RP-R£:: F: ~~-~EC 

1.0 1.1)9R7£+01 2.0 2.1217E+01 3.0 3.C553£+111 4.0 1.6085E+01 
6.'! 7.031J7«:::+01 9.1! 7.8506£+01 1C. i) 'J .E>804E+:; 1 11.12 9.50 72E+01 

15.0 1.2H3E+1l2 16.0 1.2755E+!l2 17.0 1.330eE+J2 1d.O 1.3642E+(;2 
22.0 1.5QIJ5f.+az 23.01.61t01E+)2 24.01 1.689CJE+a2 25.0 1.7+10£+(;2 
29.0 1.9420£+02 30.0 1.9916£+O2 

E DE/OX E DE/OX £ DE/OX 

5.0 6.8143£+00 6.0 7.4646E+Oll 7.0 8.0621E+00 
12.0 1.0557E+Ol 13.0 1.098SE+Ol llt.O. 1.1 .. 02E+01 
19.0 1.3283£+01 20.0 1.3629£+01 21.0 1.3965£+01 
26.0 1.5539£+01 27.0 1.5835E+Ol 26.0 1.6125E+01 

£ OEP-E E O£P-E E DEP-E 

5.0 3.3772£+00 5.il 4.0619E+OO 1.0 4.1393£+00 
12.0 7.7418E+00 13.0 8.1619£+00 14.0 8.5037£+00 
19.0 9.6641E+OO 20.!) 9.7933E+IO 21.0 9.9206E+OO 
26.0 1.11358£+01 27.0 1.04Z1E+01 28.0 1.0466E+01 

E RP-REC E RP-REC E RP-REC 

5.0 4.6147t:+Cl 6. C 5.2952E+Ol 7.11 6.2280E+01 
12.u 1 • .]281£+(2 13.~ 1.1l948£+Q2 1".0 1.1595£+02 
19.0 1.4368£+02 2il.O 1.48iilE+02 Zi.O 1.5/t01£+02 
26.0 1.7917£+02 27.0 1.6415£+02 28.Q 1.8919£+02 



RMS SPREA1 IN RP-REC 

E DRP-REC E DRP-REC E O~P-R€C E i)RP-~EC E DRP-REC E uRP-REC E DRP-REC 

1.0 1.71HE+Ol 2.0 2.6lt23E+u1 3.0 3. 1991tE+) 1 4.0 3.559&E+01 5.0 4.2376£+01 & • .; 4. &801E+Ol 7.11 5.56&6HOl 
8.0 6.2451+£+01 9.0 6.9:'56E+.i1 Hi.1l 7.6356E+Jl 11.0 6.3753::+01 12.0 9.~132E+Cl 13.09.6627E+01 lIt.il 1.0300£+02 

15.,:! 1.0837E+t2 16.0 1.11085E+02 17.0 1.2079E+)2 16.0 1.2&57E+02 19.0 1.32 &3E +\J 2 20.0 1.3871E+02 21.0 1."462£+02 
22.0 1.5G58E+C2 23.0 1.5&62£+02 24.6 1. 62ME+O 2 25.0 1.&683E+02 26.0 1.7503£.02 27.0 1.6112£+02 26.Q 1.8735£+02 
29.0 1.9358E.02 30.0 1.9976£+02 

E ~P RP(E,EP) SPREAD IN R(E,EP) SPREAD I~ E EP RP(E,EP) SPREAD IN iHE, EI»' SPREAD IN 
RP-PAFA ~P-PERP RP-PARA RP-PERP 

20 1 238.76 102.27 273.17 99.3& 10 1 114.45 53.36 12 •• 6& 41.61 
30 1 363.32 148.511 1+22.32 153.42 2C 1 238.78 102.27 273.37 99.36 

2G 2 234.0 .. 1~1.7* 261.81 '35.89 1(; 2 lCi 8.1)~ , 52.60 118.84 38.75 
3iJ 2 359.0& 147.1;6 1+16.60 149.86 2C 2 234.04 101.14 261.81 95.89 

20 3 227.31 HIe .41 257.52 gO.37 10 3 100.18 50.63 108.13 33.17 
31l 3 353.i.4 146.4& 406.56 11010.53 2il 3 227.31 lIlO.lt1 251.52 90.37 

20 10 219.67 98.58 246.0 & 84.23 H 10 90.32 ItT.5C 95.91 '2&.99 
30 4 3 .. &.24 1410.:16 3gc;.2( 138.51 2C 4 219.57 98.58 246.06 61t. Z 3 

2~ 5 211.31 95.36 234.1!7 77.79 it 5 79.19 43.5C 82.85 20.68 
30 5 338.84 1103.20 383.J5 1 ~2. 3& 2ii 5 211.31 96.36 234.1l1 77.79 

20 & 202.37 93.76 221.711 71.21 1C 6 &6.72 38.59 68.19 110.46 
30 6 331).98 141.19 371.3G 125.9~ 2~ 0 2r, 2.37 93.76 Z21.7! 71.23 
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lJ1 
~ 

21] 
3C 

20 
30 

20 
3D 

l!! 

30 

20 
30 

7 
7 

8 
8 

q 
9 

1!) 

20 

a 
o 

192.87 
322.68 

162.84 
313.'::17 

172.28 
~1i1t.90 

295.46 

179.81 

243.52 
367.5'3 

90.77 
138.g4 

87.40 
136.47 

63.;;It 
133.76 

130. ~1 

86.51t 

102.110 
148.~5 

2tQ .24 
359.01 

Hf>.48 
lIt6.71 

183.4' 
334.24 

321.64 

1'5.27 

218.93 
427.85 

64.63 
119.39 

58.07 
112.19 

51.57 
106.18 

99.57 

37.40 

102.83 
156.99 

10 
2C 

10 
20 

10 
2D 

2C 

20 

1\l 
20 

7 
7 

8 
8 

9 
9 

10 

20 

o 
c 

52.57 
192.87 

35.96 
182.84 

lIt.57 
172.28 

161.18 

0.00 

120.26 
243.52 

32.75 
90.77 

26.15 
87.40 

20.01 
63.64 

79.45 

0.00 

53.95 
102.80 

53.It1 
209.24 

36.119 
196.4' 

1It.35 
183.1tS 

170.28 

0.00 

130.~9 
278.93 

8.46 
61t.63 

2.19 
58.07 

1.18 
51.57 

45.18 

O.DO 

,.It.59 
102.83 



IV. nAMG2 

A. General equations 

The code nAMG2 calculates the distribution in depth of the 

energy deposited ·into atomic processes, Qn(E,X), or the dis

tribution in depth of the energy deposited into electronic 

processes, QI(E,x). These quantities are obtained by integrat

ing the equations 

and 

E 

Qn(E,X} = !Sn(E,E',X) L(E') (dR/dE') dE' 

o 

E 

QI (E,x) = ! [P (E,E 1 ,x) S (E) 

o 

(34) 

+ SI(E,E'X) LI(E')] (dR/dE') dE' . (35) 

The functions Sn(E,E',X), P(E,E',x), and SI(E,E',X) are 

all Gaussian functions of the form w(x), where 

2 -1/2 2 2 
w(x) = (2rrs ) exp[- (x - r) /2s ] (36) 

The values of 2 and r for each of the functions SD' SI and p s 

are listed in Table II. The quantities D, LlD, I and LlI are as 

defined in Egs. (32) and (33 ) and the subsequent discussion. 
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TABLE II 

Values of rand 2 for the functions SD' SI and P. s 

Function 2 
r s 

SD(E,E',X) R (E ,E') + D (E') LlR~ (E ,E ') + W 2 (E' ) 
p 

.SI(E,E',x) R (E,E') + I (E') LlR2 (E E') + LlI 2 {E') 
p p , 

P(E,E',x) R (E,E') 
P 

LlR~ (E, E' ) 

The quantity (dR/dE') appearing in both Egs. (34) and (35) 

is simply dR(E,E')/dE', and ~(E') and ~I(E') are the averages 

from Egs. (23) and (27). The functions SD and SI account for 

the redistribution of energy by recoiling target atoms. This 

redistribution is taken care of in a Gaussian approximation 

-through the parameters rand s which appear in Table II. For 

no recoil redistribution the parameters D, LlD, I, and LlI would 

all be set to zero. 

B. User's Guide 

i. General 

The code DAMG2 calculates either QD(E,X) or QI(E,x} from 

Egs. (34) or (35). The user can choose which function is 

desired by setting the value of the input variable NTYPE (see 

input below). The range and straggling data from which the 

functions dR/dE', SD' SI' P are determined, along with the 

values of E and ~I' are obtained from TAPE20. In performing 

the integrations to obtain the Q functions, DAMG2 uses rec-

tangular integration. Linear interpolation at incremented 

values of E' is used to obtain values of the integrands from 



the specific energies at which calculations have been performed 

by RASE4. The actual integration is performed in the code by 

incrementing R, rather than E'. 

Distributions Q are calculated for each of the energies, 

E, for which range and straggling data are available on TAPE20 

in a given data block. This number is NE/NSTP for a given run 

of RASE4. The distributions at the lowest two or three energies 

will be less accurate than those at higher energies because of 

the linear interpolation described above. The user can correct 

the output at the lowest energies by noting that the fraction 

of energy which goes into atomic processes is a decreasing 

function of energy with 

at low incident energies. Here B is a constant and, 

00 

go (E) = f QD (E,X) dx 

o 

(37) 

(38 ) 

The correction in the low energy Q
D 

distributions consists of 

calculating the value of B in Eg. (37) using a medium energy 

value of go/E. The low energy go/E values are then calculated 

using the above formula, Eg. (37). Finally, the low energy 

QD(E,x) are multiplied by the ratio of the new go/E values to 

the old go/E values output by DAMG2. Overall accuracies of 

better than 5% should be obtained for the function Q
D 

when the 

low energy distributions are corrected in this manner. 
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ii. Input 

The input to DAMG2 consists of data on TAPE20 and four 

data cards. 

Card 1 

Input This is a header card and can contain any titular 

material the user desires. This information will 

appear as the first line of output for each category 

of printed output. 

Format (80H ----) 

Example 

SI INCIDENT ON SI02 30 KEV 

o 000000000 0000 00000000 000 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 
I 2 J 4 5 6 1 8 9 101112131415161118192021 22232425262128293031 32333435363138394041 42434445464748495051 525354 55 56 5158 59 60 6162636465666168691011121314151611181980 

111111111111111111111111111111111111111111111111111111111111111111111111111111 J 1 

Card 2 

Input ALAT, PI, Zl, (P2(J), Z2(J), J = 1,4) 

Format (11F5.0) 

ALAT, PI, Zl, (P2 (J), Z2 (J), J = 1,4) all have the 

same meaning as on Input card 3 of COREL and RASE4. 

This information is used in a search of TAPE20 for 

appropriate input to DAMG2. 

Example 

3.566 '-.1'"\ c.o. 14. -""'1,,,,,\ c.o. 14. 16. 8. O. O. O. O. O. O. O. O. O. 

00000000000000000000000000000000000000 0000 0000 0000 0000 0000 0000 0000 0000 C 
I 2 3 4 5 6 1 8 9 1011121314 15161118192021 222324252& 2128 29 30 31 323334 35 36 3138 39 40 41 424344454641484950 51 5253 54 55 58 57 58 59 60 61626364 65 66 67 68 69 70 71 72 7atH516 771819 86 

11111111 JIll 1 J 1111111 1111 11111111111111111 J 111111111111111111111111111111111 J 

Card 3 

Input NE, NSTP, NDIV, NDIVE, NMULT, NTYPE, JSTP,NXTND, KE 
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Format (9IS) 

NE, NSTP, NDIV, NDIVE and NMULT all have the same meaning 

as on input card 4 of COREL and RASE4. They 

should have the same values here as they had in 

the RASE4 calculation. These variables are used 

to set the energy scales in DAMG2, and to search 

TAPE20 for correct input. Calculations of the 

energy deposition distributions are carried out 

for all incident energies for which RASE4 wrote 

range and straggling variables to TAPE20. 

NTYPE identifies the type of energy deposition distribu

tion desired. For NTYPE = 2 the depth distribu

tion of energy into electronic processes is 

calculated. For all other values of NTYPE the 

depth distribution of energy into atomic pro

cesses is calculated. 

JSTP is a variable which determines the spacing of a por

tion of the printed output. The main printed 

output consists of Q(E,x) vs x for equally spaced 

values of x. Output is also printed for Q(E,x) 

vs x for equally spaced values of Q. This 

latter output is useful in constructing contour 

plots of Q(E,x) on the (E,x) plane. The equally 

spaced values of Q are in multiples of JSTP/IO, 

with units of eV/Angstrom. Note that JSTP is 

changed to a real variable before the division 
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by 10 so that Q-values can be spaced as closely 

as 0.1 eV/Angstrom. 

NXTND is a variable which may be used to decrease the size 

of the integration interval for Eqs. (34), (35) 

and (37). The integration interval size is reduced 

by a factor of l/NXTND. 

KE is a variable which may be used to select closely 

spaced values of the averages of Section III for 

use in evaluating the integrals in Eqs. (34) and 

(35) when E' drops below a preset value. The 

preset value in keV is KE. For KE ~ 0 DAMG2 will 

select from TAPE20 two sets of values for the 

averages. The main set will correspond to the 

incident energies determined by NE, NSTP, NMULT, 

NDIV and NDIVE. The secondary set will correspond 

to the energy KE. This variable proves useful 

only when the averages vary rapidly with energy 

at low energies. When using this variable it is 

necessary to have low energy data available on 

TAPE20 from a previous calculation by RASE4. 

It is also assumed that the low energy data pre

cedes the high energy data on TAPE20. The search 

for low energy data occurs first, and TAPE20 is 

not rewound prior to searching for the high 

energy data. 



Example 

30 10 1 1 1 1 50 1 o o 

000 0 000 0 00000 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 JJ 0 0 0 0 0 0 0 0 0 0 0 0 C 
I 2 3 4 5 I 7 8 9 1" 111213 14 15161718 19 ZO 21 22232425 26 27 28 2130 31 323334 35 3i 37 38 3940 41 42434445484748495051 525354 55 58 57 58 59 60 61 62636465666768697071 72 73 74 75 76 77 78 79 80 

1 1 1 1 1 1 1 1 1 1 111 1 111 11 11 1 1 1 1 11 11 1 111 1 1 1 1111 11 1 111 11 11 1 1 1 111 1 1 11111 1 1 1 11 1 11 1 1 1 

1 

Card 4 

Input NRPT 

Format (I5) 

NRPT determines when the last set of input data bas been 

read. For NRPT ~ 0, the program terminates after 

carrying out the calculations of this input data 

set. For NRPT > 0 the program reads another set 

of input data after completing the calculations 

for the present four cards. 

Example 

000000000000000000000000000000000000000000000000000000OOOOOOOOOOOOOOOOOOOOOOOOOC 
I 2345S7'9Wlln13"~nRH"ZO~nUN2526n2621~~nn34~3in3i3i~flU~«fi~UU~~~~U54~58~~~"~~"~~"~""ron7273Mnn77nn" 

1111 111111111111111111111111111111111111111111111111111111111111111111111111111 

iii. output 

The output fram DAMG2 consists of output on TAPE30, and 

printed output. Two logical blocks of output are written on 

TAPE30 for each incident ion and energy distribution type con-

sidered. The output is indicated schematically in Fig. 3. 
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Ident. Block 

Data Block 

Figure 3. Data Block Structure Written on TAPE30 by DAMG2 

The identification block contains NDAM, NE, NSTP, NDIV, 

NDIVE, NMULT, JSTP, NXTND, KE, ITER, ALAT, PI, Zl, (P2(J), 

Z2(J), J = 1,4). This information is written by instructions 

DAM 186 and DAM 187. The variable NDAM = NE/NSTP, and ITER is 

the value of INDSKPI from the RASE4 calculation which provided 

the specific input used in the present calculations. 

The data block contains ITER, (E (I), RP (1,1), DELTA (1,1) , 

DP(I,l), R(I,l), F(I), G(I), XIOO(I), XIOl(I), XI02(I), XI03(I), 

XI20 (I), XI21 (I), XI30 (I), XMOMI (I), XMOM2 (I), XMOM3 (I) , 

DAMG(I,J), J = 1,101), I = 1, NDAM). These variables are 

identified as follows: 

E(I) = incident ion energy for 1'th output group. 

RP(I,l), DELTA(I,l), DP(I,l), R(I,l) = range and strag-

gling variables for incident ions with E = E(I) and 

E I = O. 

F(I) = fraction of incident ion energy deposited into the 

energy category of interest (i.e., atomic or electronic 

processes) . 

G(I) = actual energy deposited into target in category of 

interest = q (E) from Eq. (38). 
o 

Xlnm(I) variables are averages over the depth distribution 

. of certain quantities of interest. These values include 



averaging over that part of the distribution which lies 

outside the target surface. Specifically, the variable 

Xlnm(I) is obtained by replacing SD' SI' or P in Eqs. 

(34) or (35) by sn m r , where sand r are defined in 

Table II, for each of these functions. The variables 

Xlnm are used to evaluate the moments of the energy 

deposition distributions for comparison with other 

calculations of these quantities. 

XMOMl, XMOM2 and XMOM3 are, respectively, the average 

depth of the energy deposition distribution, and the 

second and third central moments of the distribution. 
o 02 03 

The units are A, A , A ,respectively. These are cal-

culated using the variables Xlnm. 

DAMG(I,J) = Q(E,x) where E = E(I) and x = RP(I,l)*(J - 1)/50. 

The printed output is easily interpreted. First, all the 

input variables, along with values of NDAM and ITER are 

printed. Following this the depth distributions are output. 

For this output each page contains ten columns of information. 

The first column is a depth scale in units of 100*X/RP. This 

depth scale applies to the remaining nine columns of informa-

tion which are subdivided into three groups of three columns. 

Within each group of three the first column contains P(E,O,x) 

from Eq. (36), but without the pre-exponential factor. The 

third column contains Q(E,x) from Eq. (34) or (35). The second 

column contains 
00 

~Q(E'X') 
x 

dx'/q (E), 
o 
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where qo is given by Eq. (38). Each group of three columns is 

preceded by header information which gives the incident energy, 

range and straggling variables, q (E), and the energy partition. 
o 

This last quantity is XIOO/E, and represents the fraction of 

incident energy which is deposited into the category of inter-

est, including that which is deposited outside the target 

surface. 

The output described above is in equally spaced values of 

the depth variable, x. Next, Q(E,x) is output as a function 

of x, but at equally-spaced values of Q. This output is useful 

in constructing contours of equal Q-va1ues in the (E-x) plane. 

After this output, some of the averages over the depth dis-

tributions are recapitulated as a function of incident ion 

energy. The final output consists of a tabulation as a func-

tion of I(E = E(I» of the third central moment of the distri-

bution as calculated, and a correction to the third moment 

which would result if non-Gaussian functions having skewness 

equal to standard deviation, s, were substituted for SD' SI 

and P in Eqs. (34) and (35). 

Sample output, obtained from the example cards under input, 

is shown in Section IV-D. The sample output shown required 

60 seconds of computation time. The code DAMG2 requires 

1542008 of core storage. 

iv. Subroutines. 

DAMG2 uses the subroutines TWENTY and WIND30. 

The subroutine TWENTY searches TAPE20 for appropriate 

input from RASE4 calculations. The routine WIND30 



position TAPE30 so that writing begins after the last 

data block written on a previous run of DAMG2. This 

allows the user to collect a library of output data. 

If it is not desired to maintain such a library the 

instruction DAM 112 and the subroutine WIND30 may be 

eliminated. 

c. Brief Programmers Guide 

Egs. (34) or (35) are integrated by the rectangular 

method. The integrand is evaluated at the center of each 

integration interval, multiplied by the interval width, and 

summed. The integration interval is 1 angstrom near E' = E, 

and increases as E' decreases. As E' nears 0, the interval 

width decreases. Integration is accomplished by the DO loop 

beginning at ins~ruction DAM 285. Integration is actually 

performed over the variable R(E,E') rather ,than E'. The 

variables in the loop have the following identification: 

x = R(E,E' ) 

Y = (dR/dE') dE' 

DMG = L (E' ) from Eg. (23 ) or (27) 

XD = o (E') or I (E') from Eg. (32) 

DXD = ~D (E' ) or ~I (E') from Eg. (33 ) 

DMGl = S (E') from Eg. (19 ) or (20 ) 

D. Sample Output 

The sample output on the next five pages was obtained 

using as input the example cards of Section IV-Bii along with 

input from TAPE20 for the example output shown in Section III-E. 
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51 INCIUFNT ON SI02 

ALAT 

3.566 

NOAH 

3 

P1 

28.0[0 

NE 

30 

SI INCIDENT ON SI02 

•••• UNITS ••••• 

ENERGY K~V 

30 K~V 

Z1 P2(U 

l4.~ujj 28.000 

NSTP NOIII 

1iJ 1 

30 KEV 

OEPTH,RANGE,OELTA RANGE ANGjTRO~S 

Z2(1) P2(2 ) Z Z (2) 

14.000 l6.O!IO 8.000 

NDI~E NHUL T NTYPE 

1 1 1 

ENEPGY PARTITION,ION DISTRIBUTION,INTEGRATEO ENE~GY OIST~IBJTION 
ENERGY DISTRIBUTION EV/ANGSTRO~ 

INCIDENT ENERGY ••• INCIDENT ENEItGY ..... 
lu.Oa-KEW ••• 21l.t10-I(EII 

••• 
••• 

PROJ. RANGE ..... P~OJ. IUN~E 

••• 
120-ANGSTR OMS ••• 24r.-ANGSTRO"S 

••• 
••• 

DEl TA RP ••• DELTA ~P 
••• 

54-ANGSTROMS ••• It13-ANGSTROI1S 
••• 
••• 

DEI.. TA PERPI N Cleu LA t', ••• DE.TA PERPINDIGJLAR .... 
ItS-ANGSTRCM5 ••• 103-ANGSTRJHS 

PZ(3 ) 

0.000 

JSTP 

50 

D I MENS IONLESS 

••• 
• •• ..... 
• •• 
• •• 
••• 
• •• 
••• 
• •• 
• •• 
••• 
• •• .... 
• •• 
• •• 
••• 
• •• ..... 

Z2 (3) PZ(It) 

0.000 o .DOD 

NXTNO KE 

1 o 

INCIDENT ENERGY 

30.DO-KEV 

PROJ. RANG E 

368-ANGSTROMS 

DEL TA RP 

149-ANGSTROHS 

~(LTA PERPINOICULAR 

157-ANGSTROMS 

ZZ(4' 

0.000 

IT Ell 

1 



" 

..... .. .. 
TOTAL £NFRGY IN DISTRIBUTION ..... TOTAL ENERGY IN DIST~I8UTION ••• TOTAL ENERGY IN DISTRIBUTION .... • •• 

5.86-KEII ••• 12.44-KEW ••• 18.23-KEW ••• • •• .... • •• 
ENEPGY PARTITION ••• ENERGY PARTITION ••• ENERGY PARTITION .... . ... 

• 6333 ••• • 659& • •• .6'+11 ••• • •• ••• ••• ••• • •• .... • •• ••• • •• 
URP FINAL INTEGI(ATED £NERGY .... FINAL INTEGRATED ENERGY ••• FINAL INTEGRATED ENERGY ION ENERGY OISTR. ••• ION ENER(;Y DISTR. .... ION ENERGY DISTR. (PCT) OIST~. DIST~. ••• OISTR. DISH. • •• DISTR. OISTR. • •• .. .. 

••• . ... 
0 • C S31t 1.DOl)(! 16.03 • 0&05 1.01lGO 15.29 .0476 1.0000 14.07 2 .0920 .9932 17 .07 .0676 .99311 16.53 .0537 .9941 15.25 4 .1J1l .9116C U.14 .0753 .911 70 17.82 .D6D4 .9877 16.1t7 6 .1113 .91113 19.23 .D838 .9798 19.15 .'1678 .9808 11.7" 8 .1 ?21 .9702 2D .35 .093D .9720 20.52 .07&0 .9734 19.0& 10 .1337 .9616 21.49 .10 30 .9637 21.94 .0849 .9654 2G.42 12 .146~ .9525 22.64 .1139 .9549 23.38 .0946 .9569 21.81 14 .1592 .943C 23.81 .1255 .9454 24.85 .1052 .9476 23.23 16 .1732 .9330 2't.9"l .1361 .9354 26.35 .1167 .9382 24.67 16 .H61 .9225 26.17 .1516 .921t1l 27.85 .1291 .9279 26.13 20 .2'139 .9115 27.35 .1&6C .9136 29.37 .1424 .9171 27.61 22 .2206 .9000 26.53 .lH4 .9016 3C.88 .1568 • «;056 29.08 24 .2~!H .8861 29.7'J .1978 .1\894 32.39 .1723 .8936 30.56 26 .2565 .1\757 JO. eo .2151 .6764 33.117 .1887 .88H 32.02 28 • ?75~ .8621 32.CI) .2335 .8629 35.34 .2D 63 .8&78 33 .... 6 3C .296C .8494 33.11 .2529 .8488 36.77 .2249 .6540 34.68 32 .317'1 .8356 34.20 .2732 .8341 38.15 .2'+45 .8397 36.26 34 .3~88 .8213 35.25 .2946 .8189 39.1.9 .265~ .8248 37.61 36 .3614 .80&& '16.21' .3169 .6032 4:3.77 .2873 .8093 38.90 38 .3'1411 .7915 37.25 • 31t0 1 .787l) 41.99 .3102 .7934 40.14 4~ .4£.'81' .7761 38.17 .3&42 .77!!3 43.13 .3341 .7770 41.31 42 .4335 .7602 39.0'> .B91 .7532 44.20 .3590 .76U1 42.41 44 .45811 .7440 39.87 .4148 .7357 45.18 .3848 .7428 43.44 46 .4846 .7275 .. ".6J .41t12 .7179 46.C 7 .4115 .7251 1t4.38 48 .510!' .7107 41.31 .4& 83 .&997 46.86 .4390 .7070 45.24 50 .5373 .693F. 41.97 .4959 .&812 47.56 .It& 71 .688& 46.01 52 .5641 .6762 42.5J .52 JCl .1'>6210 4/l.1& .4958 .6699 46.S8 54 .5911 .65 e7 't3.fJ2 .5523 • &435 48.65 .5250 .6510 47.25 56 .n132 .6"~ 9 43.44 .58C '3 .1'>2410 49.C3 .5546 .6318 1t7.73 58 .6451 .6230 43.7<:) .6096 .&051 49.31 .581t1t .6125 48.10 60 .672(1 .6050 44.(!5 .63e3 .5858 49.47 .6143 .5930 48.37 62 .6935 .5869 44.2 .. .6ft 69 .56n4 4g.5 .. .&4~2 .5735 1t8.53 64 .7247 .5687 44.3') .f> 951 .5470 49.49 .6739 .5539 48.5~ 66 • 75Q 3 .5%5 4 ... 36 .7230 .5276 4 Q .35 .7033 .5343 1t6.55 61\ .7754 .5322 41t.3~ .15e3 .50 a4 4g.1~ .7321 .5148 48.41 

0"\ 70 .7996 .5141 44.2t .1768 ... 892 48.75 .7603 .4~53 48.16 --.J 72 .823<; .496C! 4 ... Cl • 6a 25 .47(2 4E,.31 .7876 .4759 47.82 74 .8451. .478e 43.71 .6272 .!.6.~ l!e. 47.79 .8140 .4567 47.39 



75 .8667 .!toJ1 43.36 • 8S 06 • t. 3 28 47.17 .8391 .4377 ,+6.87 
0'1 78 .9667 .4424 "2.'15 .6730 .4145 -46." 8 .6630 .4169 46.26 ex> 

81l • <:last. .10248 42.4& .6938 .3961+ 45.71 .8853 .4004 45.57 
82 .9227 .4075 41.91 .9131 .3787 44.67 .9061 .3822 't4.80 
84 .9384 .3904 41.28 .93D 7 .3613 43.97 .9250 .3&43 43.96 
65 • q525 .3736 4il.6!l .91t65 .3443 4:'1.UO .9421 .34&7 "3.05 
68 .9649 .3571 39.87 .961)4 .3276 41.99 .9511 .32% 42.08 
90 .9755 .3409 39.CPI .9723 .3114 40.93 .9700 .3128 41.0& 
92 .Q842 .3251J .38.24 .9822 .2956 39.63 .9807 .2965 39.98 
94 .9911 .3095 37.36 .9599 .ZA C2 38.69 .9891 .2806 ~8.86 
96 .9%0 .2944 36.44 .9955 .2653 31.52 .9951 .2651 37.78 
98 • '1'19C! .2796 35.48 .9989 .25 (9 36.32 .9986 .2502 36.511 

100 1.ij()OC .2652 34.49 1.0U" .236CJ 35.11 1.0000 .2357 35.2"8 
102 .999C .2513 33.47 .9989 .2231+ 33.88 .9988 .2217 34.03 
104 .9%0 .2378 32.4:0; • 9~ 55 .2103 32.64 .9951 .2082 32.7& 
106 • CJ911 .2247 11.37 .9899 .1978 31.40 .9891 .1953 31.49 
108 .91142 .2120 3U.30 .9822 .1857 30.15 .9807 .1828 30.20 
110 .9155 .1998 29.21 .9723 .11 1.2 28.91 .9700 .1709 28 .. 91 
112 .9649 .1880 28.12 .9604 .1631 27.67 .9571 .1595 27.63 
114 .9525 .1767 27.02 .9465 .1525 26.1t5 .9421 .1486 26.35 
110 • 938e. .1658 25.93 .9307 .1421t 25.23 .9250 .1383 25.09 
118 .9221 .1554 24.84 .9131 .1327 24.G4 .911£;1 .1284 23.810 
120 .~054 .1454 23.76 .8938 .1236 22.86 .8853 .1190 22.61 
122 .8867 .1359 22. Ee .8731) .111t8 21.70 .1630 .1102 21.39 
12,. .11667 .12 E6 21.f.3 .850 e .1066 2C..57 .8391 .1018 20.21 
126 .6"5" .11'12 20.5!! • 8Z 72 .D987 19.1t7 .8140 .0939 19.06 
126 .823C .1099 19.% .8i125 .0913 18.39 .7876 .0664 " 17.93 
130 .7996 .1021 18.56 .77&11 .11843 17.35 .7603 .0794 16.84 
132 .775" .0947 17.58 .7503 .11777 16.33 .7321 .9728 15.79 
13 .. .7503 .0877 16.62 .7230 .0715 15.35 .7033 .0666 14.71 
136 .7247 .0811l 15.73 • 6~ 51 .G657 14.41 .6739 .0609 13.79 
138 .6985 .0748 14.80 .6;69 .0602 13.49 .6442 .0555 12.85 
140 .672e .Ci6eQ 13.93 .638:! .D551 12 .62 .6143 .0505 11.94 
142 .6451 .0633 13.08 .61196 .051)3 11.78 .5844 .0459 11.119 
1 .. 4 .6182 .0581 12.28 .5809 .04,9 le .97 .5546 .0.c.16 10.27 
1"6 .5911 .0532 11.SC .5523 .0417 H.20 .5250 .0376 9.489 
IItS .561tl .0487 10.75 .5~ 39 .0319 9.473 .4958 .0339 8.752 
150 .5373 .04"4 10. C,+ ."959 .0343 8.778 .4671 .0305 8.056 
152 ."il08 .0404 9.355 .It 68 3 .1310 8.119 .4390 .0274 7.401 
154 .4846 .0367 8.707 .4412 .D28D 1.1t95 .4115 .0245 &.784 
156 .4588 .0333 11.1)90 .1t148 .0251 6.907 .3848 .0219 6.20& 
158 .4:>:35 .(131)1 7.5C4 .3891 .11225 6.353 .3590 .0195 5.665 
160 .4088 .0271 6.949 .3&42 .0202 5.832 .3341 .0173 5.161 
162 .3848 .0244 6.425 • JItG 1 .Di8D 5.31t3 .3102 • :1153 1+.692 
164 .3614 .0218 5.931 .3169 .0161) 4.886 .2873 .0135 4.256 
166 .3388 .0195 5.466 .2946 .0141 4.1t60 .2654 .0119 3.852 
168 .3170 .0173 5.029 .2132 .0125 4.063 .2446 " .0104 3.480 
170 .2Cl6!l .0153 ".61Q .2529 .111 09 3.694 .2249 • 0091 3.137 
172 .2758 .1)135 4.236 .2335 .0096 3.352 .2063 .0079 2.621 
174 .2565 • il119 3.87~ .2151 .DO 83 3.035 .1887 .0068 2.532 
176 .:'>381 .0103 3.545 .1976 .0072 2.743 .1723 .0058 2.267 
178 .2206 .008<j 3.235 .U14 .D 0 &2 2.1t74 .1568 • 0051) 2.026 
180 .2Q39 .0077 2.941 .1&6C .0 ll52 2.227 .1424 .0042 1.897 
182 .1881 .0065 2.680 .1516 .31i lot. 2. OC 1 .1291 .(jaj35 1.607 
11!4 .1132 .0055 2.433 .1381 .[J037 1.791> .1167 .0029 1.421. 
186 .1592 .0045 2.205 .1255 .1l0 311 1.6tl5 .1052 .0()24 1.261t 

.' 



0"1 
\D 

166' .1t.&':' .0037 1.995 .iL 39 • DO 21t 
190 .1337 • C a 29 1.8!ll .Ul!] .0') 1~ 
192 .1221 .002? 1.62& .0930 .001,. 
191t .1113 .01ltS 1.464 .Otl36 .0010 
19& .1013 • DOH 1.315 .0753 .0005 
198 .'1920 .00C5 1.181 .0676 .0003 
2eo .0834 0.0000 1.05A .0&05 J.OOOO 

SI INCIDENT ON SI02 30 KEV 

VALUES FOR CONTOUR PLOT ENE~GY DISTIUBUnON(EVI ANGSTROM) 

ENERGv(KEV) 10 20 3D 

2J.~ 9 2Q.0 1'.1 15.0 5 
?5.0 19 25.0 3'5 20.0 35 
30.0 29 31).0 51 25.0 6!1 
35. G itO 3S.0 67 30.0 85 
4G.0 53 40.C 85 35.1) 111 
1t0.0 105 47.0 1(1) 1t0.0 139 
3'5. iJ 119 1t5.u 1'39 1t5.0 174 
:-:r:. '1 131 40. : 223 Its.o 3110 
25." 1,.2 15.r: 21t4 !te.o 338 
20.0 153 30.0 264 35.0 36g 
15.0 16'5 ?5.1 2e3 30.0 398 
l'.C 181 2J.C 304 25.~ 1t27 

5. " 2iJ2 15. J 32d 2e.o 1t57 
u.o C 10.e 357 15.0 411 
!J.O 0 5.e 39~ lC.1) 532 
D.D 0 c.e 5.0 C:;Ql 

1. 1t33 .094& .ilil19 1.117 
1.277 .0849 • Cel5 .9853 
1.136 .Q760 .0(;11 .8671 
1.008 .0678 .0008 .7613 
.8929 .D604 .0005 .6669 
.7892 .11537 .0002 .583D 
.&961 • lit 76 O.ODOO .?I8ft 

DEPTH(ANGSTROHS, 



-...J 
o 

SI INCIDENT ON SI02 30 KEV 

ENEPGY X-AVERAGE 

11l 82.076 

20 164.1-. 

30 24<3.45 

SI INCIDENT ON SI02 3(1 1(£" 

1 

1 
2 
3 

opeT 

.633264 

.659591 

.641137 

XMCt13U) 

1.6C23£+Q4 
1.95tt3E+C5 
10.6916£+05 

DELTA X-SQ 
AVERAGiE 

3218.9 

11298 

2.t.495 

DXM0I13(!) 

6.03,.7£.,,4 
4.0141£+D5 
1.2600£+06 

ENERGY TOTAL ENERGY 
PART ITION IN DISTRIBUTION 

.63326 6.332& 
£NERGY DEPOSITED IN TARGET = 5.8589 

.65959 13.192 
£NERGY DEPOSIr£~ IN TARGET = 12.439 

.6"114 19.234 
ENERGY DEPOSITED IN TARGET = 18.227 



v. LISTINGS OF MAIN PROGRAMS 

A. COREL 
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PROGRAM COqELCINPUT,OUTPUT,TAP~10) COR 0001 C·· · · · · · · · . · . . . . . . . . . . . . . . . . , . · ..... 
c • ISSUED BY SANDIA LABORATORIES. 

c • A PRIME CONTRACTO~ TO THE UNITED STAT~S • 
C • ENERGY RESEARCH AND OE~ELOPEMENT ADMINISTRATION. • 
C • • • • • • • • • • • • • • • NOTICE . . . . . . . . . . . , .. 
C • THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED q~ THE • 

C • UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES NO~ THE • 

C • UNITED STATES ENERGY RESEARCH AND OEVELOPEMENT ADMINISTRATION, • 

C • NOR ANY DF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, • 

C • SUBCONTRACTORS, OR THEIR eMPLOYEES, MAKES ANY WARRANTY, EXPRESS • 

C • OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR • 

C 

C 

C 

• THE ACCURACY, CQMPLETENESS OR USEFULNESS OF ANY INFORMATION, 

• APPARATUS, PRODUCT OR PkOCESS aISCLOSEO, OR REPRESENTS THAT ITS 

• USE WOULD NOT INFRINGE PRIVAT(LY OWNEO RIGHTS. 

• 

• 
• 

C" • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 
C • THE BASIC REFERENCE DOCUMENTS FOq THIS CODE ARE SLA-73-~416, 

C • APRIL,1973, AND SANO-75-v622, DECEMBER, 1975. • 

c·· · · · · · · · · · · · · · · · · · · · · · · · · · , · · · · · .. 
e • THIS COOE HAS BEEN RELEASED FOR UNLIMITED DISTRIBUTION. • 

C" • • • • • • • • • • • • • • • • • • , • • • • • • • • • • • • •• 

1 FORMATC16F5.J) COR JC43 
2 FORMAT(1615) COR 0044 
3 FORMAT(2/) COR OO~~ 
~ FORMATC8Al0) COR 0046 
5 FO~MAT(lHl,' RANG~ AND ST~AGGLING DATA FOR ',Al0,' IONS INCIDENT OeOR 0047 

lN AlAN ·,ZA1C,· TARGET ·,~/) COR 0048 
6 FORMATC· INITIAL VALUES'3/) COR 0049 
7 FORMATC. INCIDENT ION ·,Al0,,· ATOMIC NUM3ERCZ1) = ·,F4.0,,· ATCOR 0050 

10MIC MASSCM1) = ·,F7.Z,· AMU·,· ENERGY MAXIMUM = ·,F13.Z,·KEV·Z/)COR 0051 
8 FORMATC' TARGET - ',ZAl~, I) COR 0052 
9 FORHAT(' COMPONENTS ',~(5X,A10,5X),I' ATOHIC NUMBER ·,4(Fl0.~COR 0053 

1,lDX) ," ATOMIC MASS " 4CF8.2,' AMU ',7X)/' T-F ~ADIUS ',4COR 0054 
2CE10.3,. eM ',6X),I' EFFECTIVE Z ·,4(F1G.3,lCX» COR 0055 

lUGe FORHATC' r UCI) F(U) SLOPE FCU) IS UNI~ERSACOR 0056 
lL THOMAS-FERHI FUNCTION - FROM LSS'2/J COR 0057 

lCOl FORMAT(I5,2F1C.3,Flu.5) COR 0058 
1002 FORMATC4/' THE FOLLOWING ELECTQONIC STOPPING CROSS SECTIONS WERE COR a059 

lUSED IN THE CALCULATIONS'Z/) COR 0060 
10U3 FORMAT(3X,Al0,3X,'· THOMAS-FERMI ATOMIC MODEL') COR 0061 
1~04 FORMATC5/19H···.. UNITS ••••• ,I' ENERGY KEV·,· RP,R,OELTACOR 0062 
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l,OP ANGSTROMS·I· EPS,OE/OR DIMENSIONLESS"I 
2. DAMAGE EV/ANGSTROM·Z/) 

lG05 FORMAT(JX,A1Q,3X,·- FIRSOV THEORY·) 

COR ~063 

COR 0064 
COR va 55 

1006 FORMAT(3X,Al0,3X,ZlH- K·E··P, WITH K= ,El1.~,· 
1.2,2f) 

lOu7 FORMAT(7X,·CSE = ·,E12.S,Z/) 

ANJ P = ·,F4COR 
COR 
COR 
CO R. 

JJ66 
u067 
0;)58 
aa 5'3 1GJ8 FORMAT(3X,A10,3X,·- BRICE FORMULA·) 

1609 FORMAT(7X,.Z = .,F6.3,5X,· A = ·,F7.4,SX,· N = ·,F6.3,2/) 
1031 fORHAT(A1C,· INCIDENT ON AlAN ·,2A1C," TARGET ., 
1032 fORMAHI4,3I2,1, (8ElJ.4» 

COR 007~ 

COR 0 ')71 
COR 0072 

1e33 fORMAT(3/,. NE NSTP NCOMP 
1 NEXP(J) NDI~ NDIVE 
21 = 1 2. 3 4 J = 1 

lG34 FORMAT(16I7,2/) 
1C40 FORMAT(3/· 

1 IN 
2 IN·I 
3RP 
4RP· 21) 

E 
E 

EP RP(E,EP) 
EP RP(E,C;P) 

NFO~M(I) 

NMULT NDSKP 
2 3 

COR 
N~PT./21X,· COR 
4.2/) COR 

COR 
SPREAD IN 
SPREAD IN 

RP-PARA 
RP-PARA 

RCE,EP) 
~ (E , =:P) 

SPR::ADCOR 
SP~::ADCOR 

RP-PECOR 
RP-PECO R 

COR 
COR 1~41 fORMAT(. CHAR. ENERGY ·,4(F8.3,· KEV ·,7X),2/) 

1~*2 FORMAT(Z/,. CHARACTERISTIC LENGTH = ·,F1.2,· ANGSTROMS·,2/) 
10~3 FORMAT(2/· ATOHIC DENSITY = ·,£12.5,· ATOMS/CC·2/) 

COR 
COR 
CO~ DIMENSION SETA(4),ALP(4),EN(4' 

DIMENSION A(4) 
DIMENSION ALPHA(16Cu),ALPHA1(1600),ALPHA2(16GC),ALPHA3(16~~) 
DIMENSION BETA1(160C),BETA2(160Q),BETA3(16uG) 
DIMENSION CSE(4),CEPS(4),CTM(4),CALPH(4) 
DIM~NSION DELTA(16uO),OP(16Ju), 
01MEN5ION DRO(16Cry),DRR2(:6CJ),DRC2(160U),OENS(~) 
DIMENSION EXINT1(160Q',EXINT2(1600),EXINT3C16CC) 
DIMENSION E(16~O) ,EF(SO) 
OIMt::NSION F(SO) 
DIMENSION GAM1(160C),GAM2(160C),GAM3(16uO) 
DIMENSION I~AR(8) ,NEXP(~),NFORM(~) 
DIMENSION P2(4) 
DIMENSION RP(1600), 
DIMENSION RC2(160Q),R(160J) 
DIMENSION SE(16~t),SLF(5J' 
DIMENSION TITLE(6) 
DIMENSION ZZ(~),Z(~) 
COMHON/PHIVAR/E,Pl,P2 
COHHON/FVAR/F,SLf,EF,NF,MM 
NRPT = 0 
CALL WINDLI 

350 CONTINUE 
IF(NRPT)2~5,J55,2S5' 

355 CONTINUE 
PI = 3.1~159265~ 
HBAR = (6.625~E-27)/(2.·PI) 
Q = 't.6029~E-l£: 
AO = 0.529~8~E-6 
ERGEV = 1.6J2D3E-12 
AMU = 1.66035E-2~ 
00 115 J = 1, ~ 
P2(J) = o. 
Z(J) = o. 
A(J) = O. 
NEXP(J) = C 
NFORH(J) = Il 

115 CONTINUE 
READ ~,(TITLE(I),I = 1,8) 
READ 4 ,UVAR(J' , J = 1,8) 

OiH16uJ) 

COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 
COR 

iH173 
0074 
J075 
0016 
JQ 77 
JJ78 
OJ 7'3 
GOB": 
J J 81 
IlG82 
JO 81 
..i0 8 .. 
J U 8S 
,]086 
O~87 

008d 
008'3 
O~gJ 

G~91 
00'32 
tjC '33 
ilO% 
~G95 
;)096 
J097 
GO 98 
U J 99 
;] lOu 
li1h 
H02 
C1G3 
0104 
0105 
0106 
Ule? 
CB8 
0109 
~l1C 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
a119 
o 12Q 
0121 
0122 
0123 
0124 
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READ 1,ALAT,Pl,Z1, (P2(J) ,l2(J),J = 1, .. ), (CSE(K),K = 1,:") ,:::OM COR 0125 
EX = C{a4.2/HBA~' •• 2'.AMU/(2(JOO.·ERGt'" COR 0125 
X = 4./3. COR 0127 
X = Zl •• X COK 012~ 

EX = EX·Pl·X CO~ 0129 
PRI NT 5, (TITLE (J) ,J= 1, 3) COR 013J 
pqINT 6 CuR J131 
PRINT 7,TITLE(1),Z1,Pl,EX COR v132 
p~rNT 8,TITLE(2) ,TITLE(3) COR ii133 
R::Ao 2,NE,NSTP,NCOMP, (NFORM(J) ,J=1,4), CNEXP(K) ,K=l,~) ,NorIJ,NOIIJE COR ~lh 

1,NMUlT,NOSKP,NRPT CO~ u135 
READ 1,CSETA(J),ALP(J),EN(J),J=1,~) COR 0136 
IFCNOIVE.GT.l) GO TO 118 COR wlJ7 
WqITE TAPE10,NE"NOIV,NMULT,NCOMP,ALAT,(P2(J),Z2(J),~SE(J),SETA{J),CO~ J138 

lALP(J),EN{J) ,NFORM(J),NEXP(J),J=1,4) COR .;139 
118 CONTINUE COK 014~ 

IF(NOIV)121,121,122 COR ~1~! 
121 CONTINUE COR 0142 

NoIV = 1 COR u143 
122 CONTINUE COR 014~ 

IF(NDIVE)123,123,124 COR J145 
123 CONTINUE COR 01~6 

NDIIJE = 1 COR 0147 
124 CONTINUE COR J148 

ALAT = ALAT·l.E-8 COR 014) 
ALAT = 1./CALAT·.3) COR 0150 
X = 2./3. COR J151 
CRHO = ~. COR 0152 
DO 1250 J=l,NCOMP COR 0153 
DENSe J) = NFORM( J,.ALAT COR a54 
CSE(J) = CSE(J)41.E-26.0ENS(J) COR :153 
Z(J) = Zl··X + l2(J).·X COR 0156 
Z(J) = SQRT<Z(J» COR 0157 
ACJ) = .8853·AO/Z(J) COR. 0153 
Z{J) = l(J)·.3 COR 0159 
CEPS(J' = {(AeJ).p2(J)"(Zl·l2(J'·(Pl+P2(J))·Q··2))·ERGE~41GO~. COR 016J 
CTM(J) = (4.·P1·P2(J))/«P1+P2(J)'''Z) COR 0161 
CRHO = CRHO + PI.A(J)·.2·0ENS{J)·CTM(J) COR 0162 
IF(NEXPCJ')12u2,12ijO,1201 COR 0163 

12~2 CONTINUE COR 0164 
CSE(J) = 2.34E-34. <Z1+Z2(J» .OENS(J) COR 0165 
GO TO 12u3 COR 0166 

12UO CONTINUE COR 0167 
CSE(J) = OENS(J)4S.·PI·A04HdAR4Z2(J'/Z(J' COR 0168 
V = 7./6. COR 0169 
V = Zl •• V COR 017y 
CSECJ) = CS~(J)·V/(ERGEV·1.E+11) COR 0171 

12J3 CONTINUE COR 0172 
Y = 2./(Pl.AMU) COR 0173 
V = Y.E~GEIJ.IGuu. COR 017~ 
V = SOQT(Y) COR 0173 
CSE(J) = Y.CS£(J) COR 0176 

12Gl CONTINUE COR 0177 
CALPH(J) = PI.OENS(J'·1.E-S·(ACJ'''2) COR 0178 

1250 CONTINUE COR 0179 
PRINT 9,(TITLECI',I=5,8),CZ2(J),J=1,4),(P2(K),K=1,4),(A(L),L=1,4),COR 0180 
1(Z(H),M=1,~) COR 0181 

EPS = C.COR 0182 
00 1255 J = 1,NGOHP COR Q183 
l(J) = 1./CEPS(J) COR 0184 
EPS = EPS • OENSCJ) COR 0185 

1255 CONTINUE COR 0186 
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PRINT li.J'+l,CZeJ) , J=l,t.) COR 0187 
CRHO = 1.E+8/CRHO COR 0188 
PRINT 1042,CRHO COR Gld) 
PRINT 1043,EPS COR J19} 
PRINT lJt2 COR 0191 
00 1302 J = 1,NCOMP COR 0192 
IFeNEXp(J»1299,13G1,13u~ COR 0193 

1299 CONTINU~ COR G19~ 
IFCNEXPCJ»12g95,12991,12995 COK ~lg3 

12991 CONTINUE COR 0196 
PRINT 11105,TITL£CJHd COR ,,197 
PRINT lG07,CS~CJ' COR 019j 
NEXPCJ) = 0 COR u1Sg 
GO TO 1302 COR G2iJJ 

12995 CONTINUE COR a2Jl 
PRINT 10C8,TITLE(J+~) COR 02J2 
PRINT 1009,SETAeJ),AlPeJ),ENeJ) COR u2G3 
GO TO 1312 COR J204 

1300 CONTINUE COR 0205 
V = NEXP(J) COR ~2jb 
V = V/l00. COR il2:r 
PRINT 10G6,TITLE(J+4),CSE(J),V COR 0208 
GO TO 1302 COR (;209 

13;,,1 CONTINUE COR 02U 
PRINT 1003,TITlE(J+4) COR J211 
PRINT lu07,CSE(J} COR ~212 

13(;2 CONTINUE COR 0213 
PRINT 1033 COR J21~ 
PRINT 1~3~,NE,NSTP,NCOMP,(NFOAM(J),J=1,~),CNEXPCK),K=1,4) ,NOIV,NDICOR J215 
lV~,NHUlT,NOSKP,NRPT COR v216 
CALL FS£T COR U217 
L = NF-l COR 0218 
PRINT luu( COR J219 
DO 12 I = 1,L COR J2Z: 
PRINT 1J01,I,EFCI),FCI),SLFCI) COR 0221 

12 CONTINUE COR 3222 
NENT = lG: COR 0223 
PRINT 1004 COR u224 
PRINT 104G COR ;J225 
I = 1 CO R 0226 
DELTA(I' = O. COR 3227 
o PC n = (j. CO R 0228 
ORcn = o. COR ~229 
ORO(!) = f. COR 43230 
D RR2 C n = o. CO R 0,31 
ORCZ(I) = Q. COR 0232 
Y = NDI~ COR 0233 
U = V.S/V COR OZ3~ 
X = NMUlT COR 023S 
U = U.X COR 0236 
EXINT1(I) = o. COR 0237 
EXINT2(I) = J. COR 0238 
EXINT3(I' = o. COR 0239 
R(I) = G. COR 0240 
RPII) = o. COR 0241 
RR2(!) = [. COR 0242 
RC2CU = c. COR 0243 
RP2 (J) = (.. COR 0244 
JJJ = 1 COR 0245 
NE = NE + 1 COR 021.;6 
00 150 J = I,NE,JJJ COR 0247 
SECJ) = o. COR 0248 
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ALPHA (J) = [.. 
E(J) = J-l 
Y = NOIII 
£(J) = E(J'/Y 
X = NHUl T 
E(J) = £(J)·X 
ALPHA1(J' = O. 
AlPHA2(J) = C. 
AlPHA3(J) = C. 
8ETA1(J) = G. 
BETA2U, = O. 
BETA3(J) = O. 
GAMUJ) = O. 
G~H2(J) = o. 
GAM3(J) = U. 
K = J-JJJ 
IF(J-I)1Sry,1~lu,1399 

13 qq CONT INUE 

76 

00 149 LJ = l,NCOMP 
NINT = NENT 
TM = CTM(LJ)·E(J) 
EPS = CEPS(LJ).E(J' 
W = TM/EPS" 2 
CD = CALPH(LJ)·W 
CG : CO·", 
NaT = 4 
X = NaT 
x = X + AlOG10(EPS) 
NT: X 
NT = NT - NaT 
X = 2. 
Y : it. ·.NT 
T = X·(EPS/Y - 1.) 
NSTP = T 
Y = NSTP 
OIf~R = T-Y 
NX : X 
NT = (NT+NaT)·NX 
NT = 9.NT + NSTP + 1 
NX = 9 •• X 
NaT = -NaT 
Y = 10 •• ·NaT 
x = O.5.Y 
NSTP = -1 
DO gO l : 1, NT 
IF(L-2'8S,86,87 

86 CONTINUE 
T = NX 
T = T/9. 
T = (lO.·.NaT)/T 
Y = T 
X = (10 •• ·NQTl-O.S·Y 

87 CONTINUE 
x = X+Y 

85 CONTINUE 
T = W·(X··2) 
CAll F:: H F T , X , 
CAll COPHI(CPHI,T,J,lJ) 
SPHI = 1.S·CPHI··Z-.5 
TX = FT.Y/X··Z 
AlPHA(J) = ALPHA(J) + TX.CAlPH(lJ) 
ALPHA1(J' = ALPHA1(J, - CPHI·TX·CAlPH(LJ) 

, 

COR 0249 
COR 025C 
COR 0251 

. COR 0252 
COR 0253 
COR 0254 
COR iJ2~5 
COR02SE 
COR 0257 
COR 025d 
GO R 0259 
COR 026u 
COR G 261 
COR 0262 
COR 0263 
COR 0264 
COR 02ES 
COR 0266 
COR 0267 
COR 02613 
COR 0269 
COR 0270 
COR 0271 
COR 0272 
COR 0273 
COR 0274 
COR 0275 
COR J2 76 
COR 0277 . 
COR 0278 
COR 0279 
COR 0280 
COR 0281 
COR 0282 
COR 0283 
COR 11284 
COR 0285 
COR 0286 
COR 0287 
COR 0288 
COR 0289 
COR 0290 
COR 0291 
COR 0292 
COR 0293 
COR 0294 
COR 0295 
COR 0296 
COR 0297 
COR 0298 
COR 0299 
COR Q 300 
COR 03u1 
COR 0302 
COR 0303 
COR 030 .. 
COR 0305 

·COR OJile 
COR 0301 
COR 0 J08 
COR 0309 
COR Q 311l 



· . 

AlPHA2(J) = ALPHA2(J) - SPHI·TX·CALPHCLJ) 
ALPHAJeJ) = ALPHA3CJ) - TX"'CAlPHClJ) 
TX=TX"'CAlPH(LJ)·T 
BETA1(J) = BETA1(J) + CPHI"'rx 
H!:TA2CJ) = BETAZ(J) + SPHI·TX 
BETA3(J) = BETA3CJ) + TX 
TX=TX·T/Z. 
G AMi( J) = GAM1 (J) + CPHPTX 
GAMZ(J) = GAM2(J) + SPHI"'TX 
GAM3(J) = GAM3 (J) + TX 
NSTP = NSTP + 1 
IFCNSTP-NX)9C,a9,89 

89 CONT INUE 
X = X + Q .5· Y 
NSTP = (; 
., = lC."''' 
X = X-;).S·" 

90 CONTINIE 
X = x+O .5"''' 
X = X + O.S"'OVER"'Y 
Y = OVER·Y 
T = W"'CX"''''Z) 
CALL FETCFT,X) 
CALL COPHI(CPHI,T,J,LJ) 
SPHI = 1.S·CPHI··2-.S 
TX = FT"'Y/X·"'Z 
ALPHAeJ) = ALPHA(J) + TX"'CALPH(LJ) 
ALPHA1(J) = ALPHAteJ) - CPHI·rx·CALPHCLJ) 
ALPHA2(J) = ALPHA2(J) - SPHI·TX·CALPH(LJ) 
AlPHA3(J) = AlPHA3CJ) - TX·CALPH(lJ) 
TX=TX·CALPHClJ)·T 
BETA1(J) = BETA1(J) • CPHI·TX 
8ETA2CJ) = BETA2(J) + SPHI·TX 
8ETA3(J) = 3ETA3(J) + TX 
T)(=TX"T/2. 
GAM1(J) = GAH1(J) + CPHI·TX 
GAM 2 (J) = GAM 2 (J ) + SP HI· T X 
GAM3(J) = GAM3(J) + TX 
IFCNEXP(lJ»83,84,82 

82 CONTINUE 
X = NEXPCLJ) 
X = X/HO. 
SEeJ) = CSE(lJ)·CECJ)"X) + SE(J) 
GO TO 149 

83 CONTINUE 
CAll SECAlceZl,Z2(lJ),Pl,E(J) ,SET,SETAClJ),ALP(lJ),E~(LJ» 
SEeJ) = SECJ) + O€NSCLJ)·l.E-S·SET 
GO TO 149 

64 CONTINUE 
SECJ) = CS=:(lJ)·SQRT(ECJ» + S~(J) 

149 CO NT I NU E 
1410 CONTI NUE 

AlPHA1eJ) = ALPHA1eJ) + AlPHA(J) 
ALPHA2(J) = ALPHA2eJ) + AlPHAeJ) 
ALPHA3(J) = ALPHA3(J) + ALPHA (J) 
BETA1CJ) = 8ETA1CJ) + SE(J'·U.-EQM) 
BETA2(J) = BETA2(J) • SECJ)·U.-EQM) 
BETA3CJ) = BETA3CJ) + SECJ)·(l.-EQM) 
IFCJ-I)1SG,92,93 

92 CONT INUE 
BETA1CJ) = 1.E+10(' 
BETA2(J) = 1.E+100 

COR u311 
COR 0312 
COR U 313 
COR n 314 
COR C 315 
COR u316 
CO;<' U 317 
COR J3!d 
COR ii3B 
CO R ~ 3 2 ~ 
GOt( il321 
caR G 322 
COR 0323 
COR 032 ... 
COR. 0325 
COR 0326 
COR G327 
COR ~323 
COR. .}32g 
r;OR .. 33j 
COR C331 
COP ,J n2 
COR 03.33 
COR. 033 ... 
CO R G 335 
COR aBo 
CO R 0337 
COR 0338 
COR C33g 
COR 034J 
COR J341 
COR 0342 
COR 0343 
COR 03 .... 
CO R 0345 
COR 0346 
COR 0347 
COR 0348 
COR 0349 
COR 0350 
COR U351 
COR Q 352 
COR 0353 
COR 035-+ 
caR 0355 
COR 0356 
COR 1.357 
COR 0358 
COR Q3sg 
COP. 0360 
COR 0361 
COR 03EZ 
COR C363 
COR 036 .. 
COR 03ES 
COR 0366 
COR 0367 
COR 0361\ 
COR 0369 
COR 0371 
COR 0371 
COR 0372 
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B£TA3(J) = 1.F.+l0G COR 0373 
A : c. caR 037~ 
ZZ2: O. caR 0375 
AD : r. COR 0376 
Ai ;: o. CDR u377 
A2 : O. coo 0378 
Q ;: O. COR C371 .. 
GO TO i5L COR J3~O 

93 CONTINUE CJR 0381 
X : AlPHAi(J)/BETA1(J) COR ~38Z 

Y ;: AlPHA2(J)/B£TA2(J) COR 0383 
Z ;: ALPHA3(J)/BETA3(J) COR 03~4 
W ;: GA~1(Jl/BETA1(J' COR ~185 
T : GAM2(J)/AETA2(J) COR C386 
TX: GAM3(J)/8ETA3(J) COR 0387 
EXINT1(J) : EXINTiCK) + Ulf (X+A) COR 03eB 
A ;: X COR 0389 
EXINT2(J) : EXINT2(K) + U.CY+Z22) COR. ;';39'; 
Z22;:Y COR ~391 
EXINT3(J) = EXINT3(K) + U',,(Z + AO) COR 0392 
AD ;: Z COP ~393 

IF(K-I)15r,331,933 COR a3g~ 

931 CONTINUE COR u395 
IF(EXINTHK)+60!J.)932,933,933 COR 0396 

932 CONTINUE COR 0397 
EXINT1(Kl = 1.E-250 COR 039a 
EXINT2(K) ;: 1.E-2~O COR 039) 
EXINT3(K) = 1.E-2Sl COR u40Q 
GO TO 934 COR ~~Oi 

933 CONTINUE COR O~J2 
EXINT1(K) = EXP(EXINT1(K» COR 04G3 
EX I NT 2 ( K) : EX P ( E X IN T 2 ( K ) ) COR (j 40'+ 
EXINT3(K) ;: EXP(EXINT3(K» COR u~a3 

934 CONTINUE COR J~G6 

X = EXP(EXINT1(J» COR 0407 
~ = EXP(EXINT2(J» COR 0408 
Z = EXP(EXINT3(Jl) COR 0409 
RP(J) = RP(lO + UIf(X/BETA1(J' + EXINT1<KlIBaA1(IO) COR 041;) 
D~(J) = (1.-AlPHA1(J)"RP(J)/X)/aETA1(J)-(1.-ALPHAi(K'If~P(K)/EXINT1COR 0411 

1(K))/8ETAHK) COR 0412 
DReJ) = DReJ)"(W"X+Al"EXINT1(K»/2. COR 0413 
D~(J} : D~(J) + DRCK' COR (,414 
RR2(J) = RR2(K)+«(RP(J)+uR(J»·Y)/(B~TA2(J)·X)+«RP(K)+DR(K»"~XICOR u415 

lNT2(K»f(AETA2(K)lfEXINTHIO»IfZ.·U CO~ 0416 
RC2(J' = RC2(K) + (((RP(J)+DR(J»·Z)/(BETA3(J)·X) + «~P(K)+DR(K»COR iJ417 

l"EXINT3 (K)) I (BETA3CK)·EXINTi CK)) )·2.·U COR il~16 

Z11= C(2. lf CRP(J'+DR(J»/X-ALPHA2(J)·RR2(J)/Y'/SETA2(J)-(2."(RP(K)+COR O~19 
10RCK»/~XINT1(K)-ALPHA2(K)"RR2(K)/EXINT2(K»/BETA2(K)1 COR 042Q 

Z11= Z11·(T·Y+A2"EXINT2(K»/2. COR 0421 
DRR2(J) = Zl1+ ORR2(K) COR 0422 
Z11= CC2."(RP(J)+DR(J»/X-ALPHA3CJ)·RC2CJ)/Z)/BETA3(J)-(2.·(RP(K)+COR 0423 

iDRCK»/EXINT1(K)-ALPHA3CK)·RC2CK)/EXINT3(K»/BETA3eK» COR 042~ 
Z11= Z11"CTX·Z+Q"EXINT3CK»/2. COR U425 
DRC2(Jl = Z11+ DRC2CK) COR ~426 
RU) = R(K) + U"(ZlBETA3(J)+EXINT3CK)/BETA3CIO) COR 0,+27 
Z11= (1.-AlPHA3(J)·R(J)/Z)/~ETA3(J)-(1.-AlPHA3(K)·R«)/EXINT3(K»/COR O~28 

lBETA3(K) COR 0429 
Z11= Z11·(TXlfZ+Q"EXINTJ(K»/2.COR 0430 
D~O(J' = Zll+ D~O(K) COR 0431 
A1 = W COR 0432 
A2 = T COR 0433 
Q ;: TX COR 043~ 
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K = S·NDIVE + I 
If(J-K'15C,14951,15C 

14951 CONTINUE 
Y = NOIVE 
U = U·Y 
JJJ = NDIVE 

15!) CONTINUE 
NINT = NENT 
EXINT1(NE' = £XP(EXINT1(NE» 
El<INTZ(NE) = EXPCEXINT2(NE) 
EXINT3{NE) = EXP(EXINT3(NE» 
JJJ = 1 
K = 5.NDIVE + I 
00 155 J = I,NE,JJJ 
R(J) = R(J) + DRO(J) 
RP(J) = RP(J) + DR(J) 
RR2eJ) = RRZ(J) + OKR2(J' 
RC2(J) = RC2(J) + DRC2(J) 
RP2(J) = RP(J)··Z 
IF(J-K)155,15~51,155 

15451 CONTINUE 
JJJ = NDIVE 

155 CONTINUE 
K = Q 
NOI = NOIVE + I 
00 175 J = NOI,NE,NDIVE 
IF(I-J' 16~,175,175 

165 CONTINUE 
IFeJ-NE'167,166,175 

166 CONTI NUE 
K = 1 

167 CONTINUE 
RP(J' = RPeJ)/EXINTl<J) 
OELTA(J) = e2.·RRZ(J)/EXINT2(J)+RC2(J)/EXINT3(J»/3. 
DELTAeJ) = DELTA(J)-RP2CJ)/(EXINT1(J)··2) 
OP(J) = 2.·eRCZ(J'/EXINT3(J)-RRZ(Jl/EXtNTZCJ')/3. 
If(OELTA(J)l17Q,17C,171 

i7C CONTINUE 
DEL TAeJ) = 1. 

171 CONT I NUE 
IFeDP(J»1715,171S,1716 

1715 CONTINUE 
OP(J) = 1. 

1716 CONTIN'JE 
OP(J) = SQ~TeDP(Jl) 
DELTAeJ) = SQKTeOELTAeJ» 
ReJ) = R(J'/EXINT3(J' 
IfCK'172,172,173 

172 CONTINUE 
K = 1 
GO TO 175 

173 CONTINUE 
NN = J-NOIVE 
K = 0 
Y = NOH 
Y = V /NMUlT 
X = J-1 
X = XIV 
T = 1-1 
T = TIY 
W = NN-l 
w = W/Y 

CO R Q" 35 
COR 0,,36 
COR u,+37 
CO R 0433 
COR C .. 39 
COR 0 .. 4:] 

CO~\:'4"'1 
GOR 04"2 
COR 0443 
COR 0444 
CO R 04 ... 5 
COR ~"'46 
COr{ 040;7 
COR ~'+43 
COR ~ ... 4g 
COR J4S~ 
COR J 4~1 
COR :)452 
COR 0453 
COR tiLtS ... 
COR G .. 53 
COR u456 
COR 0;..57 
COR J .. S8 
COR 0,+59 
COR J46) 
CO~ I.i,+H 
COR ;;;462 
COR ()463 
COR 0 .. 64 
COR 0463 
COR O'+co 
COR ... 467 
CO I{ il '+ 68 
CO~ u469 
COR 0470 
COR~471 
CO R 0472 
COR Ult73 
CO R u '+ 7 '+ 
COR ;)473 
COR 0475 
CO R 0477 
CO R 0478 
COR C479 
COR ol.feo 
COR ulf81 
COR il .. 82 
COR 0483 
COR 048~ 
COR 0485 
COR U486 
COR 0487 
COR 0,+88 
COR 048'3 
COR Q4g~ 

COR 0491 
COR 0492 
COR 0493 
CO R 0,+9 .. 
COR 0495 
COR u496 
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P R I NT I \I A R, X , T ,R P C J) ,0 E L T A ( J» ,R ( J) ,0 P C J) ,W, T , R P ( N N) ,DE L T A ( N N) , R ( N NC 0 R. \),+97 
H ,DP(NN) COR :~98 

175 CONTINUE COR .j .. 99 
IFCNDIIIE.GT.l)GO iO 3SU COR uS GG 
WRITE TAPE1J,NE,NDII/,NMULT,NC0I'1P, (RP(J) ,DELTA(J) ,OP(J) ,J=1,NE) COR oJ SC1 
GO TO 35C COR OSO~ 

255 CONTINUE COR J3C3 .. 
NE = ~ COR J 5U '+ 

NOI~ = 0 COR GS03 
NMULT = C COR 05C6 
NCOMP = 0 COR CiS U 7 
RP(l) = G. COR OSOd 
DELTA(l) = o. COR OSO,) 
o P ( 1» = ~. CO R u5iiJ 
WRITE TAPEi0,N£,NDIII,NMULT,NCOMP,ALAT,(P2(J),Z2(J),C5cCJ) ,S~TA(J),COR uS11 

1ALP(J),EN(J) ,NFORM(J),NEXP(J),J=1,4) COR i,512 
WRITE TAPEi~,NE,NOIII,NHULT,NC0I'1P,(RP(J),DELTA(J),OP(J),J=1,NE) GOR Ii 513 
ENOFILE 1t CO~ 051 .. 
REWIND 10 COR .)513 
END GOR 0516 

80 



B. RASE4 

81 



PROGRAM RASE4(INPUT,OUTPUT,TAPE1C,TAPE2() t<AS GJOl c·· · · · · · . · · . · . . . . . ....... · .. · · · · · · .. 
c ISSUtD BY SANDIA LABORATORIES. • 
c • A PRIME CONT~ACTOR TO THE UNITED STAT~S • 
C • ENERGY RESEARCH AND DE~ELOPEHENT ADMINISTRATION. • 
C • • • • • • • • • • • • • • • NOTICE ••••••••••••••• 
c • THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE • 
G • UNITED STAT~S GO~ERNHENT. NEITHER THE UNITED STATES NO~ THE • 
C • UNITED STATES ENERGY RESEARCH AND DE~ELOPEMENT ADMINISTRATION, • 
c • NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTO~S, • 

c • SUBCONTRACTORS, OR THEI~ EMPLOYEES, MAKES ANY WARRANTY, EXPRESS • 
C • OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSI3ILITY FOR • 

C • THE ACCURACY, COMPLETENESS OR USEfULNESS OF ANY INFORMATION, • 

C • APPARATUS, PRODUCT OR ·PROCESS DISCLOSED, OR REPRES~NTS THAT ITS • 

C • USE WOULD NOT INFRINGE PRr~ATELY OWNED RIGHTS. • 

C·· · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · .. 
C • THE BASIC REFERENCE DOCUMENTS FOR THIS GODE ARE SLA-73-~41c, 

C • APRIL,1973, AND SAND-75-0b22, DECEMBER, 1975. • 

c·· · · · · · · · · · · · · · · · · · · · .. · · · · · · · · · · .. 
C • THIS COOE HAS BEEN RELEASED FOR UNLIMITED DISTRIBUTION. • 

C·· · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · .. 
1 FORMAT(16F5.0) KAS 0043 
2 FORMAT(16I5) RAS 00~4 
3 FO~MAT(2/1 RAS 0045 
~ FORMAT(8Alu) RAS OQ46 
5 FORMAT(1H1,. RANGE AND STRAGGLING DATA FOR .,A10,· IONS INCIDENT ORAS 0047 

iN AlAN ·,2A10,. TARGET ·,4/) ~AS 0043 
6 FORMAT(. INITIAL VALUES·3/' RAS 0049 
7 FORMAT(. INCIDENT ION .,A1u,l. ATOMIC NUMBER(Zl) = ·,F4.L,I· ATRAS Oa5~ 

10MIC MASS(Ml) = .,F7.2,. AMU·,· ENERGY MAXIMUM = ·,Fl0.2,·KEV·2/)RAS 0051 
8 FORHAT(· TARGET - ·,2A10, I) RAS ~052 
9 FORHAT(· COMPONENTS .,4(5X,A10,5X),I· ATOMIC NUM8ER ·,4(F1C.CRAS 0053 
1,~OX) ,I. ATOMIC MASS ., 4(F8.2,. AMU ·,7X)/· T-F RADIUS ·,4RAS 0054 
2(E10.3,· eM .,&X),I· EFFECTIVE Z .,~(Flu.3,10X') RAS u055 

111JO FO~MAT(. I U(I) F(U) SLOPE F(U) IS UNIVERSARAS 0056 
1l THOMAS-FERMI FUNCTION - FROM LSS·21) RAS aOS7 

lCC1 FORMAT(I5,2Fl~.3,F1J.5) RAS 0058 
1D02 FORMAT(4/· THE FOLLOWING ELECTRONIC STOPPING CROSS SECTIONS WERE RAS 0059 

1USED IN THE CALCULATIONS.2/) RAS 0060 
1u03 FORMAT(3X,A10,3X,.· THOMAS-FERMI ATOMIC MODEL , LIND~ARD THEORY·)RAS 0061 
10G4 FORMAT(5/20H ••••• UNITS ••••• ,I· ENEKGY KEV·/· LENGTHS RAS 0062 
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1- ANGSTROMS.,. ENERGY DEPOSITIO" RATES EIJIANGSTROM·Z/) ~AS (JOEl3 
10~S FORHAT(3X,Al0,3X,.- THOMAS-FERMI ATOMIC MODEL , FI~SO~ THEORY·) RAS 006~ 
1006 FORHAT(3X,A1C,3X,21H- K.E •• P, WITH K= ,El1.4,. AND P = ·,F~RAS aOES 

1.Z,21) ~AS :;C66 
lCG? FORHAT(?X,.CSf = .,£12.5,2/) ~AS 0067 
1008 FORMAT(3X,Al0,3X,.- BRICE FORMULA.) RAS a06S 
10G9 FORHAT(7X,.Z = .,F6.3,SX,. A = .,F7.4,SX,. N = .,F6.3,2/) RAS J06g 
lG31 FORMAT(Al0,. INCIDENT ON AlAN .,2A10,. TARGET .) ~AS 0070 
1032 FORMAT(I4,3I2,1,(8E1C.4» ~AS OJ71 
1033 FO~MAT(3/,. NE NSTP NCOMP NFORM(I) ~AS 0372 

1 NEXP(J) NDI~ NOIVE NMULT NDSKP NRPT·IZ1X,· RAS ~~73 
2 I = 1 2 3 4 J = 1 2 3 1+. 21 ) !{A SilO 7 -. 

1:34 FORMAT(1617,2,) RAS 0075 
103S FORMAT(S/,. DEPOSITED ENERGy{EVIANGSTROM) , DEP-P,21,1)(,7(· RAS J07t 

1 c OEP-E.),2/) RAS J077 
1036 FORMAT(lX,7(F6.1,lX,El0.4» RAS J07S 
1037 FORMAT(S/,. RMS SPREAO IN RP-REC.,2/,lX,7(· _ ORP-R£C·),2RAS 0079 

11) RA S J ~ BO 
11.38 FORMATCS/,. AVERAGE PROJECTED RECOIL R.ANGECANGSTROMS) RP-RERAS 0081 

lC.,21,lX,7(. E RP-REC .),21' RAS (jOBl 
1039 FORMAT(S/,. ELECTRONIC STOPPING POWER, EV/ANGSTROM·,2/,lX,7C· ~AS uce3 

1 E DE/OX.) ,2/) ~AS )G84 
lC.L.u FORMAT(3/. E EP RP(E,EP) SPR.£AO IN rHE,EP) SP~EADRAS J~8:; 

1 IN E EP RP(E,EP) SPREAD IN R(E,EP) SPREADRAS u386 
2 IN./ • RP-PARA RP-PERAS ';,'387 
3RP RP-PARA RP-PERAS CC ed 
~RP.2/) RAS ~C83 

1(;41 FORMATe. CHAR. ENERGY .,I+(F8.3,· KEIJ ·,7X),ZI) RAS ~09:: 
lC42 FORMAT(ZI,. CHARACTERISTIC LENGTH = ·,F9.2,· ANGSTROMS·,2/) RAS ua9l 
1043 FORMAT(ZI+ ATOMIC DENSITY = .,E12.5,. ATOMS/CC(2/) RAS J092 

DIMENSION SETA(4),ALP(4),EN(4) RAS u093 
DIMENSION A(4) i{AS 009 .. 
DIMENSION ALPHA(160u),ALPHA1(150C),ALPHA2(16~C),ALP~A3(16JO) RAS 0095 
DIMENSION BETA1(1600),BETAZ(1600),8ETA3(16CO) RAS 0096 
DIMENSION CS€(~),CEPS(4),CTM(4),CALPH(4' ~AS J097 
DIMENSION OELTAO(1600),OELTAU600),DPUbOQ),DPOU600),DRU6uu) ~AS OO~8 
DIMENSION DR0(1600),DRR2Cl&OO) ,ORC2C1600' ,j)ENS(4) RAS ilJ99 
DIMENSION 0(1600) RAS 0100 
DIMENSION ~XINT1(160C) ,EXINTZ(1600),EXINT3(16CO) RAS ~lal 
DIMENSION E(1600),EF(SO) RAS ~102 
DIMENSION F(SC) RAS 0103 
DIMENSION GAM1(1600) ,GAM2(16G~),GAM3(16Ga) RAS al0~ 
DIMENSION IVAR(6),NEXPC4),NFORM(-.) RAS 0105 
DIHENSION P2 (l+) RAS 010& 
DIMENSION RPO(600),RPC1600),RO(1600),RP2UbOi)),RRZ(160C) RAS 0107 
DIMENSION RC2(160t),R(16ju) RAS 0108 
DIHENSION SE(1600),SLFCSO) RAS Jl09 
OIMENSION TITLE(8) RAS ~110 
DIMENSION ZZ(4),Z(4) RAS 0111 
DIMENSION ALF(~) ,EO(4),SN(4),SK(4) RAS u112 
DI~ENSION OAMRP(SO,60),DAMOEL(SQ,60),OAMR(SO,6Q),DAMDP(50,60) RAS 0113 
COMMON/PHIVAR/E,Pl,PZ RAS u114 
COHMON/FVAR/F,SLF,EF,NF,MM RAS 6115 
COMMON/OSEC/ALPHA1,ALPHAZ,ALPHA3,BETA1,SETA2,aETA3,;AM1,GAM2,GAM3,~AS 0116 

lEXINT1,EXINT2,EXINT3,NSPC(4),EQAN RAS 0117 
COHHON/DFIR/NCOMP,NOAM,DE,PART(4,101) RAS 0118 
COHHON/TENVAR/NE,NOIV,NHULT,ALAT,Z2 RAS 0119 
NSPC(1)=NSPC(2)=NSPC(3)=NSPC(4) = D RAS J12J 
NRPT = 0 RAS 0121 
CALL WIND2e RAS 0122 

3S0 CONTINUE RAS 0123 
IF(NRPT)25S,355,25S RAS 0124 
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355 CONTINUE KAS 0125 
PI = 3.1~lS92654 ~AS 0126 
H6AR = e6.6254E-27'/e2 •• PI) ~AS 0127 
Q = 4.80294~-10 ~AS G1Z8 
AO = L.5294d~E-8 ~AS u121 
ERGE~ = 1.602u3E-12 ~AS 013J 
AMU = 1.66035E-24 RAS 0131 
00 115 J = 1,4 RAS w132 
P2eJ) = C. RAS 0133 
Z ( J' = O. ~A S 0 13~ 
A (J, = G. RA S 0135 
N~XP(J) = 0 RAS J136 
NFORM(J' = u RAS 0137 

115 CONTINUE ~AS 0138 
00 116 J=1,59 RAS ~139 
DO 116 K=1,6G ~AS u14G 
DAI1RP(J,K' =:.. ,:(.AS Ul~l 
OAMOELeJ,K)=O. RAS J142 
DAMR{J,K)=j. RAS al~3 

DAMOP(J,K)=O. RAS J!44 
116 CONTINUE ~AS 0145 

R:::AD 4, CTITlECl) ,I = 1,~) RAS J146 
READ 4 ,(!IJAR(J' , J = 1,B) RAS 0147 
READ 1,AlAT,Pl,Zl,(P2(J),Z2(J),J=1,~),eCS~(K),K=1,~),EJ ~AS 0143 
EX = «Q.·2/H8AR' •• 2).AMU/(2COJ •• ERGEIJ) RAS 01~9 
X = 4./3. RAS u15J 
X = Zl·.X RAS 0151 
EX = £X·Pl·X RAS 0152 
PRINT 5,CTITlE(J),J=1,3) RAS 0153 
P ~ I NT 6 RA S () 15 £. 

PRINT 7,T1TLE(1) ,Z1,Pl,EX ~AS 0155 
PRINT 8,TITlE(2),TITLE(31 RAS 0156 
READ 2,NE,NSTP,NCOMP,(NFORMCJ),J=1.,~),(NEXP(K),K=1,~"NDIIJ,NDIIJ~ RAS L1S7 

1,NMUlT,NDSKP,NRPT RAS 0158 
READ 1,(SETA(J),ALPeJ),EN(J"J=1,~) . RAS ~lS9 
WRIT::: TAPE2J,NE,NSTP,NOIV,NMULT,NCOMP,NDIIJE,NDSKP,(NFORM(J',NEXpeJRAS 016: 

1) , J = 1 , It, , ALA T , P 1 , Z1, (P 2 e K) ,Z 2 C I() ,C S € e K) t S E. T A ( K) , ALP ( K) , E N ( K' , K = 1 , ~ RA S C 161 
2) RAS 0162 

CALL TEN RAS 0163 
CALL RANGEReX,MM,Y,l,U,IJ) RAS u16~ 
NOAM = 1 ~AS 0165 
CALL OAMG(Z,1.,1.,l' RAS 0166 
IFCNOIV'121,121,122 ~AS J167 

121 CONTINU~ RAS C168 
NOIV = 1 RAS u169 

122 CONTINUE RAS ~17C 
IF(NOIVE'123,123,121t RAS t171 

123 CONTINUE RAS 0172 
NOIVE = 1 RAS 0173 

l24 CONTINUE RAS 0174 
ALAT = ALAT.1.E-8 RAS 0175 
ALAT = 1.ICALAT·.3) RAS 0176 
X = 2./3. RAS 0177 
CRHO = Q. RAS 0178 
00 1250 J=1,NCOMP RAS 0179 
DENSeJ) = NFORMCJ'.AlAT ~AS 0180 
CSECJ) = CSE(J).1.E-Z6.DENSeJ' RAS 0181 
Z(J) = Zl··X + Z2(J).·X RAS 0182 
Z(J) = SQRT(Z(J» RAS 0183 
A (J) = .8853.AO/HJ' RAS 0184 
Z ( J , = Z (J) • • 3 RA S 0 18 5 
CEPS(J) = «A(J).P2(J»/(Z1 4Z2eJ)4(Pl+P2(J».Q.·Z)'·ERGEV·l000. RAS 0186 
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CT!'1eJ) = ( ..... Pl.P2(J»)I(CP1+PZeJ»"2) RAS u187 
CR.,.O = CRHO + pr.ACJ,HZ.DENS(J,.CTMCJ' ~AS 018'i 
IF(NEXP(J))12'2,1200,12~1 RAS 0189 

1202 CONTINUE ~AS ~190 
CSECJ) = 2.34E-34.CZ1+ZZ(J».OENS(J) RAS 0191 
GO TO 1203 ~AS ~1~2 

12~a CONTINUE ~AS G1g3 
GSECJ' = OENS(J).8 •• PI.AO.HBAR.Z2eJ'/ZeJ' ~AS G19~ 
Y = 7./6. ~AS 0195 
Y = Z1 •• Y ~AS ~19~ 
CSEeJ) = CS~CJ).Y/(ERGEV.1.E+l1' RAS 0197 

1203 CONTINUE ~AS 0193 
Y = 2./(P1.AMU) RAS 019j 
Y = Y.EqGE~.1000. ~AS u2uJ 
Y = SQRT(Y) ~AS Q201 
CSE(J) = Y.CSEeJ) ~AS G?02 

12~1 CONTINUE ~AS ~2:3 
CALPH(J' = PI.OENS(J).1.E-S.(tdJ,H2) ~AS J2S ... 

125J CONTINUE ~AS 0203 
PRINT 9, (TITlE(!) ,1=5,8) ,(Z2(J' ,J=1,4), (P2eK) ,K=l, .. ', (AeU ,L=l,£.' ,~AS C206 

l(Z(M) ,M=1,4) ~AS 0207 
X = 7./6. ~AS 0208 
Y = 2./3. ~~S 0209 
W = 3.IZ. RAS u210 
U = 1./3. ~AS 0211 
V = 7./3. RAS J21l 
DO 1252 J = 1,NCOMP ~AS J213 
SNCJ' = O. RAS O?14 
Sl(eJ) = O. ~AS 0215 
EO(J' = 8.6939E-2.ZZeJ' •• v ~AS U216 
RO(J) = Z.9C~8EZ4.Z2(J) •• Y/OENS(J' RAS 0217 
ALFeJ) = 1.3596E-Zo.Z2eJ) •• X.OENS(J' RAS u218 
AlFeJ' = ALFeJ).RO(J)fSQRTCEO(J).P2CJ» RAS 0219 
00 1251 K = l,NCOMP RAS U220 
Z = SCRT(Z2(J) •• Y+Z2(K) •• Y) RAS 0221 
SN(J) = SN(J' + 2.7666E-26.Z2(K)/(Z.(P2(J'+P2(K») RAS 0222 
SK(J) = SK(J} + 3.8456E-26.Z2(1("(Z·Z·Z, ~AS 0223 

1251 CONTINUE RAS 022* 
SN(J) = SN(J'.OENS(J).Z2(J).P2CJ) RAS 0225 
SK(J) = SK(J).(Z2(J) •• X).DENS(J) RAS 0226 
SN(J) = SN(J)/SK(J) ~AS 0227 
DO 1252 K = 1,NOAM RAS 022a 
PART(J,K) = PART(J,K)/EOeJ) RAS 0229 

1252 CONTINUE RAS J 23C 
EPS = O. RAS 0231 
00 1255 J = 1,NCOHP RAS U232 
I(J) = 1./CEPS(J) RAS 0233 
EPS = EPS • OENSCJ) RAS 0234 

1255 CONTINUE RAS 0235 
P R I NT 1 0 41, ( Z ( J) , J = 1 , 4. ) RA S 0 2 3 6 
CRHO = 1.E+8/CRHO RAS 0237 
PRINT 1042,CRHO RAS 0238 
PRINT 1043,EPS RAS 0239 
PRINT H02 RAS 0240 
00 1302 J = 1,NCOMP RAS il241 
IF(NEXpeJ)'1299,1301,13CO ~AS 0242 

1299 CONTINUE ~AS u243 
IF(NEXP(J)+50)12995,12991,12995 RAS OZ4~ 

12991 CONTINUE RAS 0245 
PRINT 10CS,TITLEeJ+4) RAS 0246 
PRINT 1007,CSEeJ) RAS ~247 
NEXP(J) = 0 RAS 0248 
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GO TO 13C2 ~AS 0249 
12995 CONTINUE RAS ~2SC 

PRINT 10C8,TITLE(J+4) ~AS 0251 
PRINT 1009,SETA(J),ALP(J),EN(J) RAS J252 
GO TO 13C2 f{AS 025S 

13£0 CONTINUE ~AS 025~ 
V = NEXP(J) ~AS :J255 
V = Y/1CO. ~AS J256 
PRINT 10CE,TITLE(J+4),CSE<J),Y ~AS 0257 
GO TO 1302 RAS 025d 

13~1 CONTINUE RAS 0259 
P~INT lQ03,TITLE(J+~) ~AS J26~ 
PRINT 1[G7,CSE(J) RAS 0261 

13&2 CONTINUE ~AS 3262 
PRINT 1033 RAS U263 
PRINT h34,NE,NSTP,NCOMP, (NFORM(J' ,J=l,,+,, (NEXP{K) ,1<=1,4) ,NllIV,NClIRAS 026~ 

1VE,NMULT,NOSKP,NRPT ~AS ~265 
CALL FSET KAS 0266 
L = NF-l RAS u267 
PRINT 1JOC RAS 026a 
DO 12 I = 1,l RAS ~269 
PRINT 1IlLl,I,£F(U,f(l),SLF(U RAS J270 

12 CONTINUE RAS 0271 
PRINT hu4 RAS 0272 
GO TO 1304 RAS u273 

13:3 CONTINUE RAS 0274 
NDSKP = 2 KAS 0275 

13~~ CONTINUE RAS 0276 
DO 100 I = 1,NE RAS Q277 
ORO (l) = r. RA S 0278 
DRR2( n = G. RAS 0279 
DR(!) = Q. RAS 0280 
o (1) = o. ~A S 0 281 
SE(H = U. RAS 0282 
ALP~A(I) = u. RAS 0283 
E(I) = I RAS 0284 
V = NOIV RAS 0285 
E(I) = E(I)/Y RAS 0286 
X = NMULT RAS 0287 
E ( n = E ( D • X RA S 0288 
DO 999 lJ = 1,NCOMP RAS 0289 
SPHI = (Pl+P2(lJ»/(2.·SQr<T(Pl·P2(LJ)·E(l)" RAS 0290 
EPS = CEPS(LJ)4E(I) RAS G291 
X = EPS RAS 0292 
T M = C T M ( LJ) .,. t: ( n RA S 029.3 
W = TM/EPS··2 RAS 0294 
NOT = 4 RAS 0295 
X = NQT + ALOG1J(EPS' RAS 0296 
NT = X ~AS 0297 
NT = NT - NQT RAS 0298 
X = 2. RAS 0299 
Y = 10.··NT RAS 03UJ 
T = X4 (EPS/Y - 1.) RAS 0301 
NOP = T RAS 0302 
Y = NOP RAS 0303 
OilER = T - Y RAS 0304 
NX = X RAS 0305 
NT = (NT + NQT,4NX . RAS 0306 
NT = 94NT+NQP +1 RAS 0307 
NX = 94NX RAS 0308 
NQT = -NQT RAS 0309 
¥ = 10.·4 NQT RAS 0310 
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· -

x = 0.5 4'Y' 
NQP = -1 
00 ~C J = 1,NT 
IFCJ-2) 793,791,792 

791 CONTINUE 
T = NX 
T = T Iq. 
T = V/T 
X = Y - \I.5 4 T 
'Y' = T 

792 CONTINUE 
X = X+Y 

793 CONTINUE 
CALL FET(FT,X) 
T)( = FT· Y 
ALPHA(I) = ALPHA(I) + (TX/X· 42)4CALPH(LJ) 
IF(NOSKP)79S,7985,79S 

795 CONTI NtJr: 
T = W4X4X 
T = SaRT(T) 
CPH I = SPHI·T 
IF(NSPC(1).EQ.O)GO TO 7953 
T = T·T-EO 

CALL RANGERCT,LJ,CPHI,Q,REC,OREC) 
GO TO 7954 

7953 CONTI NUE 
~EC = CPHI42.·CT-SN(LJ)·ALOG(T/SN(LJ)+1.»/SK{LJ) 
DREC = REC4REC 
T = T.T -EO 

7954 CONTINUE 
IFCNOAM.GT.1)CALL DAMG(Z,T,ALF(LJ),LJ) 
IF(T.L€.O.)T=-EO 
T = T/EO(LJ) 
IF(NDAH.LE.1)CALL DAMG(Z,T,ALF(LJ),lJ) 
IF(NDSKP.Ea.Z) GO TO 796 
U = TX·CALPH(lJ)·CZ·EOCLJ)+EO)/(X·X) 
GO TO 798 

796 CONTINUE 
U = TX·CAlPHCLJ)·(T-Z)·EO(LJ)/(X·X) 

798 CONTINUE 
D (I) = 0 (n + U 
ORen = ORn) + REC·U 
ORRZ(I) = ORRZCI) + OREC 4 U 

7985 CONTINUE 
Nap = NQP + 1 
IFCNQP-NX)8G,799,79Q 

799 CONTINUE 
X = X + O.5 4 Y 
NQP = O. 
Y = 10.·Y 
X = X - 0.5 4 Y 

80 CONTINUE 
X = X+O.S·Y·(1.+0VER) 
Y = Y·OIJER 
CAll fET (FT, X) 
TX = FT4Y 
ALPHACI) = ALPHA(I' + (TX/X··Z'·CALPH(lJ) 
IF(NOSKP)814,816,814 

814 CONTINUE 
X = x··Z 
T = W·X 
T = SQRHn 

RAS J 311 
RAS U 312 
RA S ::. 313 
~AS J31 .. 
~AS 0315 
~AS J316 
RASJ 317 
RAS G318 
RAS 0313 
~AS ;;320 
KA S ~ 321 
RAS 0322 
RAS 0323 
~AS tl324 
RA S ;;"325 
RAS 0326 
RAS 0327 
RAS ..; 32-3 
RAS ;JJ2'3 
RA S 033 J 
RAS ;j331 
RAS 0332 
RA S .; 333 
RAS 0334 
RA S 0335 
RAS J 336 
RAS J 337 
RAS 0338 
RAS 1J3J9 
RAS a l4!) 
RAS C 3'-11 
RA S 0342 
RAS 0343 
RAS 034 .. 
RA S u 345 
RA S 0346 
RAS 0347 
RAS 031+8 
~AS 0349 
RAS U 35i) 
~AS 0351 
~A S 0352 
RAS i.l353 
RAS 0354 
R.AS 0355 
RAS 0350 
~AS 0357 
RAS 0358 
RAS 0359 
RAS 0360 
RAS 0361 
RAS 0362 
RAS 0363 
RAS 0364 
RAS 0365 
RA S 0366 
RAS 0367 
RAS 0368 
RAS 0369 
RAS l: 370 
~AS U 371 
RAS 0372 
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8143 

8144 

8145 

815 

816 

CPHI = SPHI.T 
IF(NSPCC1l .EQ.OlGO TO 8143 
T = T·T-EO 

CALL RANGER(T,LJ,CPHI,G,~EC,OqEC) 
GO TO U44 
CONTINUE 
REC = CPHI42. 4 (T-SN(LJ)4ALOG(T/SN(LJ)+1.»/SK(LJ) 
DREC = REC4~EC 
T = T·T-EO 
CONTINUE 
IF(NOAM.GT.1)CALL OAMG{Z,T,ALF(LJ),LJ) 
IF(T.l~.O.)T=-EO 
T = T IEO(LJ) 
IF(NOAM.LE.1)CAlL OAMG(Z,T,AlF(LJ),LJ) 
IF(NOSKP.EQ.2) GO TO B145 
U = TX4 CALPH(lJ)4(Z.EO(LJ)+EO)/X 
GO TO 815 
CONTINUE 
U = TX·CALPH(LJ)4(T-Z)·EO(lJ)/X 
CONTI NUE 
On) = on) + U 
DiHIl = oRCI) + REC·U 
ORR2(l) = ORR2(I) + OREC·U 
CONTINUE 
IF(NEXP(LJ»85,84,B2 

RAS 
~AS 

~AS 

RAS 
RAS 
~AS 
RAS 
~AS 
t(A S 
RAS 
RAS 
RAS 
RAS 
RAS 
KAS 
~AS 

RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
t(A S 

82 CONTINUE RAS 
~AS 

RAS 
X = NEXP(LJ) 
X = X/luO. 
SEcn = CSC:(lJ)4(ECI)··X) + SEC!) 
GO TO 999 

84 CONTINUE 

RAS 
RAS 
RAS 
iUS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
~AS 

S::(Il = CSECLJ)4SQRTCECIH + S:(!) 
GO TO 999 

85 CONTINUE 

999 

9995 

100 

1C96 

88 

CALL SECALC(Zl,Z2(LJ),P1,E(I),SET,SETA(LJ),ALP(LJ),EN(LJ» 
SEC!) = SE(Il + OENSClJ)·1.E-6·SET 
CONTINUE 
IF(NOSKP)9995,100,9995 
CONTINUE 
OROn) = 10JO.4SE(l) 
IFID(l) .EO.u.) GO TO 1i1i) 
OR(l) = OR(I)lO(I) 
ORR2(U = !JRR2CU/OCl) 
ORR2(l) = ORR2CI)-OIHU 4 DRCI) 
ORR2(!) = SQRTCoRR2(U) 
0(1) = 10(0.·0(1) 
CONTINUE 
IF(NoSKP)1096,1100,lu96 
CONTINUE 
KKK = NEH 
PRINT 1039 
PRINT 1036, CE(J) ,ORO(J) ,J=l,NE) 
PRINT 1035 
PRINT 1036,CE(J),O(J),J=1,NE) 
PRI NT 1038 
PRINT 1036,(E(J),OR(J),J=1,NE) 
PRINT 1037 
PRINT 1G36,(E(J),oRRZ(J),J=1,NE) 

RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS PRINT J 

IF(NOSKP.EQ.2) WRITE TAPE20;KKK,NOIV,NHUlT,NOSKP,(ORO(J),O(J),OR(J)RAS 
1,ORR2(J),J=1,NE) 

IF(NOSKP.N£.2)WRITE 
RAS 

TAPE2G,KKK,NOIV,NMULT,NOSKP,(O(JI,ORCJ),oRR2(JRAS 

il373 
037 .. 
0375 
u370 
0377 
03713 
';379 
o 38~ 
:) 381 
0382 
0383 
0381+ 
0385 
0386 
0387 
U 3 813 
0389 
0390 
0391 
.:;392 
0393 
039 .. 
03<35 
0396 
0397 
C 393 
03<39 
a ... o: 
IJ 401 . 
0 .. 02 
0403 
04G .. 
u405 
0406 
.hJ7 
u40S 
0409 
0410 
0411 
0412 
(j 413 
0414 
0415 
Olt16 
0417 
il413 
0419 
042iJ 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
0428 
0429 
0430 
o 1t31 
0432 
0433 
0434 

-. 



1) ,J=1 ,NE) 
IF(NDS~P.EQ.1) GO TO 13G3 

llil (l CONTINUE 
PRI NT 10l+(J 
KKK = NOIVE 
00 2JC I :: NOIVE,NE,KKK 
DELTA(!) = J. 
OP (n :: O. 
O~(!) = O. 
O~O(I) = c. 
DRR2 (n = O. 
ORCZ( U :: O. 
Y = NOI" 
U :: G.5/Y 
X = NMULT 
U :: U·X 
Y = -U·(ALPHA(I)/SE(I» 
£ X I NT 1( I) = Y 
£XINTZ(I) = Y 
EXINT3( I) = Y 
ReI) = O. 
RP (n :: O. 
RRZ(!) :: O. 
RCZU) :: C. 
RP2(I) :: O. 
IF(I-NSTP'1CZ,1~1,1(~ 

1il 1 CO NT! NUE 
KK~ = NSTP 

102 CONTINUE 
JJJ = 1 
00 150 J :: I,NE,JJJ 
ALPHA1(J' = o. 
ALPHAZ(J) :: ~. 

ALPHA3(J) :: O. 
BETA1(J) = .... 
BETAZ(J) = O. 
BETA3(J) :: ~. 

GAH1(J) :: J. 
GAMZ(J) :: J. 
G A H 3 (J) :: O. 
K :: J-JJJ 
IF(J-I)15C,1410,1399 

1399 CONTINUE 
00 11+9 lJ :: 1,NCOHP 
TM :: CTM(lJ,4E(J' 
EPS :: CEPS(LJ,4E(J'. 
'" :: TM/EPS"Z 
CD :: CAlPH(lJ)·W 
CG :: co·'" 
X = J-I 
Y :: NOIV 
Y :: Y/NMUlT 
X :: X/Y 
IF(X-TH'14~2,1401,1401 

1401 CONTINUE 
)( :: TM 

1402 CONTINUE 
X :: X4EPS4·Z/TM 
X :: SQRT(X) 
NQT :: 4 
Y :: NOT + ALOG1C(X) 
NT :: Y 

RAS 0:435 
i{A S 0436 
~AS 0437 
RA S 0438 
~A S ~ it 3'3 
r{AS u4:"~ 

RAS 041.1 
RAS 0442 
!{A S 0443 
~AS 044,+ 
RAS 044:> 
RAS v446 
RAS C~47 

RA S 0443 
~AS Q4 .. 9 
RA SUI; 5\., 
US 0 .. 31 
RA S G 432 
RA S 0453 
RAS 0;5 .. 
~AS G455 
~AS 0456 
RA S 0457 
~AS 0 .. 58 
~A S \/459 
RA S u 46.J 
~AS 0461 
RAS ';462 
RAS 0463 
RA S .J .. 6 .. 
RAS 04f:3 
RAS 0 .. 66 
~A S 0467 
RA S .. ,+63 
RAS 046'3 
RAS 0470 
RAS 0471 
RAS J 472 
RA S 0473 
RAS OHl+ 
RAS 0475 
RAS 0476 
RAS 0477 
RAS 0478 
RAS 0479 
RAS 048G 
RAS 0481 
RAS O~82 
RAS 0483 
~A S 0 .. 84 
RAS 0485 
~AS 0486 
RAS 0487 
~AS Git88 
RA S 048'3 
RAS 0490 
~AS 0"91 
RAS 0492 
RAS D"C33 
RAS 0:.94 
RAS 0"95 
RA S .J496 
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NT = NT - NQT 
Y = 2. 
T = Y·(X/10.··NT - 1.) 
NQP = T 
NX = Y 
Y = NQP 
OVER = T-" 
NT = (NT+NQT)·NX 
NT = 9·NT+NQP +1 
NX = 9·NX 
NQT = -NQT 
Y = 1f!.·.NQT 
X = 0.5.'1' 
NQP = -1 
00 90 l = 1, NT 
IF(L-2)893,Sgl,S92 

891 CONTINUE 
T = NX 
T = T/9. 
T = Y IT 
X = Y - l .5· T 
Y = T 

89Z CONTINUE 
X = X+Y 

8 Cj 3 CO NT I NU E 
T = W.(X··Z) 
CAL L FE T ( FT , X » 
CALL COPHI(CPHI,T,J,lJ) 
SPHI = 1.5·CPHI.·2-.5 
TX = FT.Y/X··Z 
ALPHA1(J) = ALPHA1(J) - CPHI.Tx·CAlPHClJ) 
AlPHA2CJ) = AlPHA2(J) - SPHI·TX·CAlPH(LJ) 
ALPHA3CJ) = ALPHA3CJ) - rX·CALPH(LJ) 
TX = FT.Y 
SC:TAUJ) = BETAUJ) + CPHI·TX·CO 
8~TA2(J) = BETA2(.J) + SPHI·TX·CD 
AETA3(J) = BETAlCJ) + Tx·CO 
TX = FT·Y·X··2/2. 
GAM1(J) = GAM1(J) + CPHI·TX·CG 
GAM2CJ) = GAM2(J) + SPHI·TX·CG 
GAM3 (J) = GAH3 (J) + rx·CG 
NQP = NQP + 1 
If(NQP-NX)9=,S99,899 

899 CONT I NUE 

90 

X = )( + C .5· Y 
NQP = O. 
'I' = 10 •• '1' 
X = X - 0.5·'1' 

gO CONTI NUE 
X = X + 0.5·Y.(1.+0VER) 
'I' = OVER." 
T = W·X··2 
CAll FEHFT,X) 
CALL COPHI(CPHI,T,J,LJ) 
SPHI = 1.S·CPHI··2-.5 
T X = fT. '1'1 X· • 2 
ALPHA1CJ) = ALPHA1(J) - CPHI·TX·CALPH(LJ) 
ALPHA2(J) = AlPHA2(J) - SPHI·TX·CAlPH(lJ) 
ALPHA3(J) = ALPHA3(J) - TX.CAlPH(lJ) 
TX = FT·Y 
BeTA1(J' = qETA1(J) + CPHI·TX·CD 
BETA2(J' = BETA2(J) + SPHI·TX·CO 

~AS 

RAS 
RAS 
KAS 
~AS 

~AS 

RAS 
R,AS 
RA S 
RAS 
RAS 
~AS 
RAS 
RAS 
R,AS 
,{A S 
RAS 
RAS 
~AS 

RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
~AS 

RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
~AS 
RAS 
RAS 
RAS 
RAS 
RAS 
~AS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 
RAS 

Q '+ 97 
0493 
0499 
JSJJ 
::i51J1 
05C2 
0503 
05Q,+ 
0505 
0506 
05C7 
iJ5i:8 
050g 
CS1Q 
J511 
11512 
J513 
,~ 51 .. 
051:; 
u 51.6 
0517 
0518 
Q51g 
U 52C 
o ~ 21 
0522 
0523 
052 .. 
0525· 
() 526 
0527 
~52S 
0529 
053J 
as 31 
0532 
0533 
0534 
0535 
J536 
OS37 
OS 38 
0539 
:;540 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
0549 
0550 
0551 
iJ552 
0553 
QS5it 
0555 
0556 
0557 
11558 



BETA3(J) = 9ETA3(J) + TX.CD t{AS ~5S9 
TX = TX.X •• 2/2. RAS C36J 
GAMHJ) = GAM1 (J) + CPHI.TX.CG ~AS 0561 
GAMZ(J) = GAM2 (J) + SPHI.TX.CG RAS tJ5E:2 
GAM3«J) : GAM3(J) + TX.CG RAS G563 

1~9 CONTINUE ~AS 056~ 
1410 CONTINUE RAS 0563 

ALPHA1(J) = ALPHA1(J) + AlPHAeJ) ~AS 0566 
ALPHA2(J) = ALPHA2(J) + ALPHA(J) RAS uS67 
ALPHA3(J) = ALPHA3(J) + AlPHAeJ) RAS 05t'3 
BETA1(J) = BETA1(J) + SE(J) RAS 0569 
BETAZ(J) = BETA2(J) + SEeJ) t{AS .;,57,] 
BETA3CJ) = BETA3(J) + SE(J) ~AS 0571 
IF(J-I)15U,92,9J RAS J572 

92 CONTINUE RAS O~73 
A = ALPHA1(J)/BETA1(J) RAS u57~ 
Z2= ALPHA2(J)/BETA2(J) RAS ;5 73 
AO: ALPHA3(J)/BETA3CJ) RAS 0576 
Al = GAM1(J'/BETA1(J) RAS 0577 
A2 : GAM2(J'/BETA2(J) RAS 0578 
Q = GAM3(J)/BETA3(J) ~AS ~579 
GO TO l5C ~AS Q58J 

93 CONTINUE RAS JSBl 
X : ALPHA1(J'/BETA1(J. RAS 0582 
Y : ALPHAZ(J'/BETA2(J) RAS u583 
Z : ALPHA3CJ)/BETA3(j) RAS 058~ 
W = GAM1(J)/BETA1(J) RAS 0585 
T : GAM2CJ'/BETA2(J' RAS 0586 
TX= GAM3(J)/BETA3(J) RAS CS87 
EXINT1(J) : EXINT1CK) + U.(X+A) RAS 058'3 
A = X RAS C589 
EXINT2CJ) = EXINT2(K) + U.CY+Z2) RAS ()S9a 
Z2 : y RAS GS91 
EXINT3(J) = EXINT3CK) + U·CZ + AO) RAS 0592 
AO = Z RAS JS93 
IF(K-I)1SC,931,933 RAS OS94 

931 CONTINUE RAS 0595 
IF(EXINTHK)+6CJ.)C332,933,933 RAS 0596 

~32 CONTINUE ~AS 05Q7 
EXINT1(K) = 1.E-25~ RAS 0598 
EXINTZ(K) = 1.E-250 ~AS 0599 
EXINT3(K) : 1.E-2Sr RAS 0600 
GO TO 934 RAS C601 

933 CONTINUE RAS G602 
EXINT1(K) : EXP(EXINT1(K» RAS 0603 
EXINT2(K) = EXP(EXINT2(K» RAS 060~ 
EXINT3(K) = EXP(EXINT3{K» ~AS 0605 

934 CONTINUE ~AS 0606 
X : EXP(EXINT1(J» RAS U607 
Y : EXP(EXINT2(J)' RAS 0608 
Z : EXP(EXINT3(J» ~AS 0609 
RP(J) : RP(K) + U.(X/BETAUJ) + EXINTlCK)/BETAUK» RASu610 
OR(J) = Cl.-ALPHA1(J'.RP(J)/X)/BETA1(J)-(1.-ALPHA1(K)·RP(K)/EXINT1RAS U611 

1(K))/8ETA1(K) RAS OE12 
OR(J) : OR(J).(W4 )(+A14EXINT1(K))/Z. RAS 0613 
OR(J) = ORCJ) + OR(K) RAS 061~ 
RR2(J) = RR2(K)+«CRPeJ)+OR(J»·Y)/CBETA2(J)4X)+CCRPCK)+OR(K»·EXIRAS 0615 

1NTZ(K»/CBETA2(K).EXINT1(K»)42.4U RAS 0616 
RC2(J) : Re2eK) + CC(RPCJ)+OR(J) ).Z)/(BETA3(J)·X) + «RP(K)+OR(10)RAS 0617 

14EXINT3CK»/CBETA3(K).EXINT1(K»).2 •• U RAS 061d 
Z1= «2 •• (~P(J)+ORCJ"/X-AlPHA2(J).RR2(J'/Y)/BETA2(J)-(2.·(RP(K)+ORAS 0619 

lRCK»/EXINT1(K)-ALPHA2(K).RR2(K)/EXINT2(K»/BETA2(K» ~AS 062J 

91 



Zl : Z1 4 (T.Y+A2.EXINT2{K"/2. ~AS u621 
DRR2(J) = Zl + oRR2(1() ~AS .J622 
Zl = «2.·(RP(J'+OR(J»/X-AlPH~3(J).RC2(J)/Z)/B£TA3(J)-(2.·(RP(K)+~AS OE23 
1DR(K»/EXI~T1(K'-AlPHA3(K)·RC2(K)/EXINT3(K»/BETA3(K» RAS u624 

Zl : Zl·(TX.Z+Q·EXINT3(K')/Z. RAS 0625 
D~C2(J' = Zl + ORC2(K) ~AS 0526 
!{(J) = R(I() + U·(ZlBETA,3(J)+EXINT3(K)/BETA3(K)) ~AS iJ627 
Zl = (1.-ALPHA3(J).R(J)/Z)/BETA3(J)-(1.-AlPHA3(K).~«)/EXINT3(K»/RAS ~62~ 

lBETA3(K) RAS 0629 
Zl: Z1 4 (TX·Z+Q.EXINT3(K))/2. RAS il63.:i 
o~O(J) = Zl + ORO(K) RAS 0631 
Al = W RAS UE32 
A 2 : T ~A S 0 6 3 "3 
Q = TX ~AS JE3~ 
K : S·NOIVE + 1 RAS 0635 
IF(J-K)lSO,149S1,lSG RAS J636 

14931 CONTINUE ~AS 0637 
Y = NO!~E RAS ~638 
U = U.Y ~AS 0633 
JJJ = NoIVE RAS 0640 

150 CONTINUE ~AS J6~1 
EXINTHNE) = ::XP (DINT1(N::» RAS 0E .. 2 
EXINT2(NE) = i.XP(EXINT2(NE» RAS JE43 
EXINT3(NE> = EXP(EXINT3(NE» RAS OE4 .. 
JJJ = 1 RAS OE~5 

K = 5.NoIV~ + I RAS 0046 
00 155 J = I,NE,JJJ RAS 0647 
R(J) = R(J' + oRO(J) ~AS 0648 
RP(J) = RP(J) + OR(J) RAS 0649 
RR2 (J) = RR2 (J) + DRR2 (J) RAS 065u 
RC2(J) = RC2(J) + ORCZ(J) RAS u651 
RP2(J) = RP(J).·Z RAS 0652 
IF(J-K'155,15451,15S RAS OE53 

15451 CONTINUE RAS a65~ 
JJJ = NOI~E RAS J6S5 

155 CONTINUE RAS 0656 
IF(I.GT.NSTP) KOAM = I/NSTP+NSTP/NOIVE RAS J657 
IFCI.lE.NSTP) KOAM = IINDIVE + 1 RAS 0658 
KWR = : RAS 0659 
K = 0 RAS 0663 
00 175 J = NSTP,NE,NSTP RAS G661 
KWR = KWR + 1 RAS 0662 
IFCI-J)16~,175,175 RAS OE63 

165 CONTINUE ~AS 066~ 
IF(J-NE)167,166,175 RAS 0665 

166 CONT!NU~ RAS 0666 
K = 1 RAS 0067 

167 CONTINUE RAS 0668 
RPeJ) = RPeJ)/EXINT1eJ) RAS 0669 
OELTA(J) = (Z.·RRZeJ)/EXINTZCJ}+RC2(J'/EXINTJ(J»/J. RAS 067i) 
OELTA(J' = DElTAeJ)-RPZ(J)/(EXINT1<J'''Z) RAS 0671 
OP(J' = Z.·eRCZ(J)/EXlNTJeJ)-RR2(J)/EXINT2(J»/J. RAS 0672 
IF(OElTAeJ»170,170,171 RAS u673 

170 CONTINUE RAS OE74 
DELTAeJ' = 1. RAS 0675 

171 CONTINUE RAS 0676 
IF(OpeJ')1715,1115,1716 RAS 0677 

1715 CONTINUE . RAS 0678 
OP(J) = 1. RAS 0679 

1716 CONTINUE RAS 0680 
OPCJ) = SQRT(OP(J» RAS 0681 
DELTA(J' = SQRTCO£lTA(J» RAS 068Z 
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R(J) = R(Jt/ExINT3(J' F{AS QE8] 
DAMRP(KHR,KDAM)=RP(J) RAS OE84 
OAMOEL(KWR,KDAM)=DELTA(J) RAS OEes 
OAMR(KWR,KDAM)=R(J' ~AS C&86 
DAMOP(KWR,KDAM)=OP(J) RAS 0687 
IFeK)172,172,173 RAS 0688 

172 CONTINUE ~AS 0689 
K = 1 RAS C69: 
GO TO 175 RAS JE~l 

173 CONTINUE RAS G69Z 
NN = J-NSTP RAS ~693 
K = 0 RA S J 6CJ ... 
Y = NOI~ RAS 069S 
Y = V/NMULT RAS G696 
X = J ~AS 0697 
X = XIY RAS u69a 
T = I RA S Of: 99 
T = TIY ~AS 07uJ 
W = NN RAS 0701 
W = lollY RAS ~!~2 
P R I NT I\I A ~ t X , T , R P ( J) , n E L T A ( J, , K ( J, ,0 P ( J, ,W, T , R P ( N N) ,0 E L TA ( N N) ,F{ ( N N R A S G7 0 3 

1) ,0 P (NN' RA S IJ 70.:. 
175 CONTINUE ~AS 0705 

IF(I-2.NOIVE)176,176,19G RAS U7C~ 
176 CONTINUE F{AS G707 

KWR=O RAS ~708 
DO 185 J = NSTP,NE,NSTP RAS 0709 
KWR=KWR+l ~AS J71C 
IF(I-2.NOI~E'177,178,185 RAS 0711 

177 CONTINUE ~AS J712 
RPO(J) = 2 •• RP(J' RAS 0713 
DELTAO(J) = 2 •• 0ELTA(J) RAS 0714 
RO(J) = 2 •• ReJ) RAS 11715 
DPO(J) = 2 •• 0P(J) RAS J716 
GO TO 185 RAS 0717 

178 CONTINUE ~AS 0718 
RPO(J' = RPO(J) - RP(J) RAS J719 
OELTAO(J) = OELTAOeJ) - OELTA(J' RAS 0720 
RO(J' = RO(J) - R(J) RAS 0721 
OPO(J) = OPO(J) - DP(J) RAS 0722 
DAMRP(KWR,l' =RPO(J) RAS 0723 
DAMDEL(KWR,l)=OELTAO(J) ~AS 0724 
OAMR(KWR,l)=RO(J) ~AS 0725 
OAMOP(KWR,1l=DPO(J) RAS 0726 

185 CONTINUE RAS 0127 
190 CONTINUE ~AS Q726 

PRINT 3 RAS 0729 
ZOO CONTINUE ~AS 073J 

K = 0 RAS U731 
L = 24NSTP ~AS 0132 
DO 250 J = L,NE,L RAS 0733 
IF(J+NSTP-NE)202,2Ul,202 RAS 073~ 

201 CONTINUE RAS 0135 
L = NSTP RAS 0736 

Z02 CONTINUE RAS 0737 
NN = J - NSTP RAS ~738 
Y = NOIV RAS 0739 
Y = Y/NMULT RAS 0740 
X = J RAS 0141 
X = X/Y RAS 0742 
W = NN RAS J743 
W = lollY RAS 0744 
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T = Il. RA S 07 4+? 
PRINT IVAR,X,T,RPO(J},OELTAO(J),RO{J},OPO(J),W,T,RPO(NN) ,DELTAO(NN~AS J746 

l),RO(NN',OPO(NN) ~AS 0747 
2SJ CONTINUE ~AS 0748 

WRITE TAPf20,«OAMRP(J,K),OAMOEL(J,K),OAMR(J,K) ,DAM~P(J,K),K=1,6Q'~AS C749 
1, J = 1 t 50 ) RA S a 7 5 il 
R~WINO 1C ~AS 0751 
GOT 0 3 % RA S 0 752 

255 CONTINUE ~AS 0753 
ENOFIlE 20 ~AS J7S~ 
REwING 20 RAS c7 55 
END ~A S 075S 
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c. DAMG2 

• 
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PROGRAM OAMG2(INPUT,OUTPUT,TAP~2~,TAP~3w) JAM UJ~l C·· · · · · · · . · . · . . . . . . . . . . . . . . . · . . . . . .. 
c • ISSUED 8Y SANDIA LA~ORATORIES. • 
c • A PRIME CONTKACTOR TO THE UNITEQ STAT~S • 

C • ENERGY RES£A~CH AND O:VELOFEMENT ADMINISTRATION. • 
c • • • • • • • • • • • • • • • NOTICE • • • • • • • • • • • • •• 
C • THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE • 

C • UNITED STAT~S GOVERNMENT. NEIT~~R THE UNITED STAT~S Na~ THE • 

C • UNITED STATES ENERGY KESEARCH AND DEVELOPEMcNT AOMINIST~ATION, • 

C • NOR ANY OF THEIR EMPLOYEES, NOR A~Y OF THEIR CONTRACTORS, • 

C • SUBCONTRACTORS, OR THEI~ ~MPlOYEES, MAKES ANY WAR~ANTY, EXP~ESS • 

C • OR IMPLIED, O~ ASSUMES ANY LEGAL LIABILITY OR RESPONSIdILITY FO~ • 

C • THE ACCURACY, COMPLETfN~SS OR USEFULN~SS OF ANY INFORMATION, • 

C • APPARATUS, PRODUCT OR ~ROCESS DISCLOSED, OR REPRESENTS THAT ITS • 

C • USE WOULD NOT INFRING~ PRIVATELY OWNED RIGHTS. • 

c·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. 
C • T~E BA~IC REFERENCE OOCUM:NTS FOR THIS CODE AR~ SLA-73-C~16, • 
c • APRIL,1973, AND SAND-75-G622, DECEMBER, 1975. • 

c·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. 
c • THIS CODE HAS BEENREL£ASEO FOR UNLIMITED DISTRIBUTION. • 

C·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. 
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1 FORMAT(I4,3I2,1,(8E1~.4J) DAM OC4J 
2 FCRMAT(8Al0) DAM ijO~4 

3 FORMAT(80H DAM J045 
1 DAM 0046 

4 FORMAT(lHl) DAM ~C47 

5 FORMAT(II) OAM 0048 
6 FORMAT(16IS) OAM 0049 
7 FC~MAT(S') DAM 0050 
8 FORMAT(· NOAH N£ NSTP NDIV NOIVE NMUOAM 0051 

READ 6,NE,NSTP,NOIV,NOI~E,NMULT,NTYPE,JSTP,NXTND,KE DAM 0052 
9 FORMAT(I7,2(F8.4,F9.4,G14.4,7XJ,F8.~,F9.4,G14.4) OAM OJS3 

10 FORMAT(19H····· UNITS ••••• ,2/· ENERGY KcV·'· OEPTH,RANGEOAM 0054 
1,aELTA RANGE ANGSTROMS.I· ENERGY PARTITION,ION DISTRIBUTION,IDAM ~055 

2NTEGRATED ENERGY DISTRIBUTION DIMENSIONLESS·,· ENERGY OISTRIBOAM 0056 
3UTION EV/ANGSTROH·,3/» DAM 0057 

11 FORMAT(6X,2(6X,15HINCIOENT ENERGY,10X,3H···,4X),6X,15HINCIDENT EN~OAM 0058 
lRGY,/6X,2(31X,3H· •• ,4X)/6X,2(F14.Z ,·-~EV·,13X,3H···,4X),Fl~.Z DAM 0059 
2 ,·-KEV·Z(/6X,31X,3H···,35X,3H···) DAM G060 

12 FORMAT(6X,2(8X,11HPKOJ. RANGE,12X,3H···,4X) ,8X,11HPROJ. RANGE,/6X,OAM Ol61 
12(31X,3H···,4X),/6X,2(6X,F5.0,·-ANGSTROMS·,lCX,3H···,~XJ,6X,FS.G,·~AM 0062 



. -

• 

2-ANGSTROMS.,2(/6X,31X,JH ••• ,35X,3H ••• ') DAM 0063 
13 FORMAT(6X,2(8X,11HOELTA RP ,12X,3H.·.,~X),8X,11HOELTA RP ,/5X,JAM ~~6~ 

12(31X,3H ••• ,4X),/eX,2(6X,F5.0,.-ANGSTROMS.,10X,3H ••• ,4X),6X,F5.0,·DAM GCE5 
2-ANGSTROMS.,2(/37X,3H ••• ,35X,3H ••• " DAM U~66 

14 FORMAT(&X,2(4X,19HOELTA PERPINOICULAR,8X,3H·.·,~X),4X,19HDElTA P~RQAM uJ67 
lPINDICUlAR,/6X,2(31X,3H •• ',4X),/6X,2(oX,FS.C,'-ANGSTRO~S',lCX,3H"DAM GJ68 
2.,4X) ,6X,F5.0,.-ANGSTROMS',2U37X,3H' •• ,35X,3H···» DAM ~;;69 

15 FORMAT(6X,2(1X,28HTOTAL ENERGY IN DISTRIBUTION,2X,JH···,4X"lX,28H~AH y~7~ 
lTOTAL ENERGY IN DISTRIBUTION,/6X,2(31X,3H···,~X) ,/5X,2(Fl~.2,·-KEvDAM 0;71 
2.,13X,3H ••• ,4X),F1 4 .2,.-KEV.,2(/37X,3H.",3SX,3H"'» JAM jC72 

16 FO~MAT(6X,2(5X,16HENERGY PARTITION,10X,3H.·.,4X),?X,15H~N~Rr,y PA~TJAM Q073 
lITION,/6X,2(31X~3H ••• ,4X,,/6X,2(gX,F9.4,13X,3H •• ',4X) ,3X,F9.4,2(/JDAM OG7~ 
27X,3H.'.,35X,3H".» DAM ~a75 

17 FORMAT(3(37X,3H' •• ,35X,3H •• • I),. X/RP .,2(2X,SHFINAL,lX,1~HINT~GRJAM ~076 
lATED,3X,6HENERGy,~X,3H ••• ,4X)t2X,5HFINAL,1X,1~HINT~~~~T~D,3X,6H~NiDAM OJ77 
2RGy,/6X,2(3X,3HIO~,4X,6HENERGy,SX,7HDISTR. ,3X,3H···,~X),JX,3HION,OAM OOi3 
34X,6HENERGV,SX,7HOISTR. ,I' (PCT).,2C2X,6HDISTR.,2X,6~DISTR.,lSX GAM uC7~ 
4 ,3X,JH ••• ,4X) ,,2X,6HOISTR.,2X,6HOISTR.,15X, 2(/37X,3H···,DAM 0:8J 
535X,3H.'.» JAM J031 

18 FOKMATC· ~ALUES FOR CONTOUR PLOT ENERGY OISTRIaUTION(E~/ANGSTOAM OJ82 
lROM) DEPTH(ANGSTROMS).3/) DAM ~~83 

19 FORMATC- ENERGY(KEV).,F6.~,4(6X,Fl0.0),212X,S(· DIST~. D~PTH·»DAM OJR4 
20 FORMAT(2X,S(lX,FS.1,F7.G» JAM CJ83 
22 FORMAT(I3,11F7.Z) JAM ~08o 
23 FORMAT(7H ENERGV,6X,9HX-AVERAG~,12X,lJHDELTA X-SQ,11X,&HENERGY,15 XDAM 0087 

1,12HTOTAL ENERGy,/34~,7HAVERAGE,1~X,9HPARTITION,12X,15~IN DISTRIBUJAM aoad 
2TION,3/) DAM G08~ 

24 FORMAT(I6,2X,4(G15.S,6X» JAM G09J 
25 FORMATC. I DPCT XMOM3CI) DXMOM3(I)·,2/,(I5,F1D.DAM OJ91 

16,2E1S.~)' DAM D092 
26 FORMAT(SOX,.ENERGY DEPOSITED IN TARGET :',G1S.5,2/) DAM JOg3 
27 FORMAT(16F5.Ul JAM JJ9 .. 
28 FORMAT(lX,. ALAT P1 Zl P2(1l Z2(1) DAM JOgS 

lP2(2) Z2(2) P2(3) Z2(3) P2(4) Z2(4)·,21,11F11l.0AM ~il96 
23,3/) DAM 0097 

DIMENSION D(1600),TEST(8L) ,RP(50,60),DELTA(5;,6J),R(S~,6C) DAM JCge 
DIMENSION DP(SO,60),DAMG(2S,lGl),DIST(25,101) ,DINT(25,101),G(25) DAM 0099 
DIMENSION Dl(16UO) DAM 01CJ 
DIMENSION E(SO),EP(60) DAM 0101 
DIMENSION INDEX(2S),F(25) DAM 01e2 
DIMENSION RC(2S,250,2) DAM 0103 
DIMENSION XMOM1(2S),XMOM2(2S) DAM 0104 
DIMENSION XIOD(2S) DAM u10S 
DIMENSION XI01(25),XluZ(2S),XI03(2S),XI20(25),XI2HZS),XI3C(2S) DAM \.il(j6 
DIMENSION XMOH3(25) JAM 0107 
DIMENSION ~D(1600) ,DR0(16I.iO) ,RD1(1600) ,DRDH16uv) DAM Qua 
DIMENSION SE(16uO),SE1(16GQ) DAM 0109 
TYPE REAL lEN(25) DAM 0113 
COMHON/TWEN~AR/P2(4),Z2(4),Pl,Zl,NTYPE,EM,ITER,ALAT DAM Uli1 
CAll WIN030 DAM Q112 

30 CONTINUE nAM 0113 
A = 1./2.506628274 DAM 011~ 
00 40 I = 1,25 DAM 0115 
XI01<!)=O. DAM G116 
XI~2(I)=O. DAM 0117 
XI03(I)=C. DAM Gl1B 
XI2r(IJ=n. OAM 011g 
XI21(I'=0. ~AM 0120 
XI3~(I)=C. DAM 0121 
00 40 J = 1,250 DAM u122 
RC(I,J,l) = o. DAM 0123 
RC(I,J,2) = O. DAM 0121+ 
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IF(J-l0i)35,35,4G DAM G125 
35 CONTINUE DAM 0120 

OISHI,J) = O. DAM iJ1Z7 
OAMG(I,J) = v. DAM 012d 
DINHI,J) = O. OAM 0121 

40 CONTINUE JAM u13J 
DO ~U5 I = 1.50 DAM G131 
00 4~5 J = 1,60 DAM 0132 
RP(J,J) = O. OAM 0133 
R(I,J) = :. JAM u13~ -. 
oElTA(!,J) = G. DAM 0135 
OP(l,J) = G. DAM 0136 

405 CONTINU~ DAM u137 
DO 4~7 I = 1,164u JAM ~lJ3 
ROCI) = O. DAM 0139 
ROtH) = C. JAM 014) 
DRD(l) = G. DAM 0141 
DRD1(l) = 0. JAM 0142 

407 CONTINUE DAM 0143 
PRINT 4 DAM ~14~ 
R~AO 3 DAM 01~5 
PRINT 3 JAM y146 
PRINT 5 DAM 0147 
READ 27,ALAT,Pl,Zl,(P2(J),Z2CJ),J=1,4) OAM 0148 
PRINT 28,ALAT,P1,ll, (P2CJ) ,l2(J) ,J=1,4) DAM 0149 
PRINT 5 uAM~15v 
READ 6,NE,NSTP,NDIV,NDIVE,NMULT,NTYPE,JSTP,NXTND,K~ DAM 0151 
NOAM = NE/NSTP DAM 0152 
STP = JSTP DAM 0153 
STP = STP/lu. DAM G154 
IF(NOAM)41,~1,42 JAM 0155 

41 CONTINUE JAM 01~o 
NQAM = 1 DAM ~157 

~2 CONTINUi DAM 0158 
IF(KE.NE.D)43,44 DAM G15q 

43 CONTINUE DAM 0160 
EM = KE DAM 0161 
CALL TWENTY DAM 0162 
IF(ITER.Ea.O)45S,432 DAM J163 

432 CONTINUE DAM 0164 
IF(NTVPE.NE.2)REAO TAPE20,KKK,NDI,NMU,NTY,(D1(J),RD1(J),DR01(J) ,J=OAM 0165 

12,KKK) DAM 0166 
IF(ITER.Ea.ll READ(2J) DAM 0167 
IF(NTVPE.Ea.2)REAO TAPE2~,KKK,NOI,NMU,NTy,(SE1(J),Dl(J),RD1(J),DRDDAM 0168 

11(J),J=2,KKK) DAM 0169 
REAQ(ZG) DAM u170 
COMP1=NMU DAM 0111 
COMP1=COMPl/NOI !JAM 0172 

44 CONTINUE DAM 0113 
EM = NE.NMULT DAM vl1~ 
EM = EH/NQI~ DAM 0175 
CALL TWENTY DAM 0176 
IFCITER.Ea.O)455,45 DAM 0171 

45 CONTINUE DAM 0178 
IF(NTYPE.NE.Z)R!EAO TAPEZO,KKK,NDI,NMU,NTy,(D(J),RO(J),OqO(J),J=2,KDAM 0179 

lKK) DAM a18J 
IF(ITER.Ea.l) REAO(20) DAM 0181 
IF(NTYPE.EQ.2)REAO TAPE2C,KKK,NDI,NMU,NTY,(SE(J),O(J) ,~D(J),ORD(J)DAM ~182 

1,J=2,KKK) OAM 0183 
COMP = NMU DAM 0184 
COMP = CaMP/NO! DAM 0185 
WRITE TAPE3G,NOAH,NE,NSTP,NOIV,NDIVE,NMULT,NTVPc,JSTP,NXTND,KE,ITEDAM 0186 
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lR,ALAT,P1,Zl, (P2(J) ,Z2(J) ,J=1,4) 
PRI NT S 
PRINT 8,NOAM,NE,NSTP,NOIV,NOIV~,NMULT,NTVPE,JSTP,NXTNO,KE,ITER 
S'::(1) = O. 
SE1(!) = ". 
RDU) = O. 
R[)1(!) :: :.. 

ORO (1) = O. 
OROlel) :: Jo 

O(1) :: O. 
01(1' == O. 
NE = NE/NSTP 
NSTP = NSTP/NDIVE 
READ TAPE20, «RPeJ,K) ,0fLlAeJ,K) ,R(J,K) ,OP(J,K) ,K==1,SC' ,J==l, 5:) 
REWIND 2" 
IF(NXTNO.GT.1)535,5~5 

535 CONTINUE 
00 54 J=l,SO 
00 S4 K=1,6: 
RP(J,K,::NXTNo·RP(J,K) 
DELTA(J,K)=NXTNO·OELTA(J,K) 
ReJ,K) = NXTNo·ReJ,K' 
OpeJ,K)=NXTNo·OP(J,K) 

54 CONTINUE 
545 CONTINUE 

00 5006 I = 1,NE 
JRP = 1 
JOElT = 1 
DO 50(6 J :: 2,NSTP 
L = NSTP+l-J 
X = OELTA(I,L) - OELTACI,L+ll 
IF(X'5001,5001,S002 

5C 01 CONTINUE 
X = JOEL T 
JOELT == JOELT + 1 
OELTA(I,l) =(DELTA(I,L+l)-OELTA(I,l+2»iX + D~LTA(I,L+l) 

5JQ2 CONTINUE 
X :: RP(I,L)-RPCI,l+1) 
IF(X)SOu3,5JG3,5nr4 

sao 3 CONTINUE 
X :: JRP 
JRP = JRP + 1 
RP(!,l) = (RP(I,L+1)-RPCI,L+2»/X + RP(!,L+l) 
RU,U = (R(I,l+il - RCI,L+2»/X + R(I,L+1) 

5(;04 CONTINUE 
X = R(I,U - R(!,LH) 
IF(X)SG05,5GC5,5006 

5005 CONTINUE 
X :: JRP 
JRP = JRP + 1 
RP(I,l) = (RP(!,l+1>-RP(I,l+2)'/X + RPCI,L+1) 
R(I,U :: (R(I,L+1> - RCI,l+2')/)( + RCI,l+1) 

5C'J6 CONTINUE 
X :: NOIV 
Y :: NOI VE·NMUL T 
DO Sq I :: 1,Ele 
IF(I-NSTP)5~1,591,592 

S91 CONTINUE 
EP (lJ = 1-1 
fP(I) :: EP(I)·Y/X 
GO TO Sq 

592 CONTINUE 

JAM 1)137 
JAM 018~ 
JAM 018,3 
JA M ~ 1 g] 
DA M J 191 
DAM u19Z 
DAt1 Ul93 
JAM ';19:" 
JAM G1C?5 
OA M Jig:, 
DAM 0197 
DAI-! ... 198 
fl4M 01~3 
DAM j2CJ 
DAM Q201 
JAM ,)2':2 
JA M ..l2d 
OAM .j2G ... 
iJAM 0205 
JAM 02J6 
DAM J207 
JAM J2B 
DAM 0209 
DAM il21J 
DAM J21l 
JAM J21~ 

DAM J213 
DAM J21,+ 
DA M G 21:; 
~AM a216 
DAM 0217 
JAM 0218 
DAM u21'3 
QAM 0220 
DAM 0221 
DAM 0222 
OAM 0223 
DAM 0224 
DAM 0225 
DAM 0226 
OA M 0227 
DAM 0228 
DAM 0229 
DAM 023J 
DAM 0231 
JAM 0232 
DAM 0233 
JA M 0234 
DAM o23S 
DAM 0236 
DAM 0237 
!lAM J238 
DAM 0239 
DAM 02 .. 0 
DAM 0241 
OAM 0242 
OAM 0243 
DAM 0244 
OAM 0245 
DAM 0246 
DAM 0247 
DAM 0248 
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EP( I) = (!-NSTP)"'NSTP 
EP(l) = EP{U"Y/X 

59 CONTINUE 
X = NDIV 
Y = NOIVE.NMUL T 
00 09 I = 1., Si
E(I) = NSTP·I 
EO) = En)·y/X 
J = I+NSTP 
RPCI,J) = c. 
RCI,J) = C. 
DELTA(!,J) = .... 
OP C I, J) = ~. 

&9 CONTINUE 
IFCNE-NOAM)6Ul,602,602 

6C 1 CONTINUE 
NOA M = NE 

622 CONTINUE 
KK = NE/NDAM 
LL = 1 
KXKI( = ~P(N~,l) + lG.·OELTA(NE,l) 
00 3J~ I = KK,NE,KK 
IFCI-II)613,b13,61C 

61~ CONT INUE 
II = II + 3·KK 
JJ = II 

611 CONTINUE 
IF (RP CJJ,:U) 612,612,613 

612 CONTINUE 
JJ = JJ-KK 
GO TO &11 

613 CONT I NU£ 

100 

L~N(LL) = RP(I,1)/50. 
K = I+NSTP 
Kj( = 1 
JJ = 1 
00 lS0 L = 1,KXKK,KX 
X = L 
Y = KX 
IF(X-RCI,l» 73,73,72 

72 CONTINUE 
Y = Y-X+RCI,1> 
Z = KX 
X = X -Z + Y 

73 CONTINUE 
X = X-.S·Y 
KKK = 1 
DO 80 M = JJ,K,KKK 
MM = K+1-M 
Z = R (!, MM) -X 
If(l)8C,S';,75 

75 CONT I NUE 
KKK = K 

80 CONTINUE 
IF(MM-1)14~,81,81 

81 CONTINUE 
IF(KKK-K)14G,82,140 

82 CONTINUE 
JJ = K+1-MM 
Z = ZI{jHI,MM) - R(I,MM+1t) 
OELT = Z·OELTA(l,MM+1) + <1.-l)·DELTAlI,MM) 
DR = Z.RPCI,MM+1) + C1.-Z)·RP(!,MM) 

JAM (.249 
DAM G 2% 
QAM 0251 
OA M 
DAM 
QA M 
DAM 
DAM 
ilA M 
DAM 
JAM 
IJA 1'1 
DAM 
JAM 
DAM 
DAM 
DAM 
JAM 
JAM 
DAM 
JAM 
DAM 
JA M 
DAM 
DAM 
DAM 
ClAM 
JA M 
DAM 
DAM 
DAM 
JAM 
DAM 
JAM 
DAM 
OAM 
DAM 
DAM 
DAM 
JAM 
DAM 
DAM 
DAM 
DAM 
DAM 
DAM 
DAM 
[)A M 
DAM 
DAM 
DAM 
:JAM 
DAM 
JAM 
DAM 
DAM 
DAM 
DAM 
DAM 
DAM 
DAM 
OAM 

0252 
0253 
Q254 
02'5:;; 
C25S 
;1257 
0258 
02~1 

026u 
0261 
0252 
;)263 
~2F.:4 

\J2OS 
02EC 
0267 
0268 
J269 
J27C 
0271 
0272 
Q273 
027 .. 
0275 
y276 
a277 
;j278 
0279 
U 28u 
~ 281 
11282 
0283 
028,+ 
0285 
0286 
0287 
028d 
0289 
0290 
0,91 
0292 
0293 
029 .. 
0295 
0296 
0297 
029a 
0299 
0300 
0;:01 
G 302 
OJJJ 
0304 
0305 
0306 
0307 
0308 
C309 
o 31a 



· . 

lH = EP(MM+1) 
IF(KE-LM)825,825,821 

821 CONTINUE 
EY :: 1./COMP! 
E Y = (Z. E P ( M M + 1) + (1. - Zl • £ P (M M» » • EY + 1. 
LM :: EY 
LN = LM+1 
Z :: LM 
Z :: E'Y-Z 
DMG :: Z·OllLN) + (l.-Z)·OllLM) 
XO :: Z·~Ol(LN)+(l.-Z)·R01(LM) 

oxn = Z·OR01(LN)+(1.-Z)·OR01(LM) 
OMGl = Z·~E1(lN)+(1.-Z)·S~1(lM) 
GO TO ~26 

825 CO NT INU E 
EY = 1./COMP 
EY = ( Z· E P ( M M + 1) + <1. - Z » • E P ( M M) ) • EY + 1. 
LM = EY 
LN :: LM+1 
Z :: LM 
Z = ::: Y- Z 
OMG :: Z·O(LN)+(l.-Z)·O(LM) 
XO :: Z·RO(LN)+(l.-Z)·~O(LM) 

DXD = Z·ORO(lN)+(l.-Z)·ORO(LM) 
OMGl :: Z·SE(lN)+(l.-Z)·SE(LM) 

826 CO NT I NU E 
oRl :: OR 
O:::LTl :: OELT 
OR :: OR + O.8·XO·NXTND 
OXD :: J.8·0XO·NXTNC 
OElT :: SURT(DELT.OELT + OXO·OXO) 
XIQHLU :: XI.O(LLJ + Y·OMG 
XI01(LL)=XI01(Ll) + Y·OHG·OR 
Xlil2(lU = XIC2(LL> + Y·OMG·OR·OR 
XI03(LL) :: XI03(LU + Y+OMG·OR·OR·OR 
XI2dLU = XI2Q(lU + Y·OMG·OElT·OElT 
XI21< LU = X I2U LU + Y.OMG·OEl P DEL T·OR 
XI3~(ll)::XI30(LL)+Y·OMG·OELT1·aELT1·0ELTl 
IF(NTYP~.EQ.l) GO TO 827 
XIOO(LU :: XIUO(LU + Y·DMGl 
XIOlCLU :: XIOUlU + Y·OHG1·0Rl 
XI02(lU :: XIC2(LU + Y·OMG1·0Rl·0IU 
XI03(LL) :: XI03(LL) + Y·OMG1·0Rl·0Rl·0Rl 
XI2G(LU :: XI20(lU + 'Y·OMG1·0ELT1·0ELTi 
XI21(LL) = XI21(LL) + Y·OHG1·DELT1·DELT1·DRl 
XI3C(LU :: XLHHLL)' + Y·DMG1·0ELTl·OfLT1·0ELT1 

827 CONTI NUE 
DO 200 J :: 1,101 
RO :: (J-l) ·LEN eLL) 
Z :: (OR-RO)/DELT 
Zl :: (OR1-RO)/OELT1 
IF(Z+25.'200,83,83 

83 CONTINUE 
IF(Z-25.)8~,84,200 

84 CONTINUE 
IF(OELT-1C.)820,830,83J 

820 CONTINUE 
Y :: .1 
X :: l-1 
X :: x-.S"Y 
00 19C KR = 1,10 
X = X+Y 

DAM GJl1 
[lAM 0312 
DAM 1lJ13 
JAM J314 
DAM Q315 
DAM il316 
DAM ij317 
DAM J31d 
DAM J319 
DAM 032J 
DAM 0321 
DAM 0322 
DAM C321 
[JAM 032 .. 
DAM u.~25 
DAM 0326 
DAM 0327 
DAM 0328 
DAM 0329 
JA M 33 3G 
JAM Q~31 

:JAM 0332 
DA M Ii,~ 3 3 
DAM 033:.. 
DAM .. 335 
3AM 0136 
DAH r;337 
DAM 0338 
DAM 033'3 
DAM o.i340 
DAM ij341 
DAM 03't2 
DAM 03103 
DAM 0344 
DAM \1345 
DAM 0346 
DAM 0347 
DAM 031+3 
DAM J343 
JAM 0350 
DAM il351 
DAM 0352 
JAM G353 
OAM 0354 
JAM 0355 
DAM 0355 
!lAM 0357 
DAM 0358 
DAM 0359 
DA M 0360 
!JA M iJ 361 
JAM 0362 
OAM 0363 
DAM 03E ... 
DAM 0365 
DAM \) 366 
DAM 0367 
OAM 0368 
DAM 0369 
OA M 0370 
DAM 0371 
DAM l372 
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Z = (R<I,MM. -XlI (RU,HM) -R(I,MM+1» JAM :.373 
OEL! = Z"'OELTACl,MM+ll + (1.-Z)"'DELTA(I,MM) DAM 1137~ 
OR = Z"'RP(I,MM+l) + (l.-Z)"'RP(I,MM' DAM J375 
LM = EP(MM+l' DAM 0376 
IF(KE-LM)835,835,831 DAM ~377 

831 CONTINUE JAM 0378 
EY = 1./COMPI JAM 031g 
EY = CZ·EP(MM+1) + <1.-l).EP(MM»·EY + 1. DAM u'38t3 
LM = EY JAM .j381 
LN = LM+l DAM 0382 .. 
Z = lM DAM 0383 
Z = EY-Z 9AM 0384 
DMG = Z"'D1<LN' • f1.-Zl"'Ol<UO ClAM G385 
Xo = Z.RD1(LN)+(1.-Z'.R01{LM' JAM u386 
oXO = Z"'DRD1(LN)+(I.-Z''''ORol(LM' JAM 0387 
OMGl = Z·SE1CLN'+Cl.-l'.SE1(LM' JAM 038j 
GO TO 836 DAM ~389 

8~5 CONTINUE DAM .j39C 
EV = 1./COMP DAM 0391 
EV = (Z·EP01H+1) • (1.-l).fP(MM,)·n + 1. IJAM J392 
LM = EY JAM \.1393 
LN = LM+l JAM 039~ 
Z = LM DAM 0395 
Z = EY-Z DAM 03S6 
OMG = Z"'OCLN)+(1.-Z).oCLM) JAM 0397 
XO = Z.RD(LN' +<1.-7» "'RO(LM) DAM 0398 
DXD = Z.ORD(LNl+<1.-Z)"'ORO(LM' ClAM Q3Sg 
DMGl = Z"'SE(LN,4o(1.-Z'·SE(LM) JAM ~~OC 

836 CONTINUE aAM J401 
o~l = OR DAM 1J4C2 
DELT1 = DElT DAM 0403 
DR = DR + 3.8·XO"'NXTNO DAM O~O~ 
OXD = Q.S"'DXO"'NXTNo DAM C~JS 
DEL T = saRT CDt:LT.OELT + DXO"'OXO) DAM 0401; 
Z1 = CDR1-RO'/OELTl DAM 0407 
Zl = Z1·Z1/2. DAM 0~08 
1 = (oR-RO)/OELT DAM G!.t09 
Z = Z" 212. DA M 0410 
DAMG(LL,J) = (A·Y.OI1G/OELT).EXP(-l) • DAMG(LL,J) DAM 0411 
IF(NTVPE.E'l.2' DAMG(LL,J) = OAMG(LL,J) + (A·""'DI1Gl/D::LTi'·EXP(-ZUOAM ... 412 

190 CONTINUE JAM u413 
GO TO 200 DAM ~414 

830 CONTINUE DAM u415 
Z = Z •• 2/2. DAM 0416 
Zi = Zl.Zi/2. DAM 0417 
oAMG(LL,J' = (A.Y.OMG/OELl).EXP(-l) + OAMG(LL,J) DAM 0418 
IF(NTVPE.EQ.2) OAMG(lL,J' = DAMG(Ll,J) • U·Y.DMGl/LlELTi)·EXP(-ZUOAM Q419 

2Cll CONTINUE DAM 0420 
Y = DELT1/2C. DAM 0421 
LM = Y JAM 0422 
IF(LM'150,150,85 DAM O~23 

85 CONTINUE OAM Q42~ 
IF(MM-NSTP-l)89,68,89 DAM 0425 

83 CONTINUE DAM J426 
MM = 1'11'1-1 DAM 0421 

89 CONTINUE DAM Q428 
V = R(I,MM'-R(I,MM+l) DAM 0429 
Y = Y/l0. DAI1 0430 
Y = ASS(Y) • 1. DAM 0431 
IN = Y DAM J432 
IF(LN-LM)86,87,87 DAM 0433 

86 CONTINUE DAM u434 
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· , 

K)( = IN 
GO TO 15u 

87 CONTI NUE 
KX = lM 
GO TO 150 

1'tO CONTINUE 
KX = KXKK 

150 CONTINUE 
00 130 J = lyl01 
RO = (J-l)·LENCLL) 
X = «RO-RPCI,1»/OElTACI,1»··2/Z. 
oISTCll,J' = £XPC-X, 

130 CONTINUE 
oAMG(LL,l) = 3 •• COAMGCLL,2)-DAMGCLl,3»+ DAMG(Ll,~) 
Y = lENClU/2. 
00 270 J = 1,100 
LM = 101-J 
LN = lM+1 
OINT(ll,LM) = Y.CDAMG(ll,lM)+OAMG(Ll,lN» + OINTCLL,LN) 

270 CONTINUE 
X = NXTNo 
GClU = WINTtLL,1l/1:i .J".UX 
INDEX ClL) = I 
DO 28t J = 2,10J 
OINTCll,J) = DINT(ll,J)/OINT(lL,l) 

280 CONTINUE 
XI01Cll) = XIG1Cll)/XIOC(Ll) 
XI02(lU = XI.;Z(LU/XIIl .. (lU 
Xlil3(lU = XIG3ClU/XIOOCLU 
XI2jCll) = XI20(lL)/XIO~(ll) 
XI21ClU = )(J21llU/XIO;:: ClL) 
X13GClU = XI3i)(lU/Xh..:.<lU 
XIOQCll) = XIOOClL)/l~OQ. 
FCll) = XI'))CLU/ECI} 
OINTCLl,ll = 1. 
l = 1 
00 29C J = 1,100 
KRC = DAMGCLl,J)/STP 
JRC = DAMG(ll,J+l)/STP 

28C5 CONTINUE 
IF(KRC-JRC)281,290 y 282 

281 CONTINUE 
RCCll,l,1) = JRC·STP 
JRC = JRC-l 
GO TO 283 

282 CONTINUE 
RCClL,L,1' = KRC·STP 
KRC = KRC-l 

283 CONTINUE 
X = OAMGCll,J)-RCClL,l,l) 
X = X/(OAMGCll,J)-OAMGCll,J+1» 
Y = (J-l'·LENClL) 
Z = J·LENClU 
RC(ll,l,2) = X·Z + (1.-X)·Y 
l = l+1 
GO TO 2805 

290 CONTINUE 
II = ll+1 

3110 CONTINUE 
KK = 1 
KKK = 3 
X = NXTNO 

DAM QI+35 
DAM 0,+36 
::lAM 0437 
J,lM 0438 
DAM 04B 
!JAM Oltlo": 
JAM 04 .. 1 
DAM 0442 
DAM G41+3 
JAM 04Lt4 
JAM i.i445 
(JAM 0446 
IJAM 0.:.:.7 
(JAM 0 ... 48 
JAM (ji.t49 
JAM il4:iC 
DAM 0451 
JAM 0452 
;)AM v453 
JAM 04S~ 
DAM \]455 
DAM 0 ... 50 
DAM J457 
DAM 045'; 
JAM u459 
DAM uLtoC 
(lAM J 461 
DAM 0462 
DAM 0403 
DAM Di464 
JAM 0465 
DAM 04EEl 
DAM 0467 
DAM 046d 
DAM 046<3 
DAM 11470 
DAM 0471 
DAM 0472 
DAM 0473 
OA M 047,+ 
DAM 0 ... 15 
DAM 0476 
DAM 0417 
DA M 0478 
DAM 0479 
DAM 0480 
DAM 0481 
OAM 0482 
DAM 0483 
[lAM 01t8,. 
DAM Olt85 
DAM 0486 
DAM 0487 
DAM 0488 
DAM 048g 
DAM 0490 
DAM 0,+91 
DAM Ult92 
DAM 0493 
DAM u494 
DA M 0495 
DAM 0496 
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310 CO NT I NU E 
IFeNOAM-KK)~2C,320,32G 

320 CONTINUE 
IF{NOAM-KKK) 330,340,34G 

331) CONTI NUE 
KKK = NDAM 

340 CONTINUE 
PRINT .. 
PRINT 3 
P~I NT 7 
P~I NT 10 
00 350 I = KK,KKK 
J = INDEX (1) 

T::SHD = EeJ) 
350 CONTINUE 

PRINT 11,(T€STeJ),J=KK,KKK) 
DO 360 I = KK,KKK 
J = INDEXeD 
T :: S T (D = R.P (J , ill X 

36J CONTINUE 
PR.INT 12,(T~ST(j),J=KK,KKK) 

00 370 I = KK,KKK 
J = INDEXcr) 
T!:ST<I) = OC:LTA(J,H/X 

370 CONTINUE 
PRINT 13,CTEST(J',J=KK,KKK) 
DO 380 I = KK,KKK 
J = INOEX(I) 
TEST(I) = OP(J,l)/X 

38J CONTINUE 
P R I NT 14, CT c: S T ( J ) , J= K K , KKK) 
PRINT 15, (G( J) ,J = KK, KKK) 
P R I NT 16, (F ( J, , J = K K, KKK) 
PRINT 17 
00 400 J = 1,101 
LM = 2"'(J-1) 
P~INT Q,lM,(DIST(K,J),DINT(K,J,,04MG(K,J),K = KK,KKK) 

400 CONTINUE 
KK = KK+3 
KKK = KKK+3 
GO TO 310 

420 CONTINUE 
L = 1 

430 CONTINUE 
LL = l+ .. 
IF(NDAM-Ll)435,436,436 

435 CONTINUE 
Ll = NDAM 

436 CONTINUE 
PRI NT 4 
PRINT 3 
PRINT 7 
PRINT 18 
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J = INDEX (2) - INDEX U) 
PRINT 19,(E(I"'J',I=L,ll) 
PRINT 5 
Y = NXTNO 
DO 438 J = 1,25iJ 
X = o. 
00 4365 I = L, LL 
X = X + RC(I,J,l' 
RC{I,J,2) = RC(I,J,2'/Y 

JAM G4C?7 
DAM U4<38 
DAM 11 .. 99 
DAM 05;..; 
JAM 0SCl 
DAM G502 
JAM (;5d3 
JAM J5Q .. 
DAM.,;5L5 
JAM 0500 
DAM oJ507 
DAM 050~ 
DAM G5Cg 
'JAM (;510 
GAM i:i511 
DAM J512 
JAM J313 
llAM \1514 
DAM 0515 
ClAM J 516 
JAM u517 
JAM il51a 
DAM 0519 
DAM ()52J 
JAM u~21 

JAM 0522 
DAM 0523 
DAM 052 .. 
DAM 11525· 
DAM 0526 
OAM 0527 
DAM 0528 
OAM 11529 
JAM Q53~ 

DAM 0531 
DAM il 532 
JAM J533 
DAM aSJi+ 
DAM 0535 
OAM 0536 
DAM 0537 
DAM u538 
DAM 0539 
DAM ~ 54J 
DAM 0541 
OAM G542 
DAM CS43 
DAM 0544 
DAM 0545 
OA M 0546 
DAM 0547 
DAM J543 
DAM 0549 
DAM 0550 
DAM G551 
OAM 0552 
DAM 0553 
OAM 055 .. 
DAM 0555 
DAM 055& 
DAM 0557 
DAM 0558 



~365 CONTINUE JAM 0559 
IFCX'438,438,437 JAM 05EO 

437 CONTINUE DAM 0561 
P~INT 20,(RCn,J,U,RCU,J,2),I=l,lU OAM G562 

438 CONTINUE DAH 0563 
l = L+5 DAM 0564 
IFCNOAM-L)440,430,~3~ OAM ~5E5 

440 CONTINUE DAM 0566 
PRINT 4 JAM 0567 
PRINT 3 DAM Q56~ 
PRINT 7 OAM J5E9 
PRINT 23 DAM uS7~ 
J = INDEX(2) - INOEX(1) JAM J571 
00 450 I = 1,NOAM DAM J572 
l = ECI.J) DAM ~573 
XMOM1(1) = )(It.1(1) DAM 057.:. 
XMOM2(I) = XI20(I)+XliJ2(U-XIC1(I).XI;}1<I) JAM ",575 
)(MOH3(1)=3 •• CXI21(I> -XLl( U.(XlZOCI)+XI02{U» f-2.·XIG1.(U·X!u1(UJAM 0576 

1.)(101(1) f- Xlu3(I) JAM ;;577 
PRINT 24,L,XMOHUI),XMOM2(I) ,FB) ,XIOO(I) DAM J57.s 
PRINT 26,GCI) DAM ~579 

450 CONTINUE DAM J58G 
WRIT ETA P E 3 0 , IT E R, C E ( J) , RP C I ,1) ,0 E l T A <I, 1) , D P ( I , 1) , K ( I , 1) ,F ( 1) , G ( IO A M (J 5 81 

U ,X 100 C 1) ,)( 10 HI), X 102 C U , XI4i 3 (I) ,)( 12 0 ( Il , X 121 ( I) ,X I 3 J ( I) , XMOM1 (! )[)A M 0582 
2,XHOH2U),)(MOM3<Il,(OAMG(!,J),J=1,lOH,I=1,NDAM) Ll~M C5d3 

PRINT ~ DAM 0584 
PRl NT 3 OA M 0585 
PRINT 1 !JAM 0586 
PRINT 25,CI,F(I),XMOM3(U,XI30(!),I=1,NOAM) DAM GSB7 

455 CONTINUE OAM J58a 
KEAO 6,NRPT JAM 0589 
IFCNRPT)460,460,3J JAM QS9j 

46G CONTINUE JAM OSgl 
£NOFIlE 3C DAM 0592 
REWIND 3C DAM JSg3 
END [lAM J 1394 
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VI. LISTINGS OF SUBROUTINES 

All subroutines used by COREL, RASE4 and DAMG2 are 

listed here in alphabetical order. 



SUBROUTINE COPHICCPHI,T,J,LJ) 
DIMENSION E<16I1Q) 
DIMENSION P2 C~) 
COHHON/PHIVAR/E,Pl,P2 
X = P1-P2CLJ' 
IF(X'2J,lO,21.l 

111 CONTINUE 
X = 1. - T/E(J' 
CPHI = SQRT (X, 

RETURN 
20 CONTINUE 

X = 1. - T/E(J' 
CPHI = C1.-(1.+P2(LJ)/P1)·T/C2.·E(J»'/SQRT{X) 
RETURN 
END 

SU~ROUTINE OAMG{Z,T,AlF,I) 
COMMON/OFIR/NCOMP,NDAM,O£,PART(~t101) 

10~O FORMAT(F6.1,I4,IS) 
1~01 FORMATC10F8.5) 

IF(NCOMP.GT.1)GO TO ·1~ 
IFCT)1,1,2 

1 CONTINUE 
Z = T 
RETURN 

2 CONTINUE 
G = SQRTCl) 
G = SQRT(G) 
G = G··3 
G = ij.~~2~4·G + T 
X = 1./6. 
G = G + 3.~J08·T··X 
G = ALF.G + 1. 
Z = T/G 
RETURN 

10 CONTINUE 
IFCNOAM.GT.1' GO TO 30 
IF(NOAH.EO.l)REAO 100Q,OE,NOAM 
IFCNOAH.EQ.G)GO TO 1 
NOAH = NOAH + 1 
DO 20 J = 1,NCOMP 
READ lJC1,(PART(J,K),K=2,NDAH) 
P A RTC J , 1) = 1. 

20 CONTINUE 
RETURN 

30 CONTINUE 
Z = TIDE 
N = Z 
Z = Z-N 
N = N+l 
M = N+1 
Z = Z.PARTCI,M) + (l.-Z,·PARTCI,N' 
Z = Z·T 
R~TURN 
END 

GOP ,j u :..l 
COP 0002 
COP JJ;j3 
COP JOO .. 
COP ";J.;5 
COP U006 
COP 0007 
COP OJO~ 
COP i.lJI.I'3 
COP ilUiD 
COP ~ Hi 
COP 0:12 
C:1 P aD 13 
COP J J 1 '+ 
COP 1iJ15 

iJMG ":),.1 
D,'1G OJ02 
Dt1 G JO \l3 
DMG JOO. 
llMG ;,)J:.:3 
:JMG CliO;' 
iJMG GJ~7 

DMG ODO~ 
OMG J a J'3 
OMG 00l~ 

DMG G H1 
Q"1G 0012 
DHG 0013 
OMG 0014 
[)MG 0;)13 
DMG \J016 
OHG ilJ17 
I)MG 0013 
OHG 0019 
DMG iJ02J 
DMG 0021 
JMG 'JJ22 
O"1G 0023 
'lHG (;')2 .. 

DMG OJ 23 
OMG 0;)25 
or-lG 0027 
OMG JJ28 
DMG 0029 
JMG OJ 3G 
JMG 0031 
OMG 0032 
OMG 0033 
OMG 0034 
OHG 0035 
Dt1G 0036 
DMG 0037 
DMG 0038 
DMG 0039 
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SUR~OUTINF FETCV,X) FET JOOl 
1 FO~HAH • ERROR IN SUBROUTINE FET. MM = ·,15) FET 1l):;2 

DIMENSION F(Sj) ,EF(50) ,SLF(SQ) FE:T J003 
COMMON/FVAR/F,SLF,EF,NF,MM FE:T J Ji: It 
N = 0 Ft:..T a ;jQS 

Mt.1 = " 
F=:T \loaf> 

00 10 I = 1,NF FET J U 07 
'f :: (X-EF(!) ) FET 00:18 
IF ('f) 10,5,5 FC:T 0:109 

5 CONTINUE F:: T J-HO 

N = I Fe: T J 011 
lJ CONTINUE F::T 0012 

NN = 11) FET Ji] 13 
IF ( N) 4C , Zt , 15 F::T J Q 1<+ 

15 CONTI NUE F::T J J15 
MM :: 15 F::T DJb 
IF(N-NFI10,18,40 FET 0')17 

16 CONTI NUE FE T J ~ 18 
Z :: X/EF(N) F::T O(l19 

Z = A LOG ( l) F.::T .:;:; 2: 
'Y = F (N) + SLf(N)·Z F:: T (ji)Zl 
GO TO 50 FET GJ22 

18 CONTINUE F=:T (J023 
'Y = 1./(2.·)() FET GJ24 
RETURN FET (1025 

20 CONTI NUE FET 0126 
Z = .35 FE T 0027 
'Y = 1.43·(X··Z) Fe: T Ou2a 
GO TO 5~ F::.T ao 29 

40 CONTINUE FEr OD3tJ 
PRINT 1, MM F~T 0)31 

50 CONTINUE FET 0032 
RETURN FET tiC 33 
ENO FET 003 .. 

SUl3ROUTINE FSET FSE J )J1 

DIMENSION F(5L),SLF(5~),EF(50) FSE 0002 
COMMON/FVA~/F,SLF,EF,NF,MM FSE il:lJ3 
NF = 13 FSE 0004 
SLF (1) = .00781 FSE JJJ5 
SlF(2) = .L77lt9 FSE 00 06 
SlF(3) = .077(31 FSE OC07 
SlF(4) = .J7Ci69 FSE 0003 
SlF(S) = .05239 FSE OJ09 
SlF(6) = • tl 987 FSE 0010 
SlF(7' = -.02433 FSE 0011 
SlF(S) = -.1.i6204 FSE \lOll 
SlF (9) = -.12005 FSE 0013 
SLFU!;.' = -.1J129 FSE :)014 
SlF (11) = -.11109 FSE J015 
SLF(12) = -.06221 FSE 0016 
EF (1) = .002 FSE 0017 
EF (2' = • L;; 4 FSE DO 18 
EF (3' = .010 FSE 0019 
EF (4) :: .t:2J FSE 0020 
EF (5) = .C40 FSE 0021 
EF (6) :: .10G FSE 0022 
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EF (7) = .150 
EF (8) = .zao 
EF (9) = .LOO 
EF C 10' = 1. C Cl. 
EF(lU = 2.00iJ 
EF<1Z) = 4. C ct. 
EF(13) = 10.OCQ 
F(U = .162 
F (2) = .2e9 
F (3) = .2Si) 
F ( It) = .334 
F(S) = .3ll-3 
F (I;) = .431 
F (7) = .435 
F(8) = .428 
F (9) = .385 
F (10) = .275 
F (11) = .184 
F<1Z1 = .107 
F (13) = • ( 5 G 
RETURN 
END 

SUl3ROUT INE RA NGER (c: ,LJ, CPHI, I, x, DEL T) 

DIMENSION R(4,160L),ORC~,160~),DP(4,16C:) 
CO~HON/DSEC/R,DR,OP9NE,NOIV,NMULT,NCOMP,EN 
IFCI.EQ.l) GO TO St 
Z = E/EN 
N = Z 
Z = Z-N 
Y = 1.-Z 
N = N+l 
H = N+l 
X = CY.R(LJ,N)+Z·R(lJ,H»·CPHI 
OELT = (Y·DR(LJ,N)+Z·ORCLJ,M»·CPHI 
Z = (Y·DP(lJ,N)+Z·OP(LJ,M» 
OELT = DELT.OELT + Z.Z.Cl.-CPHI·CPHI)/2. + x·x 
RETU~N 

50 CONTINUE 
NCOMP = 1 
00 60 J = 1,NCOMP 
READ TAPE10,NE,NOH,NMUlT,NCOHP, (R(J,K),DR(J,K) ,OP(J,K) ,K=l,NE) 
IFCNE.EQ.O) RETURN 
READ (10) 

6D CONTINUE 
EN = NMUlT 
EN = EN/NOH 
RETURN 
ENO 

FS£ ~J2.3 

FSE OC2l4 
FSE U :J2S 
FSE CO 20 
FSE U a 27 
FSE 0023 
FSt j;)29 
FSE ilO3D 
FSE JJ31 
FSE G Q 32 
FSE ;; i.J 33 
FSE %h 
FSE iJ 0 35 
FS:;: O~36 
FS £ (;037 
FSt 'JG 38 
FSE IJ 039 
FS t. J 0 4'-
FSE. Ju41 
FSE 00.:.2 
FS£ ~O .. 3 
FSE {)O4~ 

RS R 0 JC 1 
RG R 0 U 0 2 
~(; R a Q J 3 
RGR OOO~ 

RG R ij a cs 
RGR ~006 
~GR 0(,07 
~GR DUO 8 
RGR llO C9 
~G R Q G 10 
RGR 0011 
RGR J012 
RGR 110 13 
RGR UO 14 
RGR iJJ 15 
R.GR IiOl6 
R.GR JO 17 
RGR 0018 
RGR UO 19 
R.GR 002J 
RGR 0021 
~G R 0022 
R:i R 0023 
RGR C02:.. 
RGR DC 25 
~G R 0026 
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C 
C 
C 
C 
C 

llO 

SUBROUTI NE SECALC(Zl,Z2,P1,E,SE,Z,A,EN) 
Z1,Z2,ARE THE AT OMIC NUMBERS OF THE INCIOENT ION AN) TA~GET 

RESPECTIII::LY. THE INCIDENT ION MASS IN AMU 
INCIDENT £N~RGY IN KE.II. 
Z,A,EN ARE , RESPECT III EL Y, THE PARAMETERS 
SE IS THE INELASTIC STOPPING C~OSS SECTION 
B = 1.21918E-18 
X = EI( 10C .4PU 
\' = )(/ (Z'H 2) 
SQ = SQRT(Y) 
AT = ATAN(SQ) 
SE = «(30.4Y+83.)~Y+7~.)·Y+21.) 
SE = SE / (3.· (1. + V) •• J) 

SE = SQ4SE +AT·(1L.4Y+l.) 
SE = 8·SE 
SE = SE4(Z1+Z2)/2. 
sa = 2. 4SQRT (X)·A 
Y = 1.+SQ·4EN 
SE = SE/Y 
~::TURN 

END 

SUBROUTINE TEN 
COMMON/PHI/AR/E,Pl,P2 
COMMON/TENVAR/NE,NOIII,NHULT,ALAT,Z2 
DIMENSION E(1600) ,Pi(") ,Z2(I+) ,N(4) ,P(33) 

IS P1, .H IL:: c. IS 

Z,A,N IN THE 8RICE 
IN KEII-CM2/ATOM 

SiC 
ATOMS,SEC 

THE S::C 
SEC 

FORMUS;::C 
SEC 
S:: C 
SeC 
::iEC 
S:.C 
S::C 
s.::c 
SEC 
SEC 
S:::C 
S'::C 
SEC 
S:::C 
S::C 
SEC 
sc:c 

EN 
EN 
T c: N 
TiN 

1 FORMAT(5/,S(lX,4RECOIL OATA NOT AVAILABLE FOR THIS TARGET·,/), 
121,lX,4CALCULATIO~ PROCEEDING WITH A THEORETICAL ESTIMATE FOR 
2 INFORHATION4,2/) 

TEN 
THISTc:N 

TEN 
EP = NE4 NMUL T 
EP = EP/NOIV 
PP = 1. 
DO 5 J = 1, '+ 
P(J) = (PI-P2(J»/(Pl+P2(J» 
P(J'=P(J)4P(J) 
IF (P ( J) • LT. P P' PP =P (J) 

5 CaNT INUE 
EP=EP4(1.-PP' 

10 CONTINUE 
R::AO TAPElC, (N(J) ,J=l,It), (P(IO ,1(=1,33) 
IF(N(l).EQ.u) GO TO 160 
ER = N( U ·N( 3) 
Eq = E~/N (2) 
IF(ER.GE.EP)3G,20 

20 CONTINUE 
REAO(ll) 
GO TO 10 

30 CONTINUE 
IF(ALAT.NE.P(l»GO TO 20 
IF(P2(1) .NE.P(2»GO TO 20 
IF(Z2(1).NE.P(3»GO TO 20 
I F (P 2 ( 2' • N E • P ( ill ) , GO TO 2 C 
IF(Z2(2).NE.P(11»GO TO 2J 
IF(P2(3).NE.P(16"GO TO 2: 
IF ( Z 2 (3) • NE. P (19) , GO TO. 2 ~ 
IF(P2(4).NE.P(26»GO TO 2C 

T:::t-l 
TEN 
TEN 
TEN 
EN 
TEN 
TEN 
TEN 
EN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
TEN 
EN 
TEN 

Jutl 
GC;J2 
uvQ3 
.~CG,+ 

QyU;; 
0:)::6 
11007 
Geoa 
.lOOg 
o JiG 

~ . 
G J11 
uJ12 
yOU 
CO 1-+ 
GOE 
o G 16 
,)017 
J JB 
;jQ1g 

C02e 
o J21 

:;001 
COO2 
OJJ3 
uOO" 
JJilS 
0:;06 
OC;'7 
0008 
;JuG'3 
aGiO 
o J11 
DG12 
\lOll 
(;014 
0015 
GO 16 
0017 
0018 
0& 19 
0020 
0021 
0022 
11023 
JOZ .. 
il 025 
00Z6 
no 27 
0028 
0029 
CC 3u 
0031 
uOJ2 
0033 
0034 



IF(Z2(~).NE.P(27)'GO TO 2;; TEN 003;) 

RETURN EN ~~3c 

lOu CONTINUE TEN o (] 37 
PRINT 1 TEN IJOH 
RETURN TEN J: 39 
EN!) TEN 0040 

SUBROUTINE TWENTY TWE ::01 
DIMENSION N(15),P(27) TwE OCU2 
COMMON/TWENvAR/P2(4) ,Z2(~) ,Pl,Zl,NTVPE,EM,IT£R,ALAT Twi ~Ju3 

1 FORMAT(5/,lX,.R~NGE AND STRAGGLING DATA NOT AVAILABLE ON TAPE20·,/TwE JG04 
1,lX,4CALCULATION ABORTEO------PROCEEDING TO NEXT SET OF I~PUT QATATWE JlJ5 
Z4,I,lHl) TWE OJC6 

10 CONTINUE TWE OJJ7 
READ T~PE20, (N{) ,J=l,lS), (P(I() ,K=1,27l HIE G'JO~ 
IF(EOF,20)22,15 THE 0009 

15 CONTINUE THE Q~10 
E = N(1)4N(4) THE Jul1 
E = E/N(3) TWE JG12 
IF(E.GT.EM/l.Ll)16,25 TWE C013 

16 CONTINUE THE ~J14 
IF(E.lT.l.J14EM'30,25 TWE OJ15 

22 CONTINUE THE JJ16 
P R I t-/T 1 T W E J IJ 17 
ITER=O TWE OllB 
REWIND 20 TWE 0019 
RETURN THE JC2~ 

2S CONTINUE TWE 0021 
I F ( N (7) • G T • u) RE AD ( 20 ) HI E J ~ 22 
REAO(ZO) TWE 0023 
READ(ZO) THE J02~ 
GO TO 10 TWE 0025 

30 CONTINUE TWE 0026 
IF(ALAT.NE.P(l»GO TO 25 TWE Je27 
IF(Pl.NE.P(2) GO TO 25 TWE 0025 
IF(Zl.NE.P(3» GO TO 25 TWE uu29 
IF(P2(1).NE.P(4» GO TO 25 TWE 0030 
IFCZ2(1).NE.P(5') GO TO 2S TWE Q031 
IF(PZ(2).NE.P(10» GO TO 25 TWE 0032 
IF(ZZ(2).NE.P(11») GO TO 25 TWE 0033 
IF(P2(3 •• NE.P(16» GO TO 25 TwE 0034 
IF(ZZ(1'.NE.P(17») GO TO 25 TWE JJ3S 
IF(PZ(4).NE.P(Z2)) GO TO 25 TWE 0036 
IF(Z2C4).NE.P(23) GO TO 25 TWE 0037 
IF(N(7) .IT.G' ITER=-N(7) TWE 0033 
IF(N(7) .GT.O) ITER=N(7) HIE 11039 
RETURN TWE 004Q 
END TWE 0041 

III 



SURROUT INE \oj IND10 
DIMENSION P (37) 

10 CONTINUE 
READ TAPE10, (P(J),J=1,37) 
IF(EOF, 10)3'.. ,20 

20 CONTINUE 
REAO(10) 
GO TO 10 

30 CONTINUE 
BAC K$PACE 10 
BACKSPACE 10 
BACKSPACE lC 
RETURN 
ENO 

SUBROUTINE WIND20 
DIMENSION N(lS),P(27) 

1 0 CON TI NU c: 
~ E A D TAP E 2 J, C N (J ) , J: 1, 1 S) , (P ( K' , K = 1 , 2 7) 

IFCEOF,21J)20,30 
20 CONTINUE 

dACKSPACE 20 
RETURN 

3G CONTINUE 
IF(N(7'.lT.C> GO TO 2::. 
REAO(20) 
IF(EOF,2J) .. Z,31 

31 CONT INUE 
REAO(20) 
IF(£OF,ZG) .. 1,32 

3Z CONTINUE 
REAO(2G) 
IF(EOF,20)4u,10 

4il CONTINUE 
BACKSPACE 20 

.. 1 CONTINUE 
8 A C KS PAC E 2 J 

.. 2 CONTI NUE 
BACKSPACE 2u 
GO TO 2G 
END 

SUqROUTINE WIN030 
DIMENSION N(11),P(11) 

10 CONT INUE 
READ TAPE30, (N (J) ,J=l, 11) , (P (I() ,1(=1,11) 
IF ( EO F , 3Cl ) 3 e , 20 

20 CONT INUE 
IF(N(11).GT.llGO TO 30 
REAO(30) 
IF(EOF,30)ZS,1O 

25 CONTINUE 
BACKSPACE 30 

3D CONTINUE 
BACKSPACE 3C 
RET URN 
END 

112 

I'll.,,; o uc. 1 
"'11. 11002 
1011(. COO3 
WiG GJ04 
W1\J aOJj 
WlC Q~06 

W1C QJ{l7 
IHG ,ju"ii 
w:" ~~ .. g 
WiG GUO 
WlC uH1 
WiG JO 12 
WH lliJ13 
iHO ';014 

142C COJi 
W2\: (jJ.j2 
1'12y OJO,3 
W2i. OJJ4 
W2~ 0005 
ioI2il a006 
WZJ :;007 
W2 i. iJO ... e 
;j2~ J009 
'fI2(j diJ 
10120 JJil 
W2C JJ1Z 
1012(; 0013 
W2C 001 .. 
W2C JJ15 
W2Q a Ji6 
W2i. JJ17 
1oI2C J018 
1oI2( "J19 
10120 \lOZO 
1'12~ GJ2l 
10120 0022 
142(; 0023 
WZC 002 .. 
WZU J025 
IoIZ0 0026 

10130 0001 
1oI3C 4l.jQ2 
W3(j 0003 
\0130 0004 
W3C 0005 
\If 30 ilOO6 
\oI3C 0007 
W3D 00116 
\oI3t aD G ~ 
W3U llao 

. W3C JOll 
W31i 0012 
W3ii JJ13 
WlO OD14 
\1130 3015 
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