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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 assqciated 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, Rp,
the root mean square spread in the projected range, ARp, and the
root mean square spread of the distribution perpendicular to the
projected range ARl' 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 iateral 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 excitatioh 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



straggling variables for E' = 0. 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 £arget 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 campiled and executed by FUN C@MPILER, SCOPE
3.3-SCM VER324 31 07/30/75. Copies of these codes are évail-
able from the Argonne Code Center, Argonne National Laboratory,
as well as fram 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, enhancement of diffusion rates in the implanted region,
the creation and study of structural damage produced in crystal-
line or polycrystalline targets, and the simulétion 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
iﬁplantation 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 from 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.l 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, Rp,



(average projected range), the standard deviation in recoil pro-
jected ranges, AR_ the standard deviation in transverse displace-
ment of the recoils from the initial direction of motion, ARL,
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, ARp, ARL and R) are presented as
functions of two variables, the initial ion 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 enérgy 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 incidenf ion energy, and provide for redistribution
of the deposited energy by the recoiling target atoms. 1In
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 caiculate the
depth distribution of this production. 1In 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 ha§e been presented in great detail in the

literature.z’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 M, and atomic number Z2. The incident particle

2



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 1) the average distance a projectile will
have traveled aléng 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), Rp(E,E'); 3) the

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

p
tion in the transverse displacement from its initial trajectory,
AR (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 prbb—
ability of finding.the ion in the volume dxdydz centered on

(x,y,2) after its energy has been reduced to E' then approxi-

mately

2
-1/2_=3/2 (x - R) 2 2
P3 (E,E',X,Y,Z) = 2 T ) exp{— 2p - (Y + ; ) (l)
, AR _AR| 2AR AR1
p p
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 Ri(E,E') be defined by

C
2 _ 2 2 2
Rc = Rp + (ARJ_) + (ARp) ’ (2a)
and
2 _ 22 o 2 2
Rr Rp 2(ARJ_) + (ARp) . (2b)

13
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For an amorphous target, or for incidence far from low index

crystallographic axes and planes in crystalline targets, it can
3 2 2

be shown™ that R, Rp, Rc and Rr all satisfy differential equations

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

2 2
R, Rp, Rc or Rr’ then

o
g(E,E') = Z 8, (E,E') a"X(E,E')/GE" (3)
n=o
where the source function, g(E,E'), and the coefficients,
Bn(E,E') are well defined functions of the energy variables,
which are characteristic of the specific parameter represented

by X.

The coefficients Bn are given by

; T d I (4)
B, (E,E') = Nto/ o (E,T) dT -£ h(y) o(E,T) dT{

Ty
8, (E,E') = S(E) + N_/ T h(y) o(E,T) 4T , (5)
o
and
n+1l Ty n
8, (E/E") = (-1) (N/n!)f ™ h(y) o(E, AT , (6)
(o}
for n=2,3, . . . . In Egs. (4) through (6), N is the targef

atomic density, o(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, S(E) 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



= 2
Tm = 4 Ml M2 E / (Ml + MZ) ’ (7a)

and

T

1 minimum of (mm, E ~-E") . ' (7b)

The elastic energy exchange described by o(E,T) results in a
deflection of the incident ion's trajectory through a laboratory

angle 1y, where

Cos ¢ =11 - il—g—ﬂl-%} /{1 - %:1/2 (8a)

with

n o= M2/Ml . (8b)
The function h(y) depends on which of the four parameters is
to be represented by X. The functions g(E,E') and h(y) are

given in Table I.
TABLE T

Values of g(E,E') and h(y) for R, Rp, Ri and Ri.

X(E,E") g(E,E") h(p)

R(E,E") 1 1

Rp(E,E') 1 Cos ¢
Rg(E,E') 2 RP(E,E') 1

RZ(E,E") 2 R, (E,E") 1 - (3/2) siny

From the values of g(E,E') in Table I it is seen that solutions
to the equation for Rp must be obtained before the equations
for Ri and Rg can be solvgd.

The expressions above all refer to monatomic targets. The

results can be extended to polyatomic targets by summing the

15
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Bn values obtained fram Eqgs. (4) through (6) for each individual
atomic species present in the target. The resultant sum then
replaces Bn 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') = BO(E,E') X, (E,E') + 8, (E,E') d X, (E,E')/AE . (9)

This equation has the formal solution

E
X, (E,E") =£ [g(y,E')/8 (y,E")] W(y,E,E") dy ,  (10)

where

E
W(y,E,E') = eXp{-f [8,(x,E")/By (x,E")] dx} . an
Y

A second order correction to X, can be obtained by writing

X =X, + A
and substituting this expression for X into Eq. (3). This sub-
stitution results in

2 2
- BZ(E,E')d Xl(E,E')/dE = BO(E,E')Al(E,E')
+ Bl(E,E') dAl(E,E‘)/dE + terms of higher order in Xl and A1412)

Let YZ(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



+ Y . (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 Y, can be obtained from Egs. (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 Lindhard4 expression, based on a Thomas-Fermi model

of the interacting atoms. It is given by

G(E,T) = mal 2 £73/2 fL(tl/Z)/(Z T) (14)
where
g = E/EL ’ (15)
2
E; = 212, e“(M; + M,)/(Mya) (16)
and
2
t =¢ T/Im . (17)

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

2/3 z§/3)1/2 (18)

a = 0.8853 ao/(Zl

17
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where ag is the Bohr radius of the hydrogen atom (ao = 0.529 x

-8 1/2

10 cm). The function fL(t ) 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

S(E) = NC eEp (19)

S
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

. 2 ] =
S(E) = WN(Z + 7,) £y {ul/2 [30u + 53u +221l
3(1 + u)

+ (10u + 1) Atan(ul/z)} , (20)

-15

where A = 0.60961 x 10 ev cm2/atom. The E dependence is

given by u where

u= B (21)
Z MlEl
with E, = 99.20 kev. The function fB(u) is given by
fo(u) = [1 + (422 ar? u)n/2]-l . (21)

This more complex expression for S(E) results from a modifica-

6

tion~ 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 Eg. (20) to experimental

data.

D, User's Guide

i, General

COREL calculates Rp(E,O), R(E,0), ARp(E,O) and AR; (E,0) for
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 TAPElO
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 TAPElO does not
identify the incident ion; it is assumed to be a target atom.
For compound targets, ﬁhe 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 TAPE1l0 for compound

targets must contain results for each species type as incident

19
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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 s
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 TAPEl0 can be suppressed by the user by setting the value of
NDIVE on card 4 of the input to a number greater than 1 (see
below). The instructions which cause writing on TAPEl0 are

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

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

WIND1Q (See subroutine listings in Section VI). COREL writes

an EOF on TAPElO0 after completing a given set of calculations.
WIND1Q 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 WIND1O0 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), I = 1,8)



Format (8A10)

TITLE(l) identifies the incident ion.

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

TITLE(5), through TITLE(8) identify atomic species present

in the target.

Example

0%YGEN

SIL{CONH

SILICON DIOXKIDE ${02

0-1&

Card 2

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

Format (8Al0)

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

(2CEF7.05F3.2:3F12.257¥25

Card 3

(CSE(K) ,K = 1,4), EQM

Input ALAT,Pl,Z1,(P2(J),22(J),J = 1,4),

Format (16F5.0)

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

The size of

volume of a unit cell of target material.

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.

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

Z1l 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. For targets with fewer than
four 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 C in Eq. (19) for ions incident

Se
on atoms of the K'th atomic species in the target. COREL
assumes Bragg's Rule in calculating S(E) for a compound

target. That is, S(E) is calculated from Eq. (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 Eqg. (19)

18 keV—cmz/atom. If theoreti-

gives S(E)/N in units of 10~
cal values are to be used for CSE(K) or if S(E) is to be
obtained from Eq. (20) this variable may be set to zero

or left blank.

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

directing COREL to an appropriate calculation of S(E) 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 intégration of Eq. (10)
and (11) is AE, where AE is given in keV by NMULT/NDIV
until the value of the integration variable exceeds
5*NDIVE*NMULT/NDIV, after which AE is given by
NDIVE*NMULT/NDIV. For accuracy in the integrations AE

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

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

is as a flag variable for writing on TAPE10. For NDIVE>1
writing on TAPEl0 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
max imum 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<NCOMP<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 Eqgq. (20) is
to be used to compute S(E). To use the Lindhard theoreti-
cal values fo; CSE and p, set NEXP(K) = 0. To use the
Firsov values for CSE and p, set NEXP(K) = -50. To use
Eqg. (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.



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

10
Input (SETA(J), ALP(J), EN(J),J = 1,4)

Example
Card 5
Format (12F5.0)

30

(20) for calculating S(E)

Z,a' and n to be used in Eq.

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

If 2, a' and n are not needed then

been chosen on Card 4.

they may be left blank on this card.

Note that the choice

of method for calculating S(E) may be different for each

(20)

For example, Eqg.

individual species in the target.

may be used for the first component, and Eqg.

(19) for the

The four previous cards have been examples

134, 44763.393

remaining three, with a mixed choice between experimental
and theoretical values for CSE(K).

Note that this example has been chosen for pfbténs incident on

Example

£.533.46503. 1872,

silicon dioxide.

25



for oxygen incident in SiO2 for which Z, a' and n values are
not available.

iii. Output

The output of COREL consists of information on TAPElQ0 (if
NDIVE = 1) and printed output. Two logical blocks of data are
written on TAPElO0 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. Blockl
Data Block Data Blockl

Ident. Block2

Data Block2

Figure 1. Data Block Structure Written on TAPE1l0 by COREL

The identification block contains NE,NDIV,NMULT,NCOMP,
ALAT, (P2(J),22(J) ,SETA(J) ,ALP(J) ,EN(J) ,NFORM(J) ,NEXP (J),
J = 1,4). This information is written by instruction COR138

and COR139.



P

The data block contains NE,NDIV,NMULT,NCOMP, (RP(J) ,DELTA(J),
DP(J),J = 1,NE). This data is written by instruction COR501.
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
generated. 1In its calculations, RASE4 searches TAPE1lQ0 for
range and straggling variables for the target atoms. TIf 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.

Samplé prihtéd output is shown in Section II.F. below for
the example inpu£ 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
previouély been discussed are:

4/3

ENERGY MAXIMUM = Z; * pl * 25 keV. This is the upper

limit of validity for S(E) 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 = E_ in Eq. (16).

CHARACTERISTIC LENGTH is a length defined by Lindhard4
and is presented for information only.

ATOMIC DENSITY is the target atomic density calculated
from the input.variables.

U(I) is the variable tl/2

in Egs. (14) and (17) and F(U)
is £ (/%)
SLOPE is the slope of F(U) vs LOG U.
The printed range and straggling variables are:
RP(E,EP) = Rp(E,E')
SPREAD IN RP-PARA = ARp(E,E')
R(E,EP) = R(E,E"')

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

E. Brief Programmers Guide

i. Methods of Integration

The integrations indicated in Eqgs. (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 Eqgs. (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

1/2

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

variable. For this variable the upper limit to the integration
is EPS = ¢, from Eq. (15). -A variable integration interval is
used here. The first interval has a width of 10 V9T yhere NQT

is given in instruction COR274. The next 18 integration inter-

10l-—NQT

vals have width 10779T/2; the next 18, /2; the next 18,

2-NQT

interval has width OVER which is calculated internally. These

10 /2; etc., until the upper limit is reached. The last
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 Bn are stored as

8 = ALPHA
o]

B, = BETA
82 = GAM

with suffixes on ALPHA, BETA AND GAM to distinguish between

Bn values for R, Rp, Rg and Ri. Suffix 1 refers to Rp, suffix
2-to Ri and suffix 3 to both R and Rg since the Bn values are
identical for these two parameters.

The variables EXINT(J) contain values of [W(0,E,0)] %
from Eq. (11). The suffix convention for EXINT is the same as
for the g . Note that W(y,E,0) = W(0,E,0)/W(0,y,0).

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, Rg and Rﬁ, respectively, multiplied by the correspond-
ing EXINT(J). The variables DRO, DR, DRC2 and DRR2 contain
the corresponding second order corrections to R, RP, RC2 and
RR2. Values for R,_ARp, AR,, and R are calculated in the loop
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,LdJ.
The Common Block PHIVAR contains E(J) values and

P2 (LJ) values.,

FET(Y,X)
Y = fL(tl/z) from Eq. (14).
< = 172

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

FSET contains a tabulation of fL values.
SECALC(Z1,22,Pl1,E,SE,Z,A,EN)

z1 incident ion atomic number.

72

target atom atomic number.



Pl = incident ion atomic mass in amu.
E = ion energy in kev
SE = S(E)/N from Eq. (20)

Z

Zz from Eq. (20)
A =a' from Eq. (20)
EN = n from Eq. (20)
SECALC returns a value of SE in keV-cmz/atam for an
-input of the remaining variables.

WIND1O
WIND1O0 positions output TAPE1l0 so that writing begins
after the last data block previously written on the

tape.

F. Sample Output -

The sample output on the next two payes was obtained using

as input the example cards of Section II-Dii.
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RANGE 840 STRAGGL ING NAT® FOP f-14 TONS TNATNENT ON A/ZAN STLTCON NIOXTNF ST02 TARGFET
INITIAL VERLUES

INCIDEMT INN 0-16

ATOMIC NIWMRSIR(Z4) = ’

ATOMINC MASR(Uy) = 16,07 AMU

ZNERGY MAXIMUM = £348.,97K"YV

TARGET - SILITON DIOXINE SI02

COMPONZNTS STLICON NXYGEN

ATOMIC NUMBER 16 8 9 0
ATOMIC vBSs 28,30 AMU 1A, 001 AMY 0,70 AMY t.00 amy
T=F RANIUS 1. 4375=~39 O 1. A875=09 CM Ne M T oM
EFFECTIV=:. 7 30.720 22.€27 0.c090 2.099
CHAR, ENT2GY 16,972 K7V 11.121 KFV 0.00C KFV fe.000 XEV

CHARACTIPISTIC LENGTH = *421,9€ ANGSTROMS

ATOMIC DENSITY = 6.51572E422 ATOMS/CN

THE FOLLOMING SLFDTRANTC STCOPRING £RNSS SECTINNS WERT

SILICOY - THOMAS -FEPMY ATOMTN MODEL
CSE = 1.0a373FE-"3

OXYGEM - THOMAS -FERMT ATAMTN MONFL
CRZ = 1.63703F-03

USEDN IN THE CALCULATTONS
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BB NIV FUNG

o pe b
N o

NSTD N OMP NENRMIT)
T =1 b4
b 2 1 ?

U Fa SLOPE -
©.002 «1R2 +LB781
«0NY «2N9 L7749
« 017 280 07701
« 220 « 334 «C7C69
«04) «38%2 «35239
«19C L x5! L0987
«150 2435 - 02423
«200 428 =-.{6204
.k!ll!_ «385 ~+12005
1.080 o275 -.13129
2.000 T e184  -.11109
R‘.G'.’U 0107 -.!262?1

sey  UUNITS Sexax

ENERGY - KIV
RPyRyNFLTA,DP = ANGSTROMS
EPS,DE/DR =~ OIMENSTNNLESS
DAMAGE =~ EV/ANGSTROM

ED RPIELED SPREAD TN
RP-PARA

n 48,88 9,38
0 31.51 54,05
3 133.85 71.41
8 176+ 87 RQ,28%
0 219.8% 197479
2 2h3a72 124465
] 38,11 144,99
7 353,01 159,172
8 338, 3L 17%.96
5 hhbe06H 192,47
W 490411 2°R.T7H
2 53R 48 224 FL
2 533,11 249.26
3 h2 9, A2 255455
3 677,04 27C.5%

F(U) TS UNTVERSAL THOMAS-FFRMT FUNCTION - FOM LSS

R{FL,ED)

56448
118,99
179.17
238,75
208,22
3577k
417434
477,73
536,79
5OR.HY
b6 6he 43
716427
TTELL7
A3R, 84
BAG, 48

SPREAN IN
RP-DFRP

14,85
52454
79.18
103.99
127.83
151.29
174,36
IQ"."’T
219,48
241 .56
26368
285.2h
ICARLRA
227.87
ILRR?

NEXP (1)

EP

3 AIIMDODDIOD DN DIOD

NNIV  NNDTIVE

RPIELEP)

27.686
784390
112,65
156,1%
198,14
241,71
285,85
336457
375.62
421,15
LAET T L
F13.2€
5FEQ, 78
63be %2
653,49

HMULT  NDSKP

SPREAD IN
RP-PARA

. 80
46404
62.65
20.32
98.21
115,97
133,34
1T0.%8
1€7.59
1%4.26
200.61
216477
232.%1
2647.94
263,08

NRPT

R{THEP)

22.80

88.26
149,21
2178.99
2684 48
327.97
387453
LL7.17
506421
ShB. 69
626451
ER6. 35
746018
875.95
BR5, 66

SPREAD IN
RP=PERP

1.00
37.15
66420
91.68

115.94
139,61
162.87
185.76
208,31
230.60
252.67
274447
296,010
317.31
338,37
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IITI. RASE4

A. General Equations

The equations governing the range and straggling parameters
are solved by RASE4.for several values of E', the instanﬁaneous
ion energy. The solutions to these equations have already been
outlined in the discussion under COREL in Section IIA. 1In
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 fof 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 I(E) where

T .
2(E) = N f"q(T) o(E,T) AT . (23)
o
In Eq. (23) g(T) is that portion of the energy, T, of the
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 gq(T) is given by Lindhard4 as

q(T) = T/(L + k g (T/E)) (24)
where
k = 0.1334 23/3/Aé/2 i (25)

A2 is the target atomic mass number. Robinson7 gives gL(x) as
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3/4 4 3.4008 x , (26)

gL(x) =X + 0.40244 x

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

For campound targets, a simple expression for q(T) 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 ZI(E) given by
Im
ZI(E) = N/ q'(T) o(E,T) 4T , (27)
A

where q'(T) = T - q(T). Note that g!(T) is that portion of the
recoil energy, T, which will ultimately be deposited into elec-
tronic processes.

Let Rp(T,O), ARp(T,O) and ARL(T,O) be the range and strag-
gling parameters for a recoiling target atam of energy T. Let
n be the cosine of the recoil angle in laboratory coordinates,
relative to. the direction of motion of the ion before the

collision which created the recoil atom. Define
r (T) = R (T,0 28
p( ) n p( ,0) (28)
and

L 2 2

+ (1 -n? ari(r,0/2 . (29)
Then,
Tm Tm
Gl(E) E/ rp(T) g(T) o(E,T) dT/f q(T) o(E,T) 4T (30)
o o
and
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T T
m m
G, (E) Ef rpz(T) g(T) o(E,T) dT/f qg(T) o(E,T) 4T (31)
o}

(e}
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 AD its standard deviation,

then to a very good approximation,

D = 0.8 G (32)
and
2 = 0.64(c, - G3) = 0.64 AG° (33)
Equations similar to Eg. (30) - (33) can also be written for

energy deposited into ionization. For that éase g(T) in Eq. (30)
and (31) would be replaced by g'(T). In order to distinguish
between the redistribution parameters D and AD for energy deposi-
tion into both atomic processes and ionization, the symbols I

and AT will be used to represent the left hand sides of Eq. (32)
and (33) when g'(T) is used in the evaluation of G,y and G, |
(ionization) while D and AD will continue to represent the para-
meters when g(T) is used in the evaluation (atomic processes).

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



B. Compound Targets

For elemental targets Eq. (24) 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 DAMGZ2 can be carried out to obtain this information.
As an example of the iterative procedure, consider a tar-
get of silicon dioxide, Si02. Each of the atoms Si and 0 is
considered, in turn, as an ion incident on Si02, and to begin
with g(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 exqitation 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 g(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 qi(T) are determined over the

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 atam 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 determined.

C. User's Guide

i. General

The range and straggling parameters R(E,E'), Rp(E,E')
ARp(E,E') and A3L(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 inpu£ 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
Z(E), ZI(E), D(E), AD(E), I(E) and AI(E) as described in
Section IIIA. The user may choose to have only I, D, and AD
evaluated; only XI, I and AI 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



of calculations. The subroutine WIND20 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 fi&e or more data cards. For elémental targets only five
cards are required. For campound targets at least three

additional input cards are required.

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

‘Card 2 This card has the same form and function as for
COREL. |

Card 3 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 keVv) for dis-
placement of ataoms 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-ED, 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 RASEA4,

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

Card 5

Card 6

Section IIIA will be calculated. For NDSKP 1,

all six averages are calculated. For NDSKP 2,

1 I and AT are calculated using q'(T) in Egs. (30)

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

z

D and AD are calculated using g(T) in Egns. (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 pld 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 (F6.1,I4)

DE is the energy spacing at which equally spaced

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

cards. DE is in keV. For accuracy DE should be
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less than EL/4 where E; is calculated from Eq. (16)
for the lightest target component.

NDAM is the number of equally spaced values of qi(T)/T

which are to be entered for each component atomic
specieé 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 Eq. (7a) for each of the atomic
species in the target and.using the largest of

these values for determining NDAM.

—_—
—_—8

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

card 4.

A set of these cards is required for each component

atomic species present in the target.

Input

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

Format (10F8.5)

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

atom species with T = (K-1)*DE. The code reads cards for
the J'th species through the instruction READ 1001,
(PART(J,K),K = 2, NDAM + 1l). This instruction is con-

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

routine DAMG, instructions DMG 25-DMG 28). Thus, for



v Exampieé _
. 6539 . 6385 .6162 . 5945 . 5742 . 5555 . 5382 .S5221 . 5072

6616

. 6246

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 component. 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) = 1 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 ordervestimate
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.

poo
STE868
AR

goeoo0o000000800000000000060000000008000000000000
22032252627 2925 30 31 3238 34 35 95 37 39 38 40 41 4243 44 45 46 47 49 49 50 51 52,83 54 55 58 57 50 50 80 61 626384 65 66
LR R R R R R R R R R R AR RRRERE R

.5974  .S5529 .5135 . 4797 - 4507 . 4253 . 4030 . 3831 . 3653
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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, P1,
71, (P2(K), 2z2(K), CSE(K), SETA(K), ALP(K), EN(K),K = 1,4).
This information is written by instructions RAS 160-RAS 162.

The damage data block contains NE + 1, NDIV, NMULT, NDSKP,
(b(J), DR(J), DRR2(J), J =1, NE). The locations D, DR and
DRR2 contain Z(E), D(E) and AD(E), respectively, from Egs. (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-
tions DRO, D, DR and DRR2 contain, respectively, S(E) in ev/i,
ZI(E) from Eqg. (27), and I(E) and AI(E) from Egs. (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'),

ARp(E,E'), R(E,E!') and ARl(E,E') from Egs. (1), (2) and the

solutions of Eq. (3). The variable E(J) = J*NSTP*NMULT/NDIV.
For K £ NSTP/NDIVE, E'(K) = (K - 1)*NDIVE*NMULT/NDIV. For
K > NSTP/NDIVE, E'(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 IIIE.

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 IIIA. The value for E' is set
by the loop variable I in the DO loop beginning at instrucﬁion
RAS 440. The averages over the cross section are carried out
at the same time the Bn are evaluated, and by the same method.
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 COPHI, FET, FSET and SECALC
as described in Section IIEiiji for COREL. In addition, the
following subroutines are used by RASE4.

DAMG(Z, T, ALF, I)

Z q(T) (See discussion in Section IITIA)

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
Common Block DFIR.

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

E = recoil atom energy in keV.

LJ = index to identify target atom species in compound
target.

CPHI = n in Eg. (28) and (29).

X = r,(E) from Eq. (28).



DELT = rpz(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 TAPE1l0. These variables are
stored in the Common Block DSEC.
WIND20
- 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 térgets. |
TEN

TEN searches TAPEl0 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

47



example cards from Section III-Cii, and the following cards for

card 1 and card 3.

OAYGEN

SILICON

-
<

0
0l

€

ILICON DIOXIDE Si02

o.

o,

€

ie.

@
o

Se6

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 Si02) to obtain the output presented on

the next several pages.
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RANGE AND STRAGGLING DATA FOR SI-28 TONS INCIGENT ON A/AN SILICON JIOXIDE SIO2 TARGET

INITIAL VALUES

INCIDENT ION SI-28

ATOMIC NUMBER(Z1) = 14
ATOMIC MASS(ML) = 28.80 AMU
ENERGY MAXTMUM = 23431.06KEV

TARGET - SILICON DIGXIDE SIO2

COMPONENTS SILICON OXYGEN

ATOMIC NUMBER 16 8 0 0
ATOMIC MASS 28.00 AMU 16.00 AMU .00 AMU 0.00 AMU
T-F RADIUS 1,375E=-09 CM 1.497E~-09 CM . CcH a. " CM
EFFECTIVE 7 33.598 30.720 0.000 0.000
CHAR. ENERGY 41.043 KEV 29.632 KEV 0.830 KEV 0.000 KEV
CHARACTERISTIC LENGTH =  239.04 ANGSTROMS

ATOHIC DENSITY = 6.,6157cE£+22 ATOMS/CC

THE FOLLOWING ELECTRONIC STOPPING CROSS SECTIONS WERE USED IN THZ CALCULATIONS

SILICON - THOMAS-FERMI ATOMIC MQDEL , LINOHARD THEOQRY
CSE = 1.23221E-03

OXY GEN - THOMAS-FERMI ATOMIC MODEL , LINODHARD THEORY
CSE = 1.81522f£-73



0§

NE NSTP NCOMP NFORM(I) NEXP (J) ) NDIV NDIVE NMULT NDSKP NRPT
I =1 2 3 4 J =1 2 3 4
30 10 2 1 2 n a b] 5 e 0 1 1 1 1 g
I un F(u) SLCPE - F(U) IS UNIVERSAL THOMAS-FERMI FUNCTION - FROM LSS
1 .002 «1€2 06781
2 o004 209 o 07749
3 «01C « 280 «07731
4 620 334 «07069
5 « 040 «382 «05239
6 .10¢ e k21 «00987
7 +150 +435 ~e 2433
8 2006 . h2nr ~e06204
9 -loUC «385 -0120‘!5
18 1.00¢C «275 -+13129
11 2.00C <184 -.11179
12 44700 «107 -e06221

sr¥8%  UNITS eesss

ENERGY -« KEV
LENGTHS - ANGSTROMS .
ENERGY DEPOSITION RATES = EV/ANGSTROM

ELECTRONIN STOPPING POWER 4 EV/ANGSTROM

E DE/ DX F DE/DX E DE/DX 2 DE/ DX 3 DE/DX € bE/ZDX E DE/DX
1.0 3.0474E+ (O 2.0 4.3097€+00 3.0 5.278%E+00 4e0 6.0349E+07 5.0 6.8143E+(D 6.0 7T4bWH6E+DD 7.0 8.0627E+00
8.0 B8.619LE+DD 9.0 9,1423E4C0 10.C 9.636BE400 11.9 1.0107E+01 12.0 1.3557E431 13¢0 1.(988E+01 16440 1.1402E+01

150 1018035401 1640 1,2190E+ul 1740 1.2565E431 180 1.2929E+01 19.0 1.3233E+451 26.0 1.3€29E+401 21.0 1.3965£401
22.0 1.4294E+4C1 23.0 1.4015E+.:1 26,0 1.4929E¢51 25.7 1.5237E+01 26.0 1.5539E+81 27.0 1.5835£+01 28.0 1.6125E+01
29,0 1.6L11E+01 30.0 1.6691E+01 ’



s

DEPOSITEC ENERGY(EV/ANGSTROM)

3 DEP=-£

3.37%E+01
S5.0724£¢21
Le 66 3LE+ DT
4e3133E¢01
4.0151E+id

O Ve
s o & o »
owvwoo@

[\ N

AVERAGE PROJECTED RECOIL RANGE(ANGSTROMS)

E PP=-REC

1.9
840
15.9
22.19
29.0

6028322400
3449767481
5433785401
7.2189E+01
8494 T7E+01

RMS SPREAD IN

E DRP-RED

1.0
8eC
15,9
22.9
29.0

1.2398€+(1
40 39407+ (1
Be3LLOc+i1
1.1752E¢(2
1.5073E+02

W N

i
2
3

DWONOMN
e s ® v o
€I Do

3

2.0
9,¢
6.3
3.C
0.0

RP-REC

E

1] DEP‘E
DEP-E £ DEP-E 3 DEP-E
4.5763E+01 3.0 4.8603E+)1 4.0 S5.0132E+01
SeN242E£401 18.0 4.9655E401 11,7 4,.93162+01
6.61C3E+4G1 17.0 4.5561E¢)1 18.0 4.5)23E+01
4.2643E+31 2440 4.2203E+01 5.0 4.1779E+D1
3.9761E+01
RP-REC
RP=REC E RP-REC E RP-EC

1.1755€+01 3.0 1.6558E+01 4.0 2.0307E+81
37969E4)1 1UeD 4ol77uZ¢01 11.0 4.3423E+01
5.6665E401 17.0 5.9283F+11 18.0 6.13622+51
7.472F7E+401 24,0 7.7254E+#)1  25.0 7.9740E+01
9.1865E+01

URP=-REC £ DRP-REC £ IRP-RELC
2.TE679E+41 2.0 24578584401 G40 3,03772+51
S¢L786E+J1 10.C 5.963154)1 11.0 6.4333E+21
8.B368E471 17.0 3.3247e431 18.0 9.3375E+61
1.6234€+02 240 1.27136452 25.0 1.3188E+(2
1.5533E+"2

DEP-E

5.0
12.0
19.0
26.0

5.0896E+01
4eBR3ISTE+GL
LoWDLUEE®DL
4,1357E+01

E RP-REC

2.4715E+401
4.5988E+371
6.4497E+01
8.2197E+31

5.8
12.0
19.¢0
26.8

ORP-REC

Seid
1244
19.0
2€.0

344955E 441
5.89.5E+.1
1.0296E4302
1.3664E+32

E

£

BEP-E £

6.3
13,72
28 .0
27 .9

5.1153E+01
44 7763E+01
Le40BLE+DL
4.0941E+01

£ RP-REC

600
13.0
20.0
27.0

2.8305E+01
L.8709E+01
6.7101E+01
8.4635E+01

DRP-REC E

Be®
13.:
23.8
27.0

3.93128+01
7.3563E+01
1.6783E+82
1.4135€ +02

DEP~-E

7«0 5.1055E+¢01
1660 Le7198E+01
21.0 %.3584E+01
2840 %.D545E+D1

E- RP-REC

700 3.1788E+01
1.0 5.1348E+01
21.0 6.9656E+01
28.0 8.7074Ee01

DRP-REC

7ol elb984LE+D1
14,0 7.8646E+01
2840 1.4606E%02



[AS]

ELECTRONIC STOPPING FOWER

£ DE/DX

1.0 3.047uF+GC0
8.0 B.619uE+DD
Se0 141803E+01
240 1.429LE+DL
9.0 1.6411E+01

DEPOSITED ENERGY(EV/ANGSTROM)

£ DEP-E

o0 5.3499E-01
«0 5.3855E+00
«C B48092E+C0
22.0 1.0044LE+DY
29¢N 1.0513E+01

AVERAGE PROJECTED

2 RP-REC

1.0 1.0987£+01
Be® 7403077401
15.0 1.2193€+¢02
2240 1.59M5E+02
29.0 1.9420GE+02

DE/IX

442097E+00D
9.1423€+0D
1¢219GE+01
1.4615E+01
1.€691€+71

DEP-E

1.2219€+30
6.0132E+23
9.0581E+0D
1.0145€E421
1.C559E+01

RECOIL RANGECANGSTROMS)

RP-REC

2¢1217E+01
T.8506€+01
1.2755E+02
1.64G1E+I2
1.9916E+02

EV/ANGSTROM

5.27B3E+00
9.6368E+00
1.2565E¢31
1.4929E¢3 1

6.0969E+DE
1.0107z+01
1.2929E+01
1.5237£+01

6.8143E+00
1.0557E+01
1.3283E+401
1.5539E+01

y DEP-E

1.9633E+)0
606209E+00
9.3001E+3 D
1.02265+01

741391E+08
9.5193E+0C
1.0292E+01

33772E¢00
TeTH18E*DD
9.66L1E+0D
1.0358E401

m

3.0 3.0553E¢01
1C+0 3.680LE451
17.0 1.33C08E+432
24ed 1.6899E402

3.8085E+01
9.5172E+01
1.3842E+02
1.74+10E+(2

4eBluTESDL
1.7281E+C2
1.4368E¢32
1.7917g+02

DEZDX

7. LBLEE+DD
1.0388E+01
1,3629E+01
1.5835e+01

DEP-E £

4.0619E+00
8.1619€+00
9.7933E+80
1.0421E401

RP-REC

5¢2952E+01
1.0948E+02
1.,4833E+02
1.8415E+¢02

E DE/DX

7.0 8.0627E¢08
140 1.1402E+01
21.0 1.3965E+01
28.0 1.6125E+401

DEP-E

Teld 4eT393E+00
14.0 B8.5037E+00
21.0 3.9206€+400
2Be8 1e0466E+DL

E RP-REC

Tel 5e228Q0E+0L
1ke0 1.1595E402

21.8 1.5403E+02

28.0 1.8919E+02



€S

RMS SPREAD IN RP-REC

E

1.0

8.0

15.°

22.9

29.0

26
3)

20
20

2%
30

29
36

1.7187E+01
542454E¢01
1.08837E+82
1.5058E4(C2
1.9358€¢02

DRP-REC E

QW ON
e s v s o

[ZR 0 R

P RP(EHEP)

-

W W

238.78
363,32

234.04
359.06

227431
353.04

219.67
3ube.24

211.31
338.84

202437
330.98

OO oc @

ODRP-REC

20 6423E+31
6.9.56E+.1
1.1485E¢02
1.5662E402
1.9976E+02

SPREAD IN
RP-PARA

182.27
148.30

131,74
147.56

10C oiel
146.46

98.58
144 .36

96.36
143.20

93.76
141.19

E 0PP-REC

E JRP=-REC

360 34199GE+3 1 4ol 3.5596E+01
16,0 7.6356E+31 11.0 8.3753c+¢01
17.0 1.2079€+32 18.0 1.2657E+02
2440 1.626%E432 25.0 1.5883E+02

R(E, EP) SPREAD IN
RP=-PERP

273.37 99.36
422 .32 153.42
267.81 395.89
416.80 149.86
257.52 c0.37
416.56 144,53
2L8.06 BL,.23
395,21 138.61
23L .07 77.79
382.%6 132.36
221.78 71.23
371.30 125.9%2

E

ORP-REC

Sel 4e237BE+(1
12.0 9.5132E+C1
19.0 1.3263E#02
26.0 1.7503€E¢02

E

LRP=-REC E

Oel 4e6801F+01
13.3 9.6627E+01
20.0 1.3871€+02
27.0 1.8112€+02

3 EP RP(E,EP) SPREAD IN
RP-PARA

10 1 114445 53.38
2t 1 238.78 102.27
16 2 108.64 ' 52.8C
20 2 234.04 101.74
ic 3 100.18 58.63
2% 3 227.31 100.41
id L 90.32 47.5¢C
2{ 4 219.67 38.58
i 5 79.18 43.5C
24 5 211.31 96.36
1< <) 66472 38.59
2¢ 6 252,37 33.76

DRP-REC

7.0 5.5666E+01
14.3 1.0300E¢02

R(EyEP) . SPRE

RP-

124.66
273.37

118.84
267.81

108.13
257.52

95.97
266.06

82.85
234.07

68.79
221.78

AD IN
PERP

41.67
99.36

38.75
95,89

33.17
90.37

26499

8“.23

20.68
77.79

14,48
71.23
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240
30

29
30

390

20

® &

19

20

[N =)

192.87
322.68

182.84
313.97

172.28
3C4.9C

295.46

179.81

243.52
367.583

90 .77
138.94

87.40
136.47

83.54
133.76

130.R1

86.54

102.48
148,35

209.24
359.07

136.68
346.71

183.48
334.24

321.64

135.27

278,93
427.85

64 .63
119.39

58.07
112.79

51.57
106.18

99.57

37 .40

102.83
156 .99

130
20

1¢
20

10

2C

20

12
20

7 52457
7 192.87
8 35.96
8 182.84
9 16.57
9 172.28
10 161.18
26 8.00
3} 120.26
c 263452

32 .75
90.77

26.15
87.40

20.01
83.64

79.45

g.00

53.9%
102.80

53 .47
209.2%4

35.09
196.48

14.35
183.48

179.20

.00

133.49
278.93

B.46
64463

2.19
58.07

1.00
51.57

45.18

44 .59
102.83



IV. DAMG2

A. General equations

The code DAMG2 calculates the distribution in depth of the
energy deposited into atomic processes, QD(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

E
Qp (E,x) =fSD(E'E"X) Z(E') (dR/4E') dE' (34)
o

and

E
QI(EIX) =f[P(EIE'IX) S(E)
[e]

+ SI(E,E'X) ZI(E')] (dR/AE') AE' . (35)

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

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

-1/2

wix) = (2ms?) expl~ (x - r)2/2s%] . (36)

The values of 82 and r for each of the functions SD, SI and P
are listed in Table II. The quantities D, AD, I and AI are as

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

vValues of r and 32 for the functions SD, SI and P,

Function Y 52
SD(E,E',x) R;p(E,E') + D(E') ARIZ)(E,E') + AD2(E')
S (E,E',x) Rp(E,E') + I(E') ARé(E,E') + AT2(E")
2
P(E,E',x R_(E,E" ARS (E,E"
( ) p( E') p( )

The quantity (dR/dAE') appearing in both Eqgs. (34) and (35)
is simply dAR(E,E')/dE', and I(E') and 2I(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 parametérs r and s which appear in Table II. For

no recoil redistribution the parameters D, AD, I, and AI 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/4AE', S

S P are determined, along with the

D’ I’
values of I and ZI’ 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 rangé 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 linéar interpolation described above. The user can correct
the output at the lowest energies by hoting that the fraction

of energy which goes into atomic processes is a decreasing

function of energy with
q (E)/E = 1 - B EV/® | (37)

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

co

d, (E) =/QD(E,x) dx . (38)

o
The correction in the low energy QD distributions consists of
calculating the value of B in Eq. (37) using a medium energy
value of qo/E' The low energy qo/E values are then calculated
using the above formula, Eq. (37). Finally, the low energy -
QD(E,x) are multiplied by the ratio of the new qO/E values to
the old qo/E values output by DAMG2. Overall accuracies of
better than 5% should be obtained for the function QD when the

low energy distributions are corrected in this manner.
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Input

ii.

The input to DAMG2 consists of data on TAPE20 and four

data cards.

Card 1

This is a header card and can contain any titular

Input

This information will

material the user desires.

appear as the first line of output for each category

of printed output.

———-)

(80H

Format

Example

30 KEW

IMCIDENT ON 3102

1

Card 2

z2(J), J = 1,4)

(P2(J),

z1,

ALAT,

Input

(11F5.0)

Format

Z22(J), J = 1,4) all have the

P1, Z1, (pP2(J),

ALAT,

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

a.

0.

o.

Card 3_

NXTND, KE

JSTP,

NMULT, NTYPE,

NDIVE,

NE, NSTP, NDIV,

Input
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Format

(9I5)

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 kASE4 calculation. These variables aie 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 TAPEZ20,

NTYPE identifies the type of energy deposition distribu-

tion desired. For NTYPE = 2 the depth distribu-
tion of energy into electronic processes is
calcuiated. For all other values of NTYPE the
depfh distribution of energy into atomic pro-

cesses 1is 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/10,
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 evV/Angstrom.

NXTND is a variable which may be used to decrease the size
of the integration interval for Egs. (34), (35)
and (37). The integration interval size is reduced
by a factor of 1/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 Egs. (34) and
(35) when E' drops below é preset value, The
preset value in keV is KE. For KE # 0 DAMG2 will
select from TAPEZ20 two sets of values for the
averages. The main set will correspond to the
incideﬁt 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 da£a 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

50

i0

30

Por NRPT < 0, the program terminates after

NRPT

- (I5)
NRPT determines when the last set of input data has been

Card 4
Input
Format

read.

carrying out the calculations of this input data

For NRPT > 0 the program reads another set

set.

of input data after completing the calculations

for the present four cards.

Output
The output from DAMG2 consists of output on TAPE30, and

iii.

Example

Two logical blocks of output are written on

printed output.

TAPE30 for each incident ion and energy distribution type con-
The output is indicated sdhematically in Fig. 3.

sidered.
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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, Pl, 21, (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 |NDSKP| from the RASE4 calculation which provided
the specific input used in the present calculations.

The data block contains ITER, (E(I), RP(I,l), DELTA(I,1),
DP(I,1l), R(I,1), F(I), G(I), XI0OO(I), XI01l(I), XI02(I), XIO3(I),
XI20(1), XI121(1), XI.30(I), XMOM1(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 I'th output group.

RP(I,1), DELTA(I,1l), bDP(I,1l), R(I,1) = range and strag-

gling variables for incident ions with E = E(I) and
E' = 0.

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 = qO(E) from Eq. (38).

XInm(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

XImm(I) is obtained by replacing Spr Sgyr OT P in Egs.
(34) or (35) by s” r™, where s and r are defined in
Table II; for each of these functions. The variables
XInm are used to evaluate the moments of the energy
deposition distributions for comparison with other
~calculations of these quantities.

XMOM1, XMOM2 and XMOM3 are, respectively, the average
depth of the energy deposition distribution, and the
second and third central moments of the distribution.
The units are i, ﬁz, £3, respectively. These are cal-
culated using the variables XInm.

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

The printed output is easily interpreted. First, all the
input variables, along with values of NDAM andvITER 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,0,x)
from Egq. (36), but without the pre-exponential factor. The
third column contains Q(E,x) from Eq. (34) or (35). The second

column contains

fQ(E,x') ax'/q (E) ,
X
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where q5 is given by Eqg. (38). Each group of three columns is
preceded by header information which gives the incident energy,
range and straggling variables, qo(E), and the energy partition.
This last quantity is XI00/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-values 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 oﬁtput 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 Egs. (34) and (35).
Sample output, obtained from the example cards under inpqt,

is shown in Section IV-D. The sample output shown reqﬁired
60 seconds of computation time. The code DAMG2 requires
1542008 of core storage.
iv. Subroutines.
DAMG2 uses the subroutines TWENTY and WIND3O0.

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 instruction 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/AE')dE’

DMG = I(E') from Eq. (23) or (27)
XD = D(E') or I(E') from Eg. (32)
DXD = AD(E') or AI(E') from Eq. (33)

DMGl = S(E') from Eq. (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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SI INCIUFNT ON SIO2 30 KEV
AL AT Pl Z4i P2(1) z2(1) P2(2) 222)
3.566 28.0C0 14,0 3¢ 28.000 164.000 16.030 8.000
ND AM NE NSTP NDIV NDIVE NMULT NTYPE
3 30 16 1 1 1
SI INCIDENT ON SI02 30 KEV
sx3x  UNITS sewses
ENERGY « K=V
DEPTHsRANGE,DELTA RANGE - ANGSTROMS
ENERGY PARTITION,ION DISTRIBUTION, INTEGRATED ENEIGY DISTRIBUTION
ENERGY DISTRIBUTION EV/ANGSTROM
INCIDENT ENERGY Al INCIDENT ENERGY
L X 2 2
16.00-KEY soe 2C0.00-KEV
Y'Yy
FTY)
PROJ. RANGE e PROJ. RANSE
FYY
120-ANGSTROMS syn 24L-ANGSTROMS
Py
4%
DELTA RP e CELTA RP
FL ¥
SL-ANGSTROMS A g 103-ANGSTROMS
LT
e
DELTA PERPINCICULA® A DE.TA PERPINDICJLAR
%

45-ANGSTRCMS

*xn

13 3-ANGSTRIMS

P2(3)

0.000

JSTP

DIMENSIONLESS

¥
LYY
E Y'Y
Y'Yy
LX)
ey
[ X ¥
sen
Py
ex
ey
LY Y
ey
xx
PY 7Y
[TYY
*ux
PrE

7243 P2(4)
8.600 0.800
NXTND KE

1 0

INCIDENT ENERGY

30.00-KEV

PROJ. RANGE

368-ANGSTROMS

DELTA RP

149-ANGSTROMS

JELTA PERPINDICULAR

157-ANGSTROMS

22(4)
D.000

ITER



L9

X/RP

(PCT)

TOTAL ENERGY IN DISTKIBUTION

5.86-KEV

ENEPGY PARTITION

«6333

FINAL INTEGRATED ENERGY
I0N ENERGY DISTR.
DISTR. DISTR.

« G834 1.00n%¢0 16.03
« 09280 «9932 17 .07
<1313 «9486¢0 18.14
«1113 «9783 19.23
«1221 «9702 20.35
01337 ¢9616 21449
s 1460 «93525 22 .64
«1592 «94L3C 23.81
«1732 «9330 249,99
.1881 «9225 26417
«213°2 «9115 27 .35
« 2206 .903C 28 .53
«2¥81 «8881 29.7"
+25665 + 8757 30.86
¢ 2758 « 8627 32600
«296LC « 8494 33.11
« 3173 «8356 344290
«3288 «8213 35.25
. 3614 +8066 36.27
«3R4R «7915 37.25
L8R oT761 38.17
o 4335 « 7602 39.0%
L4588 LY 39.87
s LBLE 07275 43463
5108 <7107 41.33
«5373 «6936 41 .97
«5641 6762 ©2.53%
+5911 «65 87 43.02
«6132 «b459 L3 4l
«6451 «6230 43.79
«672C »6050 il , 05
+6335 .5869 Ll o2+
o 7247 5687 Yl e 35
+ 7503 «55i5 L4 .38
7754 «5322 bl 37
« 7996 « 5141 bi.21
«8230 «4 360 k4ol
84518 W78 43.73

vre
sex
L2 X2
sz
sy
[T %
L ¥
x
rex
LY %
FY Y
L Y2
“ex
»ex
[T TS
xx
[T ¥

xew

LL X3
Ld a4

TOTAL ENERGY IN DISTRIBUTION

12.44-KEY

«65395

FINAL INTEGRATED

ION ENERSY
BISTR. DISTR.
«36G05 1.0860
«0676 «9938
«0753 «9870
.0838 + 3798
.093¢ «9720
«1030 «9637
«1139 «9549
«1255 ¢ 3456
«1381 +9354
«1516 ¢9248
«166( «31 36
«1314 «3518
«1378 « 8894
«2151 «8764
«2335 «8623
«2529 «3488
«2732 «8341
«2946 «8189
«3169 «8032
«3401 «7870
« 3642 7793
«38931 « 7532
o148 «7357
elll12 «7179
4583 «b997
«4959 «b5812
+5239 H6206
e5523 +b435
«5839 oH2 Lk
«6696 «6051
«.6383 «5858
+6563 « 5664
«6351 1% 41!
«723§ «5276
«I5(3 «50 8%
7768 « B892
«8325 7(2
«8272 o451k

‘ ENERGY PARTITION

ENERGY
DISTR.

15.29
16.53
17.82
19.15
20 .52
21 .94
23.38
24 .85
26,35
27485
29.37
3 .88
32.39
33.87
35,34
36.77
3815
33,49
45.77
41.99
43.13
44,20
4k5.18
46.07
46.86
47.56
LR.16
48465
49.03
49,31
49,47
49454
49,49
49,35
49.10
LB.75
LEe31
L7.79

[—_—
PYYY
FYe Y
*xx
sux
yxy
LYY
Y Y
wan

. WeR

LR X
L2 1
L 2
rey
Ll 2
ey
e

*¥x
Sy

TOTAL ENERGY IN DISTRIBUTION

ENERGY PARTITION

FINAL INTEGRATED ENERGY
ION ENERGY DISTR.
try OISTR. OISTR.
o476 1.0000 14,87
0537 9941 15.25
«0604 3877 16447
0678 « 3808 12,76
«0760 9734 19.06
+0849 « 9654 20 o 42
«0946 «9569 21.81
«1052 « 9478 23.23
«1167 « 9382 24467
«1291 « 9279 26413
l424 «9171 27 .61
«1568 «S656 29.08
1723 «8936 30.56
«1887 « 881C 32.02
<2363 . 8678 33.46
<2249 « 8540 34.88
2446 « 8397 36.26
+2654 . 8248 37.64
«2873 « 8093 38,90
«3182 « 7934 40.14
«3341 <7770 41.31
«3590 <7661 42.41
« 3848 « 7428 43e40e
<4115 7251 4438
<4390 7070 45,24
<4671 6886 46401
«4958 . 6699 46.68
#5250 «6510 47.25
«5546 «6318 47.73
«5844 «6125 48.10
«5143 +5930 48.37
«B4l2 5735 48453
6739 «5539 48.59
27033 «5343 48.55
7321 «5148 48441
<7633 « 4353 48.16
o 7876 e 4759 47.82
«8140 4567 47.39

18.23-KEV

«blel11



89

76
78
82
82
8L
86
a8
90
92

96

98
100
102
104
106
108
110
112
114
11%
118
1290
122
124
126
128
130
132
136
136
138
140
162
144

146

is50
152
154
156
158
160
162
164
166
168
1798
172
174
176
178
180
182
184
186

.« 8667
93867
« 9354
«9227
«938L
+»252F
+9755
« 9842
«9911
« 9960
« 9990
1.600¢C
«999C
« 99610
«9911
9842
+9755
« 9649
+952%
« 9384
«9227
<9054
. 8867
+ 8667
e 8L54
+«823C
« 7996
« 7754
«7503
o T247
.6985
«672¢
«6182
«5911
«5661
«5373
.510¢8
+LBLE
«4588
« 4235
+4088
« 3848
«3614
+3388
« 3170
«29670
«2758
«2565
«?381
«2206
+ 2039
.1381
«1732
«1592

b0
ol 24
8248
4075
<3904
«3736
«3571
«3409
«3250
«3095
« 2944
«2796
2652
«2513
«2378
2247
02120
+1998
«1880
«1767
«1658
1554
«1L54
«1359
«+12E8
1182
»1099
«1021
<0947
<0877
0810
0748
0689
«0633
« 0581
+0532
+0487
TN
«040L
«0367
«0333
«0301
«0271
o244
«0218
+0195
«0173
00153
+013%
«0119
+0103
«0089
o G077
«0065
«0055
+004L5

43.38
©2.95
L2 .ub
41491
L1.28
45 .63
39'87
39,03
38.24
37.36
36 o4k
35.48
3l 49
33 .“7
32.4%
31.37
3030
29.21
28 .12
27.02
25.93
24 .84
23.76
22.€8
21 .€3
20458
19.%6
18,56
17.58
16.62
15.73
14,80
13.93
13.08
12.28
11.5¢
10.75
10,04
9.356
8.707
8.390
7.5¢C
66949
6e425
Se k66
5.029
be619
44230
3.87%
34545
3.235
2947
2.680
2e433
24206

«8508
« 8730
«8938
«9131
.9307
«9465
«960¢&
29723
.9822
«9899
#9855
99389
1.0804
.9389
«9355
9899
«9822
.9723
«9604
<9465
<9307
<9131
.8938
8736
.8508
«8272
8325
+7768
<7503
72380
.6351
«6369
.6382
.6096
+5809
.5523
5239
<4959
«4683
412
ol s 8
3891
«3642
« 3401
3169
«2946
2732
«2529
«2335
«2151
.1978
<1660
«1516
«1381
+126535

o328
o145
«3964
<3787
«3613
o34k3
«327b
«3114
«2956
«2AC2
«2653
«25€9
+2369
«2234
«21103
«1978
01857
Wd742
«1631
«1525
olb26
«1327
«1236
11 4B
«1066
o087
.0913
«0843
<8777
00715
«3657
0602
+0551
<0503
o 0459
0417
0373
<0363
«0310
0280
0251
«0225
0202
.0180
+0160
<0161
«0125
08169
«00 96
+0083
<8072
«0062
0052
«3 0 b
0037
«0030

47 .17
L6448
45471
4L .87
43.97
43,460
41.99
40493
39.83
38.69
37.52
36432
35.11
33.88
32 .64
31.40
3015
28,91
27.67
26445
25423
24.64
22 .86
21.70
20.57
19447

18.39

17.35
16.33
15,35
14,01
13.49
12.62
11.78
1c.97
10.20
9.473
8.778
84119
7.435
6.907
6.353
5.832
5.343
4.886
4,460
4.063
3.634
3.352
3.035
2.743
2,474
2.227
2.001
1.79%
1.605

«8391
«8630
8853
«9061
«9250
9421
«9571
+9700
9807
<9891
+3951
«9988
1.0008
«99838
«9951
9891
3807
<9700
#9571
+ 9421
#9250
9061
«8853
+8630
«8391
«8140
7876
«7603
7321
07333
6739
« 6442
6143
«5844
5546
«5250
«4958
4671
« %2390
«4115
«3848
«3590
¢3341
«3102
.2873
«2654

o2kt

02249
<2063
«1887
«1723
21568
1424
«1291
«1167
«1052

4377
<4189
004
3822
e 3643
« 3467
« 3296
«3128
«2965
«2806
«2651
02502
«2357
2217
«2082

-«1953

.1828
«1709
«1595
01486
01383
«1284
«1190
«1102
+«1818
«0939
« 0864
« 0794
« 0728
« 0666
« 0609
« 0555
« 0505
e 0459
« G416
«0376
«0339
+0305
00274
« 0245
<8219
<0195
20173
«3153
« 0135
«0119
<0104
« 0091
+0879
«0068
« 0658
» GG5C
s 0642
+ G35
«0029
« 0624

46.87
46426
45457
84,80
43.96
£3.05
42.08
41,06
39.98
38.86
37.70
36450
35.28
34.03
32.76
31449
30.20
28491
27.63
2635
25409
23.84
22.68
21.39
20.21
19.06

" 17.93

16.84
15.79
14477
13.79
12.85
11,94
11,089
10.27
9.489
8.752
8.056
T.L81
BT84
6.206
5.665.
5.161
4.692
4,256
3.852
3.480
3.137
2.821
24532
2267
2.026
1.887
1.607
1.427
1,264
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188 -

199
192
194
196
198
2C0

SI INCIDENT ON STO2

o140
«1337
«1221
<1113
«1013
1928
+0834

« 0037 1,99
-« 029 1.803
2022 1.626
«001°5 1.466
«001¢C 1.3156
«00L5 1.181
0.0000 1.058
36 KEV

VALUES FOR CONTOQUR PLOT

ENERGY

(KEV)

23.0
25.0
20.0
35406
430
40.0
35.0
2.1
25"
20.90
15.0
13.C

Se "

Un0

f.0

G0

10

2G.0
25.0
20.0
3548
40,
“5-0
45.0
40e &
35.':
30.0
?5.72
23.8
1544
10.8
5.C

g.C

v11 39
<1137
«093¢C
<0538
«0753
«0676
.0685

o020
0719
+0014
+0010
«0006
«6003
J.0800

ENERGY DISTRIBUTION(EV/ANGSTROM)

20

18
35
51
67
85
106
199
223
244
2E4
283
304
323
357
393

J

15.C
20.0
25.8
30.0
35.0
40458
45.0
45680
LY ]
35.0
30.0
2547
20 o0
15.9
i1C,0

5.0

30

60

111

1,433
1.277
1.136
1.008
«8929
«7892
<6961

DEPTH(ANGSTROMS)

«0945
-0849
«07610
-0678
eB604
0537
«0476

«8019
<0015
«0G11
- 0008
« 0005
.0802
8.0000

1.117
+9853
«867%
<7613
+ 6669
«5830
«50 84



0L

SI INCIDENT ON SIOZ 30 KEV
ENEPRGY X-AVERAGE DELTA X-SQ ENERGY TOTAL ENERGY
AVERAGE PARTITION IN DISTRIBUTION
1C 824076 321849 «63326 6.3326
ENERGY DEPOSITED IN TARGET = 5.8589
20, 16414 11298 «65959 13,192
' ENERGY DEPOSITED IN TARGET = 12.439
30 249 .45 24495 3158 19.234
ENERGY DEPOSITED IN TARGET = © 18,227
SI INCIDENY ON SIO2 20 KEV
I oPCT XMCM3(T) DXMOM3 (1)
i «633264 1.6C23E+434 6.0347E+"4
2 «659591 1.9583E¢+05 4.0147E+D5
2

«641137 4.6916E+35 1.2600E+0¢6



V.

LISTINGS OF MAIN PROGRAMS

A.

COREL
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PROGRAM COREL (INPUT, OUTPUT,TAPZ10) COR 0001

c LR A R B I R I T I I Y A A T T AR R R Y R A A AR Y
G . ISSUED B8Y SANDIA LABORATORIES. *
c . A PRIME CONTRACTOR TO THE UNITED STATES .
C . ENERGY RESEARCH AND DEVELOPEMENT ADMINISTRATION, *
I LR R R A R N R O A A NOTICE ¥ ¥ % % ¥ ¥ ¥ B X ¥ ¥ X NN

C * THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE *

N ¥ UNITED STATES GOVERNMENT. NEITHER THE UNITED STATEZS NOR THE ¥
c * UNITED STATZS ENERGY RESEARCH AND DEVZLOPEMENT ADMINISTRATION, *
c * NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, .
G * SUBCONTRACTORS, OR THEIR ZMPLOYEES, MAKZS ANY WARRANTY, EXPRESS *
c ¥ OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR *
c ¥ THE ACCURACY, CQMPLETENESS OR USEFULNESS OF ANY INFORMATION, *
c * APPARATUS, PRODUCT OR PKOCESS OISCLOSEDy OR REPRESENTS THAT 1ITS ~+
C * USEZ WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS., *
c LR A R A A I I AR AR B IR A A AR A A A A N A A A R Y
C ¥ THE BASIC REFERENCE ODOCUMENTS FOR THIS CODE ARE SLA-73-40416, *
c ¥ APRIL,1973y AND SAND-75-i622, DECEMBERy 1975, *
c T
c * THIS CODE HAS BEEN RELEASED FOR UNLIMITED DISTRIBUTION, *
¢ IR AR IR N A R N SN N R A SR I R A A N R I N I AR TR N N Y Y

1 FORMAT(16F5.Q) ; COR

2 FORMAT(1615) COR

3 FORMAT(2/) COR

o FORMAT(BALD) ' COR

5 FORMAT(1H1,* RANGE AND STRAGGLING DATA FOR *,A10,* IONS INCIDENT OCOR

IN A/AN *,2AL1L,* TARGET *,4/) COR

6 FORMAT(* INITIAL VALUES*3/) COR

7 FORMAT(* INCIDENT ION *,A10,/7* ATOMIC NUM3ER(Z1) = %,FL.0,/7* ATCOR

10MIC MASS(ML) = ¥,F7.,2,% AMU¥/* ENERGY MAXIMUM = ¥,F13.2,*KEV*2/)COR

8 FORMAT(* TARGEY = *,2A1y, /) COR

9 FORMAT(* COMPONENTS ¥,4L(5X,A1095X)y /% ATOMIC NUMBER *,4(FL1{.{COR

1510X) 4% ATOMIC MASS ¥, W(FB8.2,* AMU *,7X)/* T-F RADIUS *,4C0R

2(EL106.39*% CM *,6X)y/* EFFECTIVE Z *94(F106,3,51CX)) COR

1CGC FORMAT(+ I ulI £ SLOPE - F(U) IS UNIVERSACOR

1L THOMAS-FERMI FUNCTION - FROM LSS*2/) ) . GOR

1601 FORMAT(IS,2F1Le34F1d.5) COR

1002 FORMAT(4/* THE FOLLOWING ELECTRONIC STOPPING CROSS SECTIONS WERE COR

1USED IN THE CALCULATIONS*2/) . COR

1GG3 FORMAT(3X,A10,3Xy*~ THOMAS-FERMI ATOMIC MODEL*™) COR

1404 FORMAT(S/19H**®%x UNITS »**%3% ,/% ENERGY = KEV¥s* RP,R,DELTACOR

72

Jl4&3
g0LL
3945
TR )
8047 -
G048
0049
04549
8051
ggs52
6053
0054
gas5s5
8056
o057
0058
3059
0060
0061
8062



1,0P = ANGSTROMS*/* EPS,DE/OR = DIMENSIONLESS*/ COR

2* DAMAGE = EVZ/ANGSTROM*2/) COR
1655 FORMAT(3XyA1043X,*= FIRSOV THEORY*) COoR
1006 FORMAT(3XA1093X,y21H= K*E¥*P 4, WITH K= yE1l.ay* AND P * FLCOR
16292/ COR
1007 FORMAT(TX,%¥CSE = *,£12.5,2/) COR
1038 FORMAT(3XsA10,3Xy%- BRICE FORMULA*) COR
1509 FORMAT(7X9%Z = ¥ 4FBe3945Xy* A = *43F744yEXy* N = *,F6.:3,2/) COR
1631 FORMAT(A1(,* INCIDENT ON A/AN *,2A1(,* TARGET *) COR
1032 FORMAT(I44312,/5(BELG.4)) COR
1033 FORMAT(3/,* NE NSTP NCOMP MFORM(I) COR
1 NEXP (J) NDIV NDIVE NMULT NOSKP NRPT*/21Xy* COR

21 = 1 2 3 4 J =1 2 3 L*2/) COR
1034 FORMAT(161I7,2/) COR
1040 FORMAT(3/% £ EP RP(ELEP) SPREAD IN R(ELEP) SPREADCOR
1 IN E EP RP(E,zP) SPREAD IN R(E,ZP) SPRIADCOR

2 IN%/ . RP-PARA RP-PECOR

3RP RP=-PARA RP-PEGOR
LRP®*2/) COR
1041 FORMAT(* CHAR. ENERGY *,4(F8.3y% KEV *47X),y2/) COR
1042 FORMAT(2/,*% CHARACTERISTIC LENGTH = *,F7.2+* ANGSTROMS*,2/) COR
1043 FORMAT(2/% ATOMIC DENSITY = *,E12.5.% ATOMS/CC*2/) COR
DIMENSION SETA (i) ALP(4) yEN(W) cor
DIMENSION A(4) COR
DIMENSION ALPHACL6L0) 9ALPHAL(L1605) yALPHAZ(163C) 9 ALPHAS(LBLL) COR
DIMENSION BETAL1(1600),BETA2(1600) 9BETA3(16400) COR
DIMENSION CSE(4) yCEPS{4) yCTM(4), CALPHIA) COR
DIMENSION DELTAC16G0) yDP(L1EJIST) DR{1634) COR
DIMENSION DRO{16C7),DRR2(L6(0) yDRC2(16LU) 9DENS (4) COR
DIMENSION EXINTL1(1600) yEXINT2(1605) , EXINT3(16L4) COR
DIMENSION E(1638) ,EF(5]) COR
DIMENSION F(50) COR
DIMENSION GAML(1600),6AM2(160C)»GAM3I(16060) COR
DIMENSION IVAR(8) 4NEXP(4) yNFORM(4) COR
DIMENSION P2(4) ' COR
DIMENSION RP(1600), RP2(1644G) yRR2(1590) COR
DIMENSION RC2(1600),R(1683) COR
DIMENSION SE(164L)ySLF(53) COR
DIMENSION TITLE(S) COR
DIMENSION Z2(u),2(4) COR
COMMON/PHIVAR/E,P1,P2 COR
COMMON/ FVAR/F ySLFEF g NFy MM COR

NRPT = 0 COR
CALL WIND13S COR

350 CONTINUE COR
IF(NRPT) 255,355,255 COR

355 CONTINUE COR
PI = 3,141592¢54 COR
HBAR = (6,6254E=27)/(2.,*P1) COR

Q = 44B0294E-1( COR

A0 = 0.5294LBLE-8 COR
ERGEV = 1.63253E-12 COR

AMU = 1.68035E-24 COR

DO 115 J = 144 COR
P2(J) = 8. COR

Z¢d) = G COR

ACJY = 0. COR
NEXP(J) = C COR
NFORM(J) = O COR

115 CONTINUE COR
READ &y (TITLE(I},I = 1,8) COR

READ & ,(IVAR(JY 4y J = 1,8) COR

éd63

30€s
3365
yser

$3¢e8

3069
0373
0371
0972
8073
3374
ac7s
0076
377
3378
3379

638
3381
482
Jges3
3084
3085
3085
2187
3083
0089
393
5391
6092
4c93

4694 -

5595
3096
4697
G093
vd 99
3144
G101
g102
21G3
3104
0135
30106
§1c7
3128
g109
g11<
6111
6112
6113
PSR
0115
t11e
0117
g118
3119
g129
g121
0122
123
0124

73



118
121
122

123

1252

12013

1253

1201
1250

1255

74

READ 1,ALAT PL19Z1,(P2(J) 422(J) yd = 144) 9 (CSE(K) yK = 1,4) ,=QM
EX = ((Q¥*2/HBAR) *¥2)* AMU/ (2000, *ERGEV)

X = 40/30

X = Zi%*+*X

EX = EX*P1*X

PRINT S, (TITLE(J) yJ=143)

PRINT &

PRINT 7,TITLE(1) yZ1,PL,EX '
PRINT 8, TITLE(2) ,TITLE(3)

REZAD 2,NEJNSTP,NCOMPy (NFORM(J) yJ=1,04)y (NEXP(K),K=194) yNDIVyNDIVE

19 NMUL Ty NDSKPyNRPT
READ 143 (SETAUU) JALP LYY JEN(J) yJU=1,44)
IF(NDIVELGT.1) GO TO 118

COR
COR
COR
COR
Gor
COR
COR
COR
COR
COR
CoORr
CoR
COR

WRITE TAPEL10 9NZ oNDIV 4gNMULTyNCOMP JALAT,(P2(J) 922(J) 3CSE(J)H4SETA(J),COR

1ALP(J) yENLJ) oy NFORM(JI 4y NEXP(J) 9 =1, 1)
CONTINUE
IF(NDIV)121,121,122
CONTINUE
NDIV = 1
CONTINUE
IF(NDIVE) 12351234124
CONTINUE
NOIVE = 1§

CONTINUE

ALAT ALAT*1,.E-8
ALAT 1.7 (ALAT**3)
X = 2.73.

00 1250 J=1,NCOMP
DENS(J) = NFORM(J)*ALAT
CSE(J) = CSE(J)*1.E-26*DENS(S)

Z(J) = Z1%%X + Z2(J)**X
Z(J) = SART(Z ()

ACJ) = ,8853*%A0/72(M)
Z20J) = 2(J)**3

CEPS(J) = ((A(IV*¥P2(J))/(Z1%Z22(J)*(PL+PZ(I))*Q**2))*ERGEV*1(0d,
CTM(J) = (L.*P1*P2(J)I/7((PL+P2(J) ) **2)
CRHO = CRHO + PI*A(JI**¥2*DENS{N*CTM(N)
IF(NEXP(J)) 12(29120041201

CONTINUE

CSE(J) = 2.34E=34%(Z1+Z2(J))*DENS(J)

GO TO 1243

CONTINUE

CSE(Y) = DENS(J)*3,*PI*A0*HBAR*Z2(J)/72(N)
Y = 7.,/6.

Y = Z1%*Y .

CSE(J) = CSZUJ)*Y/ (ERGEV*1,.,E+11)

CONTINUE

Y = 2.,7(P1¥*AMU)

Y = Y*ERGEV*1(0uG.

Y = SQRT(Y)

CSE(J) = Y*CSe(J)

CONTINUE

CALPH(J) = PI*DENS(JI*1.E-B¥(A(J)**2)
CONTINUE

COR
COR
COR
COR
COR
COR
COR
COR
COR
CoR
COR
COR
COR
CoR
GOR
COR
COR
COR
COR
CoRr
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR

PRINT 9,(TITLE(I)’I=5’6)’(ZZ(J),J=1,“’,(PZ(K)’K=l,“”(A‘L,'L=1'“)’COR

1(Z (M) 4M=1,4)

EPS = 1,

DO 1255 J = 1,NCOMP ,
Z{J4) = L/CEPS(D)

EPS = EPS ¢ DeNS(J)

CONTINUE

COR

‘COR

COR
COR
COR
COR

0125
0125
0127
G128
8129
0133
0131
6132
6133
5134
w135
0136
«127
J138
3133
0143
9143
0142
gle3
0l44
Jias
016
0147
31438
6143
015¢
di51
0152

2153 -

3154
5155
0158
G157
3153
159
0163
0161
g162
0163
0164
ti65
0166
0167
0168
0169
017¢
GL74
0172
0173
0174
0175
g176
0177
0178
0173
0180
0181
0182
g183
0184
01385
0186



12939

12991

12995

13¢0

1341

1362

12

PRINT 1441, (Z(J) 4 J=l,y4)

COR

CRHO = 1.E+8/CRHO COR

PRINT 13#42,CRHO COR

PRINT 1042,ZPS COR

PRINT 1JC2 COR

DO 1302 J = 1,NCOMP COR

IF(NEXP(J))11299,1301y13052 COR

CONTINUZ COR

IF(NEXP(J))12995,12991,12995 COR

CONTINUE COR

PRINT 1005, TITLE (J+i) COR

PRINT 1507,CSE (W) COR

NEXP(J) = 0 COR

GO TO 1362 COR

CONTINUE COR

PRINT 10C8,TITLE(J+4&) COR

PRINT 1009ySETA(J) JALP(J) HEN(D) COR

GO TO 13c2 COR

CONTINUE COR

Y = NEXP(J) COR

Y = Y/100. coer

PRINT 130&,TITLE(J#6)4CSE(I),Y COR

GO0 TO 1302 COR

CONTINUE COR

PRINT 10G3,TITLE (J+4) COR
PRINT 1GG7,CSE(J) COR

CONTINUE COR

PRINT 1033 COR

PRINT 103L,NE,NSTP,NCOMP, (NFORM(J) g J=1y4) 9 INEXP(K) yK=1454) 4NDIV,MNDICOR

1VE 4 NMULT yNDSKP4NRPT COR
CALL FSET COR

L = NF=1 COR

PRINT 1yi¢ COR

DO 12 T = 1,L COR

PRINT 10014I,EFC(I)4FCI)4SLF(I) COR
CONTINUE COR
NENT = 163 COR

PRINT 10404 COR

PRINT 104G COR
I1=1 COR

DELTA(I) = 0. COR
DP(I) = G, COR
DR(I) = Q. COR
ORO(I) = (. COR
DRR2(I) = Q. COR
DRC2CI) = . COR
Y = NDIV COR
U = Ge57Y COR
X = NMULT COR

U = U*X CoR
EXINT1(I) = O, COR
EXINT2(I) = 3. COR
EXINT3(I) = 0. COR
R(I) = G COR
RP(I) = 0. COR
RR2(I) = 7w COR
RC2(I) = C. COR
RP2(I) = L, COR
JJJ = 1 COR
NE = NE + 1 COR
00 150 J = I,NEyJJJ COR
COR

sSE(N = 3.

0187
0188
56183
193
0131
0192
a1¢3
G194
w195
$1956
w137
3193
vi1€3
G263
déél
§2232
w3
3204
w235
w2ib
02

g2038
v209
g213
Jail
;212
0213
214
J215
w218
g217
0218
J219
JZis
gz221
j222
0223
G224
3225
3226
3227
0228
1229
§c30
0z31
0232
0233
0234
0235
0236
0237
0238
2239
0243
0241
0242
0243
0244
g245
0246
0247
0248

75



1399

76

86

87

85

ALPHA(Y) = [,
E(J) = J-1

Y = NOIV

EQ) = (7Y
X = NMULT
E(I) = E(N*X
ALPHAL(J) = @,
ALPHA2(J) = C.
ALPHA3(J) = €,
BETAL(J) = T,
BETA2(J) = C.
BETA3(J) = 0.,
GAMiI(J) = §.
GAM2(J) = 0.
GAM3(J) = 3,

K = J=JJJ4
IF(J-I)150,1410,1399
CONTINUE

D0 149 LJ = 1,NCOMP
NINT = NENT

TM = CTM(LJY*EW))
EPS = GEPS(LJI*E(Y)

W = TM/EPS**2

CD = CALPH(LJ)*HW
CG = CD*w

NAT = 4

X = NQT

X = X + ALOGL0(EPS)
NT = X

NT = NT - NQT

X = 2e

Y = 1C.**NT

T = X*(EPS/Y = 1,)
NSTP = T

Y = NSTP

OVER = T=-Y

NX = X

NT = (NT#NQT) *NX
NT = 9¥NT + NSTP + 1
NX = g,*X

NQT = =NQT

Y = 10.%*NQT

X = J.5%Y

NSTP = -1

D0 93 L = 14NT

CONTINUE

T = NX

T =T/9.

T = (10.%*NQT) /7

Y =T

X = (1‘).“NQT)‘°OS'Y
CONTINUE

X = X+Y

CONTINUE

T = W®(X**2)

CALL FETU(FTsX)

CALL COPHI(CPHIZTyJylLS)

SPHI = 1,5%CPHI**2-,5

TX = FT*Y/X*%¥2

ALPHA(J) = ALPHA(J) + TX*CALPHLY)
ALPHAL1(J) = ALPHA1(J) =~ CPHI®*TX*CALPH(LJ)

COR
C3OR
COR

" GOR

COR
GOR
COR
COR -
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
CoRr
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
GOR
COR
COR
COR
COR
COR
COR
COR
COR
COR

"COR

COR
COR
COR
COR

0249 .

0250
0251
0252
0253
0254
3255
025¢
0257
0253
0259
8264
6261
0262
0263
0264
06265
0266
0267
3268
0269
0279
6271
3272
6273
9274
0275
3276

0277 -

0278
0279
0z8¢
08t
g282
3283
G284
0285
0286
3287
g28s
0289
3290
0291
g292
0233
§0294
g295
3296
8297
g2¢8
€299
0340
0331
g03d2
8303
0304«
2305
0336
0307
08308
g309
2319



ALPHAZ2(J) = ALPHA2(J) =~ SPHI®*TX*CALPHILJ) COR §311

ALPHA3(J) = ALPHA3(J) = TX*CALPH(LYD COR 0312
TX=TX*CALPH(LJ)*TY COR 3313
BETAL1(J) = BETAL1(J) + CPHI*TX COR 031y
BETA2(J) = BETA2(J) + SPHI*TX COR £315
BETA3(J) = BETA3(H) + TX COR 4316
TX=TX*7/2. COR $317
GAML(JY = GAMI{J) + CPHI*TX COR 3313
GAM2(J) = GAMZ2(J) + SPHI*TX COR 4§313
GAM3(J) = GAM3(J) + TX COR (32.
NSTP = NSTP + 1 sor 0321
IF(NSTP-NX)93(,89,89 COR (1322

89 CONTINUE COR 0323
X = X & (.5*Y COR 0324
NSTP = & COR U325

Y = 10.*%Y COR 0326

X = X=3.5%Y cor (327

90 CONTINUZ COR 4328
X = X+J.5%Y / COR 5329

X = X + 0.5*%0VER*Y SOR J3335

Y = OVER*Y CorR 2331

T = W¥(X**2) gcor 5232
CALL FET(FT,X) COR 38333
CALL COPHI(CPHIZT,JyLJ) COR 933+
SPHI = 1.S5%¥CPHI**2-,5 v COR G335

TX = FT*Y/X**2 ' COR 2336
ALPHA(J) = ALPHA(J) + TX*CALPH(LJ) COR 0337
ALPHA1(J) = ALPHA1(J) =~ CPHI*TX*CALPH(LJ) COR 0338
ALPHA2(J) = ALPHA2(J) = SPHI®*TX*CALPHI(LJ) COR €339
ALPHA3(J) = ALPHA3(J) =~ TX*CALPH(LJ) COR 0343
TX=TX*CALPH(LJ)*T COR 4§41
BETAL1(J) = BETAL(J) # CPHI*TX COR (342
BETA2(J) = BETA2(J) + SPHI*TX COR (343
BETA3(J) = BETA3(J) + TX COR 334«
TX=TX*T/2. COR §345
GAM1(J) = GAML(J) + CPHI*TX ‘ COR Q0346
GAM2(J) = GAM2(J) + SPHI*TX COR 0347
GAM3(J) = GAM3(J) + TX COR (3.8
IFINEXP(LJ))B3yBUL,y82 COR G349

82 CONTINUE COR 0350
X = NEXP(LJ) COR §351

X = X/1G60. COR (1352
SE(J) = CSEILNI*(EWII**X) + SE(N) COR 0383
GO TO 149 ’ COR 03c4

83 CONTINUE COR 0355
CALL SECALC(Z1,Z2(LJ)9yP1yE(J) 9SETySETA(LI) »ALP (LI HEN(LI)) COR 3356
SE(J) = SE(J) + DENS(LJI*1.E-B8¥SET COR w357
G0 TO 149 ' COR 0358
84 CONTINUE COR 0359
SE(J) = CSS(LJ)*SART(E(J)) + S2(J) COR {363
149 CONTINUE COR G361
1410 GCONTINUE COR g1l€2
ALPHAL(J) = ALPHA1(J) + ALPHA(J) GOR (C3€3
ALPHA2(J) = ALPHA2(J) + ALPHA(D COR 0364
ALPHA3(J) = ALPHA3(J) + ALPHAL(J) COR 0385
BETA1(J) = BETAL1(J) + SE(J)*(1.-EGM COR 03656
BETA2(J) = BETA2(J) + SE(JI*(1,-EQM) COR D3€7
BETA3(J) = BETA3(J) + SE(JI*(1,~EQM) : COR 0368
IF(J-I)15(,92,93 COR 03¢€9

92 CONTINUE COR 0379
BETAL(J) = 1.E+10C COR 0371
BETA2(J) = L.E+10C COR 372

77



93

931

932

333

934

78

BETA3(J) = 1.E+10C COR
A= 3. COR
222= 0. COR
A0 = ¢, COR
AL = Q. ~ COR
A2 = 5, coe
Q = G, COR
GO TO 15¢ COR
CONTINUE COR
X = ALPHA1(J)/BETAL1(J) Cor
Y = ALPHA2(J)/BETA2(J) COR
Z = ALPHA3(J)/BETAZ(J) COR
W = GAML(J)/BETAL(J) COR
T = GAM2(J)/BETAZ(J) COR
TX= GAM3(J)/BETA3 (J) COR
EXINTL(S) = EXINTL(K) + U¥ (X+A) COR
A= X COR
EXINT2(J) = EXINT2(K) + U*(Y+Z22) COR
722=Y COR
EXINT3(J) = EXINT3(K) + UX(Z + AQ) COR
A0 = 2 cor
IF(K~I) 157,931,933 coRr
CONTINUE : COR
IF(EXINTL1(K) +605,)932,933,933 CoR
CONTINUE COR
EXINT1(K) = 1,E-250 : COR
EXINT2(K) = 1.E-25C COR
EXINT3(K) = 1,E-25L COR
GO TO 934 GOR
CONTINUE COR
EXINTL(K) = EXP(EXINTL(K)) COR
EXINT2(K) = EXP(EXINT2(K)) ‘ COR
EXINT3(K) = EXP(EXINT3(K)) COR
CONTINUE COR
X = EXP(EXINTL (J)) COR
Y = EXP(EXINTZ (J)) ‘ COR
Z = EXP(EXINT3 () COR
RP(J) = RP(K) + U*(X/BETAL(J) + EXINTL(K)/BETAL(K)) COR
DRUJ) = (1e-ALPHAL(JI*RP(J)/X) /BETAL(I) ~(1.-ALPHAL(K) *P(K) /EXINTLCOR
1(K))/8ETAL(K) COR
DRUJ) = DR(J)* (W*X+AL*EXINTL(K)) /2, COR
DR(J) = DR(J) + DR(K) COR
RR2(J) = RR2(K)+ (((RP(J)+IR(J)I*Y)/(BETA2(J) *X) + ((RP(K) +DR(K) ) *EXICOR
{NT2(K)) /(RETA2 (K) *EXINTLI(K))) *2,%U COR
RC2(J) = RC2(K) + (((RP(J) +DR(I)I*ZI/(BETA3Z(JI*X) + ((RP(K)+DR(K))ICOR
L1*EXINT3 (K)) 7 (BETAI(K)*EXINTL (K)))*2, %y COR
Z11= ((2.%(RP(J) +0R(J))I/X=ALPHAZ (J) *RR2( IV /Y) /BETA2(J) =(2 .*(RP(K) +COR
10R (X)) /EXINT L (K) =ALPHA 2 (K) *RR2 (K) FZEXINTZ (K)) /BETA2(K)) COR
Z11= Z11* (T*Y+A2*EXINT2(K)) /2. COR
DRR2(J) = Z11+ DRR2(K) COR
Z11= ((2.* (RP(J) +DR(J))/X-ALPHA3Z (J) *RC2(J)/72) /BETA3(J) =(2.* (RP(K) +COR
1OR(K) Y ZEXINTL(K) =ALPHA3 (K) *RC2(K) /EXINT3(K)) /BETA3(K)) COR
Zi1= Z11*(TX*Z+Q*EXINT3(K)) /2, COR
DRC2(J) = Z1ii+ DRC2(K) COR
R(J) = R(K) + U* (Z/BETA3(JY+EXINT3I(K)/BETA3(K)) COR
Z11= (L .=ALPHA3(JI*R(JI/ZZ)/BETA3(J) =(1.-ALPHA3 (K)*R(C) 7/EXINT3(K)) /COR
1BETA3 (K) : COR
Zi1= Z11*(TX*Z+Q*EXINT3(K)) /2. “COR
DRO(J) = Z11¢ DRO(K) COR
AL = W COR
A2 = T COR
Q = TX COR

3373
037+
3375
0375
6377
u378
3373
J 380
3381
£382
0383
g3%
+385
386
0387
g 388
0383
G393
L3391
£ 392
3393
03¢
L 335
0336
0397
0398
5323
0403
d401
042

34§63
Gule
345
J406
Gug7
G408
3489
0413
JL1d
0412
0413
dkle
G415
Jule
3417
duls
419
0420
ga21
D422
s423
0424
8425
0426
0427
0428
0429
0430
0431
0432
0433
043



1464951

159

15451

155

165
166

167

i7¢
171
1715

1716

172

173

K = S*NDIVE + I
IF(J-K)15C,16951,15¢C
CONTINUE
Y = NDIVE
U = Ury
JJJ = NDIVE
CONTINUE
NINT = NENT
EXINT1{NE) EXP{EXINTL(NZ))

EXINT2(NE) EXP(EXINTZ2(NE))

EXINT3(NE) EXPCEXINTI(NED))

Jdd = 1 :

K = G¥NDIVE + I

DO 155 J = I4NEsJJJ

R(J) = R(J + DROLY

RP(4) = RPUJ) + DR(J)

RR2 (J) RR2 (J) + DBrRR2(J)

RC2 (J) RC2(J4) + DRC2(N

RP2(J) RP(J)**2

IF(J-K) 155,15451,155

CONTINUE

JJJ = NDIVE

CONTINUE

K =20

NCI = NDIVE + I

D0 175 J = NDI,NE,NDIVE

IF(I-J) 165,175,175

CONTINUE

IF(J=-NE) 167,166,175

CONTINUE

K =1

CONTINUE

RP(J) = RP(JI/ZEXINTL(I)

DELTACY) = (2.*RR2(N/ZEXINT2(J)+RC2II/EXINTI(J)) /3.
DELTA(J) = DELTACS =RP2(J)/Z7(EXINTLI(J) **2)

DP(J) = 2.#(RC2(JI/EXINTI(J)-RR2(JI/EXINT2(I))I/3.
IF(DELTA(N)I170,17L4171

CONTINUVE

DELTAC(YD) = 1.

CONTINUE

IF(DP(J))1715,1715,1716

CONTINUE

opP(J) = 1.

CONTINJE

DP(J) = SQRT(OP(J))

DELTA(J) = SART(DELTA(J))

RUJY) = RIJN/ZEXINTI(J)

IF(K) 172,172,173

[ T[]

CONTINUE

K =1

60 T0 175
CONTINUE

NN = J=-NDIVE
K =20

Y = NDIV

Y = Y/NMULT
X = J=1

X = X/Y

T =1I-t

T =7T7v

W = NN-1

W = W/Y

COR
COR
COR
GCOR
COR
COR
COR
GOR
COR
COR
COR
COR
cor
COR
COR
CoR
CORrR
COR
COR
COR
COR
COR
CoR
COR
COoR
COR
COoR
COR
COR
COR
COR
COR
GOR
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

0435
043¢
3437
gu33
t439
Jadd
Gaial
gu42
0463
Juts
044z
U0
DLs?
Y 3!
Swu3
Je5¢
Jurl
J&52
0453
45
bwE5
Jus56
0457
J=58
{459
juel
vufbl
L6
d4t3
Jaubs
G465
04¢€6 -
J4b7
0488
JGEQ
0470
471
g4a72
CL73
dJa7s
J475
g4a7s
077
0478
t479
g480
081
J482
3483
0484
guLss
486
0487
488
0489
049
0491
0492
0493
049
0495
$496

79



175

255

80

PRINT IVAR,X3TyRP(J)DELTACI) sRIJ) 9yDP(J) yHyTyRPINN) yDELTACNN) yRINNCOR

1) y DPINN)
CONTINUE

IF(NDIVE.GT.1)G0 T0O 35y
WRITE TAPEL13,NEsNDIV,NMULTyNCOMP, (RP(J)4DELTA(J) 40P (J)J=51,NE)

GO T0 35¢
CONTINUE
NE = ¢

NOIV = ¢
NMULT
NGCOMP
RP (1) .
DELTA(L) =
oP(Y) = (.,

£
0
G

I

COR
COR
COR
COR
COR
COR
COR
COR
COR
GOR
COR
COR
COR

WRITE TAPEL10 yNE,NDIVoNMULTyNCOMP,ALAT, (P2(J),22(J),CSc(J),ScTALJ)HCOR

LALP (J) 4 ENCJ) yNFORMCU) yNEXP {J) y J=144)
WRITE TAPEL1?,NEyNDIVoaNMULT yNCOMP, (RP(J) yDELTA(J) yDP(J) 4 J=14yNE)

ENDFILE 1C
REWIND 13
END

COR
COR
COR
COR
Cowr

4697
498
G499
351G
1201

[ =2 R o I B R Y )
T U A Ut Vian
s O 0y €0
XN OUEE NN

9503
G518
3511
o112
G513
051«
3515
0516
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PROGRAM RASEL (INPUT, QUTPUT ,,TAPS1{,TAPZ2() RAS (301
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* APRIL,1973, AND SAND-75-0622, DECEMBER, 1975, .

TR I O I I R N S T TR T S S S S T B I O R T N R IR T N SN N S B R R R 1

* THIS COOE HAS BEEN RELEASED FOR UNLIMITED DISTRIBUTION, *

o (9] (4] [ B ] (] < o O O o
L 3

X 8 B B X B B X N N ¥ ¥ X 8 3 B X ¥ XN E R X ¥ 2 E LN NN s

1 FORMAT(16F5.0) RAS
2 FORMAT(1615) ' RAS
3 FORMAT(2/) RAS
4 FORMAT(8A1L14) - RAS
5 FORMAT(1H1,* RANGE AND STRAGGLING DATA FOR *,A10,* IONS INCIDENT ORAS

AN A/AN *,241C,* TARGET *,u4/) RAS
6 FORMAT(* INITIAL VALUES*3/) RAS

7 FORMAY(* INCIDENT ION *,A1(,/* ATOMIC NUMBERI(Z1) = *,Fh.Ly/* ATRAS
10MIC MASS(ML) = *,F7,2,% AMU*/* ENERGY MAXIMUM = *,F10.2y*KEV*2/)RAS

B FORMAT(* TARGET - *,2A13, /) RAS

9 FORMAT(* COMPONENTS *,4(5XyA1045X)y/* ATOMIC NUMBER *,4(F1C.CRAS
19230X) 4/% ATOMIC MASS *y L(F8,2,% AMU *,7X)/* T-F RADIUS *94RAS
2(E10.,3y* CM *,6X) /% EFFECTIVE 2 ¥ou(FL0.3910X)) RAS
1030 FORMAT(* 1 u(n FU) SLOPE - F(U) IS UNIVERSARAS
1t THOMAS-FERMI FUNCTION = FROM LSS*2/) RAS
161 FORMAT(IS42F1Ce39F145) " RAS
1602 FORMAT(4/* THE FOLLOWING ELECTRONIC STOPPING CROSS SECTIONS WERE RAS
1USED IN THE CALCULATIONS*2/) RAS
1603 FORMAT(3X,A10,3X,*~ THOMAS~FERMI ATOMIC MOOEL s LIND4ARD THEORY®*)RAS
10C4 FORMAT(S/20H »%*»¥% UNITS sex¥x /% ENERGY = KEV*/* LENGTHS RAS
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G043
00 4o
0045
0346
agu7
0043
0049
1-TY
0951
J052
3053
8054
055
3056
0057
g058
0059
0060
061
6062



1- ANGSTROMS*/* ENERGY DEPOSITION RATES = EV/ANGSTROM*2/) RAS
1005 FORMAT(3X,A1053X,*- THOMAS-FERMI ATOMIC MODEL , FIRSOV THEORY*) RAS
1006 FORMAT(3X,A1Cy3Xy21H~ KeE¥¥p , WITH K= 4E11l.4y* AND P = *,Fu4RAS

1.2427) QAS
1667 FORMAT(7Xo¥CSE = *,£1245,2/) RAS
1608 FORMAT(3X,A10,3X, %~ BRICE FORMULA®) RAS
16509 FORMAT(7X9*Z = *,F6e395Xy* A = ¥,F7,4,5XKy* N = *,F643,2/) RAS
1631 FORMAT(AL10,* INCIDENT ON A/AN *,2A410,* TARGET *) RAS
1032 FORMAT(IL,312,/y(8ELC4)) RAS
1033 FORMAT(3/,* NE NSTP NCCOMP NFORM(I) RAS

1 NEXP (J) NDIV NOIVE NMULT NDSKP  NRPT*/21X,* RAS

21 = 1 2 3 L J =1 2 3 4*2/) RAS
1534 FORMAT(1617,2/) RAS
1035 FORMAT(5/,% DEPOSITED ENERGY(EV/ANGSTROM) o DEP=E®92/91Xy7 (¥ RAS

1 £ DEP=-£%),2/) RAS
1036 FORMAT(1Xys7(FBalyl1XyE10.4)) RAS
1637 FORMAT(5/,* RMS SPREAD IN RP=-REC*,2/491X,7(* & DRP=-REC*),2RAS

17) , RAS
1138 FORMAT(5/,* AVERAGE PROJECTEQ RECOIL RANGE(ANGSTROMS) RP=RERAS

1C¥ 427 41Xy T(* € RP=REC *),2/) RAS
1639 FORMAT(S/,* ELECTRONIC STOPPING POWER 5 EV/ANGSTROM*,2/,1X,7(* RAS

1 £ DE/DX*),2/) AS
1043 FORMAT(3/* E EP RP(E,EP) SPREAD IN RIZHEP) SPREADRAS

1IN E EP RP(E,EP) SPREAD IN R(EyEP) SPREADRAS

2 IN*/ RP=PARA : RP=PERAS

3RP RP=PARA RP-PERAS

wRP*2/7) RAS
1041 FORMAT(* CHAR. ENERGY *,4(F8.3,% KEV *,7X)y2/) RAS
1642 FORMAT(2/,* CHARACTERISTIC LENGTH = *,F9.2,* ANGSTROMS*,2/) RAS
1043 FORMAT(2/* ATOMIC DENSITY = *,212,5,% ATOMS/CC*2/) RAS

DIMENSION SETA (&) ALP(4) yEN(GL) RAS

DIMENSION A(4&) RAS

DIMENSION ALPHA(L1600) , ALPHAL(1600) 9 ALPHA2(1630) ,ALPHA3(1633) RAS

DIMENSION BETA1(1600),85TA2(1600),BETA3(16G0) RAS

DIMENSION CSE(4) yCEPS(4) yCTM{L),CALPH (&) RAS

DIMENSION DELTAO(1630) ,OELTA(1600) ,DP(1600),0P0(1600) yDR(1604) RAS

DIMENSION DRO(1600),DRR2(1600) yDRC2(1608) yDENS (&) RAS

DIMENSION 0(1663) RAS

DIMENSTON EXINT1(1608) yEXINT2(1680),EXINT3(16L0) RAS

DIMENSION E(1600) 4EF (50) RAS

DIMENSTION F(S() RAS

DIMENSION GAM1(1600) y6AM2(16066), GAMI(1660) RAS

DIMENSION IVAR(B) yNEXP (&) yNFORM(4) RAS

DIMENSION P2 (&) ' RAS

DIMENSION RPO(1600) ,RP(1600) yR0(1603),RP2(1630) yRR2(1803) RAS

DIMENSION RC2(160L)yR(1634) RAS

DIMENSION SE(1600) ,SLF(50) RAS

DIMENSION TITLE(8) RAS

DIMENSION Z2(4),Z(4&) RAS

DIMENSION ALF (%) gEO(4) ySN{&) 3SK{Y) RAS

DIMENSTION DAMRP(50,60) yDAMDEL(50,60) yDAMR(50,60) 9 DAMOP(50,60) RAS

COMMON/PHIVAR/E,P1,P2 RAS

COMMON/FVAR/F ySLFyEF yNF y MM RAS

COMMON/DSEC/ ALPHAL, ALPHA2, ALPHA3 ,8ETAL, BETA2,BETA3, 5AML,GAM2,GAMI,RAS

1EXINT1,EXINT2yEXINTIyNSPC (L) ,ERAN RAS

COMMON/ DFIR/ NCOMP 4, NDAM, DEPART (i 9101) RAS

COMMON/TENVAR/NE yNDIV,NMULT 4ALAT 422 RAS

NSPC(1)=NSPC(2)=NSPC (3} =NSPC(&) = 0 RAS

NRPT = 0 RAS

CALL WIND2% RAS
350 CONTINUE RAS

RAS

IF (NRPT) 255,355,255

3063
06«
J0€Es
3066
gee7
068
3069
307¢C
33171
g372
3373
3074
075
307¢
3077
¢0738
3079
¢u8l
gtel
5082
gt es3
1584
;e85
y 3186
3387
vces
L83
5093
sé9l
2082
y033
09« -
5095
0098
3397
gdcs
03989
0100
G1C1
6102
g103
0104
0135
G106
6107
0168
3103
110
0111
gl12
G113
Uilse
G115
9116
0117
9118
0119
J12l
g121
0122
0123
0124

83



355 CONTINUE
PI = 3.141532654
H3AR = (6.625LE=27)/7(2.%*P])
@ = L.80294c-~10
A0 = (.,529484LE~-8
ERGEV = 1.85293E~-12
AMU = 1.66035E-24
DO 115 J = 1.4
P2(H = .
244y = §
ACd) = &
NEXP(J) g
NFORM(J) = 3
115 CONTINUE
D0 116 J=1,5%
DO 116 K=1,46C
DANRP(J,K)=QO
OAMDEL(J,K) =0,
DAMR{JyK) =3,
DAMDP (JyKD=].
116 CONTINUE
RZAD 4Ly (TITLE(D) 41 = 1,48)
READ 4 ,(IVAR(J) 4, J = 1,8)

READ 1,ALAT)P1921,(P2(J) 922(J)yJ=194) 9 (CSE(K) yK=1yk),ED
EX = ((Q¥*2/HBAR) *¥2) *AMU/ (200 J« *ERGEV)

X = he/3.

X = Z1%*X

EX = EX*¥P1*X

PRINT Sy {TITLE(J) yd=1,3)
PRINT 6

PRINT 7,TITLE(L) »Z1,P1,EX
PRINT B,TITLE(2),TITLE(D)

READ ZyNE,NSTp,NCOMPy(NFORH(J),J=l’“’,(NEXP(K).K=1,Q)’NDIV,NDIVE

14 NMUL T, NODSKP4,NRPT

READ 15 (SETACJ) JALP(J) JEN(JI) 3J=1,4)

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

WRITZ TAPE239yNEyNSTP,NDIV,NMULT,NCOMPyNDIVE,)NDSKP, (NFORM(J) ¢NEXP (JRAS
1) 5 d=154) JALATIPL 9714 (P2(K) 4Z2(K) yCSE(K) ySETA(K) yALP(K) 9EN(K) yK=1,4RAS

2}

CALL TEN

CALL RANGER(XyMMyY 41 ,UyV)

NOAM = 1

CALL DAMG(Zg41491e91)

IF(NDIV) 121,121,122
121 CONTINUZ

NOIV = 1
122 CONTINUE

IF{(NDIVE) 1234123,124
123 CONTINUE

NDIVE = 1§
124 CONTINUE

ALAT = ALAT*1.E-8

ALAT 1./7(ALAT®*3)
X = 2./3,
CRHO = G

DO 1250 J=1,NCOMP
DENS(J) = NFORM(J)*ALAT

CSE(J) = CSE(JI*L1.E~26%DENS(J)

Z0J) = Z1%**X + Z2(J)**X
Z2(J) = SQRTI(Z(I)

AlJ) = .8853*%A0/2())
Z(J) = Z(Jr**3

CEPS(J) = ((A(J) *P2(J))/(Z1%Z22(J)*(PL+P2(J)) *Q*¥*2))*ERGEV*100G.,

€4

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

" RAS

RAS
RAS
RAS
RAS

0125
126
0127
5128
ul23
8133
0131
3132
3133
3134
3135
i136
0137
g138
5139
14
U141
3142
J143
Jiug
0145
3146
0147
0148
0149
U153
0151
g152
g153"
0154
0155
0156
157
0158
3159
316
{161
0162
G1e3
Ji64a
0165
3166
J167
1638
0169
917¢
G171
0172
0173
0174
0175
0176
0177
0178
3179
0180
9181
0182
0183
0184
01485
0186



1202

1223

1263

1261

125¢

12514

1252

1255

1299

12991

CTM(J) = (4o *PL¥P2(JINI /7 ((PL+P2(J))**2)
CRHO = CRHO + PI*A(J)**2*DENS(N) *CTM(Y)
IFINEXP(JY)12029120091201

CONTINUE

CSE(J) = 2.3LE=34*(21+72(J))*DENS(D

GO 7O 1203

CONTINUE

CSE(J) = DENS(J) *8,*PI®AQ*HBAR*Z2(J)/7Z(J)
Y = 7./76,

Y = Zi%*Y

CSE(J) = CSC(JU)*Y/(ERGEV*1,.E+11)
CONTINUE

Y 2./ (P1¥AMU)

Y Y*#ERGEV*1000.

Y = SQRT(Y)

CSE(J) = Y*CSEWJ)

CONTINUE

CALPH(J) = PI*DENS(J)I*1.E-8¥(AJ)**2)
CONTINUE

PRINT 9,(TITLE(I),I=5,8),(ZZ(J),J=1,4),(PZ(K),K=1,4),(A(L),L=1,k),

1(Z (M) 4M=1,4)

X 7./6.

A\ 2e/ 3

W 3.720

u 1./3,

v 7473,

DO 1282 J = 1,NCOMP

SN(J) g,

SK(J) 0.

E0 W) 8,6939E-2%Z2 (J) **V

RO(N 249G 8E24L%Z2(J) **Y/DENS(J)

ALF (J) 1.3596E=-26¥Z2(J) **X*DENS(J)
ALF(J) ALF(J)*RO{J)/SART(EDO (I *P2(J))
DO 1251 K = 1,NCOMP

Z = SQRT(Z2(J) ¥*Y+Z2(K) **Y) .
SN(J) = SN(J) ¢ 2.7666E=26%Z2(K)/(Z*(P2(J)+P2(K)))
SK(J) = SK(J) + 3.8L56E=-26%22(K)/(Z%2*7)
CONTINUE

SN(J) = SN(J)*DENS(JI*Z2(J)*P2(J)

H it o w

[T LI T )

SK{JY = SK(J)Y*(Z2(J)**X)*DENS(J)
SN(J) = SN(JI/SK(J)

D0 1252 K = 1,NDAM

PART(J9K) = PART(JyKI/ZEOD(J)
CONTINUE

EPS = 8.

DO 1255 J = 1,NCOMP

Z(J) = 1./CEPS(J)

EPS = EPS + DENS(J)
CONTINVUE

PRINT 1041,(Z(J) 4 J=1,44)
CRHO = 1.E+8/CRHO

PRINT 1042,CRHO

PRINT 1043,EPS

PRINT 1G02

DO 1302 J = 14NCOMP
IF(NEXP(J))1299,1301,13C0
CONTINUE

IF(NEXP (J)+50) 12995,12991,12995
CONTINUE

PRINT 10CS5,TITLE (J+is)
PRINT 1007,CSEWJ)

NEXP(J) =0

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RA S
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

vif?
0183
31289
$ 193
gL9y
§132
G123
0139«
0133
G135
0137
61933
0193
y2us
§zd1
202
$2C3
325«
0203
g20e
0297
0208
0209
¢213
g211
3212
3213
0214
3215
§216
5217
yz213
0219
Jc2d
0221
g222
p223
0224
0225
g226
0227
g2238
0229
J23¢C
0231
0232
0233
0234
0235
0236
0237
0238
0239
0243
uchkl
0242
g243
0244
£245
g24¢
§247
0248
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12995

1363

1351

1362

12

1353

i3

86

GO TO 1362 RAS
CONTINUE RAS
PRINT 1008, TITLE(J+4) AS
PRINT 1069,SETA(J) yALP(J) 4EN(J) - RAS
GO TO 13:2 RAS
CONTINUE RAS
Y = NEXP(J) RAS
Y = Y/1(0. RAS
PRINT 1CCEyTITLE (J#&),CSE(J),Y RAS
GO TO 1362 RAS
CONTINUE RAS
PRINT 1003, TITLE (J+s) QAS
PRINT 1{(7,GSE(J) RAS
CONTINUE RAS
PRINT 1033 RAS
PRINT 1034yNEJNSTP,NCOMP, (NFORM(J) yJ=1y4) 3y (NEXP(K) 9K=1,4) yNUIV,NIIRAS

1VEy NMULT,NOSKP ,NRPT RAS
CALL FSET RAS
L = NF-1 RAS
PRINT 1308 RAS
DO 12 T = 1,L RAS
PRINT 1002y I9EFCIYyF(I)oSLF(I) RAS
CONTINUE RAS
PRINT 1uG& RAS
GO TO 1304 RAS
CONTINUE RAS
NDSKP = 2 RAS
CONTINUE RAS
DO 106 I = 1,NE RAS
DRO(I) = ., RAS
DRR2(I) = G, RAS
DR(I) = @, RAS
D(I) = G, RAS
SE(I) = U, RAS
ALPHA(I) = G, RAS
E(I) = I RAS
Y = NDIV RAS
E(I) = ECDD/Y RAS
X = NMULT RAS
E(I) = E(I)*X RAS
DO 3939 LJ = 1,NCOMP RAS
SPHI = (P1+P2(LJ))/ (2.*SART(PL*P2(LII*E(I))) RAS
EPS = CEPS(LJI*E(I) RAS
X = EPS RAS
TM = CTM(LJ) *E(D) RAS
W = TM/EPS**2 RAS
NQT = & RAS
X = NQT + ALOG1J (EPS) RAS
NT = X RAS
NT = NT = NOT RAS
X = 2 RAS
Y = 13,%*NT RAS
T = X*(EPS/Y - 1.) RAS
NQP = RAS
Y = NQP RAS
OVER = T = ¥ RAS
NX = X RAS
NT = (NT + NQT)*NX . RAS
NT = 9*NT#NQP  +1 RAS
NX = 9*NX RAS
NQT = =NQT RAS
Y = 10.**NQT RAS

0243
325¢C
8251
3252
0253
y25u
3255
J25¢€
0287
0253
0259
J 263
N2e1
1262
y2ed
0264
. 2€5
J2€6
G267
02638
.269
4270
0271
9272
u273
G274
0275
027¢
0277
0278
6279
028§
gcé1
0282
0283
0284
0285
028¢
0287
g28s
0289
3293
G291
02932
0293
02¢%4
0295
0296
4297
0298
0299
0383
0301
8302
0303
G304
g305
0305
0307
g308
3309
0310



791

792
793

795

7953

7954

796
798

7985

799

8o

814

X = $.5%Y

NGP = =1

00 80 J = 1 4NT
IF(J=-2) 793,791,792

CONTINUE

T = NX

T = T/3,

T = Y/7

X = ¥ = 3,5*7
Yy =7
CONTINUE

X = X+Y
CONTINUE

CALL FET(FT,X)
TX = FT*Y

ALPHA(I) = ALPHA(I) + (TX/X*¥*2)*CALPH(LJ)
IF(NDSKP)795,7985,795

CONTINUE
T = WeX*X
T = SART(M

CPHI = SPHI*T
IF(NSPC(1) ,EQ.0)6G0 TO 7353
T = T*T-ED
CALL RANGER(T,LJ+CPHI,0,REC,0OREC)
GO0 TO 7354
CONTINUE '
REC = CPHI*2,*(T=-SN(LJ)*ALOG(T/SN(LJ) +1.))/SK(LJ)
DREC = REC*REC
T = T*T=-ED
CONTINUE
IF(NDAM.GT,1)CALL DAMG(Z,T,ALF(LJ),yLJ)
IF(T.LE.U.’T='ED
T = T/EQ(LY)
IF(NDAMJLEL1) CALL DAMG(Z,T,ALF(LJ)yLJ)
IF(NDSKP.EQ.2) GO TO 796
U = TX*CALPH(LJ)*(Z*EO(LJ) +ED) 7 {X*X)
G0 TO 798
CONTINUE
U = TX*CALPH(LU)Y*(T=-2)*E0{LJ) 7/ (X*X)
CONTINUE
D(I) = O(I) + U
DR(I) = DR(I) + REC*U
DRR2(I) = DRR2(I) + DREC*U
CONTINUE :
NQP = NQP + 1
IF(NQP-NX) 86,799,799

CONTINUE

X = X & (.,5%Y

NQP ; 0.

Y = 10.%Y

X = X = 0.5%Y
CONTINUE

X = X+0.,5%Y* (1,+0VER)
Y = Y*OVER

CALL FET(FT,X)

TX = FT*Y

ALPHA(I) = ALPHACGI) & (TX/X*%2)¥CALPH(LY)
IF (NDSKP) 814,816,816
CONTINUE

X = X¥%2

T = W*¥X

T = SGRTAT)

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

o311
§312
w313
3316
315
Jd316
3317
G318
0313
323
¢321
0322
3323
J32a
;325
2325
0327
0323
3329
0333
y331
g332
¢333
3334
3335
J336
J337
0333
¢339
0345
G341
g3u2
3343
034+
0345
0346
0347
0348
0349
0350
3351
0352
5353
0354
0355
0356
0357
0358
0359
3360
0361
0362
0363
G3eL
03¢5
0366
3367
0368
0363
£373
§374
0372

87



8143

8144

8145

&15

816

82

84

85

999

9995

100

1696

88

CPHI = SPHI*TY
IF(NSPC(1) .E2Q.0)G0 TO 8143
T = T*T-ED
CALL RANGER(TyLJyCPHIZG4REC,DREC)
GO 70 8144
CONTINUE
REC = CPHI*2+.*(T=-SNILJ)*ALOG(T/SN(LJ) +1))/SKI(LY)
DREC = REC*REC
T = T*T-ED
CONTINUE
IF(NDAMJGT,1)CALL DAMG(Z,yTH,ALF(LI) 4L
IF(T LZ404,)T=-ED
T = T/7EQ(LY)
IF(NDAMLLESL)CALL DAMG(Z, yTHyALF(LJ) yLY)
IF(NDSKP.EQ.2) GO TO 8145
U = TX*¥CALPH(LJ)*(Z*EO(LJ) +ED) /X
GO T0 815
CONTINUE
U = TX*CALPH(LJ) ¥(T=-Z) *EO(LJ) /X
CONTINUE
0(1I) = D(DY + U
DR(I) = DR(I) + REC*U
DRRZ(I) = DRR2(I) + DREC*U
CONTINUE
IFINEXP(LJ))B5,84,482
CONTINUE
X = NEXP(LJ)
X = X/1C0.
SECI) = CSclLJIM(E(I)I**X) + SE(I)
GO TO 399
CONTINUE
SZ(I) = CSc{LYI*SQRT(E(I)) + SE(TI)
GO T0 999
CONTINUE

CALL SECALC(Z1,Z2(LJ)4yP1,E(I)4SET,H,SETAILI) JALPILI)H,ENILID)

SE(I) = SE(I) + DENS(LJ)I*1.E-B*SET
CONTINUE

IF (NDSKP)9995,100,9995
CONTINUE

DRO(I) = 1030.*SE(I)

IF(D(I) EQeGs) GO TO 10¢

DR(I) = OR(I)/D(I)

DRR2(T) DRR2(I}/7DCI)

DRR2(D) DRRZ2{I)-DR(I)*DR(I)
DRR2(I) SQRT(DRR2(I))

D(I) = 10C0.*D(I)

CONTINUE
IF(NDSKP)1096,1100,1096
CONTINUE

KKK = NE+1

PRINT 1039

PRINT 1036y (E(J) yDRO(J) yJ=14NE)
PRINT 1§35

PRINT 1036, (E(J) 40(J),J=1,NE)
PRINT 1038

PRINT 103€y(E(J)9DR(J)yJ=1yNE)
PRINT 1037

PRINT 1G36, (E(J),DRR2(J) 4 =1, NE)
PRINT 3

Houu

RAS
RAS
AS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

" RAS

RAS

IFINDSKPEQ,2) WRITE TAPZ209KKKyNDIV NMULTyNDSKP, (DRO(J)yD(J) 9yDRIJIRAS

1'DRR2 J) )J=11NE,

RAS

IF(NDSKP NEL2) WRITE TAPE2( 9 KKKyNDIVyNMULT 4y NDSKPy (D(J)yOR(J)yDRR2(JRAS

0373
037+
6375
9376
0377
0373
5379
§383
3381
01382
g383
§384
0385
0385
0387
$383
0389
G394¢
§391
$ 392
0393
033«
0395
§39¢
0397
G3S3
G393
0433
4l -
3402
043
Qe i=
0405
0406
3437
a408
0409
3419
0s11
0412
0413
Cale
0415
Ju186
0417
J413
0419 .
0429
0421
0422
0423
042k
0425
3426
0427
0428
0429
0430
0431
04632
0433
0434



11639

141

1g2

1399

1491

1402

1) yJ=1,4NE)

IF(NDSKP.EQ.1) GO TO 1353

CONTINUE
PRINT 1042
KKK = NDIVE

DO 230 I = NDIVE4NE,KKK

DELTA(I) = J.
DP(I) = G
DR{(IY = 0.,
DRO(I) = (o
DRR2(IY = §
DRC2(D) = §
Y—
u
X
U
Y
EXINTI(I)
EXINT2(I)
EXINT3(I)
R(I) = g,
RP(I) = ¢
RR2(I)
RC2(I)
RP2(I)
IF(I-NSTP)I1C2y3uly101
CONTINUE

KKK = NSTP

CONTINUC

JJJ = 1

00 150 J = I,NE,JJJ
ALPHAL(Y) g,
ALPHAZ2(Y) 1L
ALPHA3(J) Je
BETAL()) 5

BET A2 (J)
BETA3 (J)
GAM1 (YY) =
GAMZ(J) =
GAM3(J) =
K = J=JJJ
IF(U-I)15C,1410,41399
CONTINUL |

DO 149 LJ = 1,NCOMP
TM = CTM(LJ) *EWJ)
EPS = CEPS(LJ) *E() .
W = TM/EPS**2

on o
z ¢
I 4
[
~
-

u*x

Y
Y
Y

0.
Ce
0.
)

n wu

H o
e o o CHPEOKL
e & o

[~V By 3

CD = CALPH(LJ)*W
CG = CD*W

X = Jy-I

Y = NOIV

Y = Y/NMULT

X = X/Y

IF(X-TM)16529140191401
CONTINUE

X = TM

CONTINUE

X = X®EPS**¥2/TM

X = SQART(X)

NAT = & :

Y = NQT + ALOG1C (X)

NT = ¥

U (ALPHA(I) /SE(I))

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
R4S
RAS
R4S
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

cL35
0u3b
0437
0428
ve33
d44C
O4Ll
guu2
G463
Jubw
Q4bss
vialb
Thb7
Gaud
d4a3
G456
0451
G452
gus3
G454
§455
04506
0457
0458
u453
J4€J
3401
JkE2
J4063
J46w
QuEs
{4€6 -
467
«965
04€9
g47¢é
0471
Jur2
0473
0470
8475
8476
3477
0478
0479
Y.
0481
3482
0483
Ja84
0485
J486
Q487
3488
0483
0438
0491
0492
0493
0494
0495
V496

89



8391

892

863

899

90

NT = NT - NQT

Y = 2.

T = Y¥(X/710.%*NT - 1.)
NQP = T

NX = Y

Y = NQP

OVER = T=-Y

NT = (NT+NQT)*NX
NT = G*NT+NQP +1
NX = 9*¥NX

NQT = -NQT

Y = 10.%*NQT

X = 0.5*Y

NQP = =3

DO S0 L = 14NT
IF(L=-2)893,891,882
CONTINUE

T = NX

T = T/go

T = Y77

X = ¥ = ([ ,5*7
Y =T
CONTINUE

X = X+Y
CONTINUE

T = WE(X**2)

CALL FET(FT,X)

CALL COPHI(CPHI,T,JybLJ)
SPHI = 1.5%CPHI¥*¥2-,5
TX = FT*Y/X*¥%*2

ALPHAL1(J) = ALPHAL1(J) = CPHI*TX*CALPH(LJ)
ALPHAZ2(J) = ALPHAZ2(J) = SPHI®*TX¥CALPH(LJ)
ALPHA3(J) = ALPHAZI(J) - TX*CALPH(LJ)

TX = FT*Y

BETAL1(J) = BETA1(J) + CPHI*TX*CD

BITA2(J) = BETA2(4) + SPHI*TX*CD

RETA3(J) = BETA3(J) + Tx*CD

TX = FTeYy*xX**2/2,

GAML(J) = GAM1(J) + CPHI*TX*CG

GAM2(J) = GAM2(J) + SPHI*TX*CG

GAM3(J) = GAM3(J) + TX*CG

NQP = NQP + 1
IF(NQP=-NX)9L ,899,599

CONTINUE

X = X 4 (.5%Y

NQP = 0.

Y = 16.%Y

X = X = [.5%Y

CONTINUE

X = X + 0.5%Y*(1.,40VER)
Y = OVER*Y

T = WeX¥%2

CALL FET(FT,X)
CALL COPHI(CPHI,T,J,LJ)
SPHI = 1.5*CPHI**2-,5
TX = FT*Y/XxX**2

ALPHAL(JY = ALPHAL1(J)

ALPHAZ(J) = ALPHA2(J) =~
ALPHAJZ(J) = ALPMA3(J) -
TX = FT»Y
BZTAL (M) =
BETA2(J) =

CPHI*TX*CALPH(LJ)
SPHI*TX* CALPH(LJ)
TX*CALPH(LY)

RETAL(J) ¢ CPHI*TX*CD
BETA2(J) + SPHI*TX*CD

RAS
RAS
RAS
RAS
QAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RA S
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

- RAS

RAS
RAS
RAS
RAS



149
1410

92

93

931
932

933

934

BETA3(J) = BETA3(J) + TX*CD RAS
TX = TX*X**2/2, RAS
GAML1(J) = GAM1(J) + CPHI*TX*CG RAS
GAM2(J) = GAM2(J) + SPHI*TX*CG © RAS
GAM3(J) = GAM3(J) + TX*CG RAS
CONTINUE RAS
CONTINUE RAS
ALPHAL(J) = ALPHAL(J) + ALPHA(J) RAS
ALPHA2(J) = ALPHA2(J) + ALPHA(D RAS
ALPHA3{J) = ALPHA3(J) + ALPHA(D RAS
BETAL(J) = BETAL(J) + SE(J) RAS
BETA2(J) = BETA2(J) + SE(J) RAS
BETA3(J) = BETA3(J) + SE(I) RAS
IF(J=1)150,32,93 RAS
CONTINUE RAS
A = ALPHAL1(J)/BETAL(J) RAS
22= ALPHA2(J)/BETA2(J) RAS
AO= ALPHA3(J)/BETA3(J) RAS
AL = GAM1(J) /BETAL() RAS
AZ = GAM2(J) /BETA2(J) RAS
Q = GAM3(J) /BETA3(J) RAS
GO TO 15¢ RAS
CONTINUE RAS
X = ALPHA1(J)/BETAL1(J) RAS
Y = ALPHA2(J)/BETA2(J) : RAS
Z = ALPHA3(J)/BETA3(J) RAS
W = GAM1(J)/BETA1(J) RAS
T = GAM2(J)/BETA2()) RAS
TX= GAM3(J)/BETA3(J) RAS
EXINTL(J) = EXINTL(K) + U*(X+A) RAS
A= X RAS
EXINT2(J) = EXINT2(K) + U*(Y+Z2) RAS
12 = Y RAS
EXINT3(J) = EXINT3(K) + U*(Z + AOQ) RAS
AD = Z , RAS
IF(K=I)150,931,933 RAS
CONTINUE RAS
IF(EXINT1(K) +6C3.) 932,933,933 RAS
CONTINUE RAS
EXINT1(K) = 1.E=25& _ RAS
EXINT2(K) = 1,E-25C RAS
EXINT3(K) = 1,E=250 : RAS
GO TO 934 RAS
CONTINUE ' RAS
EXINTL(K) = EXP(EXINT1(K)) RAS
EXINT2(K) = EXP(EXINT2(K)) RAS
EXINT3(K) = EXP(EXINT3I(K)) , RAS
CONTINUE RAS
X = EXPLEXINTL(J)) ' RAS
Y = EXP(EXINT2() RAS
Z = EXP(EXINT3I(J)) RAS
RP(J) = RP(K) + U*(X/BETAL(J) + EXINTL1(K)/BETAL1(K)) RAS
DR(J) = (1.=-ALPHAL(J)*RP(J)/X)/BETAL(J) =(1.~ALPHAL(K) *RP(K) /EXINTIRAS
1(K))/7BETAL(K) RAS
DR(J) = DR{JI* (W*X+AL¥EXINTL(K)) 72, RAS
DR(J) = DR(J) ¢ DR(K) RAS
RR2(J) = RRZ(K)+ (((RP{J)+DR(JIII*Y) /7 (BETA2(J) *X) + ((RP(K) +DR(K) ) *EXIRAS
INT2(K)) /7 (BETA2 (K) *EXINT1(K))) *2,*U " RAS
"RC2(J) = RC2(K) + C((RP(J)+DR(NI*Z)/(BETAZ(J) *X) ¢+ ((RP(K)+DRI(K))IRAS
1¥EXINT3(K)) 7 (BETA3(KI*EXINTL(K)))*2,*U RAS
Zi= ((2.%(RP (J)+DR(J)I/X=ALPHA2(J) *RR2(J}/Y) /BETA2(J) =(2.* (RP (K) +DRAS
1R(K)) ZEXINTL (K)=ALPHA2 (K) *RR2(K) /EXINT2(K)) /BETA2(K)) RAS

3559
G363
0561
g5€2
G563
0564
565
35065
U567
0568
3569
3573
3571
i372
9573
GET7-
375
057z
0577
0573
$573
383
3581
0582
3583
3584
§585
3580
c587
0583
583
0593
(591
(5¢2
8593
059
0595
0596
0597
598
593
g60¢C
geot
g602
3603
0604
36405
0606
Ueid7
3608
$609
56190
9611
g€e12
0613
gels
0615
0616
g617
0613
8619
0620

91



14951

1548

15451

155

165
166

167

17¢C
174
1715

1716

92

Il = Z1* (THY+A*¥EXINT2(K)) /2.,
DRR2(J) = Zi1 + DRR2(K)

RAS
RAS

Zi = ((2.*(RP{J) +DR(IY) /X~-ALPHAZ(J)*RC2(J)/7Z)/BETA3Z(J) =(2,% (RP(K) +RAS

10RU(K) )/ EXINT 1(K) =ALPHA3(K) *RC2{K) 7ZEXINT3(K))/BETA3(K))

Z1 = ZL*(TX*Z+Q*EXINT3I(K)) /2,
DRC2(J) = 21 + ORGC2(K)
R(J) = R(K) + U*(Z/BETAI(II+EXINTI(KI/BETAZ(K))

RAS
RAS
RAS
RAS

Z1 = (1.-ALPHA3(J)Y*R(J)/Z)/BETA3(J)=(1e-ALPHA3(K) *R{X) /EXINT3(K))/RAS

1BETAZ(K)
Z1 = Z1¥(TX*Z+Q*EXINT3(K)) /2,
ORO(J) = Z1 + DRO(K)

AL = W
A2 = T

Q=T

K = S5*NDIVE + 1
IF(J=K)150,146951,158
CONTINUE

Y = NDIVE

U = ury

JJJ = NDIVE
CONTINUE
EXTINT1(NE)
EXINT 2 (NE)
EXINT3(NE)
JJJ = 1

K = 5*NDIvVe + I

DO 155 J = LoNE,JJJ

R(J) = R(J) ¢+ DRO(Y)
RP(J) = RP(J) + DR(J)
RR2(J) RR2 (4) + DRR2(J)
RC2(J) RC2(J) + DRC2(W)
RP2(J) RP(U)**2
IF({J=-K)155,15451,155
CONTINUE

JJJ = NDIVE
CONTINUE
IF(I.GT.NSTP) KODAM
IF(I.LE«NSTP) KOAM
KWR = ¢

K =0

DO 175 J = NSTP,NE,NSTP

KWR = KWR + 1

IF(I-J)165,175,175

CONTINVE

IF(J=NE) 167,166,175

CONTINUE

K =1

CONTINUE

RP(J) = RP{JI/EXINTI(S)

DELTA(Y) = (2.*RR2(JIZEXINT2(JI+RC2(JII/EXINTI(UI)/3,
DELTA(J) = DELTACJN) =-RP2(J)/(EXINT1(J)**2)

OP(J) = 2.*(RC2(JI/EXINTIC(J)=-RR2(J) Z/EXINTZ2(J)) /3.,
IF(DELTA(J)) 170,170,171 .
CONTINUE

DELTA(J) = 1.

CONTINUE

IF(DP(J))1715,1715,1716

CONTINUE

oDP(J) = 1,

CONTINUE

DP(J) = SQRT(DP(J))}

DELTA(J) = SQRT(DELTA(N))

ZXP{EXINTL(NI))
SXP(EXINT2(NZ))
EXPLEXINT3I(NE))

I/NSTP+NSTP/NDIVE
I/NDIVE + 1

ton

RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS
RAS

"RAS

RAS
RAS
RAS
RAS

ub21
Jbe2
Gez23
Jge2e
G625
526
g627
623
0629
3634
6e31
§e32
0633
Je3+
0535
3636
0637
0638
0633
Goul
J6x1
GEs2
J€L3
JEug
€45
i6ub
geu7
9648
0643 .
36570
$651
0652
0€s3
§654
0655
36506
Jes7
0656
0659
2661
0661
0662
0€e3
0€64
0 €65
0666
3367
0668
d669
06720
0671
0672
Ger3
0€ET4L
0675
0676
jerr
0678
ger9
0680
0681
0682



172

173

17%

176

177

178

185
199

200

201
202

R(J) = RIN/ZEXINTI(I) RAS
DAMRP (KWRyKDAM) =RP(J) RAS
DAMDEL (KWRyKDAM) =DELTA(J) RAS
DAMR(KWNRyKDAM) =R () RAS
DAMDP (KWR,KDAM)=DP (J) RAS
IF({K) 17251724173 RAS
CONTINUE RAS
K = 1 RAS
60 TO 175 RAS
CONTINUE RAS
NN = J=NSTP RAS
K =0 RAS
Y = NOIV RAS
Y = Y/NMULT RAS
X = J RAS
X = X/Y RAS
T =1 RAS
T = T/sv RAS
W = NN RAS
N = W/Y RAS
PRINT IVARyXyToRP(J) yDELTA () 9R(J) yOP(J) oWy T, RPINN) yDELTA(NN) yR(NNRAS
1) y DP(NN) RAS
CONTINUE RAS
IF(I-2*NDIVE) 17641765190 RAS
CONTINUE RAS
KWR=0 : RAS
DO 18% J = NSTP,NE4NSTP RAS
KWRSKHR+1 RAS
IF(I-2*NDIVE) 1774178,185 RAS
CONTINUE RAS
RPO(J) = 2.*RP(J) RAS
DELTAC(JI)Y = 2.*DELTA(J) RAS
RO(JY = 2.%R(4) RAS
DPO(Y) = 2.%*DP(J) RAS
GO TO 185 RAS
CONTINUE RAS
RPO(J) = RPO(J) = RP(J) RAS
DELTAO(J) = DELTAOQ(J) = DELTA(J) RAS
RCO(J) = RO(J) = R{J) RAS
DPO(J) = DPO(J) = DP(J) RAS
DAMRP (KWRy1) =RPO(J) RAS
DAMDEL(KWR, 1) =DELTAO(J) RAS
DAMR{KWRy1)=RO(J) RAS
DAMDP (KWR,1) =0PO (J) RAS
CONTINUE RAS
CONTINUE RAS
PRINT 3 RAS
CONTINUE RAS
K =0 RAS
L = 2#NSTP RAS
DO 250 J = LyNEyL RAS
IFC(J+NSTP-NE) 203292014232 RAS
CONTINUE RAS
L = NSTP RAS
CONTINUE RAS
NN = J = NSTP RAS
Y = NDIV RAS
Y = Y/NMULY RAS
X = J RAS
X = X/Y RAS
W = NN RAS
W o= HZY RAS

€83
0 e84
0685
(686
0&s87
g688
3689
©b3:2
Jecy
(692
693
U639+
g683
069
0697
g6 933
€99
G742
0761
¢r7G2
5703
0784
g7¢5
§75%
5707
c708
9703
J71¢C
0711
3712
0743

6714 -

9715
3716
§717
67138
3713
6720
G721
3722
0723
0724
g725
3726
0727
3728
5729
3734
731
g732
0733
0734
0735
0736
0737
3738
0739
0740
0741
g7u2
3743
0744

93



T = 4. RAS
PRINT IVAR,XsTyRPO(J)yDELTAO(UI,RO(J)yDPO(J) 4 W yTyRPO(NN) 4DELTAO(NNRAS
1) yROUNN) 4 NPOINN) RAS
253 CONTINUE RAS
WRITE TAPE20 4 ((DAMRP (JyK) 9 DAMDEL (J4K) 4DAMR(JyK) yDAMDP( JyK) yK=1yEF)RAS
1, J=1, 50) RAS
REWIND 1C RAS
GO TO 354 RAS
255 CONTINUE RAS
ENDFILE 20 RAS
REWING 2¢ RAS
END : RAS

94

Q785
J7486
7.7
0748
{749
3750
3751
g752
0753
375«
;7E3S

0755
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PROGRAM DAMG2 (INPUT, QUTPUT,TAPZ2i,TAPE3.) JAM dul

L A I N I R e e e R e A Ry T O A A I I A a2
¥ ISSUED 8Y SANDIA LABORATORIES. *
* A PRIME CONTRACTOR TO THE UNITED STATZIS .
* ENERGY RESEARCH AND DIVZLOFEMENT ADMINISTRATION, *

* % B ¥ X B ¥ X ¥ ¥ XY ¥ X NOTICE X % X ¥ ¥ ¥ ¥ ¥ ¥ N N ¥ ¥

* THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSQREZO BY THEZ *

* UNITED STATZS GOVERNMENT, NEITHER THE UNITED STATES NI THE he
* UNITED STATES ENERGY RESEARCH AND DEVELOPEMENT ADMINISTRATION, *
* NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, *
¥ SUBCONTRACTORS,y OR THEIR =MPLOYECS, MAKES ANY WARRANTY, EXPRESS *
* OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSISILITY FOR *
¥ THE ACCURACY, COMPLETENESS OR USEFULNZSS OF ANY INFORMATION, h
* APPARATUS, PRODUCT OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS *
* USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS., *
3 3 ¥ ¥ % N ¥ ¥ N N N & ¥ ¥ N ¥ NN ¥ KN X N N X XN K B ¥ XN X ¥
* THE BASIC REFERENCE DOCUMINTS FOR THIS COOZ ARZ SLA=-73-3416, »
¥ APRIL,1973y AND SAND=-75-(622y DECEMBER, 1975, *
58 B BN BN N NN NN Y B S NN NN K E R NN E YRR NN & NS
* THIS CODE HAS BEEN RELEASED FOR UNLIMITEO OISTRIBUTION, *
® F F ¥ % % 8 N N ¥ N 4N N ¥ ¥ X KN XN ¥ ESE 5B EN R
1 FORMAT(I&L 31297y (BELL X)) 0AM
2 FCRMAT(8A1D) ) DAM
3 FORMAT(8CH DAM
1 : ) DAM
4 FORMAT(1H1) ) DAM
5 FORMAT(/7) DAM
6 FORMAT(161I5) DAM
7 FCRMATI(5/) DAM
8 FORMAT(* NOAM NE NSTP NDIV NDIVE NMUDAM
READ 69 NEyNSTPyNDIVyNDIVE,NMULT,NTYPE ,JSTP,NXTND,KE 0AM
9 FORMAT(I7)2(FBalagFO,4y01LbLyTX)9FBib4yF.4,yG14.4) 0AM
10 FORMAT(19H***ex» |NITS *»%%3 ,0/% [NERGY = KZV¥/*% DEPTH,RANGEDAM
1,0ELTA RANGE = ANGSTROMS*/* ENERGY PARTITION,ION DISTRIBUTION,IOAM
2NTEGRATED ENERGY DISTRIBUTION - DIMENSIONLESS*/* ENERGY DISTRIBDAM
JUTION = EV/ANGSTROM*,3/) DAM

11 FORMAT(6X,2(E6Xy15HINCIDENT ENERGY 410X, 3H***,4X) 46Xy 15HINCIDENT ENEDAM
IRGY 3 /EX 2 (3L Xy 3H**¥, LX) /76X y2(Flb.2 s ¥=KEV¥ 13Xy IH¥**,4X) 4Fl4e2 OAM
2 g¥-KEV*2(/6X 531X y3H*¥¥%,35X,)3H¥**)) DAM
12 FORMAT(6X2(8X311HPROJs RANGE 12X, IH**%,4X) y8Xy11HPRDOJ. RANGE 4/EX,DAM
12(31X g 3H**% LX) 3 /66Xy 2(BXgF5,09*=~ANGSTROMS* 10Xy IH*¥**,4X) 95Xy FEe(y9*DAM

96

0C43
GOuy
3045
3046
GCL7
0048
0049
6050
0051
0052
0353
0054
$555
0056
0057
6058
0059
6060
gd61
0062



2-ANGSTROMS*,2(/6Xy 31X, IH¥ %%, 3EX, JH**¥)) DAM
13 FORMAT(6X2(8Xy11HDELTA RP 212Xy 3H**% ,4X) y 8Xy1LHOELTA RP s /BXgDAM
L2031y 3H ** (LX) o 76X, 2({6XyF540y*=-ANGSTROMS* 910Xy 3H***,4X) 36Xy F540y¥DAM
2=-ANGSTROMS*, 2(/37Xy3H¥** 35X, 3H*¥*)) ' OAM
14 FORMAT(6X,2(4Xy1OGHDELTA PERPINDICULARy8Xy3H**¥,4X) 44X, 19HDELTA PLRIAM
IPINDICULARy/6X 92 (31X 43H*¥* J4X) 3/ 56Xy 2(6XsF54 5y *~ANGSTROMS®, 10X, JH**DAM
2% 3 4X) 9BX9FS, 0,y *=ANGSTROMS® 3 2( /37X s IH**%,35X,3H***)) DAM
15 FORMAT(6X2(1Xy28HTOTAL ENERGY IN DISTRIBUTION,2X,3H***,0LX),1X,28HIAM
1TOTAL ENERGY IN DISTRIBUTION,Z7EXy2(31Xy3H¥¥¥,6X) /56X, 2(Flue2y*=-KEVIAM
2%, 13X IHP** 1 4X) g FL1bely¥~KEV* 32(/ 37Xy 3H¥*%,35X, 3H**¥)) JAM
16 FORMAT(EX92(5X 1 6HENERGY PARTITION,10Xy 3H*¥*,4X) 35Xy 15HINIRGY PARTIAM
LITION/Z6X92(31Xy3H %% 4X) s /BXy2(IXgFQoaley 13Xy IH¥¥ ¥, uX) 43Xy FAaty2(/3DAM
27Xy JH¥R¥ 3I5X  JHE¥X)) DAM
17 FORMAT(3(37Xo3H* %% 35X ,3H*#% /) % X/RP *,2(2X y5HFINALy1Xy1LHINTEGRIAM
LATEDy 3X 9y BHENERGY g4 Xy SH*# ¥ 3 1uX) 92X g SHFINAL 91Xy 1SHINTZGRATED Y 3Xy 6HENCDAM
2RGY 5 /6X 92 (3X 9 3HIONy & Xy BHENERGY 95Xy 7HDISTR 93Xy 3H¥¥*44X) 93Xy SHION,OAM
34X y6HENERGY y 5Xy 7HDISTR. 9/* (PCT) *92(2X96HDISTRy2XsB4DISTR. 15X OAM

b 93XNg3JH***,LX) 552X 36HOISTR, 32X,6HOISTR. 415X, 2{sr 37X, 3H¥**,DAM
535X 3 IHe**)) JAM
18 FORMAT(* VALUES FOR CONTOUR PLOT ENERGY DISTRIBUTION(EV/ANGSTOAM
1ROM) DEPTH (ANGSTROMS) *3/) 0AM
19 FORMAT(* ENERGY(KEVI*,Fbai 94 (6Xy3F10.00,2/72X,5(* DISTR. DEPTH*))IDAM
20 FORMAT(2Xy5(1XyFBe1yF7.C)) JAM
22 FORMAT(I3,11F7.2) JAM

23 FORMAT(7H ENERGY,6X,9HX-AVERAGE,12X,13HDELTA X=SQy 11Xy BHENERGY s 15XDAM
1,12HTOTAL ENERGY4/3aX,7THAVERAGE, 14Xy 9HPARTITION, 12X, 154IN DISTRIBUIAM

2TION, 37) DAM
24 FORMAT(I692X 34({G1545496X)) JAM
25 FORMAT(* I OPCT XMOM3(I) DXMOM3(I) *y2/4(15,F13.0AM
16 ,2E15.4)) DAM
26 FORMAT(S(X,*ENERGY DEPOSITED IN TARGET =%,615.542/) DAM
27 FORMAT(16F5,.8) DAM
28 FORMAT(1iX,* ALAT P1 Z1 pa2(1) 22(1) DAM
1iP212) 22(2) P2(3) 22(3) P2(4) 2214)*%427,11F19,.0AM
23+3/) ] DAM
DIMENSION 0(1600),T557(8L’,RP(5U,50’,DELTA(5S,6J)1R(5E96§) DAM
DIMENSION DP(SDQﬁU),DAMG(nglﬁi)yDIST(25,101)yDINT(259101),G(25) DAM
DIMENSION D1(1650Q) DAM
DIMENSION E(50),EP(E0) DAM
DIMENSION INDEX{(25),F(25) DAM
DIMENSION RC (25,250, 2) DAM
DIMENSION XMOM1(25),XMOM2(25) : DAM
OIMSNSION XI00(25) 0AM
DIMENSION XIﬁl(Zs),XIﬁZ(Zs)’XI33(25),XIZG(ZS),XI21(25),XI3C(25) DAM
DIMENSION XMOM3(25) . JAM
DIMENSION RD(1600) yDRD(164u0) yRO1(1600),DRD1I(LEUT) DAM
DIMENSION SS(16030),SE1(1650) ) DAM
TYPE REAL LEN(25) DAM
CDHHON/T“ENVAR/PZ(“)'ZZ(Q)'91721yNTYPE,EN'ITER’ALAT OAM
CALL WIND3O DAM

30 CONTINUE JAM
A = 1./72.506628274 DAM

DO 40 I = 1,25 OAM
X101(1}=C. DAM
X152¢I =0, DAM
XI03¢(IVY=C. JAM
XI12¢(ID) =2, A DAM
XI21(I)=0. : JAM
XI35(I)=C. DAM

DO «C J = 1,258 DAM
RC(IeJyi) = Qo DAM
RC{Iydy2) = 0o JAM

§363
Jeb=
io€3
10E6
UJET
5368
du69
Yo7
G371
Jnre
GL73
3074
G375
070
3377
3078
ge 79
0583
3381
0382
vuldl3
JIRL
3183
3385
0087
0083
G383
£0s3y
0391
G332
3093
Jd 94
jgaes
5396
0097
3298
0593
g1
0131
giz2
9103
Gics
¢105
6166
g107
g123
0103
91415
U111
0112
0113
0114
5115
J116
3117
g1138
3113
g120
g121
Gi122
0123
0124

97



IF(U=131)35535,460 : DAM

35 CONTINUE ’ DAM
DIST(I,J = 0, DAM
DAMG(I,J) = G DAM
DINT(IyJ) = O, DAM

43 CONTINUE JAM
DO 485 I = 1,50 JAM
DO 4i5 J = 1460 DAM
RP(I,J) = 0. DAM
R(IyJ) = %o JAM
DELTA(I,J) = (. DAM
DPLI N = G. : 0AM

495 CONTINUE DAM
DO 417 I = 141614 DaM
RDO(IY = 0. DAM
RDO1(I) = €. ' JAM
DRO(I) = G, DAM
DROL(I) = o, JaM

437 CONTINUE DAM
PRINT 4 DAM
RZAD 3 JAM
PRINT 3 IAM
PRINT 5 DAM
READ 27 ,ALAT 9P1,Z1,(P2(J)322(J)yJd=1,4) DAM
PRINT 284ALATP1yZ1,(P2(J) 4722(J) yd=144) . DAM
PRINT 5 : DAM
READ 6yNEJNSTP4NDIV,NDIVE,NMULTyNTYPE yJSTPyNXTND,KE OAM
NDAM = NE/NSTP DAM
STP = JSTP DAM
STP = STP/1G. DAM
IF(NOAMY Lyl b2 DAM

41 CONTINUE JAM
NDOAM = 1 DAM
«2 CONTINUE DAM
IF(KENES )43y bl DAM
43 CONTINUE ' DAM
EM = KE DAM
CALL TWENTY DAM
IF(ITERCEQJ) 455,432 DAM

432 CONTINUE DAM
IF(NTYPE.NE.2) READ TAPE2C,KKKyNDIyNMUyNTY, (01(J),RD1(J),DRDL1(J),J=DAM
124 KKK) : DAM
IF(ITER.EQ.L1) READ(2J) DAM
IF(NTYPE.EQ.2) READ TAPEZ2L g KKKy NOI4NMUSNTY,(SEL1(J)»02(J)4RD1(J),DRDDAM
11 (J) 4 J=2,KKK) DAM
READ(23) : DAM
COMP1=NMU DAM
COMPL=COMPL1/NDI ' DAM

44 CONTINUE DAM
EM = NE*NMULT DAM
£M = EM/NDIV DAM
CALL TWENTY DAM
IF(ITER.EQ.D0) 455,45 DAM

45 CONTINUE DAM
IF(NTYPENE.2)READ TAPE2( s KKK yNDIyNMUSNTY » (D(J) 4RO(J) yDRD(J) 9 J=2,KDAM

1KK) DAM
IF(ITER.EQ.1) READ(20) DAM
IF(NTYPELEQ.2) REAC TAPE2C KKK yNOIyNMUSNTY 4 (SE(J)yDJ) 4,RO(J),GRD(JIDAM
1, J=2, KKK) DAM
COMP = NMU DAM
COMP = COMP/NDI DAM

98

WRITE TAPE3D ) NDAMSNE yNSTP,NDIV,NOIVE ¢NMULTyNTYPL, JSTPyNXTND,KE, ITEZDAM

5125
0125
3127
0123
g123
U134
G131
0132
§133
U134
313¢
€136
5137
w133
24133
JiL3
0144
0142
0143
vibe
3145
w145
0147
G148
g149
+15¢
0151
0152
0153 -
G154
0155
01%3
$157
g158
G159
g16d
g1e1
0162
J163
0164
0165
0166
gie67
01€8
3169
4170
4171 .
0172
g1i73
wi74
ui75
0175
0177
0173
0179
3189
0181
3182
0183
0184
0185
0186



IRyALATZPL,Z1y (P2(J)yZ2(J)yd=1y4) JAM 0137

PRINT 5 JAM 0183
PRINT 8, NDAMyNEyNSTPyNDIV,NOIVE, NMULTSNTYPE, JSTP,NXTND,KE,ITER JAM 0183
SZ(1) = 0. JAM 133
SEL1(1) = o, DAM 3191
RD(L) = 0, DAM 3192
RDL(1) = (. DAM y193
DRD(1) = @, JAM (194
DROLCL) = 3. DAM (105
D(1) = G DAM §195
DLCl) = G. DAM 0197

NE = NE/NSTP : DAM 4,193
NSTP = NSTP/NDIVE 94M 0193
READ TAPEZ0y ((RP(JyK) 4DELTALIK) sR(J9K) 3 DP(JyK) yK=1953)yJd=1,y50) DAM 263
REWIND 24 DAM (201
IF(NXTND.GT. 1) 535,545 JAM 3202

535 CONTINUE DAM 42(3
DO S& J=1,50 OAM G20

DO 54 K=1,63 DAM 0235

RP (JyK) =NXTND*RP (J,4K) JAM 2216
DELTA(JyK)=NXTND*OELTA(J,K) DAM Jz07
R({JyK) = NXTND*R(JyK) JAM 233

DP (J, KY =NXTND*DP (J,K) DAM 0209

54 CONTINUE DAM §213
545 CONTINUE . DAM ¢21%
DO 5006 I = 1,NE ’ DAM §212

JRP = 1 DAM 23213
JDELT = 1 DAM J214

DO 5i5i6 J = 2,NSTP 0AM [245

L = NSTP#1i-J JAM §216

X = DELTA(I,L) = DELTA(I,L+1) DAM 0217
IF(X)5004,5001,5002 JAM 0218
5(81 CONTINUE DAM 219
X = JDELT DAM Qz20
JOELT = JDELT + 1 DAM 0221
DELTA(I,L) = (DELTA(I,L+1)-DELTA(I,L+2))/X + DELTA(I,L+1) DAM 222
5302 CONTINUE DAM g223
X = RP(I4L)=RP(I,L+1) DAM 0224
IF(X)5003,53063,5804 DAM 0225
5003 CONTINUE DAM 0226
X = JRP dAM D227

JRP = JRP ¢ 1 DAM 6228
RP(I,L) = (RP{I,L+1)=RP{I,L+2))/X + RP(I,L+1) DAM 0229
R(IZL) = (R(I,L+1) = R(I,L+2))/X + R{I,L+1) DAM 023)
5¢C04 CONTINUE DAM 023t
X = R{I,4L) -~ R{I,yL+1) JAM 0232
IF{X)5605,5605,5006 _ DAM 0233
5305 CONTINUE DAM §234
X = JRP DAM (235

JRP = JRP + 1 DAM 0235
RPCIsL) = (RP(I,L+1)-RP(I,L+2))/X + RP(IyL#1) DAM 0237
R(TyL) = (RII,L+1) =~ R(I,L+2))/X + R(I,L+1) DAM ¢238
5676 CONTINUE DAM 0239
X = NDIV DAM 0240

Y = NDIVE*NMULT DAM (241

DO 59 I = 1,6( : DAM 3242
IF(I-NSTP)531,591,592 DAM 0243

591 CONTINUE " DAM D244
EP(I) = I-1 DAM (245
EP(I) = EP(I)*Y/X DAM 0246

60 TO 59 DAM 3247

592 CONTINUE DAM 0248
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€

£

6

6

6

100

59
1

13

11

12

13

72

73

75
80
81

82

EPCI) = (I-NSTPI®NSTP
EP(I) = EP(I)*YZVX

CONTINUE

X = NDIV

Y = NDIVE*NMULTY

B0 69 I = {,5L

E(I) = NSTP*]

£E(I) = ECI)*Y/X

J = I#NSTP

RP(I,J) = (.

R(I4J) = €.

DELTA(IJ) = L.

DP(I,J) E

CONTINUE
IF(NE-NDAM)BU1,6024602
CONTINUE

NDAM = NE

CONTINUE

KK = NE/NDAM

tL = 1

KXKK = RP(NE,41) + 10 *DELTA(NE,1)
DO 33uv I = KKyNE,KK
IF(I-11)613,613,61C

CONT INUE

IT = IT + 3*KK

JJ = 11

CONTINUE
IF(RP(JJIy3))B129612,613
CONTINUE

JJ = JJ=KK

GO TO 511

GONTINUE

LEIN(LL) = RP(I41)/50.

K = I4+NSTP

KX = 1

JJ =
Do 15
X = L
Y = KX
IF(X=R(I91))73,73,72
CONTINUE

Y=X+R{(I,1)

KX

X=Z ¢ Y

TINUE

X=e5*Y

KKK = 1

DO 80 M = JJyKyKKK
MM = K¢i-M

Z = R{IyMM) =X
IF(ZY8( 487475
CONTINUE

KKK = K

CONTINUE
IF{MM=1)14J,81,481
CONTINUE
IF(KKK=K) 14(C 482,140
CONTINUE

JJ = K+l-=MM

Z = Z/7(R(I4MM) - R(I,MM+1))

L = 1yKXKKyKX

0

HzZun u

xX O XN <

DELY = Z*DELTA(I,MM#1) + (1.-2)*DELTA(I,MM)
DR = Z*RP(IyMM+1) + (1.-2)*RP(I,MM)

JAM
DAM
0AM
DAM
DAM
DAM
DAM
DAM
oA M
DAM
JAM
DAM
0AM
0AM
DAM
JAM
JAM
DAM
JAM
DAM
JAM
DAM
JAM
DAM
DAM
0aM
OAM
JAM
DAM
DAM
JAM
JAM
DAM
OAM
DAM
DAM
DAM
0AM
OAM
JAM
DAM
DAM
DAM
DAM
DAM
DAM
OAM
DAM
DAM
0AM
OAM
JAM
DAM
JAM
DAM
DAM
DAM

- DAM

0AM
DAM
DAM
DamM

{249
6250
d251
g2&52
62532
8254
3253
£2%4%
3257
§258
623
G263
1261
g252
3263
LN
3265
02€¢
8267
0268
J269
327¢C
6271
p272
3273
0274
g27s
w27¢
a277 -
v278
0279
U289
w281
u2sg2
0283
028«
g285
0286
0287
0283
0289
029¢
G291
0292
0293
(29«
02¢5
0296
0297
0298
0299
0300
0361
§302
0333
0304
33085
0306
0387
0308
¢309
§3190



821

825

826

827

83
84

828

LM = EP(MM+1)
IF(KE=-LM)B25,825,821

CONTINUE

EY = 1.,/7/COMPL

EY = (Z*EP(MM+1) + (1,-Z)*EP(MM))*EY + 1,
LM = EY

LN = LM+1

Z = LM

Z = EY=-2

OMG = Z*Di(LN) + (1,-Z)*D1(LM)
X0 = Z*RDL(LN) +(1.=Z)*RD1(LM)
DXN = Z*DRDLC(LNY +(1,=-2)*DRDL(LM)
DMG1 = Z¥SEL1(LN) ¢(1.-2)%SE1(LM)

60 TO 826
CONTINUE

EY = 1./COMP

EY = (Z¥EP(MM+1) + (1.=Z)*EP(MM))*EY + 1.
LM = EY

LN = LM+1

7 = LM

Z = £Y-2 :

DMG = Z*DILN) +{1,.,~-2)*D{LM

XD = Z¥RD(LN) +(1.=Z)*RD(LM)
DXD = Z*DRD(LN)+(1.,-7)*DRO(LM)
OMG1 = Z*SE(LN)+(1.-Z)*SE(LM)
CONTINUE '

DRL = DR

DELTL = DELT

DR = DR ¢ 0.,8+XD*NXTND

DXD = 3.8*DXD*NXTND

DELT = SQRT(DELT*DELT + OXD*DXD)
XIBS(LL) = XI.G(LL) + Y*DMG
XIQ1(LL)=XIGL(LL) + Y*DMG*DR

XIg2(LL) = XIE2(LL) + Y*DOMG®*DR*OR
XI03(LL) = XI0O3(LL) + Y+*OMG*DR*DR*DR
XI2L(LL) = XI2G(LL) ¢ Y*DMG*DELT*DELT
XI21(LL) = XI21(LLY + Y*DOMG*DELT*DELT*DR

XI3GCLL) =XI30(LL) +Y*DMG*DELTL*DELTL*DELTL
IF(NTYPZ.EQ.1) GO TO 827

XIOJ(LL) = XTIuO(LL) + Y*DMGL

XI01(LL) = XIg1(LL) + Y*DMG1i*DR1

XI02(LL) = XIS2(LL) + Y*DMG1*DR1*ODR1

XIO3(LL) = XIO3(LL) + Y*DMG1*DRL¥DR1*DR1
XI26(LL) = XI20(LL) + YVY*DMG1¥DELT1%DELTL
XI21(LL) = XI21(LL) + Y*DMGL*DELTI*DELT1*DR1
XI35(LL) = XI3G(LL) + Y*DMGL*OELT1#DELTI¥DELTL
CONTINUE

DO 20¢ 4 = 1,101

RO = (J=L1)*LEN(LL)
Z = (DR=-RO)/DELT

Z1 = (DR1=-RO)/DELT1
IF(24¢25.)200,483,83
CONTINUE

IF(Z=-25.) 84,984,200
CONTINUEL
IF(DELT-1L,)820483C,834
CONTINUE

Y el

X L-1

X X=o5%Y

DO 19C KR = 1,10

X = X+Y

DAM
DAM
DAM
0AM
DAM
DAM
DAM
BDAM
DAM
DAM
0AM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
JAM
JAM
DAM
DAM
DAM
JAM
0AM
DaM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DamM
DAM
OAM
DAM
DAM
DAM
DAM
JAM
0AM
JAM
DAM
0aM
DAM
DAM
0AM
JAM
JAM
DAM
DAM
DAM
DAM
DAM
3AM
DAM
DAM
DAM
OAM

G631t
g312
0313
J3ta
5315
g316
G317
3313
3319
0322
§321
0322
5323
032«
0325
0325
0327
G328
3329
333G
331
0332
333
6334
6335
0335
6337
0338
0333
3340
5341
(342
0343
03ak
4345
0346
0347
3348
Jd343
035¢
3351
0352
6353
0354
0355
0356
0357
0358
0359
0363
3361
0362
0363
03¢«
0365
§366
0367
g368
0369
0373
0371
3372

101



Z = (RUIgMM) =X)/7 (R(I,MM) =R(IyMM+1)) JAM 373

DELT = Z*DELTA(L,MM+1) + (1,-2)%DELTA(I,MM) DAM 0374
DR = Z¥RP(IyMM+1) + (1.-2)*RP(I,MM) DAM (375
LM = EP(MM+1) DAM 0375
IF(KE=LM)B35,835,831 DAM ;377
831 CONTINUE DAM 0378
EY = 1,7/C0MP1 0™ 0379

EY = (Z*EP{MM+1) + (1,-Z)*EP(MM))I*EY + 1, DAM (380
LM = EY JAM (2831

LN = (M+1 0AM 0382

7 = LM DAM 3383

7 = EY=-7 : DAM 384
DMG = Z*D1{(LN) + (1.-2)*DL1(LM) DAM (385

X0 = Z¥*RD1(LN)+(1.-Z)*RDL(LM) DAM 385
DXD = Z*DRDLI(LN) +(1,-Z)%0RD1(LM) JAM 9387
OMGL = Z*SEL (LN #{1.=2)*SE1(LM) JAM 0383
G0 TO 836 DAM (389
835 CONTINUE DAM 3oC
EY = 1,/7C0MP DAM 01391

EY = (Z¥EP(MM+1) + (1.,-27)%EP(MM))*EY + 1, NAM 3292

tM = EY DAM 393

LN = LM+l JAM 039

Z = LM DAM 0395

7 = EY=2 DAM 03¢6
OMG = Z#D(LN) +(1.-2)*D(LM) : . JAM (397

XD = Z*RD{(LN)+(1.=7)*RD(LM) DAM 0398

OXD = Z*DRD(LN)+(1.=-Z)*0RO(LM) DAM 03¢
OMG1 = Z*SE(LN)+(1,-2)*SE(LM) JAM G400
836 CONTINUE JAM 3431
DRY = OR DAM Q482
DELTL = DELT DAM (403

DR = DR + J+.B*XD*NXTND DAM (4G«
OXD = D.8*DXD*NXTNO JAM $435
DELT = SORT(DELT*DELT + DxD¥0xD) OAM 0405

Z1 = (DR1-RO)/DELTH ] " DAM 0407

21 = 21%*721/2. DAM 0408

Z = (DR=-ROV/DELT DAM G409

2 = 2%%272, DAM 24130
DAMG(LLyJY = (A*Y¥DMG/DELT)*EXP{-~Z) & DAMG(LL,J) DAM G414
IF(NTYPELEN,2) DAMG(LLyJ) = DAMG(LL,J) + (A*Y*DMGL/DILTL1) *EXP(-Z1)DAM (412
199 CONTINUE DAM J413
60 TO 200 DAM J414
830 CONTINUE DAM 3415
Z = 2%%2/2, ‘ DAM D4is

21 = 21%721/72. DAM 417
DAMG(LLyJ) = (A*Y¥OMG/DELTI*EXP(=Z) + DAMGILL,J) OAM Q418
IF(NTYPELEQ.2) DAMG(LL,J) = DAMG(LL,J) + (A*Y*DMGL1/DELT1)*EXP(-Z1)DAM 0419
249 CONTINUE DAM 0420
Y = DELT1/2C. DAM 3421

LM = Y DAM 0422
IF(LM)Y15G4150,85 . DAM 0423

85 CONTINUE DAM 042«
IF(MM=NSTP-1)89,88,89 DAM Q425

83 CONTINUE DAM 1426
MM = MM=-1 DAM 0427

89 CONTINUE DAM 3428
Y = R(I,MM =R(I,MM+1) DAM 0423

Y = Y/1G. " DAM 0430

Y = ABS(Y) + 1, DAM 0431

LN = ¥ DAM J432
IF(LN=-LM) 86,87 ,87 DAM 0433

86 CONTINUE DAM 3434
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87

140

158

130

278

2810

282

283

290

360

KX = LN

G0 TO 15¢

CONTINUE

KX = M

GO TO 15¢

CONTINUE

KX = KXKK

CONTINUE

DO 130 J = 14101

RO = (J=1)*LEN(LL)

X = ((RO-RP(TI,1))/DELTA(I,1))**2/2,
DIST(LLyJ) = EXR(=X)
CONTINUE

DAMG(LL1) = 3¢* (DAMG(LL2Y =DAMG(LL,3))+ OAMG(LLy%)
Y = LEN(LL)Z72.

D0 276 4 = 1,100

LM = 101-J

LN = LM+l

DINTC(LL,LM) = Y*(DAMGILL,LM)+DAMG(LL,LN))
CONTINUE

X = NXTND

G(LLY = (DINT(LL,1)/71333.)/X
INDEX(LL) = 1

DO 28C 4 = 24103

ODINT(LLyJ) = DINTCLLJ)/DINT(LL,1)
CONTINUE ’
XI0L(LL) = XICLCLL)/ZXIGE(LL)
XIo2¢LL) = XI:2C(LLY/XIvo (LL)
XIg3(LL) = XIG3(LLY/ZXIQO(LL)
XI25(LL) = XT20(LL) /7 XIdu(LL)
XIZ2L(LL) = XTI2LC(LL)/XIGS(LL)
XIZCLLY = XI3oLL)Z X Iuva(LL)
XIOO(LL) = XIgOo(LL)/Z100C,
FOLL) = XIGY(LLI/ZEL(T)
DINT(LL,1) = 1,

L =1

DO 29C J = 1,100

KRC = DAMG(LL,J)/STP

JRC = DAMG(LL,J+1)/STP
CONTINUE

IF(KRC-JR(C) 281,290,282
CONTINUE

RC(LLyLy1) = JRCH*#STP

JRC = JRC-1 :

GO TO 283

CONTINUE .
RC(LLsL 1) = KRC*STP

KRC = KRC-1

CONTINUE

X = DAMG(LLsJ) =RC{LL,L 1)

X = X/ZC(DAMG(LLyJ)Y=DAMG(LL,J+1))
Y = (J=1)*LEN(LL)

Z = JRLEN(LL)

RC(LLyL92) = X*Z + (1.,=-X)*Y
L =L+

GO TO 2805

CONTINUE

LL = LL+1

CONTINUE

KK = 1

KKK = 3

X = NXTND

+ DINT(LL,LN)

DaM
DAM
JAM
JAM
DAM
DAM
JAM
OAM
DAM
JAM
JAM
JAM
NAM
JAM
JAM
JAM
DAM
0AM
JAM
JAM
0AM
DAM
DAM
DAM
JAM
DAM
DAM
DAM
0AM
DAM
JAM
DAM
0AM
O0AM
DAM
JAM
DAM
JAM
0AM
0AM
DAM
DAM
DAM
DAM
DAM

" DAM

DAM
0AM
DAM
DAM
DAM
0AM
0AM
DAM
OAM
JAM
DAM
DAM
DAM
DAM
DAM
0AM

0435
043¢
0437
34338
3433
Jhuy
J4ul
0442
fus3
Q444
Y4bLs
Qb4b
D447
J=&8
feb3d
g4ss
Jus1
qus2
453
04Ex
J455
JuSo
G457
fuss
0459
&bl
Jab1l
gue2
J463
Jues
0465
QueEs .
Que7
0463
04€9
34730
0471
0472
G473
0474
0475
04786
0477
0478
0479
Ju8i
0481
0482
0483
J48i
0485
0486
0487
guss
gie89
0490
J491
6492
0493
d494%
04S5
0496
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3139
320
338

340

353

363

378

383

430

420

430

435

L36

104

CONTINUE

IF (NDAM=KK) 420 93204 320
CONTINUE
IF(NDAM=KKK) 330y 3404340
CONTINUE

KKK = NDAM

CONTINUE

PRINT «

PRINT 3

PRINT 7

PRINT {0

DO 350 I = KK,KKK

J = INDEX(I)

TEST(I) = ()

CONTINUE

PRINT 11, (TEST(J) yJ=KK4KKK)
DO 360 I = KKyKKK

J = INDEX(D)

TEST(I) = RP(J,1)/7X
CONTINUE

PRINT 12,(TEST(J) 3 J=KK,KKK)
DO 37C I = KKyKKK

J = INDEX(I)

TEST(I) = DELTA(Jy1)/X
CONTINUE

PRINT 13, (TEST(J) yJ=KKyKKK)
DO 380 I = KK,KKK

J = INDEX(D)

TEST(I) = DP(Jyi)/X
CONTINUE

PRINT 144 (TZST(J),4J=KKyKKK)
PRINT 15, (6{J),J4 = KK, KKK)
PRINT 164(F(J) yJ = KKyKKK)

PRINT 17
DO 400 J = 1,101
LM = 2%(J-1)

PRINT 9QyLMy (DISTIKgyJS)yDINT(K,yJ)yOAMGIKyJ) yK =

CONTINUE

KK = KK+3

KKK = KKK+3

GO TO 310

CONTINUE

L =1

CONTINUE

LL = L+s

IF(NDAM=LL) 435,43€4430
CONTINUE

LL = NDAM

CONTINUE

PRINT &4

PRINY 3

PRINT 7

PRINT 18

J = INDEX(2) - INDEX(1)
PRINT 19, (E(I*J),I=L,LL)
PRINT 5

Y = NXTND
DO %38 J = 1,250
X = 0.

DO 4365 I = LylLL
X = X + RC(IQJ’].)
RC(Iydy2) = RC(IyJy2V7Y

DA M
DAM
DAM
0AM
JaM
DAM
DAM
JAM
DAM
2AM
DAM
DAM
DAM
NAM
0AM
DAM
IAM
DA M
DAM
DAM
JAM
2aM
DAM
0AM
IAM
04AM
DAM
DAM
DAM
oA M
0AM
DAM
DAM
2AM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
0aM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
0AM

- DAM

DAM
DAM
DAM
DAM

Gue7
g4c3
y«+99
35us
0ELl
5502
$5c3
350«
95L5
0505
24507
0803
G5¢

$510
G511
3512
3513
J514
3515
3515
0517
65138
9519
0523
ge21
3522
0523
0524
3525 -
0526
G527
05238
§529
0533
£531
0832
3533
0534
0535
0536
0537
4538
0539
9543
0541
G542
CEuld .
0544
0545
3546
3547
35438
8549
0559
3551
§552
08553
0554
0555
0556
0557
0558



#365 CONTINUE OAM

IF(X)438,L38,9437 JAM

437 CONTINUE DAM
PRINT 20, (RC{TIyJs1)yRC(IJ92)yI=LylL) DAM

438 CONTINUE DAM
L = L+5 DaAM
IF(NDAM=L) 650,430,030 0AM

43 CONTINUE DAM
PRINT & JAM
PRINT 3 DAM
PRINT 7 DAM
PRINT 23 . DAM

J = INDEX(2) = INOEX(1) JAM

DO 450 I = 1,NDAM : DAM

L = E(I*)) DAM
XMOML(I) = XILL(D) DAM
XMOM2 (I) = XI2B(I)#XIO2¢(I)-XICL(IY*XIG1(I) JAM
XMOM3(I) =3¢ *(XI21 (D) =XTo 2 (I *(XI20CI)#XI02C 1)) ) #2.,*XILL(I)*XIu1(T)IAM
1*xXI0L(I) + XIG3(I) JAM
PRINT 249LyXMOML (I XMOM2(I) ,F (1) ,XI0ICD) DAM
PRINT 26,6(I) DAM

453 CONTINUE DAM

WRITE TAPE30,ITERy(E(I)sRP(Is1)4yDELTA(I,1),DP(Iy1)yR{I51),FCI),CIDAM
1), XIGOCI) ,XTOLCI) yXIP2(I)y XTu3C(I) 4 XI20(I),XI22C1), XI33(1I),XMOML(T)DAM

Z,XMOMZ(I),XHOHS(I,,(DAMG(I,J) J=1,151),I=1,NDAM) DAM
PRINT & DAM
PRINT 3 DAM
PRINT 7 DAM
PRINT 25, (I, F(I)yXMOM3(I)4XI30(I),I=14NDAM) DAM

455 CONTINUE DAM
READ 649NRPT DAM
IF(NRPT) 460 y460,33 JAM

466 CONTINUE JAM
ENDFILE 3¢ DAM
REWIND 3¢ DAM
END ' OAM

3559
gsen
561
§562
0563
3564
J5ES
356%
05¢€7
{563
35863
357¢
35714
35872
4573
057
u575
gs75
§577
3578
{579
3582
3581
gER2
G583
gcas
0585
0586
w587
1588
0589
459 -
§591
592
3593
JE9%
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VI. LISTINGS OF SUBROUTINES
All subroutines used by COREL, RASE4 and DAMG2 are

listed here in alphabetical order.
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13

20

1Gs0
101

ig

23

30

SUBROUTINE COPHI(CPHI,T,JdoL )
DIMENSION E(1646)

DIMENSION P2{(&)
COMMON/PHIVAR/E,P1,P2

X = P1=-P2(LJ)

IF(X)23,13y2¢

CONTINUE

X = 1. = T/7EWJ)

CPHI = SQRT(X)

RETURN

CONTINUE

X = 41. = T/7EWJ) -

CPHT = (1.-(1.+P2(LJ)/P1)*T/(2*E(J))I/SART(X)
RETURN

END

-

SUBROUTINE DAMG(ZyTHALF,I)
COMMON/OFIR/NCOMP,NDAM,DE,PART (4,4101)
FORMAT(F& .1y 14y IB)

FORMAT(1GF8.5)

IF(NCOMP.6GT«13G0 TO -1¢

IF(T)1,4,2

CONTINUE

2 =7

RETURN

CONTINUE

G = SQRT(T)

G = SQRT(G)

G = G**3

G = Je4l244*G + T
X = 14/60

G = G + 3J.,4L508%T**X
G = ALF*G + 1.

Z = T/G

RETURN

CONTINUE

IF(NDAM.GT.1) GO TO 3G
IF(NDAM.EQ.1)READ 1G0G,DESNDAM
IF(NDAM.EQ.G)GO TO 1 .

NDAM = NDAM + 1

DO 23 J = 1,4NCOMP

READ 1J01,(PART(JyK) 3yK=24NJAM)
PART(J,y1)=1.

CONTINUE
RETURN
CONTINUE
Z = T/DE
N =12

Z = I-N
N = N+1
M = N+
Z = Z*PART(IZM) + (1.=-2Z)*PART(I4N)
Z = 2*7
RZTURN
END

cop
cop
cop
coe
coe
CoP
COoP
cop
cop
cop
cop
gop
GaP
cop
corp

MG
oMG
MG
OMG
oMG
IMG
IMG
OMG
oMG
MG
OMG
MG
MG
MG
OMG
OMG
MG
OMG
DMG
DMG
DMG
IMG
DMG
IMG
DMG
OMG
DMG
oMG
DMG
IMG
IMG
DMG
MG
MG
MG
DMG
OMG
DMG
M6

duwl
da02
33353
vil-
$145
G09¢e
3307
3308
JJu3d
6u1d
diit

A
Vo d

3013
Jd14
¢d1c

\;]‘.‘l
Jd42
J0u3
J90=
d3d5
$305
Giav
3502
33233
g01c2
tJit .
3912
0313
014
§d15
3216
3317
2013
3019
qdad
gg21
3322
0023
G2+
8323
3326
go27
Jy28
3329
3134
0031
3032
0033
CG3u
0035
G035
0037
5038
0039
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14

15

16

18

20

40
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SUBROUTINF FET(Y,4X)
FORMAT(* ERROR IN SUBROUTINE FET.
DIMENSION F(58),EF(50) ySLF(5C)
COMMON/FVAR/F 9 SLF yEF gy NF gy MM
N =0

MM = g

DO 10 I = 1,NF

Y = (X=gF(I))
IF(Y)10,45,5
GCONTINUE

N = I

CONTINUZ

NN = 1¢

IF(NY 40,420,415
CONTINUE

MM = 15
IFIN=-NF)16416,40
CONTINUE

Z = X/EF(N)

Y4 ALOG(2)

A\ FAN) + SLF(N)*Z
G0 70 51

CONTINUE

Y = 1.,/7(2.%X)
RETURN

CONTINUE

Z = 235

Y = 1.43%(X**7)

GO TO 5¢

CONTINUL

PRINT 1, MM
CONTINUE

RETURN

END

SU3ROUTINE FSET

DIMENSION F(5L),SLF(5.),EF(5D)
COMMON/FVAR/F4SLFEF g NFy MM

NF = 13 .

SLF(1) = .06781
SLF{2) = L7748
SLF(3) = 407791
SLF(4) = .370669
SLF(5) = ,.05239
SLF(6) = .0(987
SLF(7) = -.02433
SLF(8) = =.i6204
SLF(9) = -,12005
SLF(10) = -.13129
SLF{11) = ~-.11109
SLF(12) = =-.06221
EF(1) = 002
EF(2) = Jibb
EF(3) = L0108
EF(4) = ot23¢
EF(5) = (40
EF(8) = +10C

MM =

*y1I5)

m

ey e m

S e B B Tt T B W i B Bt B Bt W W 2 W W 2 W W M B B B M Bt B B B
e e e e I e e e I I R R I T B R B e B B I e R B R I e R R R |

VIV Do ATE IV ro 00 PO PV 00 Y O P o Py gy 18y gy O M i P ia p i mn

FSE
FSE
FSE
FSE
FSE
FSE
FSE
FSE
FSE

FSE
FSE

. FSE

FSE
FSE
FSE
FSE

J9401
33i2
3203
Jich
§508
3485
daa7
0038
g24a3
3310
d011
0012
IN13
J31«
J21¢
gd15
0317
4318
0513
ciac
G021
Gd22
0023
Gd24
gg25
0126
gaz27
0528
a029
ag3¢0
0331
05332
ac33
033

d3d1
34062
2333
0034
3345
6206
0607
goos
8349
G010
6011
8612
G013
3014
3015
0016
go17
30138
2019
0020
0021
6022



53

63

EF(7) = ,150
EF(8) = ,2246
EF(9) = L&J0
EF(L10) = 1.800
EF(11) = 2.004¢
EF(12) = &4.(0L
EF(13) = 10,0¢C0
F{1) = .162
F(2) = .2¢€9
Ft3) = .28%
F(s) = +334
F{5) = .383
F(B) = 431
F(7) = 435
F(8) = ,4L28
F(9) = .385
F(10) = ,275
F(L1) = 184
F(12) = 41067
FC13) = (58
RETURN

END

SUBROUTINE RANGER(E9LJ9yCPHI T yX,0ELT)
DIMENSION R{4,1600)9yDR(4y36002),DP(4y16CC)
COMMON/DSEC/Ry DRy DPy NEyNDIVyNMULT ¢ NCOMP, EN
IF(I.EQ.1) GO TO 5¢
Z = E/EN

z

Z-N

1.2

N+1

N+l

(Y*R(LJ,N) +#Z*R(LJ, M) ) *CPHI
T = (Y*DR(LJyN) +Z*DR(LJ4yM)) *CPHI
(Y*DP(LJyN)+Z*DP (L JyM))
DELT = DELT*DELT ¢ Z¥Z*(1.-CPHI*CPHI)/2. + X*X
RETURN
CONTINUE

NCOMP = 1

DO 66 J = 1y NCOMP

READ TAPEiG,NE,NDIV,NMULT,NCOHP,(R(J,K)yDR(JyK),DP(J,K),K=1,NE)
IF(NE.EQ,3) RETURN )
READ(10)
CONTINUE
EN = NMULT
EN = EN/NDIV
RETURN
END

n

LUI i I T I T [ 1}

N
4
Y
N
M
X
D
¥4

FSE
FSE
FSt
FSe
FSt
FSE
FSE
FSE

RGR
RGR
RGR
RGR
RGR
RGR
RWR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RGR
RS

RGR
RGR
RGR

3323
3G2e
gi2%
t02o
aney
3023
Ji29
66338
Ju31
5922
w33
2634
U335
63305
G037
3638
4039
JO W3
REETSE
gga2
5063
GhbLs

g3ct
6ig2
8533
8004
G9C5
3005
8L37
guos
008C9
G614
0011
3012
4013
d014
J315
u016
$i17
0018
4019
0029
0921
0022
g023
€024
gc2s
g026
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SUBROUTINE SECALC(Z147224P14EySEyZyA,EN) SEC $dCL
c 71522 4ARE THE ATOMIC NUMBERS OF THE INCIOENT ION ANJ TARGEY ATOMS,3EC §fi2
c RESPECTIVELY. THE INCIDENT ION MASS IN AMU IS P1, WAILZ £ IS THE SZC U403
G INCIDENT ENzZRGY IN KEV. SzC 2olu
C A EN ARE 4 RESPECTIVELY, THE PARAMETERS Z,A,N IN THE BRICE FORMUSIC 0465
C SE IS THE INELASTIC STOPPING CROSS SECTION IN KEV-CM2/ATOM SEC 93do
B = 1.21918£-18 SZC JG67
X = E/Z(10C.*P1) SzC acae
Y = X/(Z2**2) SEC 4609
SQ = SQRT(Y) S=C 0313
AT = ATAN(SQ) SZC G111
SEZ = (((30e%¥Y+B83)*Y+74,)%Y421,) SZC 4¢312
SZ = SE/ (3% (144Y)**3) SEC (513
SE = SQ*SE #AT*(1l.*Y+1,) ScC 001+
SE = B*SE SzC (312
S = SE¥(Z21+12)/2, SZC UG1o
SQ = 2.*SART(X)*A SEC dJ017
Y = 1.+4SQ**EN S0 4313
SE = SEv/Y SZC §0139
RETURN S0 §3d2c
END SzC 3321
SUBROUTINE TEN TEN 2831
COMMON/PHIVAR/E PL,P2 TEN {332
COMMON/TENVAR/NEgNDIV,NMULT,ALAT,Z2 TEN 3233
DIMINSION Z(1600) 4P(0) 322(4) 4N(4L) 4P (33) TEN G000«
1 FORMAT(5/7,5(1X,*RECOIL DATA NOT AVAILABLE FOR THIS TARGET*,/), TEN 3355

12/ +1X4*CALCULATION PROCEEDING WITH A THEORETICAL ESTIMATE FOR THISTZN GC06

2 INFORMATION*,2/) TEN CC47
EP = NEXNMULT ' TEM G008

EP = EP/NDIV i TEN G003

PP = 1, TEN §010

DO & J = 1,4 TEN C¢J11
PLJ)Y = (P1-P2GJMY/7(PL+P2(U)) TEN GG12
PLI=PLI*P(Y) TEN 40613
IF(P{D LT.PPIPP=P (J) TEN CO14

5 CONTINUE TEN 0015
EP=EP*(1,-PP) TEN G018

10 CONTINUE TEN 0017
RZAD TAPELLy IN(J) yJ=1y4) g (P(K) ,K=1,33) TEN G018
IF(N(L).EQ.d) GO TO 160 TEN 0619

ER = N(1)*N(3) _ TEN 0020
ER = ER/N(2) TEN 0021
IF(ER.GELEP) 3C,20 TEN 0022

20 CONTINUE TEN 3023
READ(13) TEN J32«

GO TO 10 TEN 3025

30 CONTINUE TEN 04826
IF(ALAT.NE.P(1))GO TO 2¢C TEN G027
IF(P2(1) (NE.P(2))G0 TO 20 TEN 08238
IF(Z2(1) JNE.P(3)IGO TO 20 TEN G829
IF(P2(2) +NE.P(14))GO TO 2¢ ~TEN QL3¢
IF(Z2(2) 4NEsP(11))G0 TO 20 TEN 0031
IF(P2(3) ,NE.P(18))GO TO 2: TEN 4032
IF(Z2(3) +NE.P{(19))6O0 TO.2¢ TZN 0033

IF (P2 (4) JNZ.P(26))G0 TO 20 TZN 0034
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IF(Z2(4) «NELP(27))G0 TO 2¢- TEN
RETURN TN
CONTINUE TEN
PRINT 1 TEN
RETURN TEN
END TEN
SUBROUTINE TWENTY TWE
DIMENSION N(18),P(27) T
COMMON/ TWENVAR/P2(4) 922(4) 4PLy 21 yNTYPE,EMy ITERy ALAT TWz

1 FORMAT(5/,1X,*RANGE AND STRAGGLING DATA NOT AVAILABLE ON TAPE20*,/TWE

ic

15

16

22

25

30

151X, *CALCULATION ABORTED

PROCEEDING TO NEXT SET OF INPUT DATATWE

2%,741H1) THE
CONTINUE TWE
READ TAPE20, (N(J)yJ=1915), (P(K)4K=1,27) THE
IF(EOF,20)22415 THE
CONTINUE THE
E = N(1)*N(3) THE
E = E/N(3) ’ TWE
IF(E.GT EM/L1.(1)16,2 TWE
CONTINUE THE
IF(Z.LTe1.31%2M) 30,425 THE
CONTINUE THE
PRINT 1 THE
ITER=Q TWE
REWIND 2¢ THEZ
RETURN TWHE
CONTINUE THE
IF(N(T?).GT.5) READ(2D) TWE
READ(20) TWE
READ(23) TWE
G0 TO 10 TWE
CONTINUE TWE
IF(ALAT .NEL,P(1))GO TO 25 TWE
IF{PL1.NE.P(2)) GO TOQ 25 THE
IF(Z1 .NE.P(3)) GO TO 25 TWE
IF(P2{1) «NE.P(4)) GO TO 25 THE
IF(Z2(1) .NE,P(5)) GO TO 25 THE
IF(P2(2) «NELP(10)) GO TO 25 THE
IF(Z2(2) +NE.,P(11)) GO TO 25 TWE
IF(P2(3) +NE.P(16)) GC TO 25 TWE
IF(Z2(3) «NE.P(17)) GO TO 25 TWE
IF(P2(4) JNE,P(22)) GO TO 25 TWE
IF(Z2(4) NE.,P(23)) GO TO 25 TWE
IFIN(7) oLT43) ITER==N(7) THE
IFIN(7) «GT.0) ITER=N(7) TWE
RETURN THWE
END TWE

3035
v33¢€
3337
IDEE]
Jo 39

0Gud

SR
e -

geg2
333
1G04
3315
Gace
o037
GOCR
3509
dulld
J011
ac12
013
[P
3315
dlloe
3217
gl18 -
9019
36249
3021
4522
0923
dg24
3025
0026
acev
2028
g029
3030
3932
3032
0433
3034
Ju3s5
3036
0037
3033
4039
0040
0941
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10

20

30

10

20

30

31

32

43
<1

42

10

20

25

30

112

SURROUTINE WIND1Q
DIMENSION P(37)
CONTINUE

READ TAPZ10, (P(J),yJ=1,37)
IF(EOF,y 1) 3L 420
CONTINUE

READ(18)

GO TO 1i

CONTINUE
BACKSPACE 10
BACKSPACE 112
3ACKSPACE 1§
RETURN

END

SUBROUTINE WINDZ20
OIMENSION N(15),P(27)
CONTINUE

READ TAPE2D],y (N(J)yJ=1515)y (P(K)yK=1427)
IF(EQF,204)20,30
CONTINUE

BACKSPACE 20

RETURN

CONTINUE
IF(N(7).LTC) GO TO 2L
READ(2D)
IF(E0F,203)42,431
CONTINUE

READ(20)
IF(EOF,2G)+1,32
CONTINUE

READ(23)

IF(EOF,208) 40410
CONTINUE

8ACKSPACE 2¢

CONTINUE

BACKSPACE 2:

CONTINUE

BACKSPACE 2V

GO 70 2@

END

SUBROUT INE WIND3(
DIMENSION N(11),P(11)
CONTINUE

READ TAPE3G,y (N{J)yU=1411), (P(K),,K=1,y11)
IF(EOF,30)30y20
CONTINUE
IF(NC11).GT.1)G0 TO 3¢
READC30)
IF(EOF430)25,10
CONTINUE

BACKSPACE 30

CONTINUE

BACKSPACE 3(

RETURN

END

Wie
Wi
Wil
WiCl
Wig
Wig
Wit
W1G
Wi
Wi G
WwiLe
Wil
Wig
LBR]

w2 g
W2
N2 3§
n2L
W24§
Wi
W23
W2y
W2&
W2 G
W20
W2 e
W2
W2t
wag
W20
nly
W2¢
W2¢g
W2o
NSy
W2gs
W2¢(
W2(
W2§
W20

W30
W3¢
W3GC
W3s
3G
W3eC
W3G
W30
W3l
W33

- W3C

W3G
W3iG
W30
W3d

SOt
ggQ2
£33
G304
903>
1906
3347
VRV )
IS
6012
vill
3012
Ji13
R Y

031
§l42
J03
SR VRS
3005
3006
3307
4Qué
3009
vl
d311
3312
0313
301«
y3is
§316
«J17
J018
§J19
3626
wg2l
0622
0623
002«
3025
0026

0001
gage
8003
3004
0005
3606
3ua7
gago8
g0¢a3
3310
1911
9012
4313
014
1e15
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5112 G. Krefft

5114 J. E. Houston

8266 E. A. Aas (2)

8340 J. L. Wirth

8341 W. D. Wilson

8341 L. G. Haggmark

8347 W. Bauer

3141 C. A. Pepmueller (Actg.) (5)
3151 W. L. Garner (3)

For: ERDA/TIC (Unlimited Release)

ERDA/TIC (25)
(R. P. Campbell 3171-1)
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