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ABSTRACT

Two Fortran programs have been written to provide a method for the analysis
of (p,y) resonance yield curves for targets that may be thick compared to resonance
width but which have a total energy loss small compared to the energy of the inci-
dent particle. For the sake of definiteness, (p,y) reactions are discussed but the
programs may be used for some other incident particles as well.

The programs are designed for several kinds of inview usage; in each, calcu-
lated and experimental yield curves are to be compared. A subprogram for plotting
yield curves on a Calcomp plotter facilitates this comparison. Other subprograms
provide plots that are useful in insuring that suitable parameters have been chosen
as input data. Among the uses envisioned are: (1) the extraction of resonance
widths and energies from experimental (p,y) yield data from homogeneous targets
and for targets that have a layer of inert matter or matter that contributes to the
yield but which is different from that of the target; (2) the determination of the
energy loss characteristics of a layer of matter on a target whichproduces 4 reac-
tion with a sharp resonance of known properties; (3) the determination of target
thickness, e.g., for solid targets used in neutron production; (4) the determination
of the atomic composition of certain kinds of thin films; (5) the calculation of
energy loss distributions; and (6) the calculation of the beam energy distributions
after the beam has passed through a slab of matter.

The necessary energy loss distributions for the target are calculated by means
of a theory due to P.V. Vavilov which gives a mathematically rigorous solution of
an integro-differential equation for the many-collision energy loss fluctuations ex-
perienced by a charged particle as it penetrates matter., This solution is based on
a free-electron single-collision energy loss probability density;the consequences
of this assumption are discussed.

PROBLEM STATUS

This is a final report on this phase of the problem.
AUTHORIZATION
NRL Problem H01-44

Project RR 002-06-41-5012

Manuscript submitted December 3, 1970.
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FORTRAN PROGRAMS FOR (p,y) YIELD CALCULATIONS BASED ON
VAVILOV’S THEORY OF ENERGY LOSS DISTRIBUTIONS

3

INTRODUCTION

ITITCCYTIOND

Mathematical descriptions of resonant (p,v) yield curves provide a means of extract-
ing the resonance energy and the resonance full width at half maximum (FWHM) from
experimental data. Since such descriptions depend on the average energy loss and energy
loss fluctuations of charged particle beams as they penetrate matter, valuable insight and
understanding of the theories of energy loss and energy loss fluctuatlons may be had by
correlating measured yields with calculated yields. The work herein described is con-
cerned chiefly with yield curves taken from narrow isolated resonances in nuclear reac-
tions with incident charged particle beams of small energy inhomogeneity. For the sake
of definiteness, (p,y) reactions are discussed but the results can be applied to some other
kinds of incident particles as well.

The yield from a (p,y) reaction for a homogeneous target is described by the formula

t
Y(E,t) =N,N, [ [ [,c®EIEE, E)IE, - Ex) dEdE, dx, (1)

Y(E, ,t) = number of reactions at an average bombarding energy E_
N. = number of incident beam particles

N_ = number of target particles per cubic centimeter of the kind
contributing to the yield

E_ = resonance energy
o(E,E ) = cross section per atom at energy E
g(E, E,) dE,

probability that a beam particle in free space will be in energy
interval dE; at E; if the average beam energy is E,

f(E, - E,x) dE = probability that a particle which has an energy indE, atE;
before entering the target will be degraded into dE at E as it
penetrates the target and loses energy through many collisions
with the atomic electrons along‘the path with a length in the
range X to x+dx (measured in cm along the beam direction)

t =target thickness in cm.

The integration with respect to dE and dE, is tobe carried out over energyregions where
the cross-sectionfunction andbeam energy distribution function g(E,,E,) have nonnegligible
values.

Since the concern here is only with the relative yields, the constants N, and N, will
be dropped. The energy loss E, - E will be designated by A. Since the loss is assumed
to be proportional to the path length the average energy loss A will be taken as the
target-penetration-depth variable, and the energy loss distribution function f will be
written w(A,2A). The yield formula then becomes

| ) |
¥, = [ [ [ o®E,)e®, E,)W,0) dEaE;az, (@)

where T is the target thickness in keV.
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Two Fortran programs, named WINTGRLT and YIELDS, for calculating and plotting
the relative (p,y) yields according to Eq. (2),have been written. Some results obtained
with the programs, a brief discussion of Vavilov’s theory, and a discussion of related
work appear in Ref. 1. Preliminary versions of these programs appear in Ref. 2.

The energy loss distributions w(A,A) are calculated by program WINTGRLT accord-
ing to the Vavilov formula (1,3,4):
o«
2
Ho9) =g A j o'1 cos(yh, +x1;) dy, ®)
m
~ 0

where

k = €e€max

0.30058 (mc2/32)(Z/A)s, in which m = rest mass of the electron,

¢ = velocity of light, g = ratio of the velocity of the incident particle
to the velocity of light, Z = number of electrons per target atom
(molecule), A = atomic (molecular) weight of the target, s = target
depth variable in grams/cm?

N, =AB - k(1+82-y)

v €max

v = 0,577216, which is Euler’s constant
f,ly) = p2llogy - Ci(y)] - cosy - y Si(y) and ,
f,(y) = yllog y - Ci(y)] +siny + B2 Si(y), in which Si(y) = fo -s%du,
the sine integral and Ci(y) = fmy 5":—”du, the cosine integral.

1

Formula (3) gives a family of energy loss distribution functions each labeled by a value
of «. . The subroutines that calculate these functions are based on a program listing
kindly: furnished by Seltzer and Berger (4). WINTGRLY also integrates with respect to
A and punches the integrals on cards.

Program YIELDG reads the set of integrals punched by WINTGRLT and other data
from punched cards and calculates the (p,y) yield. This program will also modify the
free-space beam energy distribution for the case where the beam passes through a layer
of matter (in general different from that of the target) which may or may not contribute
to the yield.

The cross-section function +(E_,E) may be supplied as data to program YIELDS;
alternatively, this program will calculate a cross-section function according to the
single-level Breit-Wigner formula if the resonance energy and width are supplied as
data.

The beam energy distribution g(E ;»E, ) is calculated by YIELDS6 if E, is supplied.
The shape is Gaussian. However, a modification could be readily made to accommodate
a function of arbitrary shape. '

Although Vavilov’s development (3,4) is based on the free-electron single-collision
energy loss probability density, he diminishes the effect of this approximation on his
result by substituting for the first moment of this distribution the average energy loss
given by Bethe’s theory (5). The present work replaces this first moment by an experi-
mental value of average energy loss (1,2). However, the theory depends to a degree on
the single-collision spectrum, and this dependence causes the lack of agreement between
experimental and calculated yields for targets containing atoms of atomic weight much
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greater than about 25. In the present work, agreement with experiment for targets con-
taining atoms of intermediate atomic weight is improved by replacing Z, the number of
electrons per target molecule, with Z.,, the “equivalent number of free electrons,” in
the single-collision energy loss spectrum (1). Z_, may be found for a given target ma-
terial by treating it as a parameter of variation for one target. The extent of the useful-
ness of this concept will not be entirely clear until more experience with it is gained.

AITITCCYIOND

The programs have been written in Fortran-63 (a Control Data Corporation version
of Fortran). They have been run on the NRL CDC 3800 which has T7777; memory loca-
tions in bank one and about 54000, in bank two available for the user’s program. Each of
the programs described in this report occupies nearly all of the available memory.

METHOD OF CALCULATION

To evaluate formula (2), the target is divided into slabs by equally spaced planes
perpendicular to the beam direction. The energy loss distributions are calculated by
WINTGRLT for each plane near the face of the target, for every other plane somewhat
deeper in the target, and less frequently for other planes still deeper in the target. The
manner in which the target planes are selected must be chosen by the user. The integral
variable I labels the planes; I = 1 labels the face of the target; the energy loss distribu-
tion for the target face is set equal to zero for all energy losses. In Vavilov’s notation
(1,3,4) the distributions are labeled by the set « and in the programs they are labeled by
the set D(I). Many of the more important names for the Fortran programs are listed in
Appendixes A and C. Since there is no significant difference between the Vavilov distri-
butions and the Landau distributions (6) for small « (i.e., for small average energy loss),
WINTGRLT will produce Landau distributions in lieu of Vavilov distributions for the first
ILAN values of I, where the value of ILAN is set by the user. This reduces computation
time. The Landau functions are derived from a stored tabulation due to Bérsch-Supan (7).

Formula (2) is evaluated for a chosen set of bombarding energies, E;, = EB(M), suf-
ficient in number and distributed so as to facilitate comparison of calculated and experi-
mental yields. Provision is made for the plotting of selected loss distributions, calculated
yield, and experimental yield by means of a Calcomp plotter.

All energies at which the functions of the integrand of formula (2) are evaluated must
belong to a “basic set;” all energy differences must be differences between members of
this set. The interval on the basic set is named DEI and should be chosen so that the
density of points is adequate to represent the most rapidly varying function of the inte-
grand; for sharp resonances, this is the cross-section function. For example, if the res-
onance FWHM is estimated to be no smaller than 0.020 keV and DEI is chosen to be 0.004
keV, there will be at least 5 points on the cross-section representation above half height.
The values of the basic set are fixed by requiring that E, be a member and the range of
the set must be sufficient to represent the greatest energy loss that may occur with non-
negligible probability. The set EB(M) must be a subset of the basic set. -

Program WINTGRL7 calculates the distribution function at each target plane for a
set of energy losses A. = EIE(J5). The interval on this set, DE, must be an integral
multiple of DEI so that the set A; will be a subset of basic energy set differences. This
is done so that the energy interval on the distribution functions may be coarser than that
required to represent the cross-section function and beam energy distribution. The func-
tion W(J5), consisting of the integrals over the target depth variable, is interpolated to
obtain values at losses corresponding to the basic energy set in program YIELD6, which
integrates over the beam energy distribution and cross-section function.
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The average energy loss between target planes, DKX, is related to DE by the relation
DKX = DE * NDKX/A6, where A6 is a constant near unity and NDKX is a small integer;
the origin of this formula will be discussed later. Typically, for a narrow resonance, DE
might be chosen to be 0.020 keV and NDKX = 2 so that the average energy loss between
target planes would be about 0.040 keV. The quantities DE and NDKX must be chosen
small enough so that a further reduction will have a negligible effect on the resonance
parameters deduced from the calculation.

Ten or fewer distributions may be specified by the I value on a data card read by
WINTGRLT for plotting. These plots are an aid in assuring that a resonable choice of
parameters for the calculation has been made.

After calculating the energy loss distributions at selected target planes, WINTGRL7
integrates with respect to A = KX(I), that is, it calculates the set of integrals

T
W@s) =W, = | wia;,5)d5; (4)
v o

there will be as many integrals plus one as there are energy loss increments A;. These
integrals represent the probability that, somewhere in the target, a particle will suffer an
energy loss J5*DE where J5 = 1, 2, 3 ... J3STOP and J3STOP=HIL®SS/DE +1; HILGSS is
the maximum loss any particle will suffer in the target with nonnegligible probability. The
function W(J5) is plotted if selected energy loss distributions are plotted. The set W(J5)
and other parameters are punched on cards for input to program YIELDS.

Program YIELD6 has three modes of operation, depending on data constants NSLA
and NSLP. If there is no surface layer on the target, NSLA and NSLP are set equal to
zero. If there is a surface layer which does not contribute to the yield (for example, a
layer of carbon on an aluminum target used to produce the 27Al (p,y)28Si reaction), NSLA
is set equal to zero and NSLP is set equal to unity. The program then broadens and shifts
the peak energy of the free-space energy distribution to take into account the effect of the
layer. To accomplish this, the Vavilov distribution at the layer-target interface is calcu-
lated by subroutine BEAM1. To accommodate the case where a layer on the target contri-
butes to the yield (for example a layer of Al,0, on an aluminum target for the reaction
cited above), the yield from the layer is computed in the usual manner by means of
WINTGRLT and YIELD6 (with NSLA = NSLP = 0) and punched on cards by YIELD6. The
yield from the target proper is then calculated by means of the two programs with NSLA
set equal to unity and NSLP set equal to zero; the layer yield is read from cards by
YIELD6 and added to that of the target proper after being multiplied by a constant named
YLDFAC.

As an aid in the use of program YIELDS6, subroutine GRAPHB is provided to plot the
free-space beam energy distribution, the energy loss distribution at the layer-target in-
terface, and the interface beam energy distribution. A subroutine GRAPHA is provided
to plot the experimental yield which is read from data and to plot the calculated yield so
that judgements may be made as to the choice of resonance parameters read from data.
If agreement between experiment and calculated yield is not satisfactory, these parame-
ters are varied and another calculation made.

More detailed descriptions of the programs and subprograms are given in subsequent
sections.

PROGRAM WINTGRL7

Program WINTGRLT and its subprograms W6, VAV6, TRIGEX, LAN1, GRAPH5, and
N@RM2 produce the distribution functions at specified target planes, integrate with respect
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to the target depth variable KX(I) = A, print certain quantities, graph certain distributions
(specified in data) and the integrals W(J5) =W(a;) = f w(a; ,A)dA, and punch the set of
integrals W(J5) on cards which are to be read by program YIELDS6; J5 is an integer vari-
able labeling the set of energy losses for a yield calculation. A nomenclature list which
gives the meaning of most of the important quantities in the program appears in Appendix
A; a program listing, a sample print-out, and a sample plot appear in Appendix B. All
energies are in keV unless otherwise stated.

The main program statements numbered 96 and below are FORMAT statements.
Statements with numbers between 100 and 120 specify the data to be read from cards
(Table 1). Certain constants and arrays are then computed. Although there are defini-
tions and explanations in the nomenclature list, a few points are worth considering in
greater detail.

Table 1
Data Cards for Program WINTGRLT7
Cards Format Data
1 - Comment in columns 2-T70
2 - Comment in columns 2-70
3 8F10.4 Z, A, DE, DEI, ZIP, TT, HIL@SS, CUTFAC
4 8F10.4 RM, SEL, ERA
5 8110 NMAX, NC@OMP, LCOMP, LCOUNT, LCOUNT?2,
NDKX, NLANDAU, ILAN
8F10.4 DYMAX, COMP, SL@, PCUT, CUTFAC
8110 NTWQS, NFOURS, NEIGHTS, KSIZE(2), KSIZE(3),
KSIZE(4), KSIZE(5)
15, 1015 NPMAX, NP(I), I=1,2 ... N;N<11
8110 NPRINT1, NPRINT2, NOPL@T, ICTLOW, INRM,
IQUIT
10 8110 IPRINT(I), I=1, ... IM, IM<11
11 8110 KPRINT(K), K=1...KM, KM<11
12 8F10.4 SFX, SFY, SFXLOW, SFYLOW
13-111* | 5(F6.1,3X, | 486 pairs of values specifying the Landau
E10.4,6X) | distribution.

*These cards may be omitted if the program is never required to produce

Landau distribution.

The parameter Z is not always the actual number of electrons per target molecule
as in Vavilov’s theory but is equal to the number of “equivalent free electrons” Z.,
which determines (to a good approximation) the set of distribution functions appropriate
to the target, i.e., those labeled by the set D(I) = « leading to a yield curve which agrees
with experiment. For targets of low atomic number, Z will be equal to or nearly equal to
the actual number of electrons per atom (molecule)but for targets composed of elements of
intermediate and high atomic number, Z will be substantially less than the actual number.
The integer variable I labels the planes of the target and the parameter set « = D(I).
D(I) is the parameter set that labels the distribution functions in the Vavilov formula,
where I = 1 for the face of the target and I = IMAX for the back surface of the target.

AITITCCVIOND
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There is an option in the program that permits the low-loss distribution functions to
be determined from the Landau distribution function which is stored on data cards. This
saves computation time and is feasible because the Landau and Vavilov functions (plotted
as a function of the Landau parameter A ) are essentially identical for « < 0.01 — see,
for example, Fig. 1 of Ref. 4. This option is entered (not entered) if the control constant
NLANDAU is set equal to unity (zero) in data. Values of the Landau )\ = (xv/ k) -log k =

- GL(LL) and Landau distribution function ¢ = GPH(LL) were taken from the table of Ref. 7
and are entered in data, 5 pairs to a card, for values of A = -3.5, -3.4... 99.5. These
cards need not be present if the Landau option is never used. If NLANDAU = 1, the dis-
tribution functions labeled by I = 1, 2, 3 ... ILAN will be determined from the Landau
table and the remaining distribution functions will be obtained by means of formula (3).

For very small values of « (i.e., for the low-loss distributions) for a target subdi-
vided into very thin slabs, the functions determined either from the Landau function ¢ ()
or the Vavilov formula (3) would have nonnegligible amplitudes for some negative values
of energy loss; this is judged to be physically unrealistic and the lowest loss permitted is
zero. For very small values of «, this means that the functions are cut off at » ~ 0.
These functions are then renormalized so that they envelop an area of unity. This, in
effect, changes their shape so that they are more asymmetric than the Vavilov functions
and more nearly resemble the single-collision loss distribution given by Eq. (9) of Ref. 1.

The target thickness (in keV) is read from data but is recomputed after IMAX is ob-
tained from it so that the target thickness will be exactly equal to the sum of the average
energy losses in all of the target slabs. This is done as follows. The average energy
loss between target planes is DKX:

IMAX = TT/DKX + 1. (5)

The integer IMAX is then compared with the real value TT/DKX + 1 and set equal to the
integer nearest it. Then TT is recomputed by

TT = (IMAX - 1)*DKX. (5')

Often, the target thickness is not known to within an uncertainty of size DKX. In fact,
the most probable value of target thickness is usually judged to be that which leads to
agreement between calculated and experimental yields. Both the set of distribution func-
tions and the target thickness must be correct to obtain the correct shape for a yield
curve that is taken over a bombarding energy range greater than the target thickness.

Although the energy interval DEI is not used in program WINTGRLT, it is read from
the data cards and together with other parameters is repunched on data cards for trans-
mission to program YIELD6. The energy interval DE gives the spacing of points on the
distribution functions and, hence, the spacing of set W(J5); DE must be an integral
multiple of DEI. The set W(J5) is later interpolated to obtain a set with energy loss inter-
val DEI prior to integration over the beam energy distribution and the resonance shape.

The quantity DKX cannot be chosen independently but is obtained in the following way
so that one set, A, = PV(K), can be used for the calculation of all distribution functions
obtained from the Vavilov formula, where K = 1, 2, 3 ... KMAX:

. =A-B _ B pyx) - EIEJ5) - KX(1) _
v €max GEMAX

D(I)*B, (6)

where EIE(J5) is the set of energy losses for the problem at hand, GEMAX =¢_,. , the
maximum energy that an incident particle of resonance energy can transfer to a free
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electron, and B =1 + 32 - o, where g is the ratio of the incident particle velocity at res-
onance energy to the velocity of light and v = 0.577216, which is Euler’s constant. There
is a discussion in Ref, 1 of the manner in which the experimental value of the average

energy loss per unit length for the target matter enters the calculation; Eq. (14) of Ref. 1

is rewritten here as

=L _pm- KX(I) ’
Le KX2*GEMAX

max

where L = KX2 in Fortran notation. Now let

& = KX(I) = (I - 1)*DKX, where I = 1, 2, 3 ... IMAX,

and
EIE(J5) = (J3STQP - J5)*DE, where J5 = 1, 2, 3 ... J3STQOP.
If Egs. (7), (8), and (9) are substituted into Eq. (6), we have
PV(K) = (DE/GEMAX)*(J3ST@P - J5) - (I - 1)*DKX*A6/GEMAX,
where A6 =1 + B/KX2. Now introduce a new integer variable
K =J5 + (I - 1)*NDKX,
where NDKX is a small integer, and let
DKX = DE*NDKX/A6
to get

PV(K) = (DE/GEMAX)*(J3ST@P - K),

(M

(8)

(9)

(12)

(13)

where K =1, 2, 3 ... KMAX; KMAX = J3STQP + (I - 1)*NDKX. NDKX is approximately
the ratio of the energy loss interval between target planes to the interval between points

on the energy loss distributions.

The energy loss distribution functions have negligible amplitudes for losses which
are large compared to A; and values of a given function need not be calculated for losses

greater than a few times A. Therefore, calculations are cut off at values of J5 = J5CUTHI

(I) according to the empirical formula

J5CUTHI(I) = J3STOP - CUTC/DE - CUT FAC*J3STOP*I/IMAX,

(14)

where the values of CUTC and CUTFAC are read from data and can be determined from

experience with the aid of plotted distribution functions.

Some of the other quantities computed in the main program will be discussed in

descriptions of its subroutines.

AITITSSYTIONN
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Subroutine W6

Subroutine W6 is called by the main program. Its function is to set parameters so
that it may call subroutine VAV6 to calculate a pair of distribution functions. Upon
RETURN, W6 integrates over two target-plane intervals by means of Simpson’s rule
along the target depth axis A for each value of J5 to get partial sums for the set W(J5).

For large values of target penetration (large average energy loss), the distribution
functions become more nearly alike and more nearly Gaussian; therefore, the intervals
along the target depth axis may be larger than DKX and fewer than IMAX distribution
functions need be calculated. The intervals used are under the control of the user through
the constants NONES, NTW@S, NFQURS, and NEIGHTS, which are given values in data;
NO@NES is the number of pairs of distributions separated by DKX; NTW(@S is the number
of pairs separated by 2*DKX; NF@URS is the number of pairs separated by 4*DKX; and
NEIGHTS is the number of pairs separated by 8*DKX.

If IMAX is even, there will be an odd number of bins for integration over A. There-
fore, provision is made so that integration over the last bin is carried out by means of
the trapezoidal rule if IMAX is even.

Subroutine VAV6

Subroutine VAV6 is based on a program listing kindly furnished by Seltzer and Berger
(4) of-the National Bureau of Standards. This subroutine is called by W6, and, if
NLANDAU = 0, it computes a pair of distribution functions on each call (except possibly
on the last call). If NLANDAU = 1, distribution functions labeled by I = 2, 3, ... ILAN
are derived from the table of the Landau function ¢ (\) stored in data by calling subrou-
tine LAN1. For « < 0,01 and somewhat larger, there is no significant difference between
the distributions derived from the Landau table and those computed by means of the
Vavilov formula.

The distribution functions calculated by means of the Vavilov formula are calculated
as a function of A, = PV(K) and stored in SUM(K). However, they must be expressed as a
function of the energy loss variable A = EIE(J5) and renormalized. Once this is done,
they are stored in WLC1(16,J6).

Some of the relationships in this subroutine can be better understood by picturing a
fictitious rectangular array with the columns labeled by I =1, 2 ... IMAX., The first col-
umn should be labeled with I = 1, If NDKX = 2, the third column should be labeled with
I = 2, the fifth with I = 3, etc.; if NDKX = 3, the fourth column should be labeled with I =2
and the seventh with I = 3, etc. The rows should be labeled with K =1, 2 .., KMAX, The
diagonals (upper left to lower right) should be labeled with J5 =1, 2 ... J3STQP where
they project from the left side of the array. The relationship between J5 and K is:

K =J5 + (I - 1)*NDKX; KMAX = J3ST@P + (IMAX - 1)*NDKX. The locations in the first
column from 1 through J3STQ@P represent the energy loss distribution function at the face
of the target and should be filled with zeros. The first time VAV®6 is called, it will com-
pute values for columns 3 and 5 (assuming NDKX = 2) between diagonals 1 through J3STOP.
The numbers in the first three columns filled are divided by ¢ =3/L = KX(I)/KX2 (to
provide distributions that envelop unit area when plotted as a function of A ) and stored in
array WLC1(16,J6), where I6 =1, 2, 3 and J6 = J5. Upon RETURN to subroutine W6, inte-
gration by Simpson’s rule with respect to A over the first two slabs of the target takes
place. On the next call of VAV6 (assuming N@NES > 1), the locations in columns labeled
with I =4 and I = 5 that are pierced by the J3STOP diagonals will be filled, renormalized,
and the contents of 3rd, 4th and 5th columns to be filled will be transferred to array
WLC1(16,J6) for partial integration. The partial integrals are accumulated in array
W(J6). This procedure constructs energy loss distributions w(a,A) for each target plane
and integrates with respect to A over lines of constant A. In regions of the fictitious
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array where I > 2*N@NES, not every column will be filled and the bin width for integration
over the target depth variable will be increased correspondingly. The goal is to obtain
«“fine-grained” integration near the face of the target where the distribution functions are
rapidly varying functions of A and to use coarser intervals to save computer time deeper
in the target.

Not every value obtained in the Vavilov mode of VAV6 is obtained by means of form-
ula (3). Where the distribution functions are slowly varying, functions of A, some values
are supplied by interpolating between nearby values that are obtained by numerical inte-

wrovrrrei/aa

gration. The manner in which this is done is controlled by the contents of array KSIZE(M),

M =1, 2, 3, 4, which is stored in data. For example, if KSIZE(4) = 50, K will be advanced
with an increment of 4 for the first 4*KSIZE(4) = 200 values of each distribution. This is
the high-loss region of the distribution functions (near the top of the fictitious array). The
next 3*KSIZE(3) values will be computed with a K increment of 3. The values not com-
puted are supplied by interpolation from nearby values that are computed. This procedure
also saves computer time. The extent to which such approximations can be made is a
matter of experience; a criterion for increasing the degree of approximation is that its
effect on the final yield curve shall be essentially negligible.

The integrand of formula (3) oscillates about a line lying parallel to the y axis and
above it. The amplitude of the oscillations decreases as y increases; the integrand takes
on values of both signs except for large y. Care must be taken to choose DY small enough
so that there will be several bins per quarter cycle of the integrand and yet large enough
so that there is a reasonable compromise between accuracy of numerical integration and
computation time. DY(I) is different for each distribution and is given by

GKMIN

DY(I) = DYMAX* D)

*SQRTF(RI - 1.0), (15)

where GKMIN is the smallest value of « = D(I) for a particular yield calculation (this
occurs for I = 2), RI is the real representation of I, and DYMAX is the value of DY(2) and
is the largest value DY(I) will assume for all I. DYMAX is specified in data.

The number of bins per quarter cycle of the integrand for a given I value and DY(I)
tends to decrease as y nears the region where convergence occurs. The number of bins
per quarter cycle for the Vavilov integrand is given approximately by

NPQC(I) = 1.57/ [PV(K)*DY(I)]. (186)
The largest value of A, = PV(K) for the Ith distribution occurs at
KCUT(I) = J5CUTHI(I) + (I - 1)*NDKX. (17)

The array NPQC(I) is evaluated for K = KCUT(I) in the main program and printed. This
array aids in choosing DYMAX sufficiently small; DYMAX ~ 1.0 is typical.

The numerical evaluation of the Vavilov integral, formula (3), must be carried out to
obtain each value of the Ith distribution function unless this value is obtained by interpo-
lating between nearby values so calculated. Simpson’s rule is employed, and the partial
sums for pairs of bins, each of width DY, are stored in array S(M) of VAV6; a maximum
of 1250 partial sums (2500 bins) may be stored. The values of these partial sums oscil-
late about the exact value of the integral, and, for small values of y, the partial sums are
often negative,

AITITSSYIOND
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In the analysis of (p,y) yield curves, it is sometimes useful to calculate the low-loss
distributions at closely spaced energy loss intervals where the average loss may be of
the order of 10 eV. The Vavilov integral converges slowly for such cases and the conver-
gence criterion of Seltzer and Berger has been modified. Subroutine VAV6 approximates
the Vavilov integral as follows. Let us define convergence criterion one as that for which

S(M) - S(M -1)
S(M)

<C@MP,M=1,2... (18)

(where C@OMP ~ 10-5) is satisfied for NCOMP successive values of M (where NCOMP ~ 10)
This is the convergence criterion used by Seltzer and Berger and in the present method is
tested for after each partial sum is computed—even though other tests are also applied.

If convergence criterion one is not satisfied after LCOUNT/2 partial sums (LCOUNT =~
500), a test is made to see if | S(M)| is less than SLQ, where SL@ ~ 0.3, If this inequality
is satisfied for LC@MP =~ 10 successive partial sums, condition two has been satisfied.

If condition two is satisfied, the accumulation of the subsequent partial sums is begun in
location ACCS. If after the accumulation of 100 partial sums in ACCS, convergence has
not been obtained via condition one, the value of the distribution function is calculated
from the average value of the accumulation. If convergence is not obtained through con-
dition two after (LCOUNT + LC@UNT2)/2 partial sums (where LCOUNT2 < 2000), the
value of the distribution function is computed from the average value of the next 100 par-
tial sums.

Up to ten distribution functions can be printed from VAV®6 by specifying the number
desired in NPMAX and the I values of the desired functions in NP(M). These functions
will also be graphed by subroutine GRAPHS5 except that if one or more of the functions
requested is skipped due to computation in the modes specified by NTWQ@S, NFOURS, or
NEIGHTS, these functions will not be printed or graphed.

By storing the I values of up to six distributions in IPRINT(N), N =5, 6, 7, 8, 9, 10,
a table will be printed from VAV6. The following quantities will be printed: Landau
lambda, Vavilov lambda, the distribution (normalized to have unit area when plotted as
a function of the Landau lambda), the number of terms (i.e., the number of times the inte-
grand was evaluated) to achieve convergence, the maximum value of K, the maximum
value of J6 (stored in J6SV), the value of ACCS (stored in KACCS(K)), the value of I and
the value of 16. If this table is not desired, some or all of the array IPRINT(N) may be
filled with zeros or left empty.

Certain other quantities may be printed or not from VAV6 depending on whether cer-
tain control constants (described in the nomenclature list of Appendix A) are one or zero.

Subroutine TRIGEX

Subroutine TRIGEX is called by VAV6 and computes certain functions used in the
calculation of the Vavilov integral.

Subroutine GRAPH5

Subroutine GRAPH5 causes the CALCOMP plotter to graph distribution functions
against energy loss if NGRAPHS5 in data is equal to one. No graphs are plotted if
NGRAPHS5 = 0. Functions W, the integrals over the distribution functions with respect
to the target depth variable, are also plotted against energy loss if NGRAPH5 = 1. There
are control constants in data that determine the size of the plots; these constants are
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defined in the nomenclature list of Appendix A. Appendix B contains a plot from this sub-
routine (Fig. B1) of a few energy loss distribution functions and of the integrals with re-
spect to A for the 992-keV resonance in the 27A1(p v)288i reaction; the aluminum target
was 4.923 keV thick at resonance energy.

Subroutine NORM2

Subroutine NORM2 normalizes the distribution functions labeled by I =2, 3, ...
IN@RM. This is necessary for the low-loss distribution functions whether they are de-
rived from the Landau table in data or calculated by means of the Vavilov formula. When
entry point NORM?2 is called by VAVS6, the areas of the distributions printed from VAV®6
are calculated, stored in array AREAC(10), and printed by the main program.

Subroutine LAN1

Subroutine LAN1 is called by VAV6 when I € ILAN and causes the distribution func-
tion for the current value of I to be derived from the Landau distribution function stored
in data rather than to be calculated from the Vavilov formula. The values of x are stored
in GL(LL): the least value of X is -3.5, which is less than any value of A needed in the
program. The values of Landau function ¢(\) were taken from Ref. 7 and are stored in
GPH(LL). The value of x corresponding to the current value of J5 is calculated and stored
in P(J5); the value of LL is then increased from 1 until GL(LL) exceeds P(J5) and a linear
interpolation is made between GPH(LL) and GPH(LL - 1) for the value of ¢(\) correspond-
ing to the energy loss labeled by J5.

PROGRAM YIELDG6

Program YIELD6 reads constants and arrays from cards, including the W function
which is punched by program WINTGRL7. The quantities read and their assignment to
data cards may be ascertained from statements 102 through 132 in the YIELDS listing in
Appendix D (also see Table 2). A nomenclature list defining some of the more important
names that appear in YIELD6 and its subprograms appears in Appendix C.

This program and its subprograms calculate the (p,v) yield according to formula (2)
by integrating over the beam energy distribution and the cross-section function and pro-
vide for certain plots. Operation may be said to occur in any one of three modes:

(a) target with no surface layer, (b) target with a passive surface layer which does not
contribute to the yield and, (c) target with an active surface layer which does contribute

to the yield. Operation is in the first mode if data constants NSLP and NSLA are set
equal to zero. Operation will be in the second mode if NSLP =1 and NSLA = 0. In this
mode, the energy loss distribution at the interface of the layer and the target is calculated
and the free-space energy distribution is modified to take into account the broadening and
the shift in average energy which occurs as the beam traverses the layer. Operation is in
the third mode when NSLP = 0 and NSLA = 1. The surface layer yield must now contribute
to the total yield. The surface layer yield is first obtained from a separate calculation
with WINTGRLT and YIELDS6 (in mode 1) in which the layer is treated as a separate tar-
get but with NPNCH = 1. The set of bombarding energies must be the same in the layer
yield calculation and the calculation for the yield from the target proper plus that of the
layer.

The subprograms of YIELD6 are named SETS5, BEAM1, TRIGEX, G7, YM4, YM5,
GRAPHA, and GRAPHB. Brief descriptions of the subprograms follow.

AITITECYIOND



12 K. L. DUNNING
Table 2
Data Cards for Program YIELDG6
Cards Format Data
- Comment in columns 2 - 70
— Comment in columns 2 - 70
8110 NPRINT1, NPRINT2, NPRINT3, NGRAPHA, NGRAPHB,
NSLA, NSLP '
4 8110 MPRINT1, MPRINT2, LPRINT1, LPRINT2, LPNCH,
NSIGMA
5 3(F10.4,110) DEB1, NEB1, DEB2, NEB2, DEB3, NEB3
6 10F10.4 EBNRM, SFN, YLDFAC
L1* 10F10.4 ZSL, ASL, SLT, SELSL, HIL@SSL, SL®, PMIN
L2* 8110 LCOUNT, LCOMP, NCOMP, LCOUNT2
YSL¥ 10F8.5 NEB3 values of surface layer yield 10 to a card
wi¥ 5F10.3,F10.5, | Z,ZIP, A, TT, SEL, DYFAC, HIL@SS
F10.3
w2f | 315, 5F12.6 IMAX, J3ST@P, KMAX, DE, DEI, BSQ, GEMAX, A7
wJ5)¥F | 10F8.5 J3ST@P integrals W(J5)
EXP1 13 NEXP
EXP(N) | 4(13,F9.2, NEXP triads of experimental yield data
F8.2) '
7 4F20.10 SFAX, SFAY, SFBX, SFBY
8 4F10.3,3110 ER, GAMMA, BFWHM, EB(1), NBW, NGAM, LMX
E(L)§ 6E12.5 LMX values of cross-section function energy
BW(L)S | 6E12.5 LMX values of the cross-section function

%*Omit unless the calculation is for a target which has a surface layer.
tOmit unless this calculation is for a target with an active surface layer,

fFrom program WINTGRL7Y.

§Omit these cards if the cross-section function is to be generated internally.
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Subroutine SETSH

SETS5 is called by YIELD6. It generates a set of bombarding energies at which the
yield is to be calculated; these values are stored in array EB(M). It generates a free-
space Gaussian beam distribution and stores it in GLC(L2).

The set EB(M) is computed with three different intervals' DEB1, DEB2, and DEB3,
which are specified in the input data. There are NEB1 values of EB(M) with interval
DEBI1; there are NEB2 - NEB1 values of EB(M) with interval DEB2, etc. If DEB], etc.,
are entered into data with values which make the set EB(M) nonmembers of the basic set
of energies, DEBI, etc., are recomputed so that EB(M) will belong to the basic set. ER
is a member of set EB(M).

If LMX = 0 in data, SETS5 generates a set of energy values at which the cross-section
function is defined and stores them into E(L). These values will be spaced by NBW*DEI
for the eight values on each side of the resonance energy; the interval will be doubled for
the next outlying eight values, on each side of resonance, etc. The set will continue to be
generated, in groups of 16 until |E(L) - ER| > NGAM*GAMMA. If the cross-section
function extends to about 100xGAMMA on either side of resonance, the area under the
Breit-Wigner resonance curve defined will be within a few tenths percent of the true area
. under such a curve. The resonance function is then generated and stored in BW(L).

If LMX > 0, functions E(L) and EW(L) will be read from data cards; L. =1, 2,3 ...
LMX. In constructing arbitrary sets E(L), they must be members of the basic set of
energies for the problem. LRES, the value of L at resonance, must also be read from
data for the case of external E(L) and BW(L).

Subroutines BEAM1 and TRIGEX

Subroutines BEAM1 and TRIGEX calculate the energy loss distribution at the layer-
target interface by means of the Vavilov formula (3). Values of this function are calcu-
lated at energy loss intervals DE at all loss values where the loss probability density is
significant. No values are obtained by interpolation as was done in VAV6. This distri-
bution function is stored in array WLC2(K). :

The second task of these subroutines is to calculate the shape of the beam energy
distribution after the beam has passed through the surface layer using WLC2(K). This
“distorted” beam energy distribution is first calculated at energy interval DE and then,
by interpolation, values are supplied so that the final energy interval is DEI. The calcu-
lation is made by selecting a value on the distorted distribution energy axis and computing
the probability density that a beam particle will exist at some higher energy on the free-
space distribution and will be degraded to the selected value. The sum of such probability
densities gives the probability density for the distorted distribution at one of the selected
energies which are separated by the interval DEI. Subroutine TRIGEX is called by BEAM1
to calculate certain functions. o ,

Subroutine G7

Subroutine G7 integrates over the beam energy distribution by means of Simpson’s
rule for each value of the cross-section function BW(L). These integrals are stored in
array H(L). This integration is performed for each value of the bombarding energy EB(M);
M and L are set in YIELD6 which then calls G7. The set EB(M) belongs to the basic set
of energies. , o _
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The function W(J5) was computed by WINTGRLT and transferred to YIELD6 by means
of punched cards. It was computed at energy loss points DE apart. The beam and cross-
section functions are computed at energies DEI apart; DE must be greater than DEI. The
function W(J5) is interpolated to interval DEI and stored in array WINT(L2); only those
values needed for integration for a given M and L are stored in this array at one time.
Interpolation is facilitated by the introduction of a set of parameters J2 =J2A ... J2P ...
J2MAX, Where J2A corresponds to the largest loss needed for a given M and L, J2P
corresponds to the loss required to degrade the particles in the peak of the beam to en-
ergy E(L), and J2MAX corresponds to zero loss in the target.

For each M and L setting, the appropriate limits LI and LF on the beam energy dis-
tribution independent variable L2 (which is also the independent variable for array WINT
(L2)) as well as the parameters J2A and J2P are computed by three different strings of
statements, depending on whether EB(M) is less than, equal to, or greater than E(L). If
EB(M) > EBLOW = E(L) - 2*BFWHM, there is a jump past the integration routines since
there is no yield under this condition. Precautions are taken to assure that the indices
LI and LF and J2A do not take on values less than unity.

For diagnostic purposes, certain sets of parameters used in G7 may be printed out
for selected values of M and L under the control of constants MPRINT1, MPRINT2, and
LPRINTI, and LPRINT2 which are entered in data. It should be noted that the beam en-
ergy decreases with increasing values of L.2 and the energy loss decreases with increasing
values of J2 and L2,

Subroutine YM4; Function YM5

Subroutine YM4 and function YM5 integrate over the cross-section function BW(L),
where L =1, 2, 3... LM@OX by means of Simpson’s rule. The subroutine YM4 sets limits
on the integer variable L and calls YM5 to sum products BW(L)*H(L) over eight intervals
per call. The partial sums are multiplied by the appropriate bin width in YM4, and the
final sum (for a given value of M) is multiplied by YLDFAC, a factor which accounts for
the generally lower atomic density of contributing atoms in a surface layer than in the
“target proper.”

Because of the structure of YM4, care must be taken to construct external functions
BW(L) and E(L) with the same interval scheme as is used for these functions when
generated internally.

Subroutine GRAPHA

Subroutine GRAPHA causes the Calcomp plotter to plot the experimental points
(stored in data) and the calculated yield if NGRAPHA (in data) is equal to one. If there
is a layer on the target which contributes to the yield (NSLA = 1), the yield for the layer
(which is calculated in a preliminary run by YIELD6 with NSLA = NSLP = 0) is plotted
separately and the total yield (layer plus target proper) is also plotted.

The ordinates of the experimental points may be adjusted so that the areas under the
experimental yield curve and calculated yield curve will be equal out to the bombarding
energy of some experimental point named EBNRM; EBNRM must be specified in the input
data and must lie in the energy range bounded by NEB1*DEB1 and NEB1*DEB1 + (NEB2 -
NEB1)*DEB2. This leaves the fraction of the areas to be matched to the user’s choice.
1t is often desirable to compare the éarly parts of the calculated and experimental yield
curves since the shape of the high-energy part of the experimental yield curve is affected
by target thickness inhomogeneities. For sufficiently thick targets, the value of ER and
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GAMMA determined by comparing curves are independent of the high-energy part of the
yield curve. In fact, if the target is sufficiently thick, ER and GAMMA may be deter-
mined without calculating the high-energy part of the yield curve.

If it is desirable to plot the experimental yield curve to an arbitrary vertical scale,
set EBNRM = 0.0 and specify constant SFN in the input data. The experimental yield
curve will then be plotted according to YX = YEXP(N)*SFAY*SFN*6.0, where YX is the
height in inches and SFAY is a scale factor (of the order of 1.0) in data. Figure DI,
Appendix D, illustrates a plot by GRAPHA for the 992-keV resonance in the 27Al(p,y)288i
reaction. The target consists of 4.934 keV of aluminum with an 0.156-keV layer of Al,0,.

Subroutine GRAPHB

If NGRAPHB =1 in data, subroutine GRAPHB will cause the Calcomp plotter to plot
the energy loss distribution at a layer-target interface, the free-space beam energy dis-
tribution, and the beam energy distribution at the layer-target interface. Figure D2,

Appendix D, shows plots for proton beam with 0.198-keV FWHM incident on an aluminum -

target with an Al1,0, layer 0.156 keV thick at resonance energy.

Area Under Yield Curve

The area under the yield curve should be numerically equal to the target thickness
(when there is no yield from a surface layer and YLDFAC is 1.0) since the beam energy
distribution, the cross-section function, and the energy loss distributions are all normal-
ized to unity. This area is named AYLD and is computed and printed in YIELD6., If
there is a surface layer which contributes to the yield, the numerical value of the yield
curve area will be increased over the target thickness by an amount computed for AYLD
in the preliminary yield calculation for the layer.

The value of AYLD is usually less than TT due to truncation of distribution functions

and approximations in intergration routines. Typically, the difference is within 2 percent.
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Appendix A
NOMENCLATURE FOR PROGRAM WINTGRL7

A (read from data) is the molecular weight of the target matter.
AT = 0.30058 mc?/32, where the nomenclature is that of formula (3).

ACCS is a location in which the partial sums representing the Vavilov integral are
accumulated in connection with convergence criterion two—for the current distribution
function calculated in VAV6,

BSQ =32 is the square of the ratio of the velocity of the incident particle to that of light
at resonance energy.

COMP (read from data) is a positive number of the order of 1076 used to test for con-
vergence of the Vavilov integral formula. If the absolute value of the fractional change
from the partial sum M - 1 to the Mth (representing the integral in VAVS6) is less than
COMP for NCOMP = 10 successive values of M, convergence criterion one is said to be
satisfied.

LCOUNT (read from data) is an integer such that if the number of partial sums formed
in the integration of the Vavilov formula exceeds LCOUNT, the second convergence cri-
terion is applied to all subsequent partial sums representing the current integral.

CUTC (read from data) is a constant that appears in the formula J5CUTHI(I) = J3STQP -
CUTC/DE - CUTFAC*J3STQP*I/IMAX. A typical value for this parameter is 0.8. It
insures that no distribution function will be cut off at less than a loss of CUTC keV.

CUTFAC (read from data) is a constant (on the order of unity) that determines the I
dependence of the way in which the energy loss distribution functions are cut off in the
high-loss region through the formula J5CUTHI(I) = J3ST@P - CUTC/DE - CUTFAC*
J3STOP*I/IMAX.

DE (read from data) is the energy loss interval for the calculation of the Vavilov distri-
bution functions. It must be an integral multiple (greater than one) of DEI so that these
functions can be conveniently interpolated to intervals of size DEI. Thus, the probability
densities computed will be for losses which are equal to exact differences between par-
ticle energies and energies at which the cross-section function is represented. Typi-
cally, the size of DE will be about 0.020 keV. DKX is computed, is dependent on the size
of DE, and is approximately NDKX*DE. Therefore, the choice of DE fixes the thickness
and number of target subdivisions and the time requ:lred for 1ntegrat10n over the target
depth variable A.

DEI (read from data) is the smallest energy interval (in keV) in the basic set of energies
which contains all energy differences that enter the calculation. Energy loss increments
are also eventually reduced to size DEI, although the energy loss distribution functions
are initially calculated on interval DE which must always be greater than DEI and is an
integral multiple of DEI. Choose DEI by first estimating the smallest value of GAMMA =
(I')(in keV)that is likely to be assumed for the resonance under consideration; then make
DEI ~ 1/5.0. This will cause the program to. represent the cross-section function with

5 points above half height for the smallest " assumed and with more if ' is larger. H
DEI is not an integral submultiple of DE (in data), it will be recalculated to be such.

17
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D(I) = « is the parameter that labels the Ith distribution in Vavilov’s theory.
DKX is the average energy loss in keV between target planes.

DY(I) is an array in which are stored the values of bin width DY for the Vavilov formula
which calculates the energy loss distribution labeled by 1.

DYMAX (read from data) is the largest bin width (DY) that will be used in the integration
of the Vavilov formula. Since the integrand is osc111atory, a value of DY that is large
compared to the period of oscillation will result in meaningless integration. Typically,
this parameter will be unity.

EIE(J5) is the energy loss A labeled by the integer variable J5 =1, 2, 3 ... J3STOP.

ERA (read from data) is the first estimate of the resonance energy in keV and is used
to compute a value for 82,

GEMAX = ¢ ., is the maximum energy in keV that can be transferred in a collision
between an incident particle and a free electron.

GL(LL) (read from data if NLANDAU = 1) is the set of Landau lambdas, A, paired with
values of the Landau distribution function in data.

GPH(LL) (read from data if NLANDAU = 1) is the set of values for the Landau distribu-
tion function stored in data. Each value is paired with a value of \ on the data cards.
This array is read and printed from SUBROUTINE LAN1 1f NLANDAU = 1. There are
486 values.

HIL@SS (read from data) is the maximum loss in keV that any incident particle will suf-
fer (with nonnegligible probability) while traversing the entire target thickness. A value
for this parameter can be obtained by inspecting plots of the energy loss distribution
functions for various target thicknesses.

I is an integer variable that labels the planes which subdivide the target (I = 1 labels the
target face). Hence, I also labels the set D(I) = « and the set of energy loss distributions.

IC@UNT is a location in which is stored the ordinal number of the distribution function
about to be plotted and pr1nted ICOUNT =1, 2, 3... NPMAX, If the maximum value of
ICOUNT that appears in the printout is less than NPMAX, this means that not all the
distribution functions designated in NP(10) were actually calculated

ICTLOW (read from data) is an integer which controls the height of the plots of the low-
loss distribution functions which tend to be sharp. The first ICTLOW distribution func-
tions plotted by GRAPH5 will be plotted according to Y = SFYL¢W*10 0*WLC1(16,J6).

Y is in inches.

ILAN is an integer that determines the I value of the last distribution function derived
from the Landau table in data. I I > - ILAN, the distribution functions are calculated from
the Vavilov formula.

IMAX is the I value labeling the final target plane (back face). If IMAX exceeds 400,
the program is stopped and an abort message printed.

KPRINT(10) (read from data) stores values of K for which certain parameters may be
printed. See IPRINT(10).
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KSIZE (NBLOCK) is an array that governs the manner in which the values of the distri-
bution labeled by 16 and I are calculated in the K loop of VAV6 and stored in array WLC1
(16,J6). NBLOCK =1, 2, 3, 4, 5 is the ordinal number of a block of values. J6 =J5 =1,
2, ... J3STOP labels the distribution values; J6 = K - (16 - 1)*NDKX. If KSIZE(5) # 0,
the calculation of the Ith distribution function begins with KSIZE(5) blocks with interval
MK = 16, then the KSIZE(4) blocks with interval MK = 8 are determined—then KSIZE(2)
blocks with interval MK = 2. Only the first and last values of each block are calculated
by means of the Vavilov formula; the intervening values are obtained by linear interpo-
lation from the first and last. If KSIZE(5) = 0, the calculation begins with blocks of the
4th kind, etc.; KSIZE(N) may be zero provided KSIZE (N + 1) = 0. If K is less than
J5CUTHI(I) + (I - 1)*NDKX or greater than JSCUTLO(I) + (I - 1)*NDKX zeros will appear
in array WLC1(16,J6). The distribution values in blocks of the first kind (NBLOCK =1)
are all calculated by the Vavilov formula unless I <ILAN; then they are supplied by inter-
polation from the values of the Landau function stored in data. KSIZE(5)—KSIZE(2) are
read from data; KSIZE(1) is calculated according to KSIZE(1) = J3ST@P - 1 - 2*KSIZE(2) -
4*KSIZE(3) - 8*KSIZE(4) - 16*KSIZE(5). Thus, the user may determine the degree of
approximation with which the distributions are calculated by specifying KSIZE(NBLOCK)
NBLOCK =2, 3, 4, 5—and by specifying ILAN in data.

KST@P contains the final value of K in the K loop of VAVS6.

KST@PSV stores the value of KST@OP before entry is made to the K loop in VAV6 for the
first time for the cur_rent I value.

KSTRT contains the starting value of K in the K loop of VAV6 where the values of the
Vavilov distribution are calculated.

KSTRTSYV stores the value of KSTRT before entry is made to the K loop of VAV®6 for the
first time—for the current I value; these numbers are used as a basis for calculating
KSTRT for the next I value.

KX(I) is the average energy loss A (in keV) of an incident particle that has penetrated to
the Ith plane of the target.

KX2 is the ratio SEL/¢, where SEL is the experimental specific energy loss in units of
keV-cm2/gram and ¢ =z%(mc?2/82) (Z/A)s; z is the number of electron charges on the
incident particle; mc2 is the electron rest mass in keV; Z/A is the number of electrons
per target molecule; 8 is the ratio of the velocity of the incident particle to that of light;
and s is the penetration depth in grams/cm? and is set equal to one when KX2 is
calculated.

LC@MP (read from data). See LC@UNT.

LCQUNT (read from data) is a positive integer of the order of 500. If convergence cri-
terion one in VAVS is not satisfied after LCQUNT/2 partial sums, a test is made to see
if the absolute value of the Mth partial sum is less than SL@ ~ 0.3. If this test is satis-
fied LCOMP =~ 10 successive times, convergence criterion two is said to be satisfied.

" INORM (read from data) contains an integer such that if I < INORM, the distributions will
be renormalized so as to envelop unit areas.

IPRINT(10) (read from data) is an array whose contents control the printing of certain
quantities from VAV6 (see listing of WINTGRL7). If I = IPRINT(M), this printout can
occur. The first location of this array, in conjunction with the first two locations of array
KPRINT(10), controls the printing of certain quantities in the integrand of the Vavilov
formula for the stored values of I and K. The second location of IPRINT (10) and the third
and fourth locations of KPRINT(10) are similarly associated.

AITITESYTIOND
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IQUIT (read from data) is an integer that will cause the calculation of distribution func-
tions to be stopped at I = IQUIT and a plot made by SUBRGUTINE GRAPH5. This feature
shortens the computation time if only distribution functions are desired.

IST@P is the value of I labeling the second distribution of a pair calculated in VAV6 pr1or '
to partial integration (in Subroutine W6) over the target-depth variable.

ISTRT is the value of I labeling the first distribution of a pair calculated in VAVS6 prior
to partial integration (in subroutine W6) over the target-depth variable.

J5 is an integer variable that labels the set of energy losses when they are spaced at
interval DE. J =1 corresponds to the greatest energy loss of the set.

J5CUTHI(I) contains the value of J5 corresponding to the value of K contained in KCUT(I).
Low values of J5 correspond to large loss values.

J5CUTLO(I) stores the value of J5 at which the computation of the Ith distribution func-
tion is cut off at the low-loss end. This corresponds to cut-off specified by PCUT. This
array is printed as a diagnostic aid.

J3ST@P = HILPSS/DE is the maximum value of the integer variable J5 that labels the
energy loss values separated by DE. J5 = J3STQ@P is the value of J5 associated with
zero energy loss, i.e., the energy loss associated with the face of the target.

J6SV stores the value of J6 corresponding to the value of K stored in KSTRTSV.
K is an integer variable that labels members of the set P(K) = x and PV(K) =\

KCUT(I) contains. the value of K at which the computdtion of the energy loss distribution
will be cut off in the high-loss region. Low values of K correspond to high values of loss.

KMAX = J3STOP + (IMAX - 1)*NDKX is the maximum value of the integer variable K
that labels values of the distribution function and the Landau A, P(K). If KMAX exceeds
1700, arrays P(K) and PV(K) would overflow; the calculation is stopped and an abort
message is printed.

LCOUNT?2 (read from data) is a positive integer on the order of 103 and less than 2 x 103,
If convergence is not achieved in VAV6 after the computation of (LC@OUNT + LCOUNT2)/2
partial sums, the value of the integral is computed from the average value of the next 100
partial sums.

MI is the increment in I between distribution functions of the pair calculated by VAV6
prior to partial integration (in subroutine W6) with respect to the target-depth variable.

MK contains the increment in K for the K loop of VAVS6.

MAXT(K) is the value of the number of bins spanned in the integration to obtain the Kth
value of the current Vavilov distribution function. These quantltles are printed in a table
under the control of IPRINT (M).

NBL@CK denotes the subscript for the array KSIZE(NBLOCK ), where NBLOCK =1, 2,
3, 4,5 .

NCALL is an integer denoting the number of times subroutine VAV6 has been executed.
The last statement in VAV6 causes NCALL to be increased by unity. If NPRINT2 = 1, the
statement “END OF PRINTOUT FROM CALL M OF SUBROUTINE VAV6” has the value of
NCALL for M.
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NCOMP (read from data). See COMP

NDKX (read from data) is a small integer (usually 2 or 3) that determines whether the
distribution functions are calculated for every I value (NDKX = 1), every other I value
(NDKX = 2), etc. Since DKX is always approximately equal to DE, a choice of NDKX
allows the average energy loss between target planes at which distributions are calcu-
lated to be substantially greater than the loss interval on the distribution functions.

NEIGHTS (read from data) is the number of pairs of distribution functions (in the region
of large A) for which the bin width for integration with respect to the target-depth
variable (A) is 8.0*DKX.

NFOURS (read from data) is the number of pairs of distribution functions (in region of
moderate A) for which the bin width for integration with respect to the target-depth
variable (3) is 4.0*DKX.

NLANDAU (read from d|ata). If NLANDAU =1, the first ILAN distribution functions will
be derived from the table of Landau distribution values that is stored in data. If
NLANDAU # 1, all distribution functions will be calculated by means of the Vavilov
formula.

NMAX (read from data) is the maximum number of partial sums that can be stored in
the numerical evaluation of the Vavilov integral in VAVS.

N@NES is the number of pairs of distribution functions (in the region of small A) for
which the bin width for integration with respect to A is DKX. N@NES = (IMAX - 1 -
4*NTWQS - 8*NF@OURS - 16*NEIGHTS)/2.

NOPLOT (read from data). If NGPL@T =1 (#1), GRAPH5 will (will not) be called by the
main program,

NOPRINTI is an integer controlling the printing of the Landau table stored in data.
If NOPRINT1 =1 (#1), the table will (will not) be printed.

NOPRINT2 (read from data) controls the printing of the following quantities from VAV6:
ISTRT, IST@P, NCALL, KSTRT, KST@P, MK, and LCOUNT. I NOPRINT2 =1 (#1),
these quantities will (will not) be printed every time there is a change in KSTRT and
KSTQ@P.

NP(10) (read from data) may contain NPMAX I values which designate the energy loss
distribution functions that the user wishes to be plotted by subroutine GRAPH5. Those
distribution functions will be plotted and printed only if they are calculated by VAVS.
Recall that the distribution functions labeled by some values of I are not calculated,
i.e., in the region of the target where the integration with respect to target-depth var-
iable has a bin width greater than DKX*NDKX. The actual number of distribution func-
tions plotted and printed is given by an integer stored in ICUNT.

NPMAX (read from data) is an integer equalv to or less than 10 that indicates the number
of distribution functions that are designated for plotting by subroutine GRAPH5 and
printing by VAV6.

NPQC (I) is approximately the number of bins per quarter cycle of the integrand of the
Vavilov formula for the Ith distribution function. If DYMAX is chosen too large, the num-
erical evaluation of the Vavilov formula will give misleading results. The array NPQC(I),
I =1, IMAX is printed as an aid to insure meaningful integration.

AITITCCYIOND
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NTW@S (read from data) is the number of pairs of distribution functions for which the
bin width for integration with respect to the target-depth variable (2) is 2.0*DKX.

PCUT (read from data) is the value of A at which the calculation of the Vavilov distri-
bution is cut off at the low-loss end.

P(K) is the set of Landau parameters \.

PV(K) is the set of Vavilov paraimeters A .

RM (read from data) is the rest mass of the incident particle in keV.

SEL (read from data) is the specific average energy loss of the target in keV-cm 2/gram.

SFX (read from data) is a scale factor that governs the abscissas of the plotted distri-
bution functions whose ordinal numbers are greater than ICTL@W. SFX is typically of
the order of 1.0,

SFXLOW (read from data) is a scale factor that governs the abscissas of the plotted
distribution functions whose ordinal numbers 1, 2, 3—are ICTLGW or less. SFXLOW
is typically of the order of 5.0.

SFY (read from data) is a scale factor governing the heights .of the distribution functions
plotted by GRAPH5 which have ordinal numbers greater than ICTLOW. Typically, SFY
is of the order of unity.

SFYLOW (read from data) is a scale factor (typically on the order of 0.02) that governs
the height of the first ICTLOW distribution functions plotted by GRAPHS5,

SL@ (read from data). See LC@UNT.

SUM(K) is the Kth value of the current Vavilov distribution function as calculated in
VAV6 and printed out under control of IPRINT(M), where M =1, 2, 3, 4, 5 in a table.
These values are normalized to unit area when the distribution functions are expressed
as a function of A = P(K).

TT (read from data) is the target thickness in keV.

W(1700) is an array in which the integrals W(J5) of the distribution functions over the
target-depth variable are stored.

WLC1(3,1700) is an array into which are stored (temporarily) the values of three distri-
bution functions for the purpose of integrating with respect to & over two adjacent bins—
by means of Simpson’s rule.

4 (read from data) is the number of equivalent-free electrons per target molecule.

ZIP (read from data) is the number of electron charges on the incident particle.
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Appendix B
LISTING OF PROGRAM WINTGRL7 AND SAMPLE RUN

PROGRAM WINTGRL?
TYPE REAL XX .KX2
COMMON/1/2,A,DE,DEIRM,SEL,ERA,TT, HIL@SS.NnKx.NLANnAU TLAN
COMMON/2/NMAX aNFBMP LCOMP, LCBUNTY, LCOUNT2,nyYMAY,0BMP,SLO,PCUT
COMMAN/3/CUTC,CUTFAC,NANES,NTWOS, NFOURS NETGHTS ,NPMAX, ICOUNT, [, 16
COMMAN/4/1STRT,[STAP, M1, MK, KSTRT, (QTOP.NCAan!@U!T NRLOCK
ceMM@N/5/KS!ZE(5).NP<1o>.1PR!NT<10:.KPR1NT¢1O)
COMMON/§/NOPRINTY ,NOPRINT2
COMMBN/7/SFX, SFY SFXLOW,SFYLOW, JCTLOW, INBRM, JSCUTLO(400)
COMMON/B/KX(400), Dvc4on>.0(400).K~u7<4oo)oMPoc¢4oos JS5CUTHI(400)
C@MMON/9/E!E¢1700)oPV(1900) NDIF(L700),P(419n0)
COMMON/{(/A3,A4,A5,46,A7, GEHAX.KXZ.IMA! J3stop, KMAY, DKX s 8BS0
COMMAN/4L/WLEL(3,1700), H(i?OO):AR:A(lO) WALL700)5 6L ¢500).GPH(500)
6 FORMAT({HY)
8 FORMAT(72H
2 } )
10 FORMAT(72H
2 )

FIRST TW® DATA CARDS MAY CONTAIN COMMENTS,

12 FORMAT(8F¢0,4)

13 FORMAT(BF10,7)

14 FORMAT(4F15,9)

15 FORMAY(10110)

16 FORMAT(8110)

17 FORMAT(101%9)

14 PQRMAT(15.10!5)

i¢ F@HMA?(iDFS 5)

21 FORMAT(//» QUANT!T(ES READ FROM DATA CARDS,»)

30 FORMAT(/ Za#,F5,1,13X,921P=¢,Fd,1,12X,sA8s,F7,25 11X, oRM=0,F10,2,
27X, #NLANDAUR®, 13, 9X, s ILANEBS,13)

32 FORMAT( » SEL®#,F10,1,8X=ERAse,F8,2,8X,«DEns,F6,%,11X,*DEl=w,F9,6,
2 7X,oTTas F7, 3.10X.‘NDKXI'012)

34 FORMAYT( » NMAXlu,I5 10!,-NCOMPlt.13 11X, L COMPas’, 14,10X,¢LCOUNT 22
215,7X,#DYMAXA®,F6,3,8BX,eH]ILOSSH»,F4,2)

36 F@RMAT( *« COMPus ,FB 5,7X,sS_ 0zs,F5, 2.11x.*PcUT-t F%,2, 9%X,% CUTCs=e
2.F6,2, 9X0iCUTFACI‘.F5 1)

38 F@RMAT( w NONES=#,]13,11X.«NTWOSzs, !3011X:'NF@UPSIU.! 10X, sNEIGHTS
2ws, 13, 9X.-IQUITI*0!4,10X.*IN®RMlt.IJ)

40 FORMAT( » SFX=#,P5,2,11X,¢SFY3e,F5,2,11X,*SFXLMWaeF5,2,8X,sSFYLOWS
2 ,F5,2,8%,2]CTLOWE®, I3,10X)*NOPLAT2*,]3)

23
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24 ,

42
44
46
48
50
52
60
62

64

70
72
74

112
114

120

150
152
154
156
158
160
1614
162

FORMAT( » NOPRINTL1=2w13,B8Xs«NOPRINT2x®,13,8X,»LCOUNTas,14)

FORMAT(/» KSIZE(M), M=1,5)

FORMAT (/« NPMAX NP(M), val:NPMAXw)

FORMAT(18,10X,4015) :

FORMAT (/% IPRINT(I)Y, I=21,10»)

FORMAT (/% KPRINT(IK), Ks1,10%)

FORMAT(//e¢ QUANTITIES COMPUTED IN MAIN PRGBRAM,»)

FORMAT(/ » A3m%,B12,5,5X,%442%,E512,5,5X,%A%sw,B12,5,5X,0A6m9,E12,5

2:5%,%77mn,EL2,5,4X,*NONESS™,14)

FORMAT ( » GEMAX=»,E12,5,2X,sKX28e,E12,5,4%, *IMAXE®,14,11X,eJ3STOP

299, ]4,9%,eKMAXRe,14,41%,eDKXzs,F10,5)

FORMAT(/ « KX(I1), l21,s14)
FORMAT(/(1X,10E12,5))
FORMAY(/ « DY(1), 124,%,14)
FORMAT(/ o D(1), I21,s,14)
FORMAT(/ « KCUT(!),Im1,,]4)

FORMAT(/ » NPQC(1), I=1,#,14)

FORMAT(/n JSCUTLA(1), Is1,#,14)
? FORMAT(/ w JSCUTHI(I), lmy,s,14)

FORMAT(, w E1E()B), JSmy,»l4)

FORMAT(/ » PV(K), Ka4,e,14)

FORMAT(//» QUANTITIES PRINTED FROV SUBROUTINES LANL AND VAV »)
FORMATY(//w FINAL PRINTOUY FROM MAIN PROGRAM,s) X - »
FORMAT(/ 13, #DJST FCTNS REQUESTED,y2X,13,s DIS¥ FCTNS SAVED,,/)
FORMAT( 13,% INTEGRALS W(J5) @VE] VARIABLE KX FMLLEW,*)

FORMAT (/s AREAS OF PLOTTED DISTRIZUTION FUNCTION® 1. JCOUNT»)
F@RMAT(4F10.3.F10.1o‘10,5.F10,4)

FORMAT(315,4F12,6,F12,2) ‘

FORMAT( wNEXT TW® CARDS CONTAIN C3INSTANTS FROM WINTGRL7,%)
FORMAT(e J3STOP EXCEEDS 4700 OR KvAX EXCEENS 1900, ABORTs)
FORMAT(s IMAX EXCEEDS 400, ABORT,s)

FORMAT (s KSIZE(1) OR NONES |S ZERD @R NEGATIVE, ARORT,.s)

READ 8 $ READ 10

READ 12,2,4,DE,DEI,ZIP,TT,HILOSS,CUTC

READ 12|PMDSELOERA

READ 16 ,NMAX ,NCOMP,LCOMP,LCOUNT,LCOUNT2,NDKX ,NLANNAU, TLAN

READ 12,DYMAX,COMP,SLO,PCUT,CUTFAC '

READ 16,NTWOS,NFOURS,NEIGHTS,KS1Z258¢2),KSIZE(3),KSIZE(4),KST1ZE(B)
READ 18, NPMAX, (NP(L) Lui,NPMAX)

READ 16,NOPRINTL,NOPRINT2,NOPLAT, 1CTLOW, INSRM, 1QUET

READ 47, (IPRINT(1),121,40) § READ (7, (KPRINT(K)"Kn1.,10)

READ 12,8SFPX,SFY,SFXL,OW,SFYLOW

COMPUTE CMNSTANTS,

BSQ®24ERA/RM § A3=L,0/SORTF(1=BSQ) § ERMs510,976
Adu2 ,0¢ERMeBSQsA3®s2 $ EMOPMIERM/RM
ASug,0/(1,042¢EMBPMOAZIEMOPMNs2) § GEMAXMAASAS
A720,300889Z1Pse2¢ERM/BSO $ KX28SEL/(A7%2/4)
B21,04880,0,577216 § A6n1 ,04B/Kx2 § DKxsDE«NDKX /A6
IMAXeTT/DKX+4 § RIMAX=TT/DKX41,0 § DIFFaRIMAXeIMAX
IF(DIFF,LY,0,5 ) GO TO 162 § IMAXzIMAXe1 '
IF(IMAX,GT,400) 163,164
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163
464
16%
166
167
169
170
i71
172

190
193
194
195
210
214
218
220
222
224
226

227
228
230
232
238
250
252
258

400
402
404
406
408
410
412
414
416
418
420
422
424

430
432

25

55

WRITE(61,98) § STOP

TTEDKX#(IMAX=1)

JISTOP=HILASS/DE § KMAX2J3ISTOP+(IMAXel)oNDKX
IF(J3ISTOP,GT,1700,0R,KMAX,GT,1900) 167,169

WRITE(61,97) $SYeP

NONESZ ( JMAX 34 =4*NTWOSB8*NFOURS16*NEIGHTS) /2
KSIZE(1)8J3STOPeg»2wKSI1ZE(2)ad49KSTZE(3)»BeKST2E(4)g6eKSIZE(S)
IF(KSTZE(L1),LT,4,0R,NONES,LT,1) 172,190

WRITE(61,99) § S?@P

AITITCCYTIIND

COMPUTE CERTAIN ARRAYS,

DEN=KX2#GEMAX

DO195 1=1,1MAX

KX(I)=(1#1)«DKX 8 D¢I)=KX(1)/DEN
CONTINUE

DO 218 J5= 1,J3S8T0P

EJE(J5)=(J3STEP=)5)eDE

CONTINUE

GKMIN=DKX/DEN $ DYFACaDYMAXeGKMIN

DO 228 [=2,]MAX

RI=] $ DY(1)=DYFAC»SORTF(RI=1,0)/0¢(1)
JSCUTHI ()8 J3STOP=CUTC/DE~ CUYPACnJSSTQP-!/!MAx
IF(JBCUTHTICT ) LT, 1)JBCUTH] (] )=y
KCUT(!)aJSCUTH!(!)*(!si)-NDKx

CONTINUE _

DO 238 K=1,KMAX
PV(K)3(J3STOPK)#DE/GEMAX

CONTINUE

DO 2858 ]=2,]MAX

KaKCUT(])Y $ NPQC{I)®1,57/(PY(K)eDY(]))
CONTINUE

PRINT OQUANT]ITIES READ FRBM DATA CARDS,

WRITE (61,8) $ WRITE (61,10) § WRITE(61,21)

WRITE (64,30) Z,ZIPyA,RM,NLANDAY,ILAN

WRITE (61,32) SEL,ERA,DE,DE],TT,NDKX

WRITE (61,34) NMAX, NceMP LCeMP.Lceunrz DYMAX,H1L®SS
WRITE (61,36) COMP, SLa.PcuT. cuTe, CUTFAG
WRITE(61,38) NONBS,NTWOS,NFOURS, NE!GH?S.!QU!Y IN®RM
WRITE (61,40) srx.srv srxL@w,srvst.lcvgau NePLOY
WRITE (61,42) NGPR!N71 NOPRINT2,LCOUNY

WRITE (61,44)

WRITE (61,16) (KSIZE(M), ME4,5)

WRITE (61,46) $ WRITE (61,48) NPMAX, (NP(M), M=y, ,NPMAX)
WRITE (641,50) S WRITE (64,17) (JPRINT(1), 131,10}
WRITE (61,52) $§ WRITE (61,17) (KPRINT(K),» x=1,10)

PRINY QUANTITIES COMPUTED IN MAIN PROGRAM,

WRITE (61,60)
WRITE (61,62) A3,A4,A5,A6,A7,NONES
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434 WRITE (61,64) GEMAX,KX2,IMAX,J3STOP,KMAX 1 DKX

436 WRITE (61,70) IMAX S WRITE (61,72) (KX(]),1=4,IMAX)

438 WRITE (614,74) IMAX § WRITE (61,72) (DY(I),1=5q,IMAX)

440 WRITE (61,76) IMAX § WRITE (64,72) (D(1)s leq,IMAX)

442 WRITE (64,78) IMAX $ WRITE (61,45) (KCUT(I), I=g%IMAX)

444 WRITE (64,80) IMAX § WRJTE (64,15) (NPOC(I), =1 IMAX)

446 WRITE (61,82) IMAX $ WRITE (61,15) (JSCUTHI(Y), 1m1,IMAX)
448 WRITE (64,84) J3STOP S WRITE (61,72) (EJE(JS), JS=1,J3STOP)
450 WRITE (641,86) KMAX § WRITE (61,72) (PVIK), Kei,KMAX)

460 WRITE (61,88)

CALL W6 YO INTEGRATE THE ENERGY L©SS DISTRIBUTIGN FUNCTY]ONS
OVER THE TARGET DEPTH VARJABLE,

500 CALL wWé
FINAL PRINTOUT AND PUNCHOUT FRAM MAIN PROGRAM,

600 WRITE (61,90) ,
601 WRITE(61,81)IMAX § WRITE(61,45) (JSCUTLO(]), I=1, IMAX)

602 WRITE (61,91) NPMAX,lCBUNT
604 WRITE (61,92) J3ISTOP

4 0 2 (W)= N A o 4

a2 a4 L XY 4
QVUD wWRIIE (04 p/7€7) )

608 WRITE (61,93)
610 WRITE (61,72) (AREA(IC), 1C=1,ICOUNT)

« Tawn
! H

14 AE [ -9 L]
NIWZ ] 7281

w
@
v

PUNCH NUMBERS FBOR PROGRAM Y]ELDS,

700 WRITE (62,96)
702 WRITE (62,94) Z,ZI1P,A,T7,SELyDYFAC,HILOSS

704 WRITE (62,95) IMAX,J3STOP,KMAX,DE,DE],BS0,8EMAX,A?
706 WRITE(62,92) J3STOP

708 WRITE (62,19) (W(J3), J5=21,J35T0P)

740 CALL GRAPH5B

800 END

SUBRBUTINE Wé :
COMMON/L1/Z,ADE,DE},RM,SEL)ERA,TY,HILOSS s NDKX ,NLANDAU, TLAN
COMMON/3/CUTC,CUTFAC,NONES,NTNBS, NFOURS NETGHTS , NPMAX, ICOUNT, 1,16
COMMBN/4/]STRY, JSTOR,MI MK, KSTRT ,KSTBP,NCALL" JOUI T.NBLOCK
COMMAN/5/KSTZE(S5),NP(10), IPRINT(40),XPRINT(10)
COMMBN/8/KX(400),DY(400),D(400),KCUT(400),NPAC(400),J5CUTH] (400)
COMMON/9/ELTE(1700),PV(1900),DIF(1700),P(1900) '
COMMEN/L0/A3,A4,A5,A6,A7 ,GEMAX,KX2, IMAX,J3STHP,KMAX,DKX,BS0O
COMMON/11/WLCL(3,1700) W(1700),AREACL0),WACLY00)26L(500),GPH(500)
ISTRT=2§ |STOP=3 § MIx{ § NCALL=0 S ASSIGN 484 T8 NS

KSTRY=4 § KSTGPsew10eKSIZE(5) § MKkmy6 § NBLOCK=S

MKSY=MK § NBLOCKSVaNBLOCK $ 1rtKSIZé(NBL@cK).EO.6) 8.20
NBLOCKSNBLOCK»1 8 MKmMK/2

KSTOPz1eMKuKSIZE(NBLOCK) § GO 15 7

VNN
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20
22

24
26
28
30
40
42
50
52
53
60
62
63
70

73

80
82
100
102
104
110
125
130

140
142
144
146
148
150
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MK=MKSY $§ NBLBCKz=NBLOBCKSY $ CALL VAVE
JOSEJSCUTHIL(])

)

PIECEWISE INTEGRATIGON OF WLC1(16,J6)

HERERESY

Do 28 J6=J65,y38T@P
WACJO)ZWA(JO)*WLC1(3,J6)+4,0»NLC1(2,J6)sKW E1(3,J8)
WLC1(1,J6)3WLC1(3,J6)

GO T® NS,(40.50¢60:70|140)

IF(NCALL:N@NES) 80,42,50

ASSiGN 50 TO NS 3 NSTENONESANTWES 3 WIDs(,3335#DKX § GO
{F(NCALL=NOT)Y80,52,60 .
IF(NTWOS,EQ,D) 140.53

ASSIGN 60 T@ NS § NOTF=NOT+NFOURS & WID20,666669DKX ¢ GB T8 100
IF(NCALL=NQTF)80,62,70

IF(NFOURS,EQ,0) 140,64

ASSIGN 70 TO NS $ NOTFE=NOTF «NEIGHTS § Winze,3333«DKX § GO® YO 100
IF(NCALL=NOTFE)B0,72,3140

IF(NEIGHTS,.EQ,0) 140,73

ASSIGN 140 YO NS § WID=22,6666+DKx 8§ G@ 19 400

ISTRT2ISTQPaM] § 1STAPa]STRTeM]

IF(ISTRYT,GT,1QUIT)100,20

pe 104 Jstés.JSST@P

WlJOISK(J6) ey AL J8)ey1D

WAtJ&)=0,0

MlIs2aMl

IFCISTRY,GTY, 1QUIT)Y 200,130

GO TO NS.(40 50,60,70, 140)

® 100

IF IMAX 1S EVEN, DO TRAPEZOIDAL INTEGRATION ®VER THE LAST BIN,

10DDs [MAX=([MAX/2)*2

IF¢(10DD,EQ,1)GO 70 200

ISTRT:ISTePti $ ISTOGP =ISTRT § Hl 1

MK=MKSYV & NBLOCKaNBLOCKSY $ CALL VAVS

DO .1%0 Jb=1,J3STRP
W(JOIZW(J6) e (WLCL(1,J6)#WLC1(2,48))80,5 *DKX

200 END

SUBROUTINE VAVS

TYPE REAL KX,KX2

COMMON/1/2,A,DE,DEYRM,SEL ERA, TT,HILOSS/NDKX NLANDAU, TLAN
COMMON/2/NMAX .NceMP.LceMP.LceUNT LCOUNT2,DYMAX,COMP,SLE,PCYT
COMMON/3/CUTC,CUTFAC,NONES,NTNOS, NFGURS.NE!GHTS NPMAX, ICOUNT, 1,16
COMMON/4/]STRT,[STOP, M1, MK, KSTRT,KSTOP ,NCALL IOU!T . NBLOCK
CGMHGNISIKSIZE<5).NP(10),XPRthtio).KPRfotiﬁi

COMMON/6/NBPRINTY NOPRINT2

COMMON/7/SFX, SFY.SFXLBN SFYLOW, ICTLOW, INDRM, i%aUTLA(400)
CBMHONIBIKX(400)oDY!400).D(400).KCUT(QOO’aNPnC(400).JSCUTH!(400)
COMMON/9/EIE(1700),PV(1900),D1F(1700),P(1900)
COMMON/10/A31A4,A5,A6,A7, GEMAX.KXZ:!MAX.JssTMP KMAY,DKX,BSQ



(¢ Ry Mol

28

COMMBN/11/WLC1(3,1700)W(1700),AREA(L0) ) WA(1700),GL(500),GRPH(500)
DIMENSION F{F(2500),F2F(2500),FAC1(2500).
1FAC2(2500),FAC3(2500),6€(2500),MAXT(1900)
25(1300), Sl(2500).SUH(1900) Y(2500),KACCS(1990)

10 FORMAT (1HD)
11 FORMAT(/+» ISTRT=e]4, 5Xa‘!STOP-*.!4 5X,tMl=-,!3.9Y,tNCALL:-.14)

12 FORMAT( # KSTRT=z#]4,5X,#KSTOP=%14,5X,sMK=s]3,9X,#]COUNTE#]1Y)
30 Y(1)=0.,0 8§ S(1)=20,0 $ KEN=1 $ MKSv=MK $ NBLOCKSVSNARLOCK $ 16=2

40 DO 4%0 [=ISTRT,]STORP,M!?
41 KSTOP3KSTOP&M[*NDKX $ KSTRT=KSTRT+M]eNDKX & KEY=z0,0
DO 42 Jb=1,J35TOP
42 WLC1(16,.6)=%0,0
IF(NLANDAU,NE,1)680 T9O 45 § [F(1,GT,ILAN) GO YO 48
IF(1,EQ,2) 43,44
43 CALL LANY § GO TO 605
44 CALL LAN11 § GO TO 605
4% KSTRTSV=KSTRT $ KSTQPSV=KSTAP 3 JASTRT=KSTRTSRV=(1=1)*NDKX
46 MK=MKSV § NBLOCK=NBLACKSY
100 FORMAT(1X, 10512 5)
110 LMAXaNMAX MAXY=0 $ MAXB8=0

115 DL=LOGF(D(1)) § KPSTOR=KSTRT+J3STHP

117 DO 118 K=KSTRT,KPSTQP

118 P(K) = PV(K)/D(;) » DL,

148 G(1)=EXPF(=D(1)e(1,0+0,5772157+383 1)
C=D(1)=DY(1)/ (3, 0t3 1415934G(1))

IF NOPRINT2=1, NCALL ETC ,WILL RE PRINTED BY VAVS,

149 IF(NOPRINT2,EQ,0) GO 70 150
PRINTY 11,IS*RT,IST0P MI,NCALL § °RINT 3$2,KSTRT,KSTOP,MK,JCOUNT

150 DO 320 K=KSTRT,KSTOP,MK

152 IF(K.LT,KCUT(I)) GO TO 320

156 IF(P(K),GT,PCUT) GO TO 180

158 [F(KEY, Eo 1) GO TO 320

160 JS5CUTLO(I)=K=-(l=1)*NDKX § KEY=L % GO TO 320

180 NCOUNT=0 § MCOUNT=0 $ ACCS=0,0 § VACCS=0 § LFLAG=0
DO 255 L =2.,LMAX

182 1F(MAXY=L) 190,200,200

190 Y(L)=Y(L~=1)+DY(I)

195 CALL TRIGEX (Y(L),SI(L),Cl)

" FACL(L)=zLOGF(Y(L))=C!
FAC2(L)=COSF(Y(L))sY{L)=S](L)
FACS(L):V(L)tFAC1(L)*bINP(Y(L))

200 IF(MAXBslL) 210,220,220

210 FiF(L)=EXPF(D(1)e(BSQ *FACL(L)=FAC2(L)))
F2F(L)=DC(1)s(FACI(L)+8BSQ *SI(L))

220 G(L)®=FLF (L )sCOSF(Y(L)*PV(K) + F2F (L))

225 IF (FLBATF(L)=2, o-FL@AYF(L/Z)) 285,255,230

230 M=(L+1)/2
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S{M)=S(Mx1)2G(Lw2)+4,0sG(L-1)+G(L)

IF(L.LT,LCOUNT)G® TO 239 § IF(L,GT,.LCOUNT2GM YO 235
IF(LFLAG,EQ,1) GO Y@ 235

1F(ABSF(S(M)),LT,SLO) GO TO 234 § MCOUNT=Z0 § ACCSs30,0 $ NACCS=0
GO T® 239

MCOUNT=MCOUNT+1 § IF(MCBUNT,LT,LCBMP) GO T@ 239 8 LFLAGSsY
ACCS=ACCS+S(M) § NACCS= NACCSii

IF(NACCS,LT,100) GO TO 239

S(M)=ACCS/NACCS % KACCS(K)=NACCS § GO TO 260

IF (ABSF¢(S(M)=S(M=1))/S(M))=COMP) 240,250,290
NCOUNT=NCAUNT+]

IF (NCOUNT=NCOMP) 255,260,260

NCOUNT=p

CONTINUE

MAXT(K)sL

MAXTYSMAXT(K)

MMAX=M

IF (MAXTY=MAXY) 275,275,270

MAXY=MAXTY

1F (MAXTY=MAXB) 285,285,280

MAXBaMAXTY

SUM(K)=CwS(MMAX)

JOEK=(121) sNDKX

WLCLt16,J6) = (KX2/KX(1))#SUM(K)

IPRINT(J)Y, J=1,2 AND KPRINT(K) K=1,4 GOVERN PRINTING OF GtL)
AND S(M), THE SEQUENCE OF VAVILOV INTEGRALS FOR A GIVEN KeVALUE,

AITITECYIOND

IF¢1,EQ, IPRINT(L)) GO TO 290 § IP(1=1PRINT(2)) 320,291,320
IFC(K LT, KPRINT(g)) GO TP 320 § IF(KsKPRINY(2)) 2¢5 295320
IF(K, LT, KPRINT(3)) GO TP 320 § IP(K=KPRINY(4)) 295,295,320

PRINT 300,MAXTY,1,K

FORMAT(/* G{L), L=1,¢14,10X,*]ss,i4,10Xsnkae,14)
PRINY 100,(G(L) L1 MAXTY)

PRINT 310G sMMAX,],K )

FORMAT (/s S(M)=s, Mz1,»,14,10X,»1ze,14,10X,sKan]é)
PRINT 400,¢(S(M) M1 ,MMAX)

PRINY 10

CONTINUE

IPRINT(J), Ja3.,4 AND KPRINT(K), Kz5,8 GGVERN PRINTING OF C, Y(L):s
FLF(L)s F2F(L)s AND F3F(L),

IFCILEQ,IPRINT(3)) GO 7O 323 § IF(1,EQ,IPRINT(4)) 324,499
IF¢K, LT, KPRXNT(S)) GO TO 499 § IF(K,GT,KPRINT(6)) 4990333
IF(K, LT, KPRINT(7)) GO YO 499 § IF(K,GT, KPRINT(8)§ 499,338
PRINY 340 c

FORMAT (3H CsiPEL11,4)

PRINY 10

PRINT 350,MAXB

FORMAT (40M Y(L),L=1,14)

PRINT 100,(Y¢L) L=1,MAXB)
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PRINT 10
PRINY 360,MAXB

360 FORMAT (12M FL1F(L) L=z1,]14)
PRINT 100, (FLF (LY L ®1,MAXB)
PRINT 40
PRINT 370,MAXB

370 FORMAT (12H F2F(L).L=1,14)
PRINT $00,(F2F(L),L31,MAXB)
PRINT 10

THE 500 SERIES OF STATEMENTS DIVIDES ARRAY Wi C4 INTO 5 BLOCKS W]TH
DIFFERENT KeINTERVALS SO THAT SBME VALUES IN THE REGIGNS B©F HIGH ENBRGY
LOSS ARE NOT CALCULATED BUT ARE SUPPLIED BY INTERPALATIEN, KSIZE(5)

IS THE NBR OF STEPS OF 16 IN THME 5TH BLOCK WWICH 1S IN THE WIGHEST L@®SS
REGION (LOW J5), NBLOCK 1S THE BLOCK INDEX, RLMCK 4 HAS KSIZE(4) STEPS OF

-8 K=-VALUES EACM, ETC,

499 IF(NBLOCK,GT,1) 501,601

501 IF(KEN,E0,1) 502,503
502 J6STRT=KSTRT=(lel)eNDKX § J6STOPaKSTOP~({)a1)aNDKX=MK § KEN=p
503 J6STRT=KSTRT=(leg)wNDKX=MK § JOSTOP=KSTER=(]=4)aNDKXnMK
505 DO 550 Jéz J6STRY,J6STOP,MK

515 J73J6+1

520 DIF(J6) = (WLC1(16,)66MK) » WLEL(160U6)) /MK

522 KA=1

523 KAENDzMKe1

525 WLC1(16,J7)=WLCL(16,J6) + KAs DIF(J6)

530 KAzKA+1

532 J7x47+1

535 1F(KA<KAEND)525,525,550

550 CONTINUE

560 NBLOCK=NBLOCKsY

565 IF(NBLOCK,EQ,0) GO 1O 601

570 MKeMK/2

575 IF(MK,EQ,0)G0 Te 601

580 KSTRT=KSTOP+MK § KSTOP=KSTOP«MKeKS]ZE(NBLOCK)
585 GO TO 149

600 FORMAT (15,5110)

601 KSTOPSVP=KSTQP

602 KSTRT=KSTRTSY § KSTOP=KSTEPSYV
605 16S5AVEs=]6

610 FORMAT (40E12,5)

612 IF(]=INORM) 614,614,650
614 CALL NORMA
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1CBUNT-NPMAX) 651,385,385
1.EO,NP(1 ))G® TO 690
1.EQ,NP(2 ))GO TO 690

650 (
(
(
(1,EQ,NP(3 ))GO TO 690
(
(
(
(

IF
651 tF
652 IF
653 1F
654 IF(]I,EQ,NP(4 )) GO 70 690

IF(1,EQ,NP(5 ))G8 TO 690
IF¢1,EQ,NP(6 ))GB T@ 690
657 1F(1,EQ,NP(7 ))GO 19 690
658 IF(],EQ,NP(8 ))GO TO 690
659 IF(I.,EQ,NP(9 ))GO T 690
660 1FC(I,EQ,NP(L0))GB TO 690
661 GO TE& 385
675 FORMAT(214,(10F32,8))
687 GO TO 65%
690 ICOUNT=]COUNTs*Y e
691 IF(ICOUNT,EQ,1)692,693
692 CALL GRAPHS S GO TO 694
693 CALL GRAPHSA $ GO TO 694
694 PRINT 695 .
PRINT 675, JCOUNT, 1, (WLCL(I6SAVE,J6),J651,J35TOP) § PRINT 40
695 FORMAT(/+ JCOUNT,I, NLC1(IéSAvE.Jb).J6=1,JssTePa)
696 IF(NLANDAU.NE,1)G0 TO 385 § 1F(I=]JLAN) 430,430,385

385 [F(],EQ,IPRINT(5)) GO YO 390 § IP(1,BQ.JPRINT(S)) O TO 390
386 1F(1,EQ,IPRINT(7)) GO T@ 390 § JF(I1,6Q,JPRINT(8)) GO TO 390
387 IF(1,EQ,]JPRINT(9)) GO TO 390 § 1P(!,BQ,IPRINT(10))60 YO 390
388 GO T@ 425
390 PRINY 400,]
391 FORMAT(I110)
392 KC=KCUY(1)
400 FORMAT (/ = LANDAU VAVILBYV DIFFERENTIAL TERMS FORe,

27x.‘K.|10X.‘KACCS‘,13X;‘!"QI"

PRINT 410,16 ,
410 FORMAT ( » LAMBDA LAMBDA DISTRIBRUT]ON RESULTs,

248X ,elb630,]4) i

PRINT 420+ C(P(K) PVIK),SUM(K) MAXT(K),K,KACCSEK), K=KC

2. KSTOPSVP)
420 FORMAT(3E13,4,111,2]12)
421 FORMAT (/s END OF PRINTOUT FROM CALL®,14,* OF SUBRGBUTINE VAVE,s)
42% DO 427 KaKSTRTSY,KSTAPSVYP
426 SUM(K)=20,0 § MAXT(K)=Q § KACCS(K):0,0 § P(x)s0.0
427 CONTINUE
430 J6m]bey
450 CONTINUE
460 NCALL=NCALLe1 S PRINT 421 ,NCALL

END

653
656

AITITCSYIOND
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20

30

40

50

60

62
63
70

80

SUBROUTINE TRIGEX(XyS!,CI1)
X2sXwX

IF (X2~100,0) 10,40,40
S1=0.,0
C1=20,57721566+0,5+_OGF (X2)
T=X

A=1,0

SizSle7Y

AzA+1,0
TseTw(Xu(A=1,0)/(A%2))
IF(ABSF(T)~(1,0E=09))80,30,30
CleCleT

A=A+1,0
}=Tt¢X*(A-1.0)/(A*t2>)
FCABSF(Y)=(1,0E=09))80,20:20
AMAX®B0,5e (X21,0)

P=1,0

Q=0,0

§=1,0/X

A=1,0

Q=0+$S

AzA+1,0

IF(A=AMAX)60,60,70
Sz=S®(A/X) '
P=2P+8§

IF (ABSF(S)=(1,0E=12)) 70,62,62
AzA+1,0

IF{A=AMAX)65,65,70
S=S=(A/X)

Ge TO 590

CX=COSF(X)/X

SX=SINF(X)/X
S121,5707963-P#CX»QsSX

ClaPeSXa0eCX

RETURN

END
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SUBROUTINE GRAPHS
COMMON/1/Z,A:DE,DEIRM,SEL,ERA,TT,HILGSS» NDKXNLANDAU, ILAN

COMMON /3 /CUTC,CUTFAC ,NONES,NTWOS,NFOURS,NETIGHTS NPMAX, ICOUNT, 1,16
CEMMON/5/KSLZE(B),NP(10), JPRINT(10) ,KPRINT(10)

COMMON/7 /SFX,SFY s SFXL@W,SFYLBW, JCTLOW, INORM, JSCUTLB(400)
COMMON/8/KX{400),DY(400),D(400),KCUT(400) NPACL400),J5CUTHI(400)
COMMAN/9/EIE(1700),PV(1900),DIF(1700),P(1600)

COMMAN/10/AS, A4, A5, A6, A7,GEMAX,KX2, IMAX ) J3STOP KMAX,DKX,BS0
COMMON/14/WLE1¢3,1700),W(1700),AREA(L0) WA(1700)5GL(500),GPH(500)
DIMENSIGN P, TARRAY(254)

CALL PLBYS(PLTARRAY,254,1)

AITITCCYTIOND

LETTER UN]TYS BF THE X AXIS, DRAW X AX1S,

XLABEL=0,0 $ JJ6=HILOSS+4

DO 160 J6%1,JJ6

X=(J6sL)sSFX2, 0

CALL NUMBER(X®0,20 ,*0,2,0:105,XLABEL0,0,4HF4,1)
XLABEL= XLABEL#4,0

CONTINUE

CALL PLBT(X,0,0, 3) S CALL PLBT(0,0,0,0,2)

NAME AXES,

X=H]LOSSeSFX § Ys=0,42 $ H=20,105

CALL SYMBOL(X,Y,H,22H EIE (KEV ENERGY L8S5S),0,0,22)
Xz=0,4 b Y54,5*SFYS Hz0,105

CALL SYMBOL (XY, H:39HPROBABILITY PER KEV:90,0,19}

LETTER UN]TS @F THE Y AXIS, DRAW Y AXIS,

YLABEL=0,0

De 260 J6 =1,11,2

Ye(J621) »8FY

Xz=0,2¢SFXS W20,103

CALL NUMBER CX:YED.105.HaYLABEL:QO;D.QHFS,i)
YLABE| sYLABEL+0,2

CALL PLOT(0,0,Y,3) § CALL PLOT(0.,0.0,0,2)
CONTINUE

PLOT POINTS,

NUM=1

ENTRY GRAPNS5A

NODDaNUMe (NUM/2) %2

1F (NODD,EQ,0)GO 1O 312

J6eJ3STEP § KEYet
1F(J&,LT,JSCUTH](1))GO T8 350

1F (ABSF{WLCL(16,J6))e0,001) 343,343,308
1F (NUM,GY,ICTLOW)320,310
Y=SFYLOW#10,0%WLC1(16,J6) § GB TO 322
J62JSCUTHI(]) $ KEYZY

1F(J6,6T,J3ST6P) GO T8 350 |
1F (ABSF (WLC1(16,46))¢0,001)344,344,318
1F (NUM,GT,I1CTLOK) 320,310
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320 Y=SFY»10,0sW C1(¢16,46)

322 1F(Y.GT,0,0) GO YO 326 § vY=-0,3 $ GO 76 328

326 1F(Y,LT,10,0) GO TO® 328 § Y=10,0

328 IF(NUM,GT,ICTLOW) GO 1O 332

330 X=2,0=SFXLOWCEIE(JS) § GO TO 334

332 X=2,0%SFXSEJE(J6)

334 JF(X,GT,0,0) GO 7O 336 $ IF(J6,EN, 3STOP) GO TM 336 § X=-0,3
335 GO Te 338

336 IF(X,LT,25,0) GO 70 338 § X=25,0

338 IF(KEY,NE,4) GO Y0 340 S KEY=0 § CALL PLOT(X,Y,3)
340 CALL SYMBOL(X,Y,0,08,NUM,0,0,2)

342 IF(NGDD,EQ,0) GO TO 344

343 J6=Jbs1 8 GO TE 304

344 J63J64q $ GO TO 314

350 CALL NORM2 § NUMsNUM+¢1 § RETURN

PLOT INTEGRALS W(J6)

ENTRY GRAPH5B
500 Jo621
505 Y=5,0sW(J6) o§FY
510 JFCY,GT,0,0)GE Y® 520
515 v=0,0
520 CONTINUE
525 X=(2,0#E1E(,J6))»SFX
530 IF¢(X.GT,0,0)60 TO 540
535 x=0,0
540 IF¢(X,,7,25,0) GO TO 550
545 X225,0
550 IF(Y,LT,10,0) G@ Y@ 560
555 Y=10,0e8FY
560 NUMs0

IF(J6,67,31G0 T8 570
565 CALL PLOY(X,Y,3)
570 CALL SYMBOL(X,Y,0,08,NUM,0,0,=2)
878 J6E® 64
580 IF(J6,6GT,J3ST0P)GO TO 590
58% GO 7@ 505
‘990 CALL PLOTS(20,0,0,0,3)
400 CALL STOPPLOT
620 END
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SUBROUTINE NORM2
COMMON/4/Z,A,DE,DET,RM, SEL,ERA, TT,HILOSS ) NDKy, NLANDAU, 1LAN
C@MMONISICUTC.CUTFAC NONESINTWNAS,NFOURSNETGHTS NRMAX, ICOUNTY, 1,16
C@MHON/SIKS!ZE(5)oNP(LO)nIPRINT(10¥ KPRINT(16)
COMME@N/8/KX(400),DY(400),D(400),KCUT(400) ,NPACL400),JSCUTHI(400)
COMMON/10/A3,A4,A5,A6,A7 ,GEMAX,KX2, IMAX, JI8TOR,KMAX,DKX,BE0
CGMMlNlille61(3 1700).w(1700).AREAt1o).NA(17oo) GL(Soo).GPHtsno)

INTEGRATE OVER PLOTTED DISTRIBUTION FUNCTIONS TO TEST NORMALITY,

FORMAT(10F8,4)

IC=16

SUM=0,0 $ J63J)3STQOP=%
SUMaSUMeWLCLtIC,Jbwy )4 ,0eWLCY(1C,J6)eWL Cq1C,J6n1)
J6EJ652 $ IF(J6e yBCYTHI(Y)) 36,32,32
AREA(ICOUNTY)=DEe(,33333»SUM

RETURN

RENORMALIZE LOW=LOSS DISTRIBUTIEN FUNCTIONS

ENTRY NORMA

J63JISTOP»1 § SUM=0,0

SUMESUMSNL 1 (16,06=1)44,08WLES (16, 6) «WLCet18,J601)
J65U652 § 17 (6 SCUTHILI)) 106,102,102
ADF=DE«SUMe0,33333 § SFsy,0/ADF § J6SsJSCUTHI(T)

DO 114 J62J68,J38TOP

HLC1(16, 1 J61EULCLL16,J6) #SF

13NN

=1
Ll
L]

aari
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SUBR@UTINE LANL
TYPE REAL KX, ,KX2

COMMON/1/Z,A,DE,DET,RM,SEL,ERA,TT,HILOSS,NNDKX ,NLANDAU,1LAN
C@MMON/Z/NMAX .NcaMP Lcanp LCBUNT LCOUNT2, DYMAX,CQMP.SLS.PCUY
COMMON/3/CUTC,CUTFAC,NONES,NTHOS, NFBURS, NE!GHTS NPMAX,1COUNT, 1,16
COMMBN/6/NOPRINTL,NOBPRINT2
COMMON/8/KX(400),DY(400),D(400),KCUT(400), NPQC(400).J5CUTHI(4OO)
COMMBON/9/EIE(1700),PV(1900),DIF(1700), P(19ooa
COMMON/L10/A3,A4 ,A5,A6,A7,GEMAX,KX2, xMAx,JSSTaP KMAX ,DKX,BS0
ceMM@N/11/wL61<3.17oo’.wt1700).AREA(iO),NA¢1700)ZGL¢500:.GPH(Soo)
FORMAT(5(F6,2,E10:4))

FORMAT(5(¢(F6,1,3X,E10,4,6X%))

FORMAT (/» GL(LL)Y,GPH(LL), LLst,LLMAXS)

LLMAXz486

READ 5, (6L(LL)GPH(LL),LLEL,LLMAX)

IF(NOPRINTL,EQ,1) 16,20

WRITE(61,7)

WRITE(61,6)¢(GL(LL)GPH(LL)Y )LLEL,LLMAX)

DEN=KX2#GEMAYX

ENTRY LANi1

GX2KX(1)/KX2 § JSEND=ySCUTHI(]) § B=1,0B50-0,577216
J52J3STAP

P(JS)=((EJE(J5)=KX(]))/GX)=~B~ L@GF(KXCI)/DEN)
IF(P(J5),LT,PCUT)Y GO TO 74

L=y

IF(GL(LLY,BY,PCJS)) 63,62

LLabLlL#1 § GG TO 690 ;
IF(GL(LLY,BT,20,0) GO YO 64 $ DGL=0,1 § GO Te& 70
IF(GL(LL).GT,50,0) GO YO 66 $ DGL=0,2 § GO T 70

DGL=0,5

ch1¢le JS)Z((GPN(LL)»GPH(LLeg) ) o (P(J5)eGLcLL=1))/DGL
2GPH(LL=4))/6X .

J53J8=41 § 1F(J5,LT,J5END) 80,50

END
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JICOUNT, I,

3

0.00000000
0,00000000

or

PRINTOUT FROM
PRINTBUT
PRINTOUT

PRINTOUT

FROM
FROM
FROM
PRINTOUT
PRINTEUT

FREM
FROM
PRINTQUT

PRINTOUTY

PRINTOUT FROM

51 (,00000000

CALL
CALL
CALL
CALL
CALL
CALL
CALL

i CALL

CALL
CALL

18

2,00000000

0,00000000
0,00000000

0,00000000
0,00000000

SUBROUTINE
SUBRBUTING
SUBROUTINE
SUBROUTINE
SUBRBUTINE
SUBRRUTINE

" SUBROUTINE

SUBRBUTINE
SUBROUTINE

WLCL(16SAVE,J6),J6ul,J35T0P

0.00000000

0.00

0,00000000
0,00000000

0,00000000
6,00040173
0.00084772
0.00418999
0,00102449
0,00213592
0,00294043
0,00392302
0,00517275
0,00095275
0,0090%5815
0,01193486
0,01562874
0.01986742

0,0259785%4

0003310033
0,04173989
0,05230245
0.06586783
0,08167778
0.10096474
0,12248842
0.,14782%26
0,175802%8
0,208%94492
0,23788770
6.274028%2
°|306°6516
0,34297904
0,3776087%6
0.40608422
0,42220765

0,00000000
0,00045194
0,00089986
0,00122422
0.00167563

0,00221637
0,00302088
0,00404799
0,00529772
0.00714401
0,00934582
0,01222283
0,01605261
0,02047853
0,02658965
0.03396474
0,04260379
0,05359587
0,06717582

0,08344829°

0,10255223
0,12497572
0,15054341
0,17871967
0,20902041
0,24124251
0,27%507998
0,31047835
0,34657280
0,38073514
0,40846080
0.42240516

0,00000000
0.000%0216
0,00093200

o00125336
0,00172678
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0 00310133

o00417297
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0.00733526
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0,04251020
0,036847648
0,02408964
0,02720076
Dc03482364
0,04346770
0,05488958
0,06868380
0,08315879
0,10453972
0,12746332
0,1532615%7
0,18163676
0,2120989%
0,24459732
0,27853124
0,33408833
0,350165896
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0,44084038
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0,00003022
0,00055237
0,00096443
0,00128549
0,00177792
0.00237727
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0,00429794
0,00%64395

0,007528%2

0,00992416
0.01279787
0.01690035
0,02170075
0,02781187
0o0356’255
0,04457200
0,09618329
0,07049479
0,08689930
0,10678327

0,1299%p92

0,15%597973

0,1845%385;

0,21532251
0.24795244
0,28704407
0,31769872
0,35366646
0,38699392

0,41261937

0,42280019

000000 u.ooqoooao 0400000000 n onnaoonu e oaouooon 0,00000000 000000000
00000000 0,00000000 :0,000000 0,0000000 00000000 ©0,00000000
o ooooonno 0,00000000 O, oooooooo g.ooqooopo 0, oooonono 0,00000000
0,00046043 0,6001506% 0,00020085 0§,0002%108 ©0,00034129 0,00035181
0, 00066259 0,00065280 0,00070302 0,00073323 0,00080345 0,00083559
0,00099627 ©6,00102840 0,004060%4 0,00109268  0,00112481 0,00115695
0, 00131703 9, 100136877 0, 00141992 0,00i47106 0,0015%220 0,001573%5
0,00182906 0,00188021 0,00193435 0.00198249 o.oozo;sq4 o.oozuaava
0.00249772 0,00253847 0,00261862 0,00269907 0,002779%3 0,0028%998
0,00326223 0,003342680 0,003423i3 §,0035481i0 0,00367307 0,00379805
0, 100442201 O, 00434788 0, 004o7zas 0.00479783 0,00492280 0,00804778
0,00580%524 0,00399647 0,00648772 0,00637898 0,00657024 0,00676149
0, 100771798 0,00790903 o.ooaxoogg 0,00829155 0,00849281 0,00877048
0,01020883 0,0104965%0 0,01078417 0,01£07184 0,0113%9%1 0,01164719
0, 01308554 0, 101350944 0,01393327 0,014357i4 0,0147810¢ 0,01520488
0, 017324’1 0,01774808 0,0181719%5 §,01859582 0,01901948 0.01944395
0, ‘02231187 0,02292298 0,02353409 0,02414520 0,0247%631 0,02536743
0,02842299 0,02903410 0,02964521 [,03G%0912 0,03137382 0,03223693
0, 103655645 0.03742036 0,03828426 0,03914847 0,04001208 0,04087598
0,04567631 0,04678062 0,04788492 {j,04898923 0,050093%4 0,05119785
0, 05747700 0,05877072 0,06006443 0,0613%814 0,0626%186 0,06415984
0, 07100977 0,07320776 0,07474%75 0,0764%625 0,07813676 0,07993727
0, 06863991 0,09062730 0,092614479 0§,09460228 0,09659976 0,09857725
0, 110902682 0.111270%7 0,11354392 0,11575747 0,118060102 0,12024497
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0, 118869789 0, 16141005 0, 16413421 §.16705130 0, 16996019 0,17288548
0, 10747005 0, 139054944 0,19362794 0,19670643 0,19974493 0,20286342
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0, 135716697 0,36066747 0,36416798 11,36752742 0,37089687 0,37424631 N
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0,21306241 0,20576658 0,19367106 0,18564028 0,17560981 0,16576410 0.15894368 G 4633841 0 136587 T
0,11859878 0,11003477 0,10447076 0,09352052 0,08557028 0,07831095 0,071054162 5'0645364; 0, ogelg ;‘ 3'13’6’813
0.04654083 0,04158001 0,03661948 0,03223473 o, ozﬂzzssa 0,02457483 0.02127499 7.01832168 0, 01523213 0'81358322
0,01122491 0,00940845 0,00782965 0,006467%7 0,00530136 0,00434083 0,00347637 5,00277943 0, 0022024 0,00172940
0,00434447 0,00103520 0,00078897 0,00039474 0,00044335 0.00032669 0.00023784 5100017100 0 09625008 o 90scns0
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END ©F PRINTOUT FROM CALL 19 OF SUBRBUTINE VAVe,

GND OF PRINTOUY FREM CALL 20 OF SUBRBUTINE Vavs,

END ©F PRINTOUT FROM CALL 21 OF SUBRBUTINE Vave,

END 6F PRINTBUT FROM CALL 22 6F SUBRBUTINE VAve,

END 9F PRINTQUT FROM CALL 23 OF SUBROUTINE VAvs,

END OF PRINTOUT FREM CALL 24 OF SUBROUTINE vAvs,
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0.01494949 0,0152%%510 0,04956071 o.ozssossz 0,016 17193 0,0184775 ¢ 0,0167 315 0.01719561 0, 0176nane 0,04802051
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0,03355879 0,03427048 0,03498217 0,03569386 0,03640558 0,03744724 0,03782893 §,03854062 0,0392%231 0,03998399
0,04067568 0,04138737 o, 104209906 0,04284075 0, 04382244 0,04442932 0,04533619 04524307 0,06714994 0,04805682
0,04896369 o0, 04937097 0 09077745 0,05168432 0, 105289120 0,05349807 0,05440495 g‘055311as 0,056218%0 0,037125%8

0,05803245 0, 1059 1602: 0, 060266 . 0, 0314%589 0, o:§54370 0, 06367%51 0, 06:7;;32 ,06592743 0,0670%494 0, 0381:273

7 49496 7444 6 01786
0:08334837 38323:;%. Di0R370A7 008380888 D:0E30530% (:0asisds: 9:089%enns 1.077444%0 R IR
D:O1FASSR 0:0003WE L 00U000ee 001333395 o.i0adedll O.10Zlesds 039830833 D.1830%050 O.igimaass 9193888
[ ] L] L]

0.12727680 0,12909705 0,13 3917 9 0,13273733 0:53459777 6,13637801 0 13019325 f.i400i849 0,14183873 0,1436%897
0,44547924 o, 144729946  0,14911970 0,15093994 0,15276018 0,154727%p o 115669482 0.15866214 0,16062947 0, 116259679
0,164%56441 0,16653143 0,16849875 0,17046607 0,{7243340 0,17440072 0,17636804 10,17833534 0,18030268 0,18227001

,15423733 0,18624009 0,18824286 ,19024363 0,19224837 0,19425146 0,19625393 §,19825669 o, 20029946 0,20226223
3'%23 8904 °%2§§:;38 012958078 0:340%0300 O:23%20805 0:2is%rsss 8%%33313’ T b 83%38‘335 353123233

0 0,2334 021 0. 270 ) 0680

0,24235765 0,24443452 0'24631 38 0:24796823 0,24962548 0,25128193 0,25293878 §,25489563 0,2562%5249 0,25790934
0.25956619 0, 26100505 0,26244555 0,26388517 o, 126532482 0,26676448 0, 26820414 0,26964380 0,27109346 0,27225148
0,27341889 0,27458661 0,27875433 0,27692205 0.27803977 0,27925748 0,28042%20 {(.2B8126066 0,282036{1 0,282931%6
0.20376702 0,28460247 O, 128543793 0,28627338 0,28710884 0,28755352 0,28799a21 0,28844290 0,288897%8 0,28933227
0,28977696 0,29022464 0, 129066633 0,29065837 0,29088041 0,29064245 0,2906348p 0,29062654 0,29061888 0,29061062
0,29060266 0,29007782 0,28955299 0,289020846 0,28850332 0,28797849 0,28748365 0,28692882 0,28640398 0,28%31808
0.28423248 0,28314627 0,28206037 0,28097447 0,279888%7 0,27880267 0.27771876 0.27602649 0,27433621 0,27264593
0.2709%565 0,26926537 0,26757510 0,26588482 0,26419454 0,26188722 0,25957991 0,25727259 0,25494527 0,25265796
0,2503%064 0,24804333 0,24573601 0,24284785 o 23995995 9.23707192 0,23418336 0,23129520 0,22840703 0,22551887
0,22263071 0,21922306 0,21%81542 0,25240778 O, zn’ono13 0,20%59249 0,20218484 0,19877720 0,19536955 0,19166605
0.187962%6 0,18425906 0,180555%6 0,17871364 0,17287171 0,16902979 0,16518787 §,16126043 0,15733299 0,153405%5
0,14947811 0,14552312 0,14456813 0,13761314 o0, 113368815 0,12973684 0, 125815%2 0.12189421 0,11797290 0,11414726
0.11032363 0,10649600 0,10267036 0,09899218 0,09534400 0,09163581 0,08795743 §,08450809 0,08105855 0,07760900
0,07435946 0,070969%4 0,06777962 0,06458970 0,06139979 0,0585107¢ 0,05562164 0,05273257 0,04984349 0,04728422
0,04472494 0,04216566 0,03960638 0,03739233 o, 103517828 0,03296422 0,03075017 0,02888272 0,02701527 0,02514783
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Fig. Bl - Plot by subroutine GRAPH5 for the 992-keV resonance

.5, e

in the

27A1(p,y )285i reaction. The target was 4.934 keV thick at resonance
energy. The squares (Calcomp symbol 0) represent the integrals with
respect to A, The four energy-loss distributions are labeled with their

average energy loss and are represented by Calcomp symbols 1

’2’ 3’

and 4. Note that the first two distributions have scalefactors SFXLOW =

2.5 and SFYLOW = 0,03.
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Appendix C
NOMENCLATURE LIST FOR PROGRAM YIELD6

HERERESN A

Names defined in program WINTGRLT that have the same meaning in program
YIELDS6 will not be redefined here. All energies and energy intervals are in keV.

AGLC is the area under the free-space beam energy distribution GLC(L2).
AGLCD is the area under the interface beam energy distribution,

ASL (read from data if there is a surface layer) is the molecular weight of the target
surface layer.

AWLC?2 is the area under the interface energy loss distribution.
AYLD is the area under the yield function YLD(M).

BFWHM (read from data) is the full width at half maximum in keV of the beam energy
distribution; it is assumed to be of Gaussian shape.

BW(100) is an array in which are stored the values which represent the cross-section
function.

DEBI1 (read from data) is the approximate value of the first NEB1 - 1 intervals between
bombarding energies at which the yield is calculated. The exact value is adjusted to be
the largest integral multiple of DEI that is equal to or less than the value of DEB1 stored

in data.

DEB2 (read from data) is the size of the interval for bombarding energies between
EB(NEB1) and EB(NEB2).

DEB3 (read from data) is the size of the interval for bombarding energies between
EB(NEB2) and EB(NEB3),

E(200) is an array in which the values of energy (in keV) at which the cross section is
defined are stored.

EB(100) (EB(1) is read from data) is the array in which the bombarding energies at
which the yield is calculated are stored. These values are calculated so as to be
members of the basic energy set. If EB(1) is not a member of the basic energy set,
it will be recalculated to be so.

EBEXP(100) (read from data) is an array containing the values of bombarding energy
(in keV) at which the yield was measured.

EBLQW is an energy 2*BFWHM below the current value of E(L). If EB(M) < EBLOW,

there is a jump past the statements that cause integration over the beam energy
distribution.
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EBNRM (read from data) is a value of experimental bombarding energy lying within the
range EB(NEB1) to EB(NEB2). The ordinates of the experimental yield curve are ad-
justed before plotting so that the areas under the experimental and calculated curves up
to EBNRM are equal unless EBNRM = 0.0.

ENEW(200) is an array in which are stored energy values ENEW(L) = EB(M) - MDEI*DEL.
Since MDEI = (EB(M) - E(L))/DEI, if EB(M) and E(L) belong to the basic set with interval
DEI, ENEW(L) should be exactly equal to E(L). Therefore, a comparison of the two
arrays provides a check on the condition that EB(M) and E(L) shall belong to the basic
energy set. This array is printed if M = MPRINT1 or M = MPRINT2. And if LPRINT1

or LPRINT2 have appiropriate values.

ER (read from data) is the resonance energy E . in keV,

FLAG] is set equal to 1.0 in subroutine G7 if the current value of EB(M) lies below the
current value of E(L) by twice the full width at half maximum of the free-space beam
energy distribution.

GAMMA (read from data) is the full width at half maximum I of the resonance.

GLC(2000) is an array in which the free-space beam energy distribution GLC(L2) is
stored after being calculated in subprogram SETS5.

GLCD(5041) is an array in which the values representing the layer-target-interface
beam energy distribution are stored.

J2A labels the value of loss required to degrade the most energetic particle in the beam
energy distribution to the current value of E(L).

H(200) is an array in which the integrals with respect to the beam energy variable are
stored.

HILGSSL (read from data if there is a surface layer) is the greatest loss in the surface
layer which any beam particle will suffer with nonnegligible probability.

J2 is an integer variable which labels the set of losses spaced by interval DEI. J2 =1
corresponds to HILGSS; J2 = J2MAX corresponds to zero loss.

J2MAX is the value of J2 corresponding to zero energy loss.

J2P is the value of J2 that corresponds to the loss necessary to degrade a particle of
energy EB(M) to energy E. I EB(M) < E(L), this corresponds to a value of J2P > J2MAX
and, therefore, to an energy gain. However, in integrating over the beam energy, only
true energy losses are used. '

KZERQLOS is the value of K corresponding to zero energy loss on the interface energy
loss distribution; KZEREL(S = (HILOSSL/DE) + 1. If KZERGL@S exceeds 2510, the pro-
gram will stop and an abort message will be printed.

L2B is the value of L2 corresponding to the highest energy point on the free-space beam
energy distribution GLC(L2). The lowest energy point corresponds to L2 = 1. If L2B
exceeds 2000, the program will stop and an abort message will be printed.

L2F is the value of L2 corresponding to the smallest loss at which W(J5) is interpolated
to obtain WINT(L2).

L2I is the value of L2 corresponding to the greatest loss at which W(J5) is interpolated
to obtain WINT(1.2).
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L2MAX is the number of values that will be calculated for the interface beam energy
distribution. L2MAX = L2B + HIL@SSL/DEI + 1. Thus, there will be as many values as
there are in the free-space beam energy distribution plus the number required for the
least energetic beam particle to be degraded by HILOSSL. L2MAX is calculated in
SETS5. If L2MAX exceeds 5041, the program will stop and an abort message will be
printed. ,

L2P is the value of L2 that corresponds to the peak of the free-space beam energy
distribution GLC(L2).

LMX (read from data) is the number of values of E(L) and BW(L), if these are external
functions read from data.

LM@X is the maximum value of L for internally generated functions E(L) and BW(L).
If external functions are read from data (LMX > 0), LM@X is set equal to LMX.

LPNCH (read from data). If LPNCH =1 (#1), the values of calculated yield will (will not)
be punched on cards.

L2PP is the number of intervals of size DEI in half the total beam energy distribution.
LPRINT1 (read from data); if LPRINT1 =1 certain L-dependent parameters are printed
from subprogram G7 for the value of bombarding energy stored in EB(MPRINT1) and
EB(MPRINT2).

LPRINT2 (read from data) has the same function as LPRINT1.

LRES (Read from data if BW(L) is an external function) is the value of L at resonance
energy.

LST@P is the maximum value of L for a particular M value. LST@P is set equal to L
in the main program just before YM4 is called.

MDE] is the number of units of size DEI by which the current value of EB(M) differs
from the current value of E(L).

MPRINT1 (read from data) is a control constant which if set equal to some value of M
will cause certain parameters to be printed from subroutine G7 when the bombarding
energy is EB(M).

MPRINT2 (read from data) has the same function as MPRINT1.

NBW (read from data) determines the minimum energy interval for representations of
E(L) and BW(L); the eight intervals on either side of resonance energy have size
NBW*DEIL

NDE is the ratio DE/DEI rounded to the nearest whole number. DE is to be chosen as
an integral multiple of DEIlin program WINTGRL 7 andtransmitted toprogram YIELDS via
punched cards. If DEI is not an integral submultiple of DE, it will be altered by the pro-
gram to be such and a statement will be printed stating that DEI has been changed.

NDE must be at least 2,

NEBI1 (read from data) is the number of bombarding energies separated by interval DEBI.

NEB2 (read from data) is the sum of NEB1 and the number of bombarding energy incre-
ments of size DEB2. NEB2 must be at least one greater than NEB1,

1IN0
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NEB3 (read from data) is the sum of NEB1, NEB2, and the number of bombarding energy
increments of size DEB3. NEBJ3 must be at least one greater than NEB2 + NEB1.

NEXP (read from data) is the number of pairs of expgrimental yield data.
NGAM (read from data) determines the energy range over which BW(L) will be repre-

sented when it is generated within the program. This range will lie between energy
values NGAM*GAMMA and (NGAM + 1)*GAMMA keV.

NGRAPHA (read from data) is to be set equal to one (zero) if a plot of the calculated
and experimental yield is (is not) desired.

NGRAPHB (read from data) is to be set equal to one (zero) if plots of the layer-target-
interface energy loss distribution, the free~-space beam energy distribution, and the
interface beam energy d1str1but10n are (are not) desired.

NPRINTI1 (read from data). If NPRINT1 =1 (#1), a set of constants will (will not) be
printed; see program listing.

NPRINT?2 (read from data). If NPRINT2 =1 (#1), certain arrays (see program listing)
will (will not) be printed.

NPRINT3 (read from data). If NPRINT3 =1 (#1), certain arrays (see program listing)
will (will not) be printed.

NSLA (read from data) is to be set equal to one (zero) if there is (is not) an “active”
layer on the front surface of the target, i.e., a layer which contributes to the yield.
Prior to a calculation in which NSLA =1, a separate calculation of the yield from the
layer with the bombarding energies EB(M) must have been made with NPNCH =1 to
obtain data cards for the layer yield which are read when NSLA =1.

NSLP (read from data) is to be set equal to one (zero) if there is (is not) a passwe”
Iayer on the front surface of the target, i.e., a layer which broadens the beam energy
distribution and reduces its average energy but which contributes nothing to the yield.

PMIN (read from data if there is a surface layer) is a value of the Landau lambda below
which the value of the interface beam energy distribution will be negligible and will not
be calculated. :

SELSL (read from data if there is a surface layer) is the specific energy loss (at reson-
ance energy) of the target surface layer in keV-cm2/gram.

SFAX (read from data) is a scale factor (of order unity) governing the widths of the
yield plots.

SFAY (read from data) is a scale factor (of order unity) governing the heights of the
yield plots.

SFBX (read from data) is a scale factor (of order unity) governing the width of the plots
by subroutine GRAPHB.

SFBY (read from data) is a scale factor (of order unity) governing the heights of the
plots by subroutine GRAPHB and should not exceed unity.
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SFN (read from data) is a scale factor for plotting the experimental yield when EBNRM =
0.0in data. If EBNRM # 0.0, SFN is computed internally (see EBNRM). The experimen-
tal yield curve is plotted according to YX = YEXP(N) *SFAY*SFN*6.0, where YX is the
ordinate height in inches.

ZSL (read from data if there is a surface lziyer) is the equivalent number of free elec-
trons per molecule which has the same effective stopping power as the number of bound
electrons per molecule of the surface layer on the target.

SLT (read from data if there is a surface layer) is the thickness of the target surface
layer in keV (at resonance energy).

WINT (6000) is an array in which the current interpolated values of the W function are
stored. '

YEXP (100) (read from data) is an array in which the values of experimental yield are
stored. The units are arbitrary since the values are adjusted so that the areas under
the experimental and calculated yield plots will be equal out to EBNRM.

YLDFAC (read from data) is a factor which takes into account the fact that the number
of atoms per cm3 in a surface layer which contributes to the yield may be different from
the same quantity for the target proper. This factor is to be calculated as follows:

yLDFAC - F (ayer) , A (target) , SEL (target)
F (target) ASL (layer) SELSL (layer)

where F is the fraction of atoms per molecule that contribute to the yield; A and ASL
are molecular weights; SEL and SELSL are specific energy loss values.

YSL(100) (read from data if NSLA = 1) is an array containing the values of yield of the
surface layer, if any. If NSLA =1, these values will be added to the yield of the target
proper.

AITITESYIaNN



Appendix D
LISTING OF PROGRAM YIELD6 AND SAMPLE RUN

PRAGRAM YIELDG6

TYPE INTEGRR FLAGL
CEMMAN/A/NSLAGNSLP  BFWHM, HI L OSS,PYIN ) HILBSSL, JXSTOP

COMMAN/B/ FR,GAMMA,DFB1,NER1,DF32,NER2,DEB3,NER3, EANRM,MTEP , NBY
COMMAN/C/YSLEL00) W (1700),NEXP,EREXP(L1C0) , YEXP(1N0Y,M, L, H(200)
COMMON/E/SFAX,SFAY,SFBX,SFBY,PLTAIRAY(255 3, ,|.PRINT?,SFN
COMMAN/F /DE,NDE,DET,L2P,L2R, GEMAX, LPRINTL,A7,TT,YLNFAC,LMBX,LRES
COMMBN/H/| 2PP, J2MAX, AGLC,AGLCD, AW _C2,FLAGL,LSTAP
COMMBAN/K/8LT,SELSL,ZSL,ASL,350,410
COMMAN/L/wlLC2(2510) 4 NCOMP,LCOMP,LIAUNT,LCBUNT2,S5L 8, NYFAC
COMMBEN/1/ER(100), MPRINTL1,E(200),34¢200),YLR(100)  MPRINT2,NGAM
COMMAN/2/GLC(200N),GLCD(5041), ENZW(200)L2MAX ,L My
COMMAN/3/WINT(6000),Y(2400),KZFERA_NS

1 FORMAT(4X,9F8,5,F7,4)
2 FORMAT(1HN)
4 FORMAT(4HY)
& FORMAT (»
2 .)
7 FORMAT (»
2 *)
R FORMAT(4F10,3,4110)
Q FORMAT(13F10,4)
10 FORMAY(I(F10,4,110))
11 FORMAT(10F12,6)
12 FORMAT(8140)
14 FORMAY(10FR,5)
1% FORMAT(5F40,3,F10,5,F10,3)
16 FORMAY(]Z)
1R FORMAT(4(13,F9,2,F8,2))
19 FORMAT(315,5F12,6)
20 FORMATY( « NPRINT1=%,12,10X,eNPRINT23*,12,10X,*NPRINT3=%,12,10X,
2*LPNCH=%,12)
21 FORMAT (/% FRa*,E12,5,5X,*GAMMAS,242,5,2X,«RBFHM=,E12,5)
272 FORMAT( « NGRAPHA=Z»,12,40X *SFAXe*,F4,2,11%,%8FAY=4,F4,2,11X,
2¥NQBW=w,15)
24 FORMAT( « NGRAPHR=e,12,10X,*SFRX=4,F4,2,11¥,*SFBY=z#,F4,2,11X,
ZeNGAMze, 15)
26 FORMAT( o NSLA=#,12,13%,«NS P=ze,12,13X,%L2vAX=%,14,4nX,*K72FROL "Scx
214
28 FORMAT( » EB(1)=z,F10,4,4X,%DERL2#,F7,4,8X,«NERL2x,13,12X, % MX=%,
214)
29 FORMAT (/¢ DE=#,E12,5,0%,8DE]=%,212,5,4%,*PMINze ,F6,2,9X,2NNE=%,12)
30 F@QMAT( * DE82=.|F7|4IBX"NEBZ='.IS‘]-?Y'*DcBS=*'r7,4| BXl“!E93=‘|
213y
32 FORMATC * MPRINT1=*.!?.10Xu*MPRl=\!T2=*,!2.1ﬂx.tLPRINT1=*.!2.10X.
2% PRINT2=24,12)
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40
41
42
a4
46
47
48
49

50
52
54
55
57
58
60
62
64
80
82
864
87
8R

90
92
94

102
103
104
105
106
107

108

109
110
111
112

114
115

ye 1M MBY
2MAX M=

L
NR

X

™
# >
-n

D—‘iln

- e

A 4V
) ;A
1 .*

‘ll
- F

B
7
1

!
2)

D »e

L4
WF

Ill

EF

L x

- W

i 14,11
2X, . 282» 12%,*
FORMAT (/% 25e,F6,2,12X,#21P=z#%,F4,1)
FORMAT( » TTa#,FB8,4,9X,%Az¢,F9,4,9%X,*SEL=%,E12.5,4X, % RESz#,15)
FORMAT( » GEMAXz#,E12,5)

FORMAT( * 2SL=%,F6,2,10X,%xASL=w,F10,5,6X,%5.05%,F10,5)

FORMAT( » SLT=zs,F6, s.1ox.-9=LSL=-.r10 2.4X.-H!|@QSIB- F5.2)
FORMAT( » BSO=z»,F8,5,8X,sA7=%F10, 2.7X.*DYFAC=t.F10 5% 4x.-H!LGs€=

2%,F7, 3-6!.*YLDFAC=‘,F6 3)

FORMAT (/% NEXP=#,]14,10X,*N,EREXP(N), YEXP(N), Nzd ,NEXP*)
FORMAT (/% YSL(M), M=1,MTOPS*)

FORMAT (/% W(J5), J331,J3STOPx)

FORMAT(/# E(L), L=1,LMOX%)

FORMAT (/= ERL(L2), 1,L2B#)

FORMAT (/% EB(M), M21,MTOPx)

FORMAT(/% BW(L), L=1,LMOX»)

FORMAT (/¢ GLC(L2)) L2=1,L2B»)

FORMAT (/¢ GLCD(L2),L2=1,L2MAX»)

FORMAT (/% YLD(M) , M=1,100e)

FORMAT( = VALUES OF SURFACE LAYER YIELD, YSIL(L), FOALLOW,w)
FORMAT (/% WLC2(KCOMP), KCOUP=4,KZERO| HS#)

FORMAT(» LCOUNY=2»,16, 7X,¢LCOMP:t!5 B8X, *NCOMP=4,
FGRMAT( w AGLC=eF10,7.5X.*A3L CN=w, F10,7,4%X, sAu

LLL X, eAul

&, RX,#LCOUNT22w]6)
2

*
=« F40n 7 Ay
=%, L

]
c N
v el A

2sAY| Dzxwx,F10,7)

FORMAT (/w KZER@L@S EXCEEDS 2510, ARRAY WLC? WILL GVERFLBW, ABRRT#)
FORMATY (e DE] HAS BEEN CHANGED T3 #,F7,4)
FORMAT(6E12,5)

FIRST TW0® DATA CARDS CANTAIN CAMMENTS,

READ(60,6) .

READ(6N,7)

READ(60,12) NPRINT1,NPRINT2,NPRINT3,NGRAPHA,NGRAPHR,NSLA,NSLP
READ(60,12) MPRINT1,MPRINT2,LPRINTL,LPRINT?,LPNCH

READ(6N0,10) DEB1,NEB1,NER2,VE3?,Nn=R3,NER3

READ<60;9) EBNRM, SFN, YLDFAC

MTOPRNER3

IFINSLP,EQ.1) GO T@ 109 $ IF(NSLA,FQ,1) GO TA 109 % GO TO 114

READ YIELD AND CONSTANTS FOR SURIFACE LAYER, I1F ANY,
READ(60,9) ZSLsASL,SLT,SELSL,HILO5SLsSLO,PMIN
READ(&0,12) LCOUNT,LCOMP,NCBMP, (CIUNT2

IF(NSLA NF,1)GO TO 114

READ(60,14) (YSL(M),M=1,MTOP)

READ CONSTANTS FROM WINTGRAL7,

READ(60,15) 2,ZIP,A,TT,SEL)DYFAZ,41LOSS
READ(60,19) IMAX.stT@P KMAX,DE,NZ1,BSN,GEvAX,A7
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116

122
124
126
128
132
134
136
138

182
183
184
185
188
190
192
194
202
203
208
206
210

251
255
258
272
274

300
302
304
312
314
316
318
320

57

e

READ INTEGRALS W(J5) FROM WINTGBRL7Y,

AITITCCYVTIIND

READ(60,14) (W(JB),J521,J35TAP)

READ EXPERIMENTAL YIELD DATA,

READ(60,18) NEXP

READ(60,1R) (N,EREXP(N)Y,YEXP(N),\Ne1,NEXP)
READ(6N,B8) SFAX,SFAY,SFBX,5F3Y

READ(&D,B8) ER,GAMMA,RFWHM,E3(1),N3uw,NGAM,LMX,LRES
IF(LMX,GT,0) 134,138

READ(60,94Y(E(L)Y, L=1,LMX)

READ(60,94) (BW(L)Y,» L=1,LMX)

LMOX=LMX ¢ GO T@ 182

COMPUTE CONSTANTS

NNsDEg1/Dg! % DEBL1aNNeDE]

NN=DEB2/Dg] § DEB2zNNeDE]

NNzDEB3/DE] § DEB3=NN#DEI ,

NNz (ER=ER(1))/DE! § FB(1)=ER»NN&DE!
NN=HIL®SSL/DE § HILOSSL=NN#NE

KZERD| MS=NN#1q . ,
IF((NSLA,EO,1,OR.NSLP.EQ,1),AND,KZERDLAS,GT,2510) 194,202
WRITE(61,90) § STOP

NDF=DE/DE! $ RNDE2DE/DE] § DIF=RNDEcNDE
IF(DIF,LT.0,5) GM TO 205 § NDEayNzs1
1IF(DIF,EQ,0,0) 210,206

DEI=DE/NDF § WRITE(61,92) DEl
J2MAX2 (S35 TOP=1 ) «NDES1

CALL SETSS
IF(NSLP,En.1) GO TO 274
IF(NSLA,EQ.1) GO TR 274
Ge T® 3In0

CALL BFaAM1

CALCULATE YIELD

Mz1

L=y

CALL G7

JF(FLAGL,k0,1) GO Y@ 318

IF¢L=-1LMOXY316,318,318

LslL+1 & 6a TR 304 ‘ _

LSTOP=al % CALL YM4 9 IF(NSLA,EQ,1) YLDIMI=Y L D(M)+YSL (M)
IF(MaMTEPy 322,380,350
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327 M=zMe1

324 DO 326 L=1,93
326 ENFW(LYED.D
328 6O TO 3In2

CEeMPUTE AREA UNDER YIELD CURVE

350 Ml=z1 § MFsNER1 § BIN=DEB1 % AYLD=0,0 $ ASSIGN 380 TO NFXT
355 YSM=(y D(MI)+YLD(MF)) »BIN/2,0 $ AYLD=AYLDeySM § YSM=0,0 $& M=M!
365 MsM &4 § 1F(M,LT MF)370,375

370 YSMsYgMaY|I D(M) § GO TO 365

375 AYLD=zAYLD.YSM*BIN & GO TO NEXT,(380,39n,40n)

380 MIsNEBY & MF=NEB2 % BIN=DEB2 $ ASSIGN 390 T NFXT ¢ 60 70 355
390 MIzNEB2 § MF=NEBI % BINzDEB3 § ASSIGN 400 T NFXT & GO TA 255

WRITE,

400 WRITE(64,2) $ WRITE(61,6) § WRITE(41:7)
402 WRITE(61,21) ER,GAMMA,RFWHM

403 IF(NPRINT¢.NE,1) GO TO 500

404 WRITE(61,20) NPRINTL,NPRINT2,NPRINT3,,ONCH
405 WRITE(64.,22) NGRAPHA,SFAX,SFAY,\BA

404 WRITE(61,24) NGRAPHB,SFBX,SFBY,NGAM

408 WRITE(61,26) NSLAJNSLP,L2MAX,KZERILO5

409 WRITE(61,29) DE,DET,PMIN,NDE

410 WRITE(61,28) ER(1),DEBY,NEBL,LMX

412 WRITE(64,30) DER2,NEB2,DEB3,NF33

414 WRITE(61,32) MPR!NfioHPRlNTZ.LPR!VTi LPRINT2
420 WRITE(61,40) J3ISTOP,KMAX, IMAX,L 40X

421 WRITE(61,41) sz;Laa.Jaqu.EBNaw

422 WRITE(61,42) Z,21P

424 WRI1TE(61,44) TT,A,SEL,LRES

426 WRITE(641,46) GEMAX

427 WRITE(61,47) ZSL,ASL.SLO

428 WRITE(61,48) SLT,SELSL,HILOSSL

429 WRITE(64,49) BSQ,A7 ,DYFAC,AILMSS,YLDFAC
430 WRITE(K1,87) LCOUNT,LCAMP,NCOMP,L 3AUNT2

432 WRITE(64,88) AGLC,AGLCD,AWLC2,AYLD

500 IF(NPRINT2.NE,1}) GO TO@ 525

501 WRITE(61.%0) NExP

802 WRITE(61,18) (N,EBEXP(N),YEXP(N), N=1,VEXP)y
504 IF(NSLA,NE,1) GO 7O 510

506 WRITR(61,52)

508 WRITE(61,41) (YSL(M), Me1,MTOP)

810 WRITE(61,54)

312 WRITE(61,14) (W(J5),J5m82,J35T0P)

52% JF(NPRINTI.NE,1) GO TO 604

530 WRITE(61,55) $ WRITE(61,9) (E(L), L=1,LMBXY
532 WRITE(61,58)

534 WRITE(61, 9) (EB(M), M=1,MTaP)
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- 16n

GENERATE GAUSSIAN BEAM DISTRIBUTIIN,

L2Pa(2,0%aFWHM)/DEL $ L2PP2_2Pw) 3 L2B=z| 2P+ 2PP
SIGB=BFWHM/(2,081,177) $ B721,0/(S1GBaSQRTF(2,N0%X,1416))
1IF(L?28.GT7.2000) 44,46

WRITE(64,3) ¢ STAP

L2MAX=L2R4H]ILOSSL/DET+18 ERLL2P=(_2P=1)sDEY % 48=2.0%SIGRww«2
IFC(NSLA,EQ,1,0R ,NSLP,EQ,1) ,AND,L2MAX,GT,5n41)49,5>
WRITE(61,4) $ STOP

DO 697 L2=1.,L2B

EBLs (L2=1)=DE] $ VARB=(EBL~EBLL27)%e2
GLC(L2)YaR7#FXPF(=(VARB/AB))

CONTINUE

SUM=0,0

De 66 L2= 1,L28

SUMzSUMeRLC(L2)

AGLCaSUMsDE]

TFCLMX,6T.0) 160,100

GENERATE ARRAYS E(L) AND BW(L),
GENERATE yUPPER HALF OF ARRAY E( ) AND STORF IN L®MWFR HALF,

Ksi % E(K)3ER & K]=22 § KF=9 % N=N3WsDE! % FMAXIEP#NGAM*GAMMA

DO 104 Kz« ,XF

E(K)zE(Kwq)+N
KFSVzKF & D=2,0N § KIzKF+1l 3 KFsql+?
IF(E(KFSVY=EMAX) 102,110,110

TRANSFER T UPPER HALF,

LRES3KFSY § LMIOx=2*LRES=1 § IF(_ M3¥,GT7,200) 111,117
WRITE (61,5) § STAP

DB 116 K=2,.,LRES

L=LRES¢K=1

E(L)=E(K)

E(LRES)=ER

GENERATE (BWER HALF AF Et )

KF2LRES w1
DG 124 K=1 |KF
E(LRES=K)=22,0+*ER«E(LRES+K)

GENERATE RW(L)

C73GAMMA/(2,0%3,1416) § A9=3AMMA##2/4,0
DO 154 L=1,LMOX
BWlL)=C7/7(tE(L)»ER)>#2+A09)
WRITE(51,2)L2P,L2PP,L 2%

END .
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SUBROUTINE TRIGEX(X,SI,C!)
X23xsy

IF (X2=100,0) 10,40,40
S1=20,0
Cl30,57721566+0,5+L0GF(X2)
T=X :

Az1,0

SIsS{s?

AzA+1,0
TaaTu(Xu(a=1,0)/7¢A%92))
IFCABSF(T)=(1,0E»09))80,30,30
CiaClaT

AzAel,0 ’
TaTe(xXw(Aal,0)/(Ase2))
IF(ABSF(T)~(1,0E«09))80,20,20,
AMAX=Q 5w eX+1,0)

P=1,0

Q=0,0

S=21,0/X

Az1,0

0=Q+5

AzA+1,0

IF(A«AMAX)60,60,70
Sz«Su(ad/X)

P=PaS

IF (ABSF(S)»(1,0E=12)) 70,62,62
AzA+t,0 ' ’
1F (A=AMAX)65,65,70
S=Sw(A/X)

Ge YO 59

CXsCASF Xy /X

SXaSINF(X)/X
§121,5707963=PeCX=0e8X
ClzPsSXeQuCX

RETURN

END

NN

43713115497
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SURRBUTINE G7

TYPE INTEGER FLAG]

COMMBN/A/NSLANSLP,BFWHM,HILBSS,PYIN, HILOSSL, Jssr@p

COMMAN/B/ ER,GAMMA,DEB1,NEB1,DF32,NEB2,DESI,NERI,ERNRM,MTEP, NBW
COMMON/C/VSL(IOO).N(1700).N:XP.:B-XP(100)'VEXP11005,M LyH(200)
COMMAN/E/SFAX,SFAY,SFBX,SF8Y, PLTAQRAY(?SS Y, LPQINTQ SFN
COMMON/F/NE,NDE,DET, L2°,L28 G:MAX.LPRlVTipA7nTT YLRFAC.LMOX,LRES
COMMON/H/L2PP, J2MAX ) AGLC,AGLCD, AW C2,FLAGL,LSTAP
COMMON/K/SLT,SELSL,2ZSL,ASL,350Q,410

COMMON/1/ER(100) ,MPRINTL1,E(200), 9df200).YLn(1on).MPR!NTZ NG
C@MHON/2IGLC(2000> GLCN(5041), ENZW(200),L2MAX ,LMYX
COMMAN/I/WwINT(6000),Y(2400),KZERA_BS

L2120 §& LoF=0 § MDE]= 0 $ J2AAz0 $ JSA=zqn

FLAG120 § EBLOW=E(L)»2,0%BF WHM

IF EB(M) L IES BELOW EBLOW, CONTRISUTIONS FREM ALL REAM PARTICLES
ARE NEGLIGIBLE,

[ n: LN
UV Q

e L)) 60

.GT.EBL@N) GO TO 32 $ FLA31=1 § GO 1O 80N

CASE WHERE ER(M) LIES BETWEEN E3L3W AND E(L),
MDEl=(E(L)=ERB(M))/DE] % RDEI=E(_)=EB(M) $ NF=RNET=MDF!
IF(DF,G7,0.5) MDFEI=MDEl+4 § ENEW(L)2EB(M)*MDFIwDF]
J2P=J2"AX»MDEI $ J2A=J2P-L2PP § L2F=L2P-MDF] § GO TE 140

CASE WWERE ER(M)skE(L)

ENEW(L)ZE(L) $ J2P=J2MAX § J2A=J2¥aX~L2PP & L2F=2P § GO 70 140
CASE wHERE EB(M) LIES ABAVE E(L),

MDEl=(EB(MI=E(L))/DE] & RDEJ=(E3(M)=E(L))I/NE! & NF=2RNE1eMDF]
1IF(DF,G7,6.5) MDEI=MDEl+1 § ENEW(L)IZER(M)eMDET#NET

IF(NSLA,Fn,1) GO TO B0 % GO TO 72
1F(NSLP,.EN.1) GO TO 80

1F(MDE!, LT.L2PP) GO YO 90 $ J2P= JzMAXnMDEI $ J2A2zJOPe«L2PP SL2F=2lL?B

G TA 140

LIM2=_2MAX=L2PP & IF(MREI,LT,L142) GO TR 9n
JEPZU2MAXLMDE] § J2A=J2P.L2PP $ L2FsL2MAX € 6B TO 140
J2P=J2VAXWMDE] § J2A=J2P-L2PP $ L2F=L2P +MNE] € 60 TO 140

INTERPBLATE W(J5) TO GET WINT(L2),

IF(J2A.LT 1) 142,144
L2l=my2a42 $ JF(L2T,GT,L2MAX)GO T3 500 $ J2A=1L § GP TO 146
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3 3

144 L21=1

146 J5Az(J2Aed)/NDE+1 & IF(J5A,3T,J35TAP) 6O Tm 50N
148 J2AA=(JS5A.1)sNDE+1 & JU5=J5A

150 L2=L21 § J23J2A § J2TEST=zJ5#NDE+q

153 DW= (W(J5+1)=W(J5))/NDE

154 WINT( 2)ew(JS)+DW*(J2-J2AA)S (22241 § J2=)2+¢4
156 1F(J2,EQ.J2TEST) GO TO 160 § GM T3 154

160 J5=J5¢1 § WINT(L2)=W(J5)

170 1F(J5,EQ.Ju3570P)172,174

172 L2FzL2 § G TO 200

174 | 220241 § J2=J241 § J2TEST=J2TESTeNDE

175 IF(L2,6T,L2F) GO T@ 200

176 DW=(W(J5+1)mW(J5)) /NDE

178 WINT(L2)sWtJS) +DW*(J2-J2TESTeNDE) § L2=L2+1 § JPeJ2+1
180 I1F(J2+J2TEST) 178,160,160

AITITECYIOND

INTEGRATE GLCD(L2)®WINT(L2) AR GLZ(L2)»WINT(L2) @YFR THE RANGE OF
INTERSECTIAON, USE SIMPSBNS RULE,

200 NBINS=L2FeL2! § NODD=NBINS~(N3INS/2)*2 $ I1F(INSLA,FQ.1.0R,
2 NSLP,E@,1) 201,212

201 IF(NBDD) 202,202,206

202 SUM=0,0 % L2S=L21+1 § L2HALT=_2Fe1

203 DO 204 L2=2L2S,L2HALT,2 ,

204 SUMsSUMsGLCD(L2=1)eWINT(L2=1)+4,0«GLODCL2)WINT (I 2)¢6LCD(L2+1)w
2WINT (L 2+1) )

205 HM(L)=SUM*DEI/3,0 & GO TO 500

206 SUM=0,0 $ L2S=L21+1 $ L2HALT=_2Fe2

207 DO 208 L2=2L2S,L2HALT,?2

208 SUM=SUM¢GLCD(L2—1)*NINT(L2-1’04,0oGLCD(LZ)-wlNT{LZ)oGLCDCL?ti)*
ZWINT(L2+1) ’

209 H(L)sSUMSNEI/3,0

210 H(L)=H(L)+(GLCND(L2F=1)wWINT(L2Fe1)+GLCD(L2F )« WINT(L2F))*DEL/2,0

211 GO T8 500

212 SUM=z0,0 ¢ L2S=L21+¢1 § L2HALT=_L2Fet § IF(NOND) 213,213,216

213 DO 214 L 2zL2S,L2HALT,2

214 SUMSSUMSGLC(L2~1)*WINT(L251)44, 083 CIL2)*WINT(L2)+RLO(L241)#W]INT
2(L2+1)

21% H(L)sSUM#DEI/3,0 % GO TO 500

216 SuM=0,0 § L2S=L21+1 $ L2HALT=L2F=2

217 DO 218 L2zL23,L2HALT,2

218 SUMESUMeGLC(L2=1)*WINT(L21)¢4 0o3LClL2)»WINT(L2)+ALC(L241)WINT
2(L2+1)

219 H(L)=SUM*DEL1/3,0

220 H(L)SH(L)+(GLCIL2F»1)*WINT(L2Fm1)eGLC(L2F)wwINT(L2F))eDEL/2,0

500 IF(M,E0,MPRINT1) GO T@ 540
505 IF(M,NE,MPRINT2) GO TO 800
510 1F(L,EQ,LPRINTL) GO T® 520
515 1F(L,NE,LPRINT2) GO T@ 800



64

520
522
524
526
528
531
600
602
604
606
608
610
6172
614
415
616
62?2
628
8060

25

29
30
31

148
151

151
180

WRYTE(64,604) M,L,FLAGL,LSTIP

WHITE(61,606) EBLOW,J2P,J24AX

WRITE(61,608) MDEI

WRITE(61,610) L2RB,L21,L2F,H(L)

WRITE(61,612) E(L),EB(M),ENEW(L)

WRITE (61,614)M § WRITE(61,622) (ZNEW(LT)) LT=1,100)
FORMAT(1KHN)

FERMAT (1H4)

FORMAT (/e Mzw,14,14X, =»,14, 14x,sFLAGL=%,12,12X,¥LSTOP=»,14)
FORMAT( » EBLOWs "=12 5,2X,#J2P=%,15,11X,*.)2MAX=w, 15)

FORMAT( « MDEl=s,15)

FORMAT( w L28zw,15,11X,#L21=%,15,11X,*L2F=e,15,5¥,«H(L)e+,F10,7)
FRRMAT( » E(L)=+,F10,4, SX.*:B(M)sc.Flo 4,4y ,vENEW (| )=,F10,4)
FORMAT (/% ENEW(L)Y, L=1,100 Mzw,]4)

FERMAT(/ 50X,*FROM G7, L2MAX=+,110)

WRITE(61,615) L2MAX

FORMAT(10F12,4)

FORMAT(410F10,5)

END

SURRAUTINE BEAM)

TYPE REAL Kx2L

COMMAN/A/NSLASNSLP,BFWHM,HILOSS,PYIN,HILOSSL, Jisfep

COMMON/R/ ER,GAMMA,DEB1,NER1,DF32,NEB2,DEBY, NER3J', ERNRM,MT@P,NBW
C@MMON/c/YSLtloo)oN(1700).N XP,sRzXP(100), YEXPCIOO) M.lsH200)
COMMAN/ZE/SFAX,SFAY,SFBX,SFBY,PLTARRAY (255 1, LPRINT? qu
COMMAN/F/NE,NDE,NEL,L2P,L28,GEMAX, LPR1MT1.A7 TT,YLNFAC,LMaY,LRES
CONHﬂN/H/LZPP J2MAX AGLC,AGLCD, AW C2,FLAGL,LSTOP
COMMINZ/K/ZaLT,SELSL,ZSL.,ASL,3SQ,A10
COMMON/L/wLC2(2510),NCOMP,LCAVMP,LSAUNY, L COINTZ, SLe DYFAC

COMMON/1/:B(100), MPRINTl E(200),840200), YLn(ion).MPRTNTZ NGAM
CGMMGN/ZIPLC¢2000>.GLCD(5041). ENSW(200),L2MAX .LMX
COMMON/3/wINT(6000),Y(2400),KZERI_AS
DIMENSI@N F1F(2400), F2F(2400), FACl¢2400).PV(?510&.§UM(2510$n

2FAC2(2400),FAC3(2400),G6(2400), MAXT(2510),S¢1300)"S51(2400)
EOHIVALENCE (GLCD,F1F ), (WINT,F2F)

Y(1)=20.0 § S¢1)=0,0 § LMAX=240N % MAXY=0 $ MAXR=zn & CEMP=0.00001
KX2L=S¢LSL/(A7*29L/ASL) $ D=SLT/Z(«<X2L*GEMAY)
DYs(DYFAC/D)+SQRTF(SLT/DE)

B1= SLT/GEMAX+Ds(148SQ-0,5772157) ¢ B2=LBGF (D)
DO 32 Keq ,KZEROLOS

PV(K)z(KZERBLOS-K)*DE /GEMAX»31
G(1)zeXPF(=D*(1,0+0,5772157»235Q))
C=DsDY/(3.0%3,141593»G(1))

pa 300 Kel,KZEROLIS
P=PV({K)/DeR2 T IF(P,LT.PMIN) A0 TO 28B4
NCOUNT=0 § MCOUNT=N & ACCS=0,0 § VACCS=0 $ LFLAG=0
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D@ 255 L=2,LMAX

IF (MaXyer) 190,200,200

Y(L)=Y(Lwt)+DY

CALL TRIGEX (Y(L),SI(LY,CD)
FACL(L)sLaGF(Y(L)Y)~-CI
FAC2(L)=2CASFLY (L)) +Y(L)*SI(L)
FACI(LY=Y(L)YFACL(L)*SINF(Y (L))

IF(MAX9eLy 210,220,220
FIF(LYSEXPF(D*(BSNeFACL(L)=FAC2(L)))
F2F(L)=D=(FAC3(L)+BSQ=*SI(L))

GIL)=FAF (L) =CBSF LY (L)Y*PV(K)+F2F (L))

IF (FLAATF(L)=2,0FLBATF(L/2)) 255,255,230
Matle1)y2
S(M)=S(Me1)+G(Le2)+4,0+GlL~1)+G(L)
IFCL LY, LOBUNT)Y GO Te 239 $ 1F(L,3T,1000) 60 1A 235
IF(LFLAG.FR,1) GO TO 235
1FCARSF(S(M)Y,LT,SLB)Y 50 TO 234 % MCAYNT=0 § ACCS=nN,0 $ NACCS=D
GO TA 239

MCAUNT=MEAUNT+1 % TF(MCOUNT,LT,LCI4P) GO TA 239 ¢ {FLAG=1Y
ACCS=ACCS+S(M) § NACCS=NACCS+q
IF(NACCS,LT,100) G? TO 239

S(M)=ATCS/NACCS & 50 TA 260

IF (ASGSF((S(M)~S{M=1))/S(M})=COUP) 240,250,250
NCAUNT=NCAUNT 1

IF (NCAIUNT=NCBMP)Y 255,260,250

NCAUNT=Q ’

CONT INUE

MAXT(K)=L

MAXTYzMAXT(K)

MMAXsM

IF (MaAXTYR.MAXY) 275,275,270

MAXY=MAXTY

IF (MaXTYeMAXB) 285,285,280

MAXB=MAYTY

SUM(K)=Cws (MMAX)

WLOR(KX2L/SLT)I*SUMIK) & KCOMPsKZERM| OS+1=K
WLE2(KCoMPYsWLC

D¥ 308 Ke=1,KZERQLES

17 (WLE2(K) . GT,0,0) GO TO 308

wWel2¢(K)=0,0

CINTIVUE

CIMPUTE DISTARTED REAM FUNCTLIAIN G_CD(L3),

L3ITEST=SLT/VDEL § L3eND=(2MAX
D3 51y LIni,L2MAX,NDE
SJUMA=C,

N2 51z L2=z1:L3/NDE

K (L Sal2)sHDE*L

SUMA=S IMALALC(L2)Y*WLEC2(K)

AITITCCYIOND
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BN D /N AN e

s

S14 80N 3y zqUMARDE
514 TF (LI, LT.L.3TEST) 519,517

517 1F(GLCD(LY,LT.0,001) 518,519
518 L3IENN=L3 3 GO T@ 520

519 CONTINUE

520 L4STAPaNDE=1

521 DG 53¢ L321,L3END,NDE

52?2 DIFs(GLEN(LI+NDEY=BLEDIL3))/NDF
524 NY 526 L4=21,L4STAP

526 GLCDIL3+L4)=6LEDIL3)+LA4%D]F

535N CONTINUE

600 SUMBaQ,n

602 DO 6N4 | 3s1,L2MAX

604 SUMB=SUMRLGLED(LI)

606 AGLCDsSUMa=DEL

610 SUMC=p, 0

612 NG 614 L2z1,KZEROLAS

614 SUMC=SUMEWWLC2(L2)

616 AWLC2aSUMCDE

620 END

SURRAUTINE YM4

CoMMAN/B/ ER,GAMMA,UFB1,NEBL,DF32,NED2,DEBI, NERS, ERANRM, MTOP, NBW
CQMMGN/C/YSLtioo’.w<1700>.NEXP.EREthioo).yExpclnoa.M,L.Hcaon)
Ce““@N’F/nEvNDE'DEIoLZP-LZQ'GEMAx.LPRxvri,A7;TT.anFAc;LM@x.LRss
COMMON/1/kB(100),MPRINTL,EC200),RA(200),YLN(100) \ MPRINT2,NAAM
YLD(My=g,0

LC=LRES & LBzLC+8 % D=NBWeNE! 3 13n=0
YLD(M)zyLn(M)+YM5(LC,LR,10D)«D

LCeLB & LBs3LC+8 & D=z2,04D $ IF(.C,GT,LMOX)A,4

(LBzLRES § LC=LB=B8 § Dz=NBWeDZ!

YLD(M)=yL.n(M)$YM5(LC,LR,10D)sD

LB=LC & LeslB-8 & ND=2,0#D0 € IF(_C.LT,1)14,10
YLD(MYsyLn(M)«Y| DFAC

END

FUNCTI®N yM5(¢(LC,LB,10D) _ _
COMM@NIC/YSinoo).w(1700).NEXP.EBEthino)oVEXPtipo).M.LoH¢200)
COMMAN/1/ER(100) ,MPRINTL,E(200),R4¢200),YLN(10M) ,MPRINT2,NGAM
SUM=0,0 % SMe=0,0 % [F(!OD)8,5

LAzLCs1 § GO0 7O 40

SM 2(BW(LCI*H(LCI+3W(LC+1)*4( Ce1)3/72,0 § LAZ|Ce?

SUMESUMeBW L AL )sH(LA=1)44 0#3W (LAI*H(LA)I+RW LA+ )nHILA®L)
LA=zLA42 § 1F(LA,LT,LB)Y GO T3 10

YMS2SM4SUMZ 3,0

END
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SURRAUTINE GRAPHA

COMMANZAZNSLAZNSLP,BFWHM,HILASS,PYIN HILOSSL, J3STap

CeMMAN/R/ ER,GAMMA,DEB1, NEBI DF32,MEB2,DEB3,NER3, ERNRM,MTEP NBW
COMMAN/C/ZYSLEL00) 1 W(L700),NEXP,ZBEXPIL00) ) YEXPLLO0)Y ,M,L H(200)
COMMAN/E/SFAX,SFAY,SFBYX,SFRY, PLTARRAY (255 Y, LPRINT?,SFN ,
COMMAN/F /nE,NDE,DET, L2°,L2q GEMAX.LPRI“Tl,A7aTY YLDFAC,LMOY,LRES
COMMHV/H/L?PD,JZMAX AGLC,ABLCD, AW _C2,FLAGL,LSTOP,
COMMAN/1/ER(100) s MPRINT1,E(200),34(200),YLN(100) \MPRINT2,NBAM
COMMAN/2/08LC(2000) . GLCD(5041), ENZW(200) L2MAX ,LMY
COMMAN/I/WINT(H0N0),Y(2400),KZERD_NS

CALL PLETS(PLTARRAY,255,1)

LETTER UNITS OF THE X-AX1S,
XLABEL=n2.0 § JJ=8,0¢2,0»TTeHILISSL

DO 8 J=t1,4Jd,?

X=(Je1)sSFAX § YN2=0,2 § HE0,103 o
CALL NUMBER (X=0,20,YN,H,XLABEL,0,0,4HF4,1)
XLABEL=XLAREL+2,0

LETTER UNITS OF THE Y-AXIS,

YLABEL=20.0

DO 18 Js1,10,2

YCa (Js1)uSFAY .
CALL NUMBER (=0,10,YC-n,24,0,105,YLABEL,90,0,4HF4,1)
YLABEL=YLABEL+*2,0

NAME AXES,

X2(2,0+7T/2,0)*SFAX $ YS=w0,42 § 420,105

CALL SYMBOL (XsYSsH,14H EB « ER (<FV),0,0,14)
Xz«0,3 $ YS=3,94SFAY § Hz0,105

CALL SYMBAL (X,YS,H,154 RELATIVE y!1ELD,90,n,15)

DRAW AXES,

HT=210,0#SFAY & XLTH=(JJs1)*SFAX

CALL PLOY (0,0,HT»3) % CALL PLOT(D,0,0,0.,2)
CALL PLET (XLTH,0,0,2)

IF(EBNAM,EQ,0,0) GO TO@ 100

DETERMINE THE FACTOR FOR EQUALIZING THE AREAS MF TWE CALCULATED
AND EXPERIMENTAL CURVES QUT T3 E=BVaM,

SUMS(YLDE1)+YLD(NERL)) /2,0 $ MSTA2=NEBint
DO 54 vz2,MSTEP
SUMaSuMe YLD (M)

HERIES RS

NN

3
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54
58

60 M

62
64
an
82
83
84
9n

100
102
104
106
108
110
112
114
116

200
202
204
206
207
208
209
210
3on
302
304
306
308
310
312
314
a0n
410
420
500

M=NER{e1 4 SM=0,0

SM2SMa YLD (M)

sHMe¢1 % IF(ER(M),LT,EBNRM) 358,62

SM=SM4 (YLNINEBL)+YLD(M)) /2,0

AREAC3SUMeDERL1+SM#NER2~ (YLD(Mc1)+Y DIM))®(FRIMI=FENRM) /2,0
AREAX=0, g

DO B84 Ne2,NEXP

IF(EREXPtN) GT,ERNRM) GO T 90
ARFAX:ARFAxétYExP(“)*YFXP(N 1)) e (ZREXP(N)-FREXP(N=1))w0,5
SFN =AQEAC/ZAREAYX

PLAT EXPERIMENTAL CURVE,

NUMz1 $ Nzt & XLIM= 25,0 $ Y.IM=40,0 ¢ H=0,
X2(EBEXP(N)WER+Z, 0)*SFAX $ vYX= Y—X’(N)tGFAYaqF b
TF (X, LT, XLIM) GO TO 306 $ X=X 1Iv

Ith.GT,-n.S) Ge TH 108 § X=»0,5

IF¢YX,LT,YLIM) GO TO 110 § YX=YL_IM

IFeyYx, GT..O 25) GO TO 112 % YX!vO 25

IFCN,GT, 1) Gﬁ Te 114 $ CALL PLnT(x YX,3)

CALL QYMROL(X)YXpHpNUM.O.Un’i)

N=Ne¢i $ IF(N,GT, NEXP) GO TO 200 & 30 19 102

né
L0

PLOT CALCULATED YJELD CURVE, IF NSLAZ1, PLAT YSL(M),

NUM=2 ¢ MzMTOP

X=(ER(M)=ER+2,0)8SFAX $ YCsYLD(M)aSFAY%6,0

IF(X,LT,XLIM) GO TO 206 § X=X v

IFCYCTLUT.YLIM) GO TO 207 § yC=vYL IV

IF(M.,LT MTOP) GO TO 209

CALL PL@T(X YC.3) ¥ CALL SYMBOL(X,YCiH,NUM,0,0,=1) § GO T@ 210
CALL SYMBOL(X,YC\ H,NUM,0,0,~1)

MeMad % 1p(M,LT,1) GO TO 300 % 63 TO 202

IF(NSLA,NF.l) G@ T® 400

M=1 & NyM=3

X=2(ER(M)wER+2,0)SFAX § YC=YSL(M)sSFAYe6,0

IF(X LT, XLIMY GO TO 308 & X=¥i 1M

IFAYC.LT,YLIM) GO TO 310 $ YC=Y_I¢

IF(M,GT,1) GO TQ 312 $ CALL PLAT (X,YC.3)

IF<YC LT 0.003)G0 TO 314 § CALL SYWBOL(X YELH,NUM,0,0,01)
MaMel 3 IF(M,GT MTOP) GO TO 400 % GO TO 304 ‘
NSTOPaXLTH+4,0 $ XSTOP=NSTOP § ZALL PLOT(qunp 0,0..3)
FORMAT(//+ AREACa®,F10,7,5X,%ARSAX2%,E10,4.5X,9SFN=#,F10,7)
WRITF(64,410) ARFAC.ARFAX SFN

END
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SURROUTINE GRAPHRB
COMMAN/ZA/NSLA)NSLP,BFWHM,HILOSS,PYIN,HILOSSL,J3STOP

CuMMAN/B/ ER,GAMMA,DEB1,NEB1,DE32,NEB2,DEB3Z,NERT, ERNRM,MTOP,NBY
COMMAN/C/YSLEL00),W(1700),NEXP,ERIXPLL00),YEXPLLAD)Y ML, H(?00)
COMMAN/E/SFAX,SFAY,SFBX,SFBY,PLT43IRAY (255 ),LPRINT?,SFN
COMMON/F/nE,NDE,DE!,L2P,L 28, GEMAX,LPRINTY,A7,TT,YLNFAC,LMEY,LRES
COMMAN/H /L PPP, J2MAX, AGLC,AGLCD, AW _C2,FLAGL,LSTAP
COMMAN/K/SLT,SELSL,2SL,ASL+350,4A10

COMMON/L /L C2(2510) yNCAMP,LCAMP, L ZOUNT, | LCOUNT2,SLA,.DYFAC
cemnewfi/satioo).MPRINTi.EtZOO).8u¢200).YLn(ion)QMPRrwrz.NGAM
COMMAN/2/6LC(2000),GLCD(5041), ENZW(200),LOMAX ,LMX
COMMBN/3/WINT(A000),Y(2400),KZERALAS

AITITECYTIOND

DRAW AND L ABEL AXES FOR ENERGY L0355 DISTRI®RUTIAN PIOT,

DO 10 “4=1,100,2

XLABEL=0,0¢(Mel) $ Xz0,0+#(Ma1)eSFBY $ XSTOPaHILASSLeSFBX+1,0
1F(X,GT,XsTOP)12,9 } _

CALL NUMBER(X=0,2,+0,2,0,105,XLABZL,0,0,4HF4,1)

CONTINUE

CALL PLOT(X,0,0,3) § CALL PLOT(0,0,0.0.2)
Xs2,0 $ Yz=0,42 § Mz0,405

) CALL SYMBAL(X,Y,H,18H ENERGY LOSS (KEV),0,0,18)

X=«0,42 ¢ Y=22,5 ,
CALL SYMBAL(X,Y,H,20H PROBA3ILITY PER KEV,90,0.20) § X=e0,20
DO 34 M51,11,2

 YLABEL®),040,2%¢(Me1) $ Y=0,0¢(Met)«SFBY § tFtY,GT,10,0) 33,34

¥Y=10.0 $§ GO Te 35

CALL NUMBER(X,Y=0,2,H,YLABEL,90,0,4HF4,1)
CALL PLET(0,8,Y,3) § CALL PLOT(0,0,040,2)
DRAW AND | ABEL BEAM ENERGY DISTRI3UTION AXFS,

N=4,0+HILOSSL+2,0*SLT+4,0«BFWHM § x=N#SFBXe0,25 € YLABEL=0,0
DEe 64 Mz1,50

Y=100*(M’1)*SFBY ¥ IF(Y|GT.18'G> 65‘62

CALL NUMBER(X,Ye0,2,H,YLABEL,99,0,4HF4, 1)
YLABEL=YLABEL+0,1 ,

XEN#SFBy ¢ Y=10,0#SFBY § IF(Y,37,10,0) Y=10,0
CALL PLBT(X,Ys3) § CALL PLOT(X,1,0,2)

X=NsSF3x+0,5 § Y82,0 % CALL 2LOT(X,Y.3)

CALL SYMRAL(X,Y,H,20H PROBA3ILITY PER KEV,90,0,20)
Y=0,75 $ NNs5,0sRFWHM

YHLT= (Ne2HILOSSL)®SFBY

De 80 Mz1,50 :
X=(NsMs1)uSFBX=0,08 § XLABEL®L,0¢\Nv(Mel)
IF¢X,LY,XHLT) 82,77

caLb NUMBER‘X:D.?IY'HpXLABEL.0|0.4HF5'1,

CONTINUE
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70

82
84
86

200
201
202
203
204
205
206
208
210
211
212
213
214

300
301
302
303
304
305
304
307
308
309
310
312
314
316
318
320
330

400
402
410
411
412
414
446
418
419

Y=1,0 § CaLL PLOT(X,Y,3) § X=NwSF3y $ CALL PLOT(¥,Y,?)
XsNwSFORXex,0 % Y=20,50 & CALL PLAT(X,Y,3)
CALL SYMBAL(X,Y,H)12H EJER (KEV),n,0,12)

PLAT FREE.SPACE BEAM ENERGY DISTRIRUTIAN,

NUM=1 § Hz0,08 § XLIM=100,0#SF2X5 YLIM=10,n $ S16B=BFWHM/(241,177)
B7=1, o/tSrGBtSQRTF(Z 03, 1416)) $ NDEN=2, 0-37 $ NNNzN21-NN
IF¢(NDEN,LT.1) 203,204

NDEN=zt1 § 60 YO 205

YFAc-10 DwSFBY/NDEN

ne 214 L2| L2B, 4

X=(NNN*(L2P-L2>tDEI)ﬁSFBx $ YSYFAS#GLC(L2)+1.0

IFEX,GT,XLIMY XeXLIM § JF(Y,BT,YLIM) YeYLIM $ TF(X;LT;2,0) X=22,0
IF(L2,67.1) 213,212

CALL SVMRGL(X’YpH'NuMQO.O,HI’

CALL SYMRAL(X,Y,H,NUM,0,0,+2)

CONTINUE

PLOT INTERFACE BEAM ENERGY DISTRI3uTIOV,

NUME2 § L3TEST=2,0SLT/DEI]

DO 303 L2=1,L2MAX ,
DIFF=GLCR(LR+*1)eBLED(L2) & IF(DIF-,LT,0,0) 304,303
CONTINUE )
ND=2,0eGLED(L2) $ RND=2,0#3LCN(L2) § DF=RNNeND
IF(ND) 306,306,307

ND=1 & GO® T@ 308

YFAC=10,0«SFRBY/ND

INCz4slL2MAX/100

DO 330 LI¥=z1,L2MAX, INC

Xz (NNNe(L2PeL3)aNE])eSFBXY 3 Y=31,0+4YFACGLADILT)
IF(X,6T, XUIMY X=XLIM 8 JF(Y,GT,YLIM) Y=YLIM $§ 1F(X, R 12,0) xX=2,0
1FeL3, LT L3TEST) GO T6 318 § IF(Y.LT 0.005y 400,318
1FCL3,LT,2) CALL SYMBOL(X,Y,H,NyM, 0.0.-1>

CALL SYMB@L(XIYOHONUM’t,.OIHZ)

CONTINUE

PLO®Y INTERFACE ENERGY LOSS DISTRI3UTION,

DO 410 KCoOMP=1,KZEROLES

DIFFsWLE2(KCOMP21)»WLC2(KCOMP) § IF(DIFF,.LT, ,0,0) 441,410

CONTINUE )
NDN20,75wuwl.C2(KCOMP) § RDN=20,78sW_C2(KCOMP)Y § TPINPN.LY, 1) 412,414
NDNz1 % Gn TO 416

DFeRDN=NDN § IF(DF,GT,0,5) NDNsyDyel

YFAC=5, D*QFBY/NDN % KTEST=4 O0«SLT/NDE § NUMa3

CALL PLOT(O, 0 3)

INC21+K2ERALOS /200
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420 DB 430 KCnMP=i, KZERBLOS »INC

422 X=SFRX#(KeOMPs1)eDE § YaWLC2(KCOM)sYFAC

424 1F(KCQUP,LT,XTEST) G7 TA 426 § IF(Y,LT,0,005) GO TN 500

426 1F(X,LT, 0 0) Xzeh,25 $ IF(X, GT.XLIM) Xz xLIM $ IF(Y, LT,0,0) y=30,25
428 I1F(Y,GT, YLIM) Y= YLIM

430 CALL SYMBAL(X,Y,H,NUM,0,0,=2)

LETTER LEGEND

500 X=1,1 § Y=9,7*SFRY+0,04 § IF(Y,37,10.0) Y=9,8 ¢ NUMs1

502 CALL vaan(x.Y N,08,NUM,0,0,=1) § X=1,25 ¢ Hzn,105

504 CALL SYMRAL(X,Y,H,41H FREE-SPACEZ 3RAM ENERAY DYS7R!BUT!@N X 1/,
20,0,4¢) & X=24, 95

509 CALL NUMBER(X, Y WyNDEN,0,0,2412) § X=1,1 $ v2y=0.3 . $ NUM=2

508 CALL PLBT(X,Y, 3) $ CALL SYM3ML{X,Y,0, 08 NUM,0,0,=13 % X=1,25

510 CALL SYMROL(X,Y H,40H INTERFACZE BZAM ENERGY qurnxnurxow X 1/,0.0,
240) § Xz4,85

512 CALL NUMBER(X, Y, HsND ,0,042H12) § X=1,1 § Y3Ya0l3 $ NUMs3

514 CALL SYMBAL(X,Y,0,08,NUM,0, Dhel) % X=31,25

516 CALL SYMRaL(X,Y,H,30H FNFRGY LASS NISTRIBUTIAN X 1/,0.0,30)

518 X=3,95 § CALL NuMBERtX.Y.H.VDN.0.0.ZH!?)

849 X=N=*SF8Y ¢ CALL PLOT(X,Y,3)

600 END

AITITCCVTIIND
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2z 13,00

Tz 4,9230
GEMAX® 2,16364¢
ZSL= 50,00

SLT= 0,156

BSQ= 0,00212
LCOUNT= 500
AGLC= 0,9999958

NEXPr 23
1 991,01
5 991,61
9 992,21
13 992,70
17 994,01
21 997,71

YSL(M), M31,MTO
0,000100
n,001200
0,001600
0,000030
0,0008000

WlJE),

0,06761
0,00986
0,01247
0,01564
0,01985
0,02465
0,03079
0,03830
0,04672
0,05795
0,070k6
0,08561
0,10403
0,12435
0,14875
0,17678
0,20722
0,24399
0,28348
0,32703
0,37441
0,42598
0,48108
0,53835

J581,438
0,00784
0.01008
0,01279
0,01596
0,02030
0,02»27
0,03141
0,03914
0,04/84
0,05907
0,07216
0,0R711
0,10596
0,12679
015119
0,17982
0,23089
0424767
0,28783
0,33138
0,37950
0,43142
0,4R8669
0,54446

0,59716 0,6n514

0,65681 0,6A272

0471557 0,72139

0477212 0,77767

Zlps 1,0

Ae
000

26,9800

ASL= 101,96000
SELSL= 199440,00

A7s

LCAMP=

72619,41
10

AGLCDs 0,9B889451

NLEREXP(N),

8.0 2
f,01 6
0,21 10
0,21 14
0,19 18
0,05 22

[}

n,%0012n
n,020221n
n,00144n
8,000020
0,9000%n

ToP
p.5nata
N,01031¢
0,01314
0.0t627
0.,07074
0.02588
0.c%202
0,03998
0,04898
0.0%5019
0.,07365
0,08860
0,10789
0.,12923
0,15364
0.18287
0,21457
0.25135
0,29219
0,33573
0,38459
0.4368p
0,49230
0.54996
0.,60911¢
0,66864
0,7272¢
0.,78322

YEXP(N),
c,00
0,06
0,22
0,20
n,18
0,02

991,16
991,75
992,31
993,01
994,71
999,21

0,000140
0,905860
0,000840
0,000010
0,000000

£,03829
6.01053
£,01342
0,01672
0.02119
7,02649
£,03264
0.04083
¢,05009
0.046132
€,07545
€.09053
0.13982
C.13167
¢.156n8
¢.19591
£.,21825
n,25503
0.29654
£.34057
0.38947
0,442%30
0.49791
2.,55586
0,61509
0,67455
9,73303
5,78850

0,00851
0,0107¢6
0,01374
0,01717
0,02164
0,02711
0,03325
0,04167
0,05121
0,0%244
0,07664
0,09246
0,11175
0,13411
0,15852
0,18895
0,22193
0,2587¢0
0,39090
0.34540
0,39476
0,44775
0,50353
0,5%176
0,62107
0.6R047
0,73884
0,79379

SELe 1,7

SL9s= 0
41.05S.=
DYFAZa
NCIMP3
AWLC2= n

N=1,\VEXP
3 991
7 931

11 992

15 933

139 994

23 1009

0.000160
0,017729
0,0008490
1,000019
0,000089

0,00874
0,01093
0,0140%
0,01761
0.02208
0,02772
0,03409%
0,0425¢
0,08233
0,0635%
0,07814
0,09433
0,11348
0.13655
0.1615%55
0.19200
0.22589
0,26233
0,30325
0,35024
0,39984
0,45319
0,50933
0,56765%
0,62705
0,5R438
0,74433
0,79%07

55824005

30000
3,00
0,00459

10

19891574

31
91
131
1 16
124
76

n,00
n,14
n,21
n,20
n.12
n,n0

0,00n200
0,03829¢0
0,000510
n,00n010
0,00n000

0,0n896
0,01121
0,01437
0,018086
0,02253
0,02834
0.,03493
0,04335
0.05345
0,04468
0,07963
0.,09632
0,11561
0,13899
016460
0,19504
0,22928
0,25606
D,30961
0.35507
0,40493
0,45863
0,51513
0,57356
0,63302
0,69230
0,74994
0,80436

0.00949
0.04152
0.,01449
0,01851
0.02298
0,02895
0,03578
0.04449
0,0%4%8
0-04617
0,0R143
0,09825
0.,117%4
0.14143
0.,16745
0.,198n9
0,2%296
0,27041
0.31396
0.35991
D.41002
0.48424
0,52094
0.57946
0.63990
0,69811
0.,75548
0,80965

LRES: 49

HILASS: 9,00
LEOUNT2= 1700
AYLN=z 4,8244975

4 991,51
A 092,14
12 992,61
16 993,26
20 997,01

n,000240
n,N34540
n,naoo270
n,000010
n.No00ND

0.00941
0.01184
0.0150%
0.01895
0.02342
0.02957
0,03662
0.04503
0.05578
0.06767
0.08262
0.10048
0,11946
0.14387
0.17069
0.20143
0.23664
0.27477
0.31832
0.36474
0.41510
0.46985
0.52674
0,58536
0.64498
N.70393
0.76303
0.81493

040
0.0
0,0
0.0
0.0
040
0.0
040
0.0
0.0
0+0
0.1
0.1
0.1
0.1
042
0.2
042
043
0.+3
0.4
04
0:5
0.5
0.6
0.7
0.7
0.8

n YLDFAC: 1,000

n,00
n,20
n,21
0,20
a,08

0,000300
0,017980
n,000170
£,000010
0,000000

0963
1216
1532
1940
2404
1018
3746
4587
5682
6917
n412
n211
2190
4631
7374
0417
4932
7912
2247
4958
2054
7546
1255
9126
5089
n975
#658
2022

0,000390
n,0082n0
0,Np0110
0.reno10
0,190000n



0,82551
6,87239
0,91187
0,94408
0,96768
0,98259
0,98820
0,99168
0,99328
0,99475
0,99972
1,00619
1,01888
1,03878
1,07297
1,13852
1,31091

0,83030
0.87668
0,94540
0,94668
0,96v14
0.9R338
0,98832
0,99170
0,99s827
0,99620
1,00016
1,00696
1,02033
1,04128
1,07771
1,14852
1,34582

E(L)g Ls1,LM0X
981,8200 982,
987,5800 937,
99¢,14n0 o990,
991,2600 991,
991,7400 o994,
994,9400 991,
992,2200 992,
992,8600 992,
994,30n0 994,
998,1400 o098,

EB(M), M=1,M70P
990,5000 ovo0,
991,5000 991,
992,5000 992,
994,7000 995,
997,7000 998,

BW(L), Lal,(MOX
0,000157
5,000853
0,005134
0,038620
0,566387
3,881819
0,151729
n,017223
n,002762
n,000409

0.83588 0,83987
0.88097 0,88505
0,91893 0,92246
0,94928 0,95149
0.97162 0,97311
0.,9841R (,98466
0.98844 £,99044
0,99173 0,99168
0.99328 0,99332
0,99646 0,99670
1,00067 1.00121
1,008%> 1,00896
1,02209 1,02383
1.04419 1,04708
1.08267 1,08799
1,15935 1,17145
1,38845 1,44162

983,1000
988,2200
990,4600
991,4200
991,7800
991,9800
962,3000
993,0200
994,9400
999,4270

4600
900¢
3000
3400
7600
960p
2600
0400
6290

7800 1

800¢
6090
509¢g
0000
noogp

99n,7000
991,7000
992,7000
95,3000
98,3000

0,000179
N, OL0995
n,006211
n,050349
n,720457
24609092
n,12048p
n,01468¢
0,00245n
7.,000334

0,00
0,00
0,00
0,06
0.94
1,78
0,09
0,01
9,00
0,00

0,84466
0,8R943
0.,92600
0,9537¢
0,97460
0,98515
0,99062
0,99165
0,99414
0,99699
1,00183
1,01107
1,02559
1,05014
1,09372
1,18478
1.,51047

983,7400
988,5400
990.46200
991.4600
991.8000
992,0000
992,3400
993,1800
995,2600
000,0600

990,8000
591.8000
982.8000
995,6000
998,46000

0206
1175
7666
8336
1743
8254
7941
2662
1722
n281

0.84945
0,89321
0,92895
0,9579s
0,97572
0,98564
0.99065
0,99144
0.99413
0,99727
1,00242
1,01243
1,02751
1,08345
1,099a3
1,19949
1,60385

984,38
988,88
990,73
991,50
991,82
992,02
992,38
993,34
995,58

1000,79

990,90
991,99
992,90
995,99
998,9p

0,000233
0,0014n%
0,009%93%
0.,081160
1,27323%7
1,273237
0,081149
0,009693
0.,00440%
0,000239

0,85423 0,859n3 0.86381 0,86810
089729 0,90093 0,90458 0,90822
0,93192 0,9%489 0,93888 0,94148
D,96021 0,94207 0.96394 ,96581
0,97683 0,97796 0,97908 0,98180
0,98710 0,987%7 0,98764 0,9R8791
0,99071 0.99077 0,99084 0,99051
0,99164 0,99324 0,99323 0,99324
0.99425 0,994%6 0,99449 0,99440
0,99760 0,92700 0,99880 0,99923
1,00311 1,00377 1,00454 4,00530
1,01339 1,01457 1,01599 1,01730
1,02954 1,08177 1,03392 1,03625
1,05686 1,040%7 1,06451 1,068%8
1,10646 1,1135%6 1,12127 1,129%2
1,21631 1,23511 1,2566% 1,28161
-1,74055 1,960%0 2,.33150 2,57807
00 985,0200 ©8%,6600 986,3000 986,940p 987
00 ©989,1800 89,5000 ©89,6600 989,820p 989
00 990,R600 990,9400 91,0200 991,1000 991
60 691,5400 91,5800 ©91,6200 991,8600 991
n0  991,R4R0 591,8600 991,R800 991,9000 991
N0 992,0400 992,0600 ©92,1000 992,1400 992
00 992,4600 992,5400 992,8200 992,7000 992
N0 993,%000 09%,6400 ©93,8200 993,980p 994
00 995,9000 ©96,2200 996,%400 996,8600 997
00 4001,3400 1704,9800
00  991,0000 994,1000 991,2000 991,3000 991
N0 992,00N0 992,1000 992,2000 992,3000 99?
60 993,2000 29%,5000 993,R000 994,1000 904
A0 996,2000 ©096,5000 996,000 997,4000 097
n0  999,4p0p ©990,9000 1000,4000 31000,9000 1001
0,000281 n,000338 0,000409 0,00050
0,004722 n,h02150 2,002762 0,00317
n,012662 ‘n,N14681 n,017223 0,02048
0,097941 n,120480 n,151720 0,19673
1,784254 2,609091 3,881819 5,48808
n,944{743 n,720157 0,566387 0,37448
0,068334 h,050349 0,038620 0,03055
0,007666 n,nn6211 n,005134 0,00431
0,004175 f,N00995 n,000853 0,00073
0,000206 n,Npo179 0,000457
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Fig. D1 - Plot from subroutine GRAPHA for the yield from the 27Al(p,y)?28
Si reaction. The target consist of an 0.156 keV layer of Al,0, on analum-
inum target 4.934 keV thick. The experimental data are from Ref. 2.
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Fig. D2 - Plot from subroutine GRAPHB for a proton beam having a FWHM of 0.198 keV
target of aluminum having a layer of Al,0; 0.156 keV thick at resonance energ:



Security Classification

DOCUMENT CONTROL DATA-R&D

(‘Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

t ORIGINATING ACTIVITY (Corporate author) '23. REPORT SECURITY CLASSIFICATION
Naval Research Laboratory Unclassified
2b. GROUP

Washington, D. C. 20390

3. REPORT TITLE

FORTRAN PROGRAMS FOR (p,y) YIELD CALCULATIONS BASED ON VAVILOV!'S
THEORY OF ENERGY LOSS DISTRIBUTIONS

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

This is a final report on this phase of the work; work is continuing on other phases.

5. AUTHOR(S) (First name, middle initial, last name)

Kenneth L., Dunning

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b, NO. OF REFS
March 29, 1971 84 7
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBERIS)
HO1-44 .
b. PR .
oJECT NO NRL Report 7230
RR 002-06-41-5012
c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
d.

10. DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Department of the Navy
(Office of Naval Research)

Arlington, Virginia 22217

13. ABSTRACT

Two Fortran programs have been written to provide a method for the analysis of
l{p,v) resonance yield curves for targets that may be thick compared to resonance
width but which have a total energy loss small compared to the energy of the incident
particle. For the sake of definiteness, (p,y) reactions are discussed but the pro-
grams may be used for some other incident particles as well.

The programs are designed with several kinds of usage in view; in each, calcu-
lated and experimental yield curves are to be compared, A subprogram for plotting
yield curves on a Calcomp pﬂotter facilitates this comparison. Other subprograms
provide plots that are useful in insuring that suitable parameters have been chosen as
input data. Among the uses envisioned are: (1) the extraction of resonance widths
and energies from experimental (p, ) yield data for homogeneous targets and for tar-
gets that have a layer of inert matter or matter that contributes to the yield but which
is different from that of the target; (2) the determination of the energy loss charac-
teristics of a layer of matter on a target which produces a reaction with a sharp
resonance of known properties; (3) the determination of target thickness, e.g., for
solid targets used in neutron production; (4) the determination of the atomic compos~
ition of certain kinds of thin films; (5) the calculation of energy loss distributions;
and (6) the calculation of the beam energy distributions after the beam has passed

through a slab of matter. )
(continued)

DD |Fr~?oR\rss1473 (PAGE 1) o

S/N 0101.807-6801 Security Classification




Security Classification

14. LINK A L 8
KEY WORDS INK LINK €

ROLE WT ROLE wT ROLE WwT

(p,v) Yield calculations
Vavilov's Theory
Fortran programs
Nuclear resonances
Energy loss fluctuations

The necessary energy loss distributions for the target are calculated by
means of a theory due to P.V. Vavilov which gives a mathematically rigorous
solution of an integro-differential equation for the many-collision energy loss
fluctuations experienced by a charged particle as it penetrates matter. This
solution is based on a free-electron single-collision energy loss probability
density; the consequences of this assumption are discussed.

DD "V..1473 (sack) 82

(PAGE" 2) Security Classification




