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PROGRAM BRAGG N
A FORTRAN-IV PROGRAM FOR CALCULATING
BRAGG CURVES AND FLUX DISTRIBUTIONS

.Gerald M. Litton

Lawrence Radiation Laboratory
University of California
Berkeley, California

February 24, 1967

I. GENERAL DESCRIPTION

Program BRAGG calculates Bragg curves and number-distance
curves for a beam of ions of arbitrary atomic number, atomic weight, and
energy, incident on an absorber. This absorber is assumed to be homoge-
neous, but may consist of an arbitrary number of components, each speci-
fied by an atomic number, atomic weight, and atomic density, The geome-
try considered is that of a broad, well-collimated beam incident on a slab
whose transverse dimensions are large compared to the distance travelled
by the ions in the absorber,

The calculation takes into account the processes of ionization
energy loss, energy straggling, and nuclear attenuation; but energy deposi-
tion from secondary particles is neglected. The ionization energy loss and
nuclear attenuation processes are calculated by means of distinct subrou-
tines, which are intended for use either with protons or with ionized nuclei
of heavy atoms., This flexibility has been deliberately incorporated, so that
the user may easily employ his own routines for the calculation of these
processes for any desired ion,

Corrections for multiple scattering have been included. The cal-
culation of these corrections also produces estimates of range shortening
and beam spreading due to the scattering process. These estimates are in-
cluded in the program output,

Various options for data output are available, Bragg and number-
distance curves may be printed in digital form, as on-line graphs, or as
regular Cal-Comp plots. The Bragg curves may be normalized to an arbi-
trary quantity, either at the origin or at the Bragg peak. Similarly, the
number -distance curve may be arbitrarily normalized at the origin.

For graphic display purposes, an option permits shifting the cal-
culated Bragg curve so that the Bragg peak is set at’a particular depth of
penetration. .

The program also calculates the particle energy spectrum at the
Bragg peak. This may be printed out either in digital form or as a Cal-Comp
plot,



-2- UCRL-17391

Other options are available, Some of these pertain to control of
the numerical procedure employed in the calculations, although the standard
options that the program uses have been carefully chosen to yield the best
results for most cases. An option is available that allows the user to choose
an arbitrary value for the multiplication factor used in the calculation of the
straggling standard deviation, The standard option is the theoretical value.
Still another option pertains to the value of the nuclear-attenuation cross- 7
section parameter. The standard option chosen is one that has been found to &
give reasonable agreement with experimental data. v

For comparison purposes, input data may be supplied to the pro-
gram, This data is then plotted along with any Cal-Comp figures output by
the program,

Decks for Program. BRAGG may be obtained from the Computer
Center Library, Department of Mathematics and Computing, Lawrence
Radiation Laboratory, Berkeley, California.

II. MATHEMATICAL MODEL

A detailed derivation and discussion of the e‘qgfations upon which
Program BRAGG is based is contained in UCRL-17392, The purpose of
this section is to outline briefly the basic mathematical expressions evalu-
ated by BRAGG. All terms used are defined in Table I,

A, Particle Energy Spectrum

The spectrum at a given distance S is written as

Eo

[Z(EYY/{(E'Y] dE'}, exp[—UZ]. [dU/dE] dE,.

(1)
which ‘is defined as the number of particles at S having energies within an
interval dE about E, The function U is defined as

v 4 |
M(E, S)dE —,\_/;: .NO(EO) . exXp {—Ap ‘j;;

U= [S-35E®)]/ olE, Ey), (2)
and
Eo
S(E) = A, f [1/£(E')] dE", (2a)
E

where S(E) is the mean distance travelled by particles slowing down from
energy E, to energy E.



IADJ
D(S)

MOCZ
M(E, S)dE

n

N(s)
No(EO)

* Initial number flux at target surface,
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Table I. Nomenclature

Atomic weight of the ith species of the target

- Atomic weight of beam ions

Constant appearing in the equation describing validity of the

delta-function approximation

Electron charge in (cm-MeV) 1/2

Energy of beam ions in MeV per nucleon

Initial energy of beam ions '

Specific 1on1zat10n energy loss of ions of energy E, in

MeV/( g/cm

Step —size cr;terion parameter,

scheme

Input parameter used in calculation of f(E)

Total energy deposition rate per unit distance of travel at posi-

tion S, MeV/(g/cmZ)/sec

Nucleon rest mass = 938 MeV

Number of ions per . second w1th ener\gles lymgx within’an interval

dE.about energy E, at S, . ,

Number of electrons per cmj in the target

Beam ion total-number flux at position S, in particlesz/cm;z_sec
in particles/cm®-sec

3

used in numerical integration

Atom density of the ith species of the target, in No./cm

Number of species in target

Total reaction-cross-section parameter

Parameter connected with range straggling calculation
Distance of travel in the target, in g/cm

Mean distance travelled by ions slowing down from energy Ej
to energy E

Atomic number of ith species of the target

Atomic number of beam ions

Total energy in the center-of-mass system

Target density, in g/c:m3

Standard deviation of ions slowing down to zero from energy E
Standard deviation of ions slowing down from energy E; to
ehergy E

Microscopic total-reaction cross section for beam ions with
energy E with the _ith target species

Wavelength of beam ions with energy E

Macroscopic total-reaction cross section for beam ions with
energy E with the target.

Straggling parameter of ions slowing down to zero from energy

Straggling parameter of ions slowling down to energy E from
energy Ej '
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B. Number Density

The particle number density, also denoted as the number flux, or
simply flux, is given at a particular distance S by

N(S) = M(E, S)dE, (3)
all E

where M(E, S) is given by Eq. (1). The curve describing the variation of -
N(S) with S is called the number-distance curve,

C. Dose

The relative dose at a distance S is given by

D(S) = [ M(E, S) - {(E)dE. (4)
all E

D, Cross Sections

The total microscopic reaction cross section for the ith component
of the target at a particular energy E is calculated from an expression devel-
oped by Evans® and is given as

Z.7Z e2
1 p

v . (5)
e[r0x1©'13(A:)/3+Aii/3)+ x]]

: 2
n(E) =m [r0x10‘13.’(Ap1/3+ Ai1/3)+x} [1-

where the particle wavelength is

1/2

X =(he/a JZEMoCH +ET] )

and the CM energy is

€= — P B (7)

The term r, is an input parameter chosen so as to best fit the ex-
perimental data, Wor% has shown that a value of 1,06 for rgy gives best
agreement with many experimental results, This value is used by the pro-
gram, unless the user specifies otherwise,
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The total macroscopic cross section is given by the expression

Z ni(E) N. . (8)
i

E. Ionization Energy Loss

The function f(E) represents the specific energy loss of the ions
due to ionization interactions with the atoms of the absorber. The calcula-
tion of this function is incorporated into a ser31es of subroutines, and is based
entirely on the work of Steward and Wallace.

One important input parameter required for the calculation of f(E)
is IADJ, which is related to the mean excitation energy for a particular ab-
sorber. The significance of this quantity is discussed by Barkas and Berger
and a tabulation of values for all elements is given by Turner. :

F, Straggling

The variance in the distance of travel of ions slowing down from
energy EO to energy E is given as

X(E, By = 0%(E) - 0°(E), (9)

where o‘Z(E) is the variance for ions slowing down to zero from E. It is
calculated by ghe following expression, a modification of that derived by
Sternheimer,.

0
2 B 2 4 j 1+H(E) dE )
where
MOC 2 .
H(E) = i (10a)
)

The straggling parameter «(E, EO) is given by

«(E,E.) =S, * o(E, E (11)

O) 70 O)"

The theoretical value of S_ is equal to nJ2. However, the user
may at his option choose a different value,
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G. Multiple-Scattering Corrections

Because of small-angle multiple-scattering, slight corrections
must be applied to the calculated dose and flux distributions. (Although the
magnitude of these corrections is small, the expressions for them are long
and tedious and will not be reproduced here. Reference is made instead to
- UCRL-17392.) One result of these calculations is an estimate of range
shortening and beam spreading due to the scattering,

III., INPUT FORMAT

In the deck of input cards, the first card specifies the number of
individual problems to be run, in (I110) format. Following this cardis a
separate data deck for each problem to be run., Each deck is arranged in
the Random Input System, making input extremely easy and efficient,

A. Random Input System

The basic advantage of this system is that within a given data deck,
the input cards may be arranged in any desired order, and one must supply
only those cards necessary to the particular problem being run.

The deck consists of control cards and data cards. Data cards are
seldom used, being necessary only when space on the associated control
card is insufficient for the data being supplied by that control card., The first
field on a control card indicates to the program which control card is being
examined., In some cases, this field by itself specifies a particular option to
be followed by the program. In other cases, the remaining fields supply data
to the program. In a few cases, a control card will indicate that a number of
specific data cards immediately follow,

The format of all control cards is {(A10, 3E410.0, 2A10). The first
field contains an alphanumeric identifier, always left-justified. The remain-
ing fields may or may not contain data, depending on the card. Table II gives
a complete list of the control cards available as input to BRAGG. For sev-
eral cards, the standard option is indicated in the table., This is the option -
chosen by the program in the absence of a control card specifying otherwise.
In many cases, the standard option is the opposite of the control card speci-
fication and is not indicated in the table, For example, the PRINT DOSE
control card specifies the printing of certain information, In the absence of
this card, the information will not be printed.

A blank control card indicates the end of card input for that prob-
lem, Upon termination of a problem, the program reads in another data
deck the (last card again being blank), The program terminates after the
number of problems specified by the initial data card has been run,
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Table II, Control Cards

Function

BEAM

ENERGY
TITLE
TARGET™

PRINT DOSE
PRINT E

PRINT SPEC
PRINT SIG-

LET NORM-P
LET NORM-I
FLUX NORM
X-ADJUST
PLOT DOSE

PLOT FLUX

DATA

PLOT DATA
SAME CURVE

PLOT SPEC

(a) Z_ and Ap in fields 2 and 3.

(b) Beam designation (alphanumeric identifier) in
fields 5 and 6.

Beam energy (MeV/nucleon) in field 2.

Read the 80-character title from the next card,

(a) NT, target specific gravity and value of IADJ
in fields 2, 3, and 4.

(b) Target designation (alphanumeric identifier) in
fields 5 ard 6.

(c) Read (ZJ, N., A, J=1, NT) from the next NT
cards, In (3%110,6) format.

Print the dose and particle-number density at all
points calculated.

Print the energies at which computations are per-
formed. '

Print the particle energy spectrum at the Bragg
peak. . _

Print the particle survival fraction,  straggle param-
eter, and mean energy at all points calculated.

Normalize the calculated dose distribution so that
the dose at the Bragg peak is equal to the quan-,,
tity in field 2, (Standard option: unnormalized.)

Normalize the calculated dose distribution so that the
initial dose is equal to the quantity in field 2.
(Standard option: unnormalized, )™

Normalize the particle flux distribution so that the
initial flux is equal to the quantity in field 2.
(Standard option: normalize to 1.0.)""

Shift the calculated Bragg curve so that the peak oc-
curs gt the penetration distance value, in
g/cm®, given in field 2.

Produce a Cal-Comp graph of the Bragg curve,

Produce a Cal-Comp graph of the number -distance
curve, ’

(2) ND in field 2,

(b) Read ND data points from the cards immediately
following., The order of the input points is YDATA
(I}), XDATA (I), with one data point to a card in
(2E10.0) format.

Plot the da\sz‘%\,"points last read in with a DATA control
card, =
figure as that of the preceding problem. " "

Produce a Cal-Comp graph of the spectrum at the
Bragg peak,
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Table II. (Continued)

Function

CRIT1
FR

QUICKPLOTD
QUICKPLOTN

RZERO
SIGMULT
PRINT SCAT:

CALL TABLE

Set CRIT1 equal to the value in field 2. (Normal
option: 0.01),

Set FR equal to the value in field 2. (Normal
option: 0.2)., "

Produce an on-line graph of the Bragg curve,

Produce an on-line graph of the number-distance
curve,

Set r, equal to the value in field 2. (Normal
option: 1.06). " "

Set Sy equal to the value in f1eld 2. (Normal
optlon NZ).

Print intermediate information produced in the
multiple scattering calculations

\\\\\\

form and reqind the file (See Section B- 3)

See Section B-7.
. See Sectlon B-1.

........

See Section B- 3
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B. Notes on Control-Card Use

1. In certain cases, once a particular option has been chosen, it
will remain in effect for all of the remaining problems in a set, or until
another control card changes the option. The options for which this is true
are indicated by a double asterisk in Table II. For example, insertion of the
control card LET NORM-P, with a 1.0 punched in the second field, will cause’
the calculated Bragg curves for each of the remaining problems to be nor-
malized to unity at the peak,

Control cards not asterisked must be inserted in the data deck of
each problem for which that option is to be exercised.

2. In using options for producing Cal-Comp graphs, the following
points shold be remembered. A PLOT DATA control card will cause the
program to plot the data points with each figure produced during the execution
of a given problem, Therefore, it would normally be used when only one graph
is to be plotted during a given problem., Similarly, the SAME CURVE control
card prevents frame-advancing and axis-labelling during a given problem. It
is normally used to plot several Bragg curves or number-distance curves
from successive problems on the same figure., Therefore, if either a PLOT
DATA or SAME CURVE card is present in the data deck for a given problem,
not more than one of the control cards PLLOT SPEC, PLOT FLUX, or PLOT
DOSE should be in that deck.

: 3. During execution, the standard printout consists of several key
results, described in Section IV-A, These quantities are also written on the
file TAPES5 at the completion of each problem, Insertion of a CALL TABLE
control card during a particular problem causes the following sequence: (1)
After successful completion of the problem, TAPES5 is rewound; (2) All re-
sults on TAPES5 are printed on the standard output file in convenient tabular
form; (3} TAPES5 is rewound.

4, Regardless of the context, the quantities appearing in fields 2,
3, and 4 of any control card must have a decimal point or be right-justified
within the field.

5. Data points supplied by the DATA control card may be either for
Bragg or number-distance curves or for the Bragg-peak spectrum. Once
read in, a set of data points remains in storage until a new set is read in,

6. The on-line plotting option, via the control cards QUICKPLOTN
and QUICKPLOTD, can be used only if one or more data points have been sup-
plied by a DATA card.

7. With the TARGET control card, NT is the number of components
of the target; it is also equal to the number of data cards immediately following
the TA}%%}ET card, Note that N‘J’ is equal to the atom density times the fac-
tor 107°~,
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IV. OUTPUT FORMAT

A. Standard Output

Various output options are available to the user by means of con-
trol cards. In all cases a certain amount of standard output is produced. -
This consists of a synopsis of the input data and a summary of key results.
The first section includes the following:

1. Beam atomic number, atomic weight, and initial energy;

2. Target specific gravity and value of IADJ;

3. Atomic number, atomic weight, and atom density of each component
of the target,;

4, Values to be used by program for CRIT1, FR, r(, and S;. In addi-
tion, messages are printed indicating the modes to be used for flux
and dose normalization and for axis shifting.

The second section of standard output contains the following:

1. The peak-to-initial-dose ratio; ’

2. The depth of penetration at the Bragg peak;

3. The average energy at the Bragg peak;

4, The full width at half-maximum of the Bragg peak;

5. The mean range, defined as the penetration distance at which the
dose has fallen to one-half that at the peak;

6. The percentage-detour factor, which is the percentage difference be-

tween the mean distance of travel and the corresponding penetration
distance calculated at that point at which the dose is equal to ten per-
cent of the peak dose;

7. The mean beam deflection, equal to the mean distance of travel in a
direction perpendicular to the initial direction of travel of the beam.
It is calculated at the same position as is the percentage-detour
factor.

All energies are measured in units of MeV/nucleon, and all dis-
tances in units of g/cm?,

B. Optional Output

The PRINTE card causes the program to print a list of the particle
energies at which calculations are performed. The relationship between a
given energy and the corresponding mean distance of travel is given by Eq.
(2a).

The PRINT SIG card causes the program tolist, at each particle
energy at which calculations are performed, the following quantities:

1, The energy;

2. The survival fraction, equal to the fraction of particles which have .
survived to that energy without undergoing a nuclear interaction;

3. The corresponding straggle parameter, given by Eq. (11);

4. The corresponding penetration distance into the slab, equal to that
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distance given by Eq. (2a) modified slightly to take into account the
multiple -scattering correction.

The PRINT DOSE control card causes the following quantities to be

listed:
1, The penetration distance (same as 4 above);
2. The normalized or unnormalized flux, given by Eq. (3);
3. The normalized or unnormalized dose, given by Eq. (4);
4. A calculation-mode indicator. If the indicator is '"MON", at that

point calculations were made using the delta-function approximation
(see APPENDIX A). . If the indicator is "SUM", then the dose and flux
were calculated by standard numerical integration. Finally, if the
indicator is "SUMI'", the depth of penetration was greater than 5(0),

given by Eq. (2a).

The PRINT SCAT control card causes the printing of miscellaneous
quantities associated with the calculation of the multiple-scattering correc-
tions, including:

1, The energy;

2, The actual mean distance of travel corresponding to that energy given
by Eq. (2a);
3. The corresponding penetration dlstance,

4, The mean angle of deflection made by the particles with respect to the
initial direction of travel; '

5. The mean beam deflection, a quantity expressing the mean distance
travelled by the particles in a direction perpendicular to the initial
direction of travel;

6. The quantity THETAS, equal to the mean angle of deflection of the
particles per unit length of travel, Its significance is discussed in
UCRL-17392.

The PRINT SPEC card produces a printout of the energy spectrum
at the Bragg peak, calculated by use of Eq. (1). This spectrum is automati-
cally normalized to unity at the peak. It should be mentioned that the average
energy at the peak is calculated by using this spectrum as a weighting func-
tion,

Use of the QUICKPLOTD and (or) QUICKPLOTN control cards will
’produce a plot of the dose and (or) number distance curve on the standard
output unit,

Several options may be exercised in the printing of Cal-Comp plots.
First, regular plots may be produced for any or all of the three calculated
curves (Bragg, number-distance, and peak spectrum) within a given problem
by use of one or more of the PLOT DOSE, PLOT FLUX, and PLOT SPEC
control cards. In all cases, the axes are automatically labelled and num-
bered. Furthermore, a title is affixed to each figure produced. This is sup-
plied by the TITLE control card, If a title is to be printed on a graph, it
must not exceed 43 BCD characters. Any excess above this number will be
lost. All plotted figures are sized to the standard 8% by 11-in. sheet.
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The DATA and PLOT DATA control cards may be used to plot ex-
perimental data along with either a Bragg, number-distance, or peak-spectrum
curve. The SAME CURVE control card may be used to overlay curves from -
different problems on the same figure, for comparison and display purposes,.
(See Section III-C-2.)

V. RESTRICTIONS

A, Mesh Size

The maximum allowable number of mesh points for a problem is
500. The total number of mesh points used depends on many variables, the
chief ones being FR and CRIT1, The standard options used for these vari-
ables will normally keep the number of mesh points well below 500, If dif-
ferent values are used, the number of points can in same cases exceed 500,
If this occurs, an error message is printed, and the program goes on to the
next problem.

B. Initial Energy

The maximum allowable initial energy is 1000 MeV/nucleon. This
restriction is imposed by the routines that calculate f(E), and it can easily
be modified.

C. Target Components

The maximum number of components of the target is set at 10,

D. Input-Data Points

The maximum number of data points that may be read in with a
DATA control card is set at 300,

E. Title Card

The BCD characters on the card following the TITLE control card
will be printed on any Cal-Comp plots produced. In this case, characters
in excess of 43 will not be plotted. In all cases, the full 80-characters are
printed along with the output,

©
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APPENDIXES

A, Numerical Procedures

1. Delta-Function Approximation

We consider the evaluation of the expression given by Eq. (4),
“and the associated expressions in Eq, (1) and (2). For sufficiently small
values of o (E, Eg), the term (1NT). exp {~U¢}[dU/dE] behaves like a delta-
function; and Eq. (4) reduces to '

Ep
D(S) = N,(E,) exp {-Ap f [Z(E')/f(E')]dE'} f(E) (12)
E

where S is given by Eq. (2a). We wish to learn when this approximation
is valid, This may be deduced by the following argument., Consider the
exponential term

T = exp { -U%), | (13)

where U is given by Eq. (2). For a given value of S, T is the controlling -
factor.in determining how rapidly the total integrand in Eq. (4) goes to zero.
Thus, for - Uz3, the contribution to the total integrand will be negligible.
Therefore, if each and every other factor in the integrand remains relatively
constant over the energy interval within which the integrand differs signifi-
cantly from zero, then the approximation of (4) by (12} is valid.

We state this mathematically as follows, ILet D be the range
covered by the variable S(E) over which the term T is significantly greater
than zero. We may write '

"D=M - «(E; EO), (14)
where M 1is some constant in the neighborhood of 2 to 3, We wish to cal-
culate the change in energy, AE, corresponding to the distance D. From
Eq. (2a), we find that for a change in S(E) equal to D, the corresponding
change in energy is approximately

~ D _ : 1
AE = A—‘f(E)—M"(X(E, EO)"f(E)"—A———e (15)
p p
We now require that the percentage change in each other factor in the inte-
grand be less than some fraction h over the energy interval AE given by
(15). The two functions to consider are:

1(E) = exp —f
' E

G,(E) = £(E). | (16a)

Ape [Z(E")/{(E")] dE", (16)

and
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For a given function G, (E) the percentage change over an incre-
ment AE is approximately

AG, (E) . dG, (E) | AE 4
G, dE GilE)
Taking the derivatives of both functions in (16), using the approx-
imation in (17) and the expression for AE in (15), and requiring that the

percentage change of each function over AE be less than h, we obtain the
following criteria:

>(E) - a (E, E

O) < CRIT1 (18)
and
dF(E) .
c olE, E <. A - CRIT1, 18
where
CRIT1 .= h/M. (19)

'If both of these requirements are satisfied for a reasonable value of h/M,
then Eq. (4) may be replaced by the much simpler Eq. (12). Similarly, if
Eq. (18) holds, then Eq. (3) may be replaced by the following:
Eo
_ f - Z(E") dE!

‘N(S) = N.(x)e  "E TEN (20)

0

- Experiment has shown that a value of CRIT1 equal to 0.01 produces
excellent results, For larger values, the delta-function approximation begins
to break down.

2. Numerical Integration

For those points at which the delta-function approximation is inva-
1lid, the integrals in Eq. (3) and (4) are evaluated numerically, using the
simple trapezoidal rule., In this case, the procedure is basically as follows:

1, Choose a set of energies {E;}.

2, Calculate the set {5;} = {S(E{)} for each energy by using Eq. (2a).
3. Calculate «(E, Eg) for Each energy by using Eq. (11).

4, - Evaluate the integral f Z(EY)/{(E')] dE' at each energy.

Finally, the numerical integration is performed for a set of values
for the distance S, In fact, the evaluation is greatly simplified by choosing
these values to coincide with the set- {5j}.

It remains to choose the energy set {E;} at which the numerical
calculations are to be performed. Since the term T given by (13) is the
most rapidly varying in both (3) and (4), we impose the requirement that in
traversing the energy interval AE, which is the interval over which the
trapezoidal rule is applied at any given step, the change in the quantity U be
less than or equal to some fraction FR, where FR is a small fraction ofunity.
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This ensures that the change in the exponent1al term T will likewise be small
over the interval AE. '

The change in U across AE is approximated by

AU = AS/al(E, Egy), (21)

wl1ere AS is the difference between two successive members in the set
{5;}.
It is assumed that «o(E, Eg) remains relatively constant over the

interval. We require, then, that

AS / o (E, E,) < FR, o (22)

From Eq. (2a), the relation between the change in distance AS
and the corresponding energy change AE is

AE = —— - {(E)- AB, (23)
.

Substituting into (22), we obtain the restriction on AE:

AE < i\_ . {(E). «(E, E.) - FR. (24)

p

o)

Thus, for a given energy E., the next energy E; q at which the calculations
are performed is given by ( 4) where the equahty 51gn is chosen, Therefore
we can write

E. = E. - AE, (25)

Experimentally, it is found that a value for FR of 0,2 is satisfac-
tory,

B. Notes on Compatibility

Program BRAGG is written in Fortran-IV language for the Control
Data Corporation 6600 computer system at the Lawrence Radiation Laboratory
(LRL) in Berkeley, California, It can be used with a minimum of modifica-
tion on practically any system that accepts Fortran-IV and that has adequate
storage capacity. The chief alterations that might have to be made are out-
lined below,

1. Word Size

The CDC-6600 operates on a word size of 60 bits, or ten BCD
characters, For machines using different word sizes, all instructions de-
pending on the word size would have to be modified, These would be pri-
marily the DATA statements appearing at the beginning of the main program;
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some of the WRITE or PRINT statements (and their associated FORMAT
statements) that appear in the main program and in the subroutines
GMPRINT and TABLE; and the series of LOGICAL IF statements appear-
ing in the main program after statement 501.

2. Graphing Routines

BRAGG contains the option of producing Cal-Comp drawn figures;
the control statements for this process are contained in SUBROUTINE
GMPRINT, and many of them refer to subroutines peculiar to LRL Berkeley,
At other installations, these statements might have to be removed or re-
placed.

3. ENCODE and DECODE Stateinents

These statements occur in the subroutines FIXLBL, CENTER,
and GMPRINT. The easiest method of eliminating these statements is by
a set corresponding WRITE and READ statements to a scratch file,

4, ‘CALLADATE: Statement

This occurs in the beginning of the main program and in sub-
routine TABLE. DATE is an LRL routine which supplied the current
date.

5. Input-Output Statements

The input and output statements may each take any of several
forms; not all of these forms may be allowed on other systems.

C. Sample Problem

The input and output for a typical problem are given here. The
case chosen is for 125-MeV protons in water. Only the standard printed
output is selected, but Cal-Comp plots are shown for all three calculated
curves,

Figure 1 shows the input cards for the problem, The three pages
following Fig. 1 show the standard output. Figures 2, 3, and 4 show the
Cal-Comp plots of the Bragg curve, the number-distance curve, and the
spectrum at the Bragg peak,
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1
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C 047277670
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BEAM INITIAL ENERGY

125.00
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1.0600E+00
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L LT L L LY ARGET DATAS——S=loloomlIToC -
MATERIAL DESIGNATION = SPECIFIC GRAVITY = TIADJ |
WATER 1.000 65.10
_NUMBER OF COMPONENTS IN TARGET MATERIAL.weo. 2

o ATOMIC CATOMIC ATOM DENSITY
COMPONENT NUMBER WEIGHT {NO. PER CM&%3)

1 8 16.000 - 3.35006+22
2 l _1.000 _6.6900€+22
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SAMPLE PROBLEM WITH PRDGRQM BRAGG
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Fig. 4. Cal-Comp plot of spectrum at the Bragg peak
for sample problem,
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D. Fortran Listing

This section contains the complete Fortran listing of Program
BRAGG. All subroutines used are included, except for Cal-Comp plotting
subroutines and system routines for input, output, and other standard
functions: '
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PROGRAM BRAGG ( INPUT s OUTPUT » TAPE2=INPUT » TAPE3=0UTPUT+sTAPE9BsTAPETD
2 TAPES)

REAL MsINTsNsMATsBEAMLET s IADJINELECT

LOGICAL EPRINTsSGPRINTsDPRINT9SPPRINTPRTABLEsPRSCATSKPLOTNY

2 KPLOTDSFRAME sPLOTDsPLOTN»PLOTSPPLOTP

DIMENSION MAT(2) sBEAM{2) s XNAME(15) oFMT{2)»TITLE({15)

DIMENSION GG(500)s SAVEI(500)sCROSS(500)sU1500)9DUDE(500)

COMMON ATTEN(500)sSBAR(500)9E(500)sSIGMA(500)sIND(500)sLET{500)

2 N(bOO)gSPECTZ(bOO),THETAS(BOO)oTHETA(BOO)aXBAR(SOO)aY(SOO);

3 XDATA(300)sYDATA(300)sF(500)
COMMON/CHAIR/IADJSZsAsDENSsATL10)9ZF(2510) s NOsDUMMM(2)
COMMON/DATA/NDTAPT »PLOTP
COMMON /GMDATAZ2/TITLEs FRAMEs INNPeKS1sKS2
COMMON/GMDATAL/IMAXsDIFFs18sPD
COMMON/GDATA2/RHOsRZEROD

EQUIVALENCE (GG SAVEI’THETAJD‘UOTHETAS)D(Y’CROSS!DUDE,
DATA

2COM1 /6HTARGET /9COM2 /4HBEAM /9COM3 /9HCRITIL /s
3COM4 /9HFR /»COM5 /6HENERGY /9COM6 /10HLET NORM=P/»

4COMT /9HFLUX NORM /sCOM8 /8HX~ADJUST /9COM9 /10HPRINT SIG /»
5COM10/10HPRINT DOSE/sCOM11/10HPRINT SPEC/»COM12/10HPRINT E /»
6COM13/10HQUICKPLOTD/ s COM14/9HPLOT DOSE /sCOM15/9HPLOT FLUX /9

TCOM16/10HSAME CURVE/sCOM17/SHTITLE /9COM18/10HPLOT SPEC /»
BCOM19/ 10HQUICKPLOTN/ 9 COM20/10HRZERO /9COM21/10HCALL TABLE/»
9COM22/ 10HLET NORM=I/sCOM23/10HPRINT SCAT/»COM24/10HPLOT DATA /»
1COM25/10HSIGMULT /3COM26/10HDATA /

DATA TITLE/15%10H /

DATA JDEX1sJDEX2/10HMON s 10HSUM /

DATA JDEX3/10HSUMI /

DATA (XNAME{1)s1=1415)sXMASK/16%*1H /

M{U)=(0656419 ) %EXP{=(U*%2]} )
HIE)=(92143/(921e3+E} ) #%2
GIE)=(1e302TE-25)%(Z#%2/RHOISNELECT*{1+0+H(EIILH(E)

CALL CCBGN

REWIND 5

ASSIGN 770 TO NNN1
ASSIGN 767 TO NNN2
LNORM=0

FR=042

CR1IT1=04.01
CONST1=040
CONST2=040

CALL DATE(TTDATE}Y
SIGMULT=1s414
RZERO=1406
READ (2 +100 ) NNP

DO 1000 INNP=1sNNP
WRITE {(3»114)
WRITE(3+110) TTDATE
XADJ=0,40
FRAME= ¢ TRUE «
PLOTD=sFALSE,
PLOTN=oFALSE,
PLOTSP=oFALSE s



501

502

5020

503
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PLOTP=4FALSEs
KPLOTD=oFALSE
KPLOTN=+FALSE
PRTABLE=eFALSEs
PRSCAT=oFALSEs
DPRINT=oFALSEs
SGPRINT=eFALSE.
SPPRINT=sFALSE
EPRINT=oFALSES

UCRL-17391

READ (25101} TEMPI’TEMPZ’TEMP3QTEMP4’TEMP§’TEMPéOTEMP7!TEMP8

IF{TEMPLsEQsXMASK)IGO TO 515
IF(TEMP1+EQsCOM1IGO TO 502
IF({TEMP1l4EQaCOM21GO TO 503
IF(TEMPLleEQeCOM3)CRIT1I=TEMPZ
IF(TEMPLsEQeCOM4 FR=TEMP2
IFITEMP14EQeCOM5)GO TO 506
IF(TEMP1+EQeCOM6)GO TO 507
IF{TEMP1leEQsCOMTIGO TO 508
IF{TEMP1+EQsCOMB ) XADJI=TEMP2
IF{TEMPlsEQeCOMI ISGPRINT=eTRUES
IF{TEMPLeEQeCOMIOIDPRINT=e¢ TRUE«
IF{TEMP1eEQeCOM11)SPPRINT =4 TRUE
IFITEMPleEQeCOML2)EPRINT=0TRUES
IF(TEMP14EQeCOM1I3)}KPLOTD=6 TRUE.
IF{TEMPL+EQaCOM14)PLOTD=4 TRUE
IF(TEMPLleEQeCOM1IS)IPLOTN=9 TRUE
IF({TEMP14EQeCOM1IBIFRAME=4FALSEs

IF(TEMP1+EQeCOM1TIGO TO 511

IF(TEMPleEQeCOMLIB)PLOTSP=4T.AUE
IF{TEMP1eEQeCOM1I9)KPLOTN=s TRUE
IF{TEMP1sEQeCOM20)RZERO=TEMP2
IF(TEMP1eEQeCOM21)PRTABLE=4TRUES
IF(TEMP1l+EQ.COM22)G0 TO 510
IF(TEMP1eEQeCOM23)PRSCAT=0 TRUES
IF{TEMPLeEQe¢COM24)PLOTP=eTRUE,
IF(TEMPleEQeCOM25)SIGMULT=TEMP2
IF(TEMP14EQeCOM26)GO TO 504

GO To 501-

NO=TEMP2

RHO=TEMP3

IADJ=TEMP4

MAT(1}=TEMPS5

MAT(2)=TEMP6

CALL CENTER(MAT»ZOMAT.ZO)
DENS=RHO

NELECT=040

DO 5020 I=1sNO

READ 102s{2ZT(Js1)sJ=192)sAT{])
ZT{2+1)=ZT(291)%140E22
NELECT=NELECT+ZT{2e1 ) %¥ZT{1s1)

ZT(1+1)=ATOMIG NUMBER OF COMPONENT 1
ZT(241)=ATOMIC DENSITY OF COMPONENT Is ATOMS PER CM##3

GO TO 501
Z=TEMP2

12=IFIX(2Z)
A=TEMP3
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BEAM(1}=TEMP5
BEAM(2)=TEMPo
CALL CENTER(BEAMs29BEAM»20)
GO TO 501
NDTAPT=TEMP2
READ 105s(YDATA(I)+XDATA(I)sI=1sNDTAPT)
60 TO 501
E(1)=TEMP2
GO TO 501
CONST1=TEMP2
LNORM=1
ASSIGN 768 TO NNN1
GO TO 501
CONST2=TEMP2
ASSIGN 765 TO NNN2
GO TO 501
ASSIGN 768 TO NNNL
CONST1=TEMP2
LNORM=2
GO TO 501
READ(29104) (XNAME(I}21I=148)
CALL CENTER(XNAMEBs»TITLE»43)
CALL CENTER({XNAME»8 s+ XNAME»132)
GO TO 501
WRITE(39103){XNAME(T}sI=1s13)
WRITE(3»111)
PRINT 112s(BEAM{I}sI=1s2)s1ZsA»El1)
PRINT 113sCRIT1IsFReSIGMULT+RZERO
IF(XADJEQe040)GO TO 516
WRITE (39144) XADJ
GO TO 517
WRITE(39143)
IF(LNORMLEQWO}GO TO 518
IF(LNORMeEQeI )WRITE(34145)CONST1
IF(LNORMsEQs2)WRITE(3s157}CONST1
GO TO 519
WRITE(39146)
IF(CONST24EQe040)GO TO 520
WRITE(3s147)CONST2
WRITE(3s148)
PRINT 161s({MAT{I)sI=1s2)9RHIsIADJ
PRINT 162»NO
PRINT 163s({1sZTI1sI)sAT(I)sZT(2+1}91=1sNO)

BEGIN CALCULATIONS

22=2#%2
DE=0401#E(1)
CALL BEYE
FR2=FR/A
INT=040
SIGMA2=040
ATTEN{1)1=140
SIGMA(1)=04.0
XBAR{1)=0,40
SBAR{1})=040
Y{1)=040
THETA2=04,0

UCRL-17391
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TEMPO=DE#Q+5%A
Fl1)=DEDX(E(1))
CROSS{1}¥=XSECLE(L})
GG(1)=GlE(1))
DO 603 [=2»500
LET{(1)1=2040
DELTAE(I)=040
N(1)=0,40
N(1)=140
LET(1)=F(1)
IND{1)=JDEX1

DELTA-FUNCTION APPROXIMATION CALCULATIONS

JREG=1

DO 615 1=24500

IF(14EQe500)G0 TO 900

E(I)=E(I-1)-DE

CROSS(I)=XSEC(E(I))

GG(Iy=G(E(I})

FII)=DEDXIE(I))

SBAR({1}=SBAR{I~-1)+TEMPS *(I.O/F(i 1)+1.0/F (1)
INT=INT+TEMP9 #(CROSS(I-1}/F{I=~1)+CROSS({I}/F(I})}
ATTEN(I)=EXP(=INT)

SIGMA2=SIGMA2+TEMPS #(GG(I=1)/(F(I1=1))%#34GG(1)/(FLI1))%%3)
SIGMA(L1)=SQRT{SIGMA2) ¥SIGMULT

N({I3=ATTEN(T)

LET(I)=N(IY®F(])

IF{LET(I)eLESLET(I-1))GO TO 605

IKEEP=1

IND(1)=JUDEX1

IF(CROSS(I}#SIGMA({ I} eGTeCRIT1)GO TO 620
TESTP2=ABSU(F{1)~F{I~1)}/DE)
IFITESTP2#SIGMA( 1) ¢GTeA¥CRIT1}GO TO 620
CONTINUE

I15=1

NUMERICAL INTEGRATION SECTION

16=15+1

ASSIGN 641 TO NNNS5

ASSIGN 630 TO NMNNG

JREG=2

DO 643 J=16+500
IF({JeEQe500G60 TO 900

GO TO NNN6
IF(E(J~1)eGTe10+0)G0 TO 638
ASSIGN 639 TO NNN6

DE=042

GO TO 639
DE=FR2#SIGMA(J=1)%F(J-1)
IF((DE/E(J=1))e¢GTe0«05)DE=0e05%E( J=1)
E(J)=E({J=1)=DE
IF(E(J)elLEes1)GO TO 646
CROSS({J)=XSEC{E(J})
GGlJI=G(E(J})
F(J)=DEDX{E({J))
TEMP9=0+5%A®{E(J=1}~E(J})
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SBAR(J) =SBAR{J=1)+TEMPS #(1e0/F(J~1)+1e0/F(J})
GO TO NNN5
641 IF(SBAR(J)=SBAR(I5)eLEe340%SIGMA(IS}) GO TO 642
I17=J+1
ASSIGN 642 TO NNNS
642 INT=INT+TEMP9 #(CROSS(J=1)/F{J=1)}+CROSS(J)/F(J})
ATTEN(J)=EXP(=INT)
SIGMA2=SIGMA2+TEMP9 *(GG(J-1)/(F(J=- 1))**3+GG(J)/(F(J))**3)
643 SIGMA(JI}=SQRT{SIGMA2)*SIGMULT
646 [8=J=-1
E(I8+1)=0,0
DO 720 I=17s18
IND(1)=UDEX2
DO 713 J=15,18
713 ULJ)={SBAR(I)=SBAR{J) ¥Y/SIGMA(J)
U(184+1)=U(18)
DO 715 J=169+18
FACT=ATTEN(J)®M{U(J) )
FACT2=FACT#(U(J=1}~UlJ+1})
N(I)=N({I)+FACT2 _
715 LET(I)=LET(I}+FACT2%F(J)
N(I)=N(1)/2e
LETII)=LET({I}/2
716 IF(LET{1)eGT4LET(I~1))IKEEP=I
720 CONTINUE

CALCULATIONS BEYOND THE RANGE

DELTAS=041#SIGMA(I8)
I=18
JREG=3

721 I=1+1
IF(I14EQs500)G0 TO 900
E{1)=040
SBAR(I)=SBAR(I-1}+DELTAS
ATTEN(I)}Y=ATTEN(I-1)
SIGMA(I}=SIGMA{I-1)
IND(1)=JDEX3
DO 722 J=15+18

722 UfJ)-(SBAR(I"SBAR(J))/SIGMA(J)
Ut18+1)=U(18)
DO 725 J=16s18
FACT=ATTEN{(J)*M{U(J)})
FACT2=FACT*(U(J=-1)=-U(J+1))
N{TY=N(I}+FACT2

725 LET(I)=LET(I)+FACT2%F(J}
N(IT)=N({TI)/2e
LET{I)=LET(I) /2.
IF(LETLI)eGTaLET(I=1} YIKEEP=]
TEMP11=LET(I)/LET(IKEEP)
IF(TEMP114GT+04001) GO TO 721
IMAX=T

CALCULATE THE SPECTRUM AT THE BRAGG PEAKeesee
DO 727 J=15+18

727 ULJ)=(SBAR(IKEEP}=-SBAR{J}) /SIGMA(J}
Ulrs+1)=uUl1s)
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DO 728 J=16»18

FACT=ATTEN(J)¥M(U{J))

DUDE(J)=(U(JI=1)=UCJI) I ZLELI=1)=E(J) )+ (UL =B+ I/ LECI)-E(I+1))
728 SPECT2(J)=FACT#DUDE{J)

CALL SCATTER

INTERNAL SHIFTING ROUTINE

JM=IMAX-17
DO 730 K=0sJM
E(16+K)=E(17+K)
SBAR(I16+K)=SBAR{ 17+K)
Y{I6+K)=Y(IT+K)
THETA(16+K)=THETA{I74K)
THETAS(16+4K)=THETAS(17+K)
XBAR(I6+K)}=XBAR(17+K)
ATTEN(16+K)=ATTEN(I7+K)
SIGMA(16+K)=SIGMA(IT+K)
N{I6+K)=N{I7+K)
LET(I6+K)=LET(IT7+K)

730 IND(16+K)=IND(IT+K)
JM=18-17
DO 731 K=0sUM

731 SPECT2(16+K)=SPECT2(I7+K)
KS1=16
KS2=16+18-17-1
IMAX=IMAX~1T7+16
IKEEP=IKEEP~IT+16

NUMBER DENSITY NORMALIZATION

GO TO NNN2
765 DO 766 J=19IMAX
766 N{J)=N{J)*CONST2
767 GO TO NNN]

LET NORMALIZATION

768 IF(LNORMsEQel) TEMP=CONST1/LET(IKEEP)
IF{LNORM¢EQe2 ) TEMP=CONST1/LET(1)
DO 769 1=19IMAX

769 LET(1)=LET(I)*TEMP

CALCULATION OF MEAN ENERGY AT BRAGG PEAK

770 IF(IKEEPGT«I5)GO TO 771
EMEAN=E ( IKEEP)
GO TO 773

771 TEMP=0,0
DENOM=040
KS3=KS52-1
DO 772 J=KS1sKS3
XPP=0e5%SPECT2(J)¥(E(J+1)+E(I=1))
TEMP=TEMP+XPP*E(J)

772 DENOM=DENOM+XPP
EMEAN=TEMP /DENOM

773 IF(XADJeEQeO040)GO TO 775
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ROUTINE FOR ADJUSTING THE ABSCISSAS

TEMP5=XADJ=XBAR( IKEEP)

DO 774 I=1sIMAX

SBAR(1)=SBAR(I}Y+TEMP5
774 XBAR(I)=XBAR(I}+TEMP5

BRAGG PEAK SPECTRUM NORMALIZATION

775 JM=KS1
K1=KS1+1
DO 776 J=K1#KS2
IF{SPECT2{J} e BT« SPECT2(JIM) }IM=J
776 CONTINUE
DO 777 J=KS1lsJM
COMP=SPECT2(J)/SPECT2{JM)
IF(COMP.GTele0E-4)GO TO 778
777 CONTINUE
778 KSl=J
TEM=SPECT2(JM)
DO 779 J=KS1sKS2
779 SPECT2(J)=SPECT2(J)/TEM

ROUTINE TO CALCULATE BRAGG PEAK WIDTH AT HALF-MAXIMUM

T80 TEMP=0,4,5%#LET{ IKEEP)
IT=IMAX-1
DO 781 J=1,1T
I=IMAX=~J
781 IF(LET{I)eGT4TEMP) GO TO 782
782 X1=(XBAR{I)=XBAR[I=1))#(LET(I-=1)-TEMP)}/(LET(I-1)=LET{I})
2+XBAR(I-1)
RANGE=X1
J1l=J+5
DO 783 J=JlslT
I=IMAX=J
783 IF(LET{I)4LTWTEMP) GO TO 784
WIDTH=9999E99
GO TO 786
784 X2= (XBAR(IV-XBAR(I-1))®(LET(I~=1}=-TEMP)/{LET(I-1)~LET(I1})
2+XBAR(I-1)
WIDTH=X1-X2

ROUTINE FOR CALCULATING TEN=-PERCENT ORDINATE AND CORRESPONDING
SCATTERING QUANTITIES.

786 TEMP=041#LET({IKEEP)
J1=IKEEP+1
DO 787 J=J1lsIMAX
IF(LET{J)eLT4TEMP)GO TO 788

787 CONTINUE

788 Ji0=J
FACTOR=(LET{(J10=1)~TEMP) /(LET(J10=1)-LET(J410))
¥10=Y(J10=-1)+{Y{(J10)-=¥{J210~-1) ) *¥FACTOR
X1=SBAR{J10-1)+{SBAR(J10)~SBAR(J10=~1}))*FACTOR
X2=XBAR(J10~ 1)+(XBAR(J10)-XBAR(J10 -1)Y)*FACTOR
PD=100%(X1=X2)/X1

790 IF(EPRINTICALL PRINTE(E9IMAX)
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IF(SGPRINT)ICALL PRINTG(IMAX+XBARSATTENsSIGMASE)
IF(DPRINT)CALL PRINTD(IMAXsXBARsNsLET+IND)
IF(XADJANE«O«O)WRITE (39149 ) TEMPS
IF(SPPRINT)CALL PRINTSP(KS1sKS2»E9SPECT2)

IF(PRSCAT)CALL PRSCATT
TEMP1=LET(IKEEP)/LET(1)})

PRINT 107sTTDATE

WRITE(BolSOl(XNAME(I)’I=IDI3)
WRITE(3s151)TEMPI
WRITE(3s153)XBAR(IKEEP)
WRITE( 39154} EMEAN

WRITE (3s155)}WIDTH
WRITE(3s156)RANGE "
WRITE{(39158)PD
WRITE(39159)Y10

WRITE(S) - E(1)sWIDTHs TEMPL9EMEAN»X19XBAR(IKEEP)sPD»sY10 -
IF{KPLOTD)CALL KWPLOTI(1}
IF(KPLOTN)CALL KWPLOT(2)
IF(PRTABLE)CALL TABLE
IF{«NOT«PLOTDIGO TO 800
IF(FRAME}CALL CCNEXT

CALL GMPRINT(1)
IF(eNOT4PLOTN)GO TO 810
IF(FRAME )} CALL CCMEXT

CALL GMPRINT(O)
IF(eNOTsPLOTSP)}GO TO 1000
IF{FRAME}CALL CCNEXT

CALL GMPRINT(3)

GO TO 1000

900

ERROR ABORT

PRINT 160sJREGE(497)
IMAX=499

. EPRINT=eTRUE,

1000

100
101
102
103
104
105
106
107
110
111

SGPRINT=eTRUE
DPRINT=eTRUE e
SPPRINT=TRUES
GO TO 790
CONTINUE

CALL CCEND
RETURN

FORMAT STATEMENTS ~

FORMAT(I10)

FORMAT (A10+3E104452A1092E1G00)

FORMAT (8E10e4)

FORMAT (15A10)

FORMAT (8A10)

FORMAT (2E1040)

FORMAT(100XsA10)

FORMAT{1H19/7100XsA10)
FORMAT{//100X9A10//749X933H~=m—~ems=e==PROGRAM BRAGG———==——== -—1177)
FORMAT (/77777//35X961lH o —mmmmem INPUT DATA==w—a
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2~ — e =) |

112 FORMAT(///ZZX;I#HBEAM PARTICLES»IZX;IZHBEAM AT. NOe »11Xs12HBEAM A
2Te WTe 38Xs19HBEAM INITIAL ENERGY
3 //19X92A10914Xs12s17XsFTe2917XsF8e2//7)

113 FORMAT{27Xs5HCRIT1s21Xs 2HFR 19Xs THSIGMULT 917X s 5HRZERO//
2 24XsE11le4913XsE1Ls 4014X9F7.3015X¢Ell.4/’/)

114 FORMAT (1H1)

119 FORMAT{22X32{F9e¢3911XsE11e4318X})

141 FORMAT(AlG:»E1245)

143 FORMAT(//22X9s45HNO ADJUSTMENT OF THE ABSCISSAS HAS BEEN MADE )

144 FORMAT(//722X950HALL ABSCISSAS ARE SHIFTED TO PUT THE BRAGG PEAK AT
29F743s BHG/CM®%EZ2, }

145 FORMAT(//22Xe3THTHE LET-DISTRIBUTION IS NORMALIZED TO sE1le4918H A
2T THE BRAGG PEAK )

146 FORMAT{//22X948HNO NORMALIZATION OF THE LET-DISTRIBUTION IS MADE )

147 FORMATI(//22X»48HTHE NUMBER-DENSITY DISTRIBUTION IS NORMALIZED TO
2E1lle4924H AT THE INITIAL ORDINATE )

148 FORMAT{//22X+s59HNO NORMALIZATION OF THE NUMBER-DENSITY DISTRIBUTIO
2N IS MADE )

149 FORMAT({// 22X»35H ALL ABSCISSAS HAVE BEEN SHIFTED BY sF8ae4»
2 BHG/CM*%Z,. )

150 FORMAT {7//7/55X91BHSUMMARY OF RESULTS//15A10//77)

151 FORMAT(////30X948H({BRAGG PEAK/INITIAL) DOSE RATIOsesesecssessscces

1532FOéMi$?;?;OXo48HPENETRATION DEPTH AT BRAGG PEAK (G/CM*%2)}seaeens 3

1542§§§SAT(//3OX,48HAVERAGE ENERGY AT BRAGG PEAK (MEV/NUCLEON)sssesses

ISSzigéaAT(//30Xo48HBRAGG PEAK FULL WIDTH AT HALF~MAXIMUMsssos0ssees

156§E§g§$%(//30X;48HMEAN RANGE (G/CM*#2)sseetsecscscssscscecsocasscsesy
N

157 FORMATUI//22Xs37THTHE LET-DISTRIBUTION IS NORMALIZED TO Elle4s
2 24H AT THE INITIAL ORDINATE 1}
158 FORMAT(//30Xs48HPERCENTAGE JIETOUR FACTORIlo-0¢¢oooooanoolon.o'o. ?
2 FBa4):
159 FORMAT{//30Xs48HMEAN LATERAL DISPLACEMENT OF BEAM (G/CM¥%¥2}qaae0e
2 E1043)
160 FORMAT{1H1//5X982HPROBLEM ABORTeses s VARIABLE STORAGE REQUIREMENTS
2EXCEED ALLOWABLE LIMITS IN REGION I2//
3 5X928HFINAL CALCULATED ENERGYessseElleds)
161 FORMAT{1H1//735Xs41H~ ~TARGET DATA 17/
2 30X920HMATERIAL DESIGNATIONSSXs16HSPECIFIC GRAVITYs8Xs4HIADY/
3 30X92A10510X8F6e3912X9F602)
162 FORMAT(//30Xs4£4HNUMBER OF COMPONENTS IN TARGET MATERIALssesel3/77/
2 44X s6HATOMICH5Xs6HATOMICH6X912HATOM DENSITY 7/
3 30Xs9HCOMPONENT s5X s 6HNUMBE 235X s 6HWEIGHT 95X 15H(NOs PER CM#%%3} /)
163 FORMAT(33Xs12910XesF3s008XsFT7e39T7X9sE11le4)
END
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"FUNCTION XSEG(E)

FUNCTION XSEC COMPUTES THE MACROSCOPIC CROSS SECTION FOR A
MATERIAL COMPOSED OF ONE OR MORE ELEMENTSs A AND Z ARE THE ATeWT.
AND AT+ NOe¢ OF THE BEAMs AND AT(I) AND ZT(1lsI} ARE THE CORRESPON-
DING QUANTITIES FOR THE MATERIALe ZT(2s1) ARE THE SCALED ATOMIC

DENSITIES FOR THE MATERIALS

COMMON /GDATA2/RHOSRZERO
COMMON/CHAIR/IADJsZsAsDENSsAT(10)2T(2910) 9sNO
XSEC=040

DO 100 I=1sNO

IF(AsEQa1400)A3=040
IF(AeNEs1e0)A3=A%%0,333333
BLAMBD=1e97TE-11/{A%*SQRT(186240#E+ER*2))
TEMP1=RZERQ#*140E-13%(A3 +AT(1)#%0,333333+BLAMBD)
TEMP2=A #AT(I}/(A +AT(I)}
TEMP3=1e437E~13%Z%ZT{1s1)
TEMP4=TEMP3/(TEMP2#TEMP 1%#E)
IF(TEMP4eGEe1s0)GO TO 50
SIG=3e414159%(TEMPL1#%2)%# (14 0-TEMP4)

GO TO 51

S$1G6=040

XSEC=XSECH+SIG*ZT{2s1)

CONTINUE

XSEC=XSEC/RHO

RETURN

END
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SUBRQUTINE SCATTER

SUBROUTINE SCATTER COMPUTES THE MEAN VALUES OF THE QUANTITIES
(S=X) AND (Y) FOR ALL ENERGIESe IT THEN COMPUTES THE ARRAYS

(X)s N{X)s AND LET(X)eesss ALSO CALCULATED ARE THE ARRAYS OF
THETAs THE MEAN ANGLEs AND THETASs THE RATE OF CHANGE OF THE

MEAN ANGLE , ,

THE ROUTINE 1S5 SUITABLE FOR SINGLE OR MULTIPLE COMPONENT TARGETSs
Z=PARTICLE ATOMIC NUMB3ER '

A=PARTICLE ATOMIC WEIGHT

ZM{I)=TARGET ATOMIC NUMBERs MATERIAL =I= o

AM{I)=TARGET ATOMIC WEIGHTs MATERIAL =I- o

REAL INT1sINT29INT3
COMMON/CHAIR/TADJsZsAsDENSsAM(10)9ZT(2510) sNO

COMMON ATTEN{500)9sSBAR{S500)sE(500)sSIGMA{500)sIND(500)sLET(500)
2 N(500) sSPECT2(500)s THETAS(500) sTHETA(500) s XBAR({500)sY{(500) s

3 XDATA(300)sYDATA({300),F(530)

COMMON/GMDATAL/IMAXsDIFF»18sPD

COMMON/GDATA2/RHOPRZERO

REAL LETsNsNATOM({10)

DIMENSION TEMP1(10)s TEMP2{1U)+2ZM{10)sTEMP3(10)sGAMMA{10)sTHS(10)
DIMENSION SAVE(10})» THETAS2(500)

EQUIVALENCE (THETASZ2sTHETAS)

INT1=0
INT2=0
INT3=0
THETA2=040
DIFF=040
Y{1)=0,40
THETA{1)=040
XBAR({1)=0,40
DO 10 J=1lsNO
5 SAVE(J)=0.0
NATOM(J)=ZT{2sJ)
ZM(J)Y=2T(1sJ)
GAMMA(J) =A/AM(J)
TEMPL(J)={2e606E-25/RHO ) *NATOM{J)*(Z*¥ZM(J)*¥(1sO+GAMMA(J) ) /A)%%2
10 TEMP2(J)={34836E4)/{AM(J)#ZM(J) }1%#%#04333333
DO 300 I=1s18
14 THETAS2(1)=0,0
DO 120 J=1sNO
TEMP5=8424 2%A%SQRTUE(L)*{E(I)4+1862e0) ) /{{ZM(J})*%04333333 )%
2{(1s0+GAMMA(JT }) )
RATIO=AMINI(TEMPSs TEMF2(J))
H =(ECII#(E(L)+1862e0)/(E(I)+93140))%%2
TSCM2=(TEMP1(J}/H Y ¥ {ALOGI(RATIO®#2)+1e0)—1eD)
TSCM=SQRT(TSCM2)
THS(J)=ATANZ2{SIN{TSCM) 9 COS{TSCM)+GAMMA{ J))
11 IF{THS(J)4GE«SAVE{J)IGO TO 12
THS(J)=THS(J) 43414159265
GO TO 11
12 SAVE(J)=THS(J) ‘
120 THETAS2(I)=THETASZ2(I)+THS({J)%%*2
IF{I+EQal)GO TO 300
28 DELTAE=E(I~1)=E(I)
TEMP=DELTAE*O¢5%A
32 THETAZ=THETA24TEMP#(THETAS2(1~1)/F{I~-1)+THETAS2(1}/F{1)}
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THETA(I)=SQRT{THETAZ)
IF(THETA(I)«LT404785398)G0 TO 31

IN=] :

GO TO 302

DIFF=DIFF+TEMP*({ (140~-COS{THITA(I-1)})}/F(I=1)
2 +(1e0-COSITHETA(IN)I/FLIN)
XBAR(1)=SBAR{I)~DIFF
T1=(THETAS2{I~-1}/COS(THETA(I=1)}*#2)/F(1~1)
T2=(THETAS2(1) /COS{THETA(I})®*2 )/F(I)
INTI=INTI+TEMP®#(T1+T2)
INT2=INT2+TEMP*®(XBAR(I-1)*T1+XBAR(I)*T2)
INT3=INT3+TEMP* ( (XBAR(I=1)##2) #T1+{XBAR(1)##2)%72)
YSQ=(XBAR(I)%*#2) *INT1-2%XBAR(I)I*INT2+INT3
Y{I)=SQRT(YS5Q)

CONTINUE

CALCULATIONS BEYOND THE RANGE

IN=18+1

DO 400 I=INsIMAX
DS2={SBAR(IL)-SBAR(1-1)1%0s70711
Y{I)=Y(I~-1)4DS2
XBAR({I)=XBAR(I-1)+DS2
THETA(I)=01777000000000G00 0O
THETAS(1)=0177700000000000 €000
IN1=IN=~-1

DO 405 I=1sIN1
THETAS{I)=SQRT(THETAS2(1})
RETURN

END
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SUBROUTINE BEYE
COMMON/CHAIR/IADJsZsAsDENSHAT(10)sZT(2910) sNO»DUMMMI(2)
COMMON/GEN/LTsLAZsNNsIT»IEVANL

COMMON/TABLE/ZEXsEVsR
COMMON/ABLOK/AMN{(393) s ALPHA(494 ) /BBLOK/CE{10)sCNIL10)sCNLI(10)>
IDEN(10)/CBLOK/B(5)

DIMENSION EV(200)sZEX{200)

DIMENSION DR(22)+TABLE(22+10) BETA(3)sEL{3)sD(695)
1»IL(5)+EQ(22)

REAL TADJsLIsLAZsLEsLLsLAMB2»LAMBDA

DATA EQ/¢019401594024¢0394049405840T79¢198150e29083%5649059073180s105
1026003 034¢9585709104/sTABLE/183492304226549320293604939069430465440
269410033800133003290432656323009172e¢91314910%90983096943580945093%s
3279911891412 1644320549235892608928509315e53254932069290432704
425049220891 706913149109633363694358494509344279995031144513269164s
591876920869230092548926%4¢926349243492306921591934915669124451054
681e6368¢958e9456934i2T799T71é9860999081226814069155491756351930920345
T7206e31960318963181le9166e91426911706310106580a3567485T709650934a2T79
84809580 966498069936910343120091320914202169¢31500914% 351474914049
9129091116998 e 97996 T020578345093402T79539834703540955e9375438369970s1l
#1109123091306513365133e913269128091206910749%6¢3786966635T03450
13462790346 9406947 0956096409 T710932699%09108091126912148122891224
212063111631000399069754964835601440934027992809338538e84T70954096000
3690980699291 0069109451105911169110691070595e286027303626955e94300
4340279923692 749326939e946¢352035943969498049876396691C06¢3101691010s
5088990638169 700960035449420934027931989234927633243380943e35043600
69700907 7098706399109936994439900984e97549570358¢952090108344279/

DATA AMN/ ~2a7525854 ¢ T3736E~15e40556E~-15¢25398F1,

6 ~e3129elBOHOL4E~]19=e2459890115489=499661E~2/5ALPHA/

7 ~e80155E156369169=414307E~19434718E-29e18371E19~el8452E~1,

8 =e30142E~19423603E~29645233E=15~695873E~39e71303E~29—-e68538E~3

9 ~e59898E~29-652315FE~34~3433802E=39439405E~4/3D/30%04/

IF{IADJ+EGsOe) GO TO 999
IF {(NO«GT41l) GO 7O 20
NO=1

DEN(1)=1le

DENS=1,

191} ARE THE ATe NOSs OF THE TARGETSe

2+1) ARE THE RELATIVE ATOMIC ABUNDANCES OF THE TARGETS
GO TO 54

SAT=060

DO 51 I=1sNO

SAT=SATHZIT( 291 }%AT(1)

DO 52 I=1sNO

DEN{I)=ZT{(2+ 1) *DENS*AT(IV/SAT
SUM=04

DO 53 I=1sNO .
SUM=SUM +ZT(1s I} XDEN(T)}/AT(IY
ZAF=SUM /DENS

GO TO 5%

ZAF=ZT{191)/ATH(1)
LI=ALOG(IADJ)
LAZ=ALOG(1a/ZAF)
IF(Z24GT4106) GO TO 500

ESS THAN 11
ENERGY DEDX
NN=0

R2=DIDX(24}/112e3138
R10=DIDX(10e}) /344279
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Q=ALOG{R10/R2)/ALOG(54)

P=R2/(2¢%%Q)

223=7%#{24/30}

IF(NO«EQs1)GO TO 403

SUM=0.

DO 402 I=1sNO

SUM=SUMHDEN( I} *2T(1sI)/(DENS#AT{II*{2234ZT(1s1)%#%¥(2s/3e))#%1e5)
CONTINUE

Fx2e08%#(Z23+5¢54)%%1e5%SUM

GO TO 404

F22e08#ZAF¥{ (223+5454)/(2234ZT(191)%#%(24/36)})%%165
EP=(F/P)#x%(14/Q)

‘EP=AMINL(EP+10,)

DO 406 I=1s21
EV(IY=EQ(TI)

E=zEV(1)

IF(EPJLESE} GO TO 405
DR(1}=F :
GO TO 406
DR(1)=P*E#%Q
CONTINUE

JK=2

22=L%%2

DO 407 I=1921
ZEX({I)=DR(II#TABLE(IsJK)#Z2
CONTINUE

UP TABLE

EV(22)=10,
EV(23)=1044

I=23

DO 408 J=1295042
I=1+1

EViI)=J

DO 409 J=55520045
1=1+1

EVII)=J

DO 410 J=21091000410
I=I+1

EViIi=J

IEV=1]

C HIGH ENERGY DEDX

411

DO 411 I=22»1EV
ZEX(1)=22%DIDX{EV(1))
CONTINUWE

GO 70 201

C Z GREATER THAN 10
C DEFINE ENERGY REGION BOUNDARIES AND SET UP TABLE

500

501

BETA(L)=(2%%(1e/3e)/13T7&)#%2
BETA(2)=24/46545

BETA(3)=(3e #Z/13T4)%%2

DO 503 1=193
IF(BETA(I)eGTes01l) GO TO 501
EL(I}=46545%BETA(])

GO TO 503
IF(BETA(I)4GTee9999) GO TG 502
GAMMA=14¢ /SQRT(14-BETA( 1))
EL(I)=931e*{GAMMA=14)

GO TO 503
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502 EL(I)=14E10
503 CONTINUE
EVil)=401
EV(2)=4015
DO 540 1=239
540 EV{I+1)=sJ01%FLOAT(I)
EV(li)=el
EV(12)=415
EVI13})=e2
EV(14)=e3
EV(15)=e4
EV(16)=e437
EV(17)=4489
EV(18)=e5
EV(19)=a6
EVI(20)=e613
EV(21)=e7
EV{22) =48
EV(23)=e816
EV(24)=1as
EV(25)=21e12
EV(26)=145
JL=26
DO 541 =210
JL=JL+l
54]1 EV{(JL)=1
EV(36)=104s4
I1=36
DO 504 J=1235092
I=1+1
504 EV{I}=J
DO 505 J=559200495
I=1+1
505 EV(1)=J
DO 506 J=210+1000510
I=I+1
506 EV{Iy=J
1EV=1
DO 507 I=1»lEV
JK=1
IF(EV(I)eGELEL{1}) GO TO 507
507 CONTINUE
508 GO TO 900
509 IEL1=JK
DO 510 I=JUKslEV
JL=]
IF(EVITI)eGELELI2)) GO TO 512
510 CONTINUE
511 GO TO 901
512 IEL2=JL
IFLELI{3)eGECEV(IEV)) GO TO 516
DO 513 I=JLslEV
JK=1
IF(EV{I)eGESEL(3)) GO TO 515
513 CONTINUE
514 GO TO 902
515 I1EL3=JK~1
GO TO 517
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517
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IEL3=1EV

CONTINUE

ENERGY REGION

223=2%#(2¢/34)

2876=27439E4%2%%1,207

AOZ=A/Z

DO 518 I=1»NO

2523=22342T{1+1)%%(24/34)

ZTOAT=ZT(1s1)/AT(1)

AS=A+ATI(I)

CE(1)=Z8T76%ZTOAT/2523%%],45

CN{1)=4¢14281E6% (A/AS)#%1e5%SQRT(Z#ZTOAT)/ZS523%#%e75
CN1{I)=45,1671%(A0Z/(ZTOAT*AS) ) %% 427719/2523%%4138595
CONTINUE

NN=1

ZEX{1})=DEDXL{EV(1)})

DO 520 I=2»slEL1

ZEX{I)=DEDXL{EV{I)]}

CONTINUE

C MEDIUM-LOW ENERGY REGION

521

522
523

526

527

535.

SPL=DEDXL{EV{IEL1))
SQREL=SQRT{(EV(IELL)}
SQRREL=EV{IEL1})%#,2228]
CL=ALOG(SPL)

SUM=0,

DO 521 I=19NO
EXPN=EXP(CNI(IVI®EV(IELL)#%427719)
SUM=SUM+{ «5# (CE(I)+CN(I)/EXPN) /SQREL=627719*CN(T)#CN1(1)/SQRREL/EX
1PN)Y#DEN(T)

CONTINUE

DSPL=SUM/DENS

DCL=DSPL/5PL

22=2%#%2

RAT=RATIO(EV(TEL2})

RATSQ=RAT##2

DEX=DIDX(EV(IEL2))
SPHM=Z2%RATSQ*DEX

CH=ALOG(SPH)
BEL=SQRT{EV(IEL2)/46545)

IF (BELeLE«Z23/1374) GO TO 522
DRAT=ANL/EV{IEL2)%(1e~454 T#IEL¥* ALOG(Z)/(2e%¥2-223))

GO TO 523 '
DRAT=ANL/EVIIEL2)

CONTINUE

IF(EVIIEL2)aLTeT7e) GO TO 535
SUM1=04

DO 526 M=1s4
SUM1=SUM1+ALPHA (M 3) %L I %% (M=1)
CONTINUE

SUM=0 4

DO 527 M=1s4
SUM=SUM+ALPHA (Ms &) %L T%% (M=1)
CONTINUE

DPDE=2¢/EVIIEL2) %#{SUM14+3¢*ALOG(EV( IEL2) ) #SUM)
GO TO 537

SUM=0.

DO 536 M=1,3
SUM=SUM+AMN (M9 3) #L [ %% (M=-1)
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536 CONTINUE
DPDE=24 /EV({IEL2) #SUM
537 CONTINUE
XLAM=LAMBDA(EVIIEL2))
DXLAM=DEX*XLAM
DCH=DRAT /RAT +1e/EV(IEL2)=14/DXLAM=DXLAM/EV(IEL2)*DPDE
ALE1=ALOG(EV(IEL1))
IF(ALE1+¢EQeOs) ALE1=4001
DO 528 I=1s4
D{1s1)=ALEL#%(I=1)
528 CONTINUE
ALE2=ALOG(EV(IEL2})
IF{ALE2eEQeDe} ALE2=4001
DO 529 I=1s4
D(2sI)=ALE2%®(]~1)
529 CONTINUE
DO 530 I=1s4
DI3sI1)=FLOAT(I~1)*ALELI®*%(]~2)
530 CONTINUE
DO 531 I=1s4
D(4s ') =2FLOAT{ [~1)*ALE2#%([~2)
531 CONTINUE
D(1ls5)=CL
D(295)=CH
D(3s5)=DCL*EV(IELL)
D(4s5)=DCH*¥EV(IELZ2)
CALL GLSQ(DsBsILs4949555Q3090¢)
K=IEL1+1
NN=2
DO 532 I=KslIELZ2
ZEX(I)=1e/SPIML (EV(I))
532 CONTINUE
C MEDIUM=-HIGH ENERGY REGION
K=TEL2+1
NN=3
DO 546 I=KsIEL3
I1=1
ZEX(1)=Z2#RATIO(EV{I))#%2%DIDX(EV(]))
546 CONTINUE
IF (1EL3eEQeIEV) GO TO 201
K=lEL3+1
C HIGH ENERGY REGIOCN
DO 534 I=KslEV
2EX(1)1=22 *DIDX(EVI(I})
534 CONTINUE
C OUTPUT AND GO TO THE NEXT PROBLEM
RETURN
C DIAGNOSTICS AND SKIP TO THE NEXT PROBLEM
900 WRITE(3s351) .
351 FORMAT(.7//7/931H STATEMENT 508 WAS ENCOUNTERED. )
RETURN
901 WRITE(39352)
352 FORMAT{(/77/+31H STATEMENT 511 WAS ENCOUNTERED. }
RETURN
902 WRITE(39353)
353 FORMAT{////+31H STATEMENT 514 WAS ENCOUNTERED. )
RETURN
999 PRINT 1112
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1112 FORMAT{5Xs ZTHPROBLEM ABORTseseelADI=0,0 )
201 RETURN

END



€
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221

223

224
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FUNCTION DIDX(E)

REAL IADJSLIsLEsLAMBDA
COMMON/CHAXR/IADJDZ'A’DENS’AT(10,IZT(Z'IO)’NOODUMMM(Z)
COMMON /GEN/LIsLAZsNN»ITsIEVsANL
COMMON/ABLOK/AMN(333) s ALPHA (49 4)

LE=ALOGI(E]}

IF(LE«EQeOa) LE=4001

IF(Es«LTeTe) GO TO 221

IF({EeEQeTa) e ANDe(II4EQe32)) GO TO 221

SUM=0a

DO 220 N=2s4

DO 220 M=1s4

SUM=SUM+FLOAT (N=1) #ALPHA(MoNY# (LIN¥(M=1)} )% (LE*%X({N-2))
CONTINUE

DIDX=E/{SUM*LAMBDA(E) )

RETURN

SUM=04

DO 223 N=2»s3

DO 223 M=1+3
SUM=SUM+FLLOAT IN=1) #AMN(MeN)Y ¥ (LI%% (M=1) )3 {LE®*(N=2))
CONTINUE

DIDX=E/{SUM* _AMBDA(E) )

IF (EsLTele) GO TO 224

RETURN

WRITE(3s1) E

FORMAT(37H ENERGY IN DEDX IS OUT OF RANGE E=E15e8)
RETURN

END
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FUNCTION DEDX(X)
COMMON/TABLE/YDATA(200)sXDATA(200) sR
COMMON /GEN/DUM(4) 9 IMAX
M=TMAX

L1=1

L2=M

K=1
IF{X=XDATA(1)})151543
K=M
IF(XDATA(M)=X)1%1559
K=M/2

IF(X=-XDATA(K) 120915429
L2=K

GO TO 23

L1=K
IF(L2-L1~1)1914+25

M= 1+L2

GO TO 9

UCRL-17391

DEDX= YDATA(LYI)+ (X-XDATA(L1¥¥%* (YDATA(L2)-YDATA{L1))/

2 (XDATA(L2}-XDATA{L1))

RETURN

DEDX=YDATA(K)

RETURN

DEDX=040
WRITE(3»7777)L1sL2sKsM

FORMAT (2X936HERROR IN FUNCTION DEDXes+sJOB ABORTED

CALL EXIT
END

/{10Xs18))
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35

31

32
30
51
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52

-45.

SUBROUTINE GLSQ(AsXsILsNsMsALPHASELSE2)

DIMENSION A(695)s X(5)s IL(5)
MM=M+1

LL=1

DO 60J=19sMM

1LtJ)=0

I=1

DO 3K=1sMM

II=1+1

DO 4J4=11sN
IF(ABS{A{J9K))=ELl) 49406
T1=SQRT ({A(JeKY)%#24+(A{ToK))#%#2)
S=A{JsK)/T1

C=A(1sK}/T1

DO SL=K MM
T2=C#A(ToL)+S*A{JsL)
AlJsL)==S*A(TaL)+CHA(JsL)
AlIsL)=T2

LL=LL+1

CONTINUE

IF (ABS (A{TsK)}—-E2)3s3+8
IL(K)=1

I1=1+1

CONTINUE

X{MM)==140

1I=M

DO 35I=1sM

X(I)=04

DO 30J=1M

IF (1L{I1))30+30s31

5=0,

LL=11+1

I=IL(IT)

DO 32K=LL sMM
S=S+A(TsK)#X(K)
X(IT)==S/A(1s11}

I1=11~-1

IF (IL(MM))50951+50
ALPHA=0s =

GC TO 52

I=1IL(MM)

ALPHA=A(TsMM)

RETWRN

END
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FUNCTION RATIO(E) ,

COMMON/GEN/LT sLAZsNNsIT»IEVANL .
COMMON/CHAIR/IADJ#ZsAs DENS9AT{ 10} 2T (2510) s NOsDUMMM(2)
DIMENSION AN(5)

DATA AN/e4132539163475910,047829242162694847578/
223=2%#{24/34)

IF (EelLEes4e65) GO TO 200
BETA=SQRT{1le=1e/(E/931e+10e)%*%2)

GO TO 201

BETA=SQRT{E/46545)

IF (BETA«LE«Z23/1374) GO TO 202

IF (BETAeGE«2s%*Z/1374) GO TO 204

G={ 13T e ¥BETA+4a%*2L=34%223)/ (6exL~34%#723)

GO TO 203

G=2e/34

GO TO 203

G=1le

X=13T7#BETA/Z#%G

AL=AN(L)#X*%% (AN(2) #%2)

A2=AN(3 ) #X®XAN(4)

A3=AN(5}+1

RATIO=14~EXP({=A1)/A3=ANI(5)/A3/(A2+1e])
IF(NNeEQalJANL=ATH*AN{ 2 ) %¥%2¥EXP (=AY ) /A3+A2¥AN{4)*AN(S ) /A3/(A2+1e ) %%
12 )
IF{{EeLTele5)eORe(BETA4GTe3e5%2/1374))G0 TO 205
RETURN

WRITE(3s1) E '
FORMAT(37H ENERGY IN RATIO IS OUT OF RANGE E=El5e8)
RETURN

END



14

250

253

251

252
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FUNCTION SPIMLI(E)

COMMON/GEN/LIsLAZsNNs LI s IEV2ANL
COMMON/CHAIR/IADJIsZs A9 DENSSAT(10)92ZT(2+10) s NOsDUMMM{2)
COMMON /CBLOK/B(5)

BETA1=Z%%(1e/34)/137¢%%2

BETA2=245/4654%

IF (EsEQele) GO TO 251

XLE=ALOG(E)

SUM=0.

DO 250 I=1s4

SUM=SUM+B( T ) #XLE**(]~1)

CONTINUE

SPIML=14/EXP(SUM)

IF (EeLTe4465)G0 TO 253

BEL=le=1e/(E/931e+1y}%n2

IF ((BELeGT«BETA2)s0Rs(BEL.LToBETAL}) GO TO 252
RETURN

BEL=E/46545

IF ((BELsGT4BETA2)«OR+(BELWLT«BETALY) GO TO 252
RETURN :
SPIML=1+/EXP(B(1)) :

IF ((e0021484GT«BETA2)eORe(2002148LToBETAL)) GO TO 252
RETURN

WRITE(3sl) E

FORMAT(37H ENERGY IN SPIML IS OUT OF RANGE E=E15.8)
RETURN

END
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FUNCTION DEDXL{E)
COMMON/CHAIR/TADJZsAsDENSsAT{10) sZT(2210) sNO2sDUMMM(2)
COMMON/GEN/LT oLLAZ9oNNs IT»IEVIANL
COMMON/BBLOK/CE(10)»CN(10)+CN1(10)9DEN(10)

SUM=0.

SQRE=SQRT(E)

SQRRE=E*#,427719

DO 230 I=1sNO
SUM=SUM+(CE(T)+CN{I}/EXP{CNI(1)#SQRRE}I#SQRE*DEN(I)
CONTINUE

DEDXL=SUM/DENS

BETA=Z/1374#%2

IF (EeLTes4e65) GO TO 231

BEL=le=le/(E/931e+1s)#x%2

IF (BELsGT#BETA) GO TO 232

RETURN }

BEL=E/46545

IF (BELeGT«BETA) GO TO 232

RETURN

WRITE(391) E

FORMAT (384 ENERGY IN DEDXL L[S OUT OF RANGE E=E1548)
RETURN

END
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REAL FUNCTION LAMBDA(E)
REAL IADJsLAZsLIsLEsLL
COMMON/GEN/LIsLAZsNNsIT»IEVsANL

COMMON/CHAIR/IADJsZsAsDENSsAT(10) 92T (2510) sNO»DUMMM(2)

COMMON/ABLOK/AMN (353 ) s ALPHA (49 4)
LE=ALOGI(E}

IF(LE«EQsOe) LE=4001

IF(EsLTe7¢) GO TO 221
IF((E«EQeT7o) e ANDe(114EQe32)) GO TO 221
SUM=0.

DO 210 N=1s4

DO 210 M=1y4
SUM=SUM+ALPHA(MsN)#{LTI#%({M=1) ) ¥ (LE®®(N~1))
CONTINUE

LL=LAZ+SUM

LAMBDA=EXP(LL)

RETURN

SUM=0.

DO 222 N=193

DO 222 M=1¢3
SUM=SUM+AMN(MsN) ¥L I®%(M—-1) ¢(LE#*#(N=-1))
CONTINUE

LL=LAZ+SUM

LAMBDA=EXP{LL)*.001

IF (EelLTele}GO TO 211

RETURN

WRITE(291) E

FORMAT (39H ENERGY IN LAMBDA IS OUT OF RANGE

RETURN
END

E=£1548)
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SUBROUTINE KWPLOT(KK)
SUBROUTINE KWPLOT SETS UP THE DESIRED ARRAY FOR QUICKPLOTTING

DIMENSION TITLE(15)sSET2(500)

COMMON ATTEN(500)9SBAR(500)9E(500)+SIGMA(500) 4IND(500)sLET(500)
2 N({500)sSPECTZ(500)sTHETAS(5001 s THETA(S500) s XBAR(500)9Y(500)

3 XDATA(300)sYDATA{300})sF{500)

EQUIVALENCE (SET2sY)

COMMON/GMDATAL/IMAXsDIFFs18sPD

COMMON/DATA/NDTAPT s IPLOTP

COMMON /GMDATA2/TITLEs IFRAMEs INNPsKS1sKS2

REAL NyLET

IF(KKeEQe1)GO TO 20

IF(KKsEQa2)GO TO 30

DO 21 I=1sNDTAPT
SET2(I1)=XINTERP(XDATA(1)sXBARsLETs IMAX)
GO TO 50

DO 31 I=1sNDTAPT
SET2{I)=XINTERP({XDATA{I) s XBARsN» IMAX)
CALL YGRAPH(NDTAPT »XDATAsYDATASSET2)
RETURN

END
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FUNCTION XINTERP(XsXDATAsYDATA» IMAX )

FUNCTION XINTERP INTERPOLATES WITHIN A SET OF DATA POINTS
XDATA(I)s YDATA(I)s I=1sIMAXe THE QUANTITY X IS5 THE GIVEN

VALUE OF THE INDEPENDENT VARIABLEs AND XINTERP 1S THE INTERPOLATED
VALUE OF THE DEPENDENT VARIABLE,

DIMENSION XDATA(1)sYDATA(L)

M=TIMAX

Lt1=1

L2=M

K=1

IF{X~XDATA(L1})1s1543

K=M

IF(XDATA(MI=X}891559

K=M/2

IF{X~XDATAIK))20+15429

L2=K

GO TO 23

L1=K

IF(L2=L1=1)1914925

M=L1+L2

GO TO 9

XINTERP= YDATA(L1)+ (X=XDATA(LL})* (YDATA(LZ2)=YDATAILL))/
(XDATA{L2)-XDATA(LL))

RETURNM

XINTERP=YDATA(K)

RETURN

XINTERP=YDATA(L)

RETURN

XINTERP=YDATA(IMAX)

RETURN

END



-52- UCRL-17391

SUBROUTINE YGRAPH(MsXsYsYFIT)
DIMENSION X(1) sY(L) s YFIT(1)
DATA IFFF,IBBBsI1000»I1PPP/1HFs1H s1HO»1HP/
YMIN=Y (1)
YMAX=Y{1)
DO 3 I=1sM
IF(YMIN «GT o YU(I)) YMIN=Y(I)
IF(YMAX oLTs Y(I)) YMAX=Y(I)
IF (YMIN oGTa YFIT(I)) YMIN=YFIT(I)
IF (YMAX oLTe YFIT(I})} YMAX=YFITI(I)
3 CONTINUE
WRITE (391005) YMINsYMAX
1005 FORMAT (1H1915X8E13e5987X9E1365/19Xs10IHITIITITIIITIIIIIIIIIITRITIIN
IIIIIII1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIXIIIIIIIIIIIIIIIIII

1IIITIIIII )
DO 1100 I=1sM
10=140+10060% (Y (1) =YMIN)/{YMAX=YMIN)
IO=MAXC(MINO(10s100)91)
IP=1,0+4100e0%#(YFIT(I)~YMIN)/(YMAX=YHIN)
IP=MAXOIMINO{IP»100)»1)
IF (IO «NEe IP} GO TO 1030
1008 IF (10 «NEs 1) GO TO 1020
WRITE(351010)X(1}sIFFF
1010 FORMAT (1XsE134595H ~3100A1)
GO TO 1100
1020 K=10-1
WRITE (351010} X{I)s (IBBBsJ=1sK)»IFFF
GO TO 1100
1030 [PP=1PPP
100=1000
IF (IP «GTe IO) GO TO 1040
1PP=1000
100=1PPP
IDUMMY=10Q
10=1IP
IP=IDUMMY
1040 IF (10 «GTe 1) GO TO 1060
K=1P=10~-1
IF (K «GTe 0} GO TO 1050
WRITE (351010) X(I)s I00s»IPP
GO TO 1100
1050 COMTINUE
WRITE (3+1010) X{I)s I100s(IBBBsJ=1sK)sIPP
GO TO 1100
1060 K1=10-1
K2=1P-10~1 :
IF (K2 «GTe 0) GO TO 1070
WRITE(3»1010)X{I)s(IBBBeU=19K1)»I00,sIPP
GO TO 1100
1070 CONTINUE
WRITE (3»1010) X(I)s (I8BByJ=L1sK1)sI00s([BBBsU=19K2)sIPP
1100 CONTINUE
WRITE (3»1110) YMINsYMAX
1110 FORMAT (19Xs31O1HITIIIIIRIRIIEITIIIITITIIIIITIIIIIIILISELITIINITINEEILI
TIITITETIITITTIIITIRIITITRIIICLTINIITINITINIIRITINITINIL /16X9E1345987
2X921365)
WRITE (391120}
1120 FORMAT (33HOP REPRESENTS THE PREDICTED POINT/28HO0 REPRESENTS THE
1DATA POINT/73HOF REPRESENTS BOTH THE DATA AND THE PREDICTED POINTS
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2 IF THEY LIE TOGETHER)
RETURN
END



116
117
10099

10100
10101
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10043

10042
10044

10045
10046
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SUBROUTINE PRINTE{Es IMAX)
DIMENSION E(1) '

PRINTOUT SUBROUTINE FOR EMERGIES

FORMAT (1H1//16X92H===—m=m=m
2EV/NUCLEON ) =mm=mmmme == /)1
FORMAT (25Xs&4{ 9XsF9e3))

I=1
IF(1=1+200-IMAX}10101+10113510113
WRITE(39116)

D010102J=1450

K=1+J
WRITE(39117){E(K=1)2E(K+49)9E(K+99)2E({K+149))
I=1+200

GO TO 10100

WRITE(32116)

LP={IMAX-I+1)/50

LC=(IMAX~I+1)~50%LP

LD=LC+1

IF(LC)10104910103910104

L=LP

LC=50

GO TO(1001+10033+10043410044) L
L=LP+1

GO TO (1001+10024100391004) 9L,

DO 10011 J=1sl.C

K=I+J

WRITE{(39117) (E(K-~1)})

GO TO 10046

DO 10021 J=1y»LC

K=I+J

WRITE(39117} ({E(K=1)sC(K+491)

LO=LC+1

DO 10022 JU=LD»50

Kzl+J

WRITE(39117)(E(K~-1))

GO TO 10046

b010031 J=1sLC

K=I+J
WRITE(39117)(E(K=1)sE(K+49}oE(K+99))
DO 10032 J=LD»50

K=Jd+]

WRITE(3s117}{E(K~=1)9E(K+49))

GO TO 10046

0010041 J=1sLC

K=I+J
WRITE(32117)(EAK~1)sE(K+49)2E{(K+99)sE(K+149))
DO 10042 J=LD»50

K=l+J

WRITE(39117) (E(K=1)sE{K+49)sE(K+99))
GO TO 10046

DO 10045 J=LDs50

K=I+J

WRITE (39117)(E(K=1)9E(K+49)sE(K+99)} sE(K+149))
RETURN

END

UCRL-17391
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SUBROUTINE PRINTG(IMAXsXBARSATTENSSIGMAE)
DIMENSION XBAR(1)9ATTEN(1)+SIGMALL)sE(])

PRINT SUBROUTINE FOR DISTANCESsATTENUATION FACTORSsSIGMASSENERGIES

130 FORMAT(1H1//27Xs L1HPENETRATIONs 13X 9 3HSURVIVALs7X s 20HMEAN SQUAR
2E STRAGGLE#11X9GHENERGY/24Xs 18HDISTANCE (G/CM®%2) 59X BHFRACTION
3 8Xs19HPARAMETER (G/CM%%2) 93X 9 13HIMEV/NUCLEON)Y ///)

131 FORMATI(27TX9E11e4s11lX9E11e49l0XoELLad4913XsF%43)

I=1
210 IF(14GE«IMAX)GO TO 214
211 TF{(2+49)«GTe IMAXIGO TO 214
212 WRITE(3s130)
DO 213 J=1950
Kel+J
213 WRITE(3s131) (XBAR(K=1L)Y»ATTENIK~=1)sSIGMA(K~1)sE(K=1))
I=50 +1
GO To 2190
214 WRITE(39130)
DO 215 J=TsIMAX
215 WRITE(39131) (XBAR(J}sATTEN(J) o SIGMA(JYsELJ))
216 RETURN
END



~-56-

SUBROUTINE PRINTD(IMAXsXBARsNsLET s IND)

REAL NsLET '
DIMENSION XBAR(L1)sLET(1}eN(1)sIND(1}

PRINT SUBROUTINE FOR DISTANCESsFLUXES»LET=S

120 FORMAT(1H1//27XsY1IHPENETRATION»12Xs13HPARTICLE FLUX#10Xs

UCRL-17391

214HENERGY RELEASE»12Xs11HCALCULATION/ 24Xy 1THDISTANCE(G/CM#*%2) 96X

318H(NUMBER/SEC-CM#%2) s8Xs 13 {{MEV=CM*%2/G) 9 16Xs4HMODE// /)
121 FORMAT{27X9E1144912X9E114491i2X9E1144918X9A0)

1=1
200 IF(I4GEeIMAX)GO TO 204
201 IF((1+49)4GT4IMAX)GO TO 204
202 WRITE(35120)
DO 203 J=1s50
K=I+J ,
203 WRITE(35121) (XBAR(K=1 )sN(K=1 )sLET{K=1 }sIND(K=1}}
I=1+50
GO TO 200
204 WRITE(35120)
DO 205 J=IyIMAX
205 WRITE(39121) (XBAR(J) sN({JYSLET(I) o IND(J))
230 RETURN '
END
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SUBROUTINE PRINTSP{KS1sKS2sEsSPECT2)
DIMENSION E(1)sSPECT2(1)

SPECTRAL PRINTOUT SUBRQUTINE

FORMAT (LH1//20Xs 7T8Hw~mmm—mm e ENERGY SPECTRUM AT BRAG
2G PEAK === ———mmaam e v ///721X92 (15HPARTICLE ENERGYs 7X»
38HRELATIVEs13X})/22X92(13H{MEV/NUCLEON) 95X » 14HNUMBER DENSITY»11X)
4//7% '

FORMAT (22X92(F9e3910XsE1144913X))

I1=Ks1
IF(I=14+100~KS2) 11201+11203911203

WRITE(39136)

DO 11202 J=1950

K=I+J
WRITE(3s137)(E(K=1)sSPECT2(K=1)sE(K+49)9SPECTZ2{K+49))
I=1+100C

GO TO 11200

WRITE(39136)

LP=(KS2~-1+1)/50

LC=(KS2=1+1)~503LP

LD=LC+1

IF{LC)I11204411204911205

L=LP ’

LC=50

GO TO (1201911224) L

L=LP+1

GO TO (12019120200

DO 11211 J=1sLC

K=z1+J

WRITE(39137)(E(K~1)3$SPECTZ2(K~1)}

GO TO 206 .
DO 11221 J=1sl.C

K=I+3

WRITE(39137)(E(K=1)sSPECT2(K=1)2E{K+49) sSPECT2{K+49)}

DO 11222 J=LD»50

K=1+J

WRITE(39137)(E{K~1)eSPECT2(K=1)}

GO TO 206

DO 11225 J=LDs50

K=14+J
WRITE(39137)(E(K=1)sSPECT2(K=1)sE(K+49)sSPECT2{K+49))
RETURN

END
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SUBROUTINE PRSCATT
PRSCATT PRINTS INFORMATION RELATED TO THE ATTENUATION DUE TO

SMALL=ANGLE MULTIPLE SCATTERINGessesTHE INFORMATION PRINTED AT
EACH POINT CONSISTS OF THE FOLLINGesesesseoENERGY PER NUCLEON AT A

POINTs»XBARsSSAR»THETAs AND Y

COMMON ATTEN(500)sSBAR(500)sE(500)+SIGMA({500) sIND(500)sLET(500)
2 N(500)sSPECT2(50 )sTHETAS{500} s THETA(500)}sXBAR(500)sY(500)

3 XDATA (300} sYDATA(300)yF(500)

COMMON/GMDATAL/IMAXsCIFFs18sPD

210 1=1
209 IF(I-IMAX)21192149200
211 TF(I1449~-IMAX)121292129214
212 PRINT 130

DO 213 J=1950

K=l+J
213 PRINT 131y E(K=1)9sXBAR(K=1)sSBAR(K=1)sTHETA(K=~1)sY{K~1)sTHETAS{(K=1

2 )

1=50+1]

GO TO 209
214 PRINT 130

DO 215 J=1sIMAX

215 PRINT 131+E(J}sXBAR(J) »SBAR(J) s THETA(J) s Y(J)s THETAS(J)
130 FORMAT(1H1s8Xs6HENERGY» 9Xs11HPENETRATION»6X916HMEAN DISTe TRAV~
2 5X913HMEAN ANGLE OF s 7Xys 13HMEAN 3EAM DE=-/

3 5Xs13H{MEV/NUCLEON) s3X»18HDISTANCE (G/7CM#%2)43Xs15HELLED (G/CM##
42) 92Xs16HDEFLECTION (RAD) 94Xs18HFLECTION (G/CM¥%#2) 93Xy

5 G6HTHETAS //)
131 FORMAT(6X9F9439BX9E11e499X9E11e498X9E110499X9E11a495X0E110e4)
200 RETURN

END
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SUBROUTINE TABLE(XNAME)
DIMENSION XNAME(15)
ENDFILE 5
REWIND 5
CALL DATE(DTE)
PRINT 200sDTE
ZOO FORMAT (1H1/7100XsA10)
PRINT 1 (XNAME(I)s1=14513)
1 FORMAT(///713A10//71Xs14HINITIALL ENERGY»4X910HPEAK HALF-
2 4X912HPEAK/PLATEAU4X s 14HAVE S ENERGY AT»10Xs4HMEANS
3 6X9e8HDEPTH AT 5X9e10HPERCENTAGE s7Xs9HMEAN BEAM/
4 1X»13H(MEV/NUCLEON) s TXe3HWIDTH
5 5X9s10HDOSE RATIO»4X s 1THPEAK({MEV/NUCLEON) 9 8Xs5SHRANGE »
6 5X99H PEAK 93X 13HDETOUR FACTOR 95Xs 10HDEFLECTION// )
5 READ (5) EsWIDTHsTEMP1 sEMEANS X1 XBARSDT s YMAX
IF(ENDFILE 5)300410
10 PRINT Z2+EsWIDTHITEMPLsEMEANS XTI »XBARSDT s YMAX
2 FORMAT(4XsFT7a29TX9E10e395XsE11e496X9E110498X2E11e432X9E1043
2 4X9E11e435X9eE1063)
GO TO 5
300 REWIND 5
RETURN
END



30

31

32

33

35

36

37

-60- UCRL-17391

SUBROUTINE GMPRINT(KT)

REAL N »LET

LOGICAL PLOTPsFRAME

COMMOM ATTEN(500)sSBAR(500)sE(500)9SIGMA(500) s INDI500)sLET(500)
2 N{500) sSPECT2(500)3THETAS{500) s THETA(500) s XBAR(500)sY(500)
3 XDATA(300)sYDATA(300})sF(50))

COMMON/GMDATAL/IMAXsDIFFs18sPD

COMMON /GMDATAZ2/TITLEs FRAMEsINNPsKS19KS2
COMMON/DATA/NDTAPT 3 PLOTP
COMMON/CCPOOL/XMIN s XMAX s YMINs YMAX s CCXMIN s CCXMAX s CCYMINS» CCYMAX
COMMON/CCFACT/FACTOR .
EQUIVALENCE(TEMsY) s {STOREL1sTHETA)

DIMENSION TEM{500) ¢STORE1(500)

DIMENSION YLABEL (13)sXLABEL{13)sYLABEL3(2)sXLABEL2(3)
DIMENSION ROUND( 10} s XLABEL1(13) s YLABELLI{2)sYLABEL2{2)sTITLE(15)
DATA (ROUNDI(I)oI=194)/1¢0324003600540/9NROUND/4/

DATA YLABEL1sYLABEL2/13HRELATIVE DOSE » 20HRELATIVE NUMBER FLUX/
DATA XLABFEL1/30HPENETRATION DISTANCE (G/CM%#%2}/

DATA XLABEL2/24HENERGY (MEV PER NUCLEON) /

XLABEL (4)=10H

YLABEL (3)=10H

IF(({ e NOT«FRAME} s ANDs { INNPoGTe1)}GO TO 9

FACTOR=100.0

CCAMIN=240

CCXMAX=1140

CCYMIN=245

CCYMAX=B488

PARTX=104

NX1=10

PARTY=10,

NY1=10

KS12€=2 '

IF(KTeEQeO)}GO TO 20

IF(KT«EQe3)¥G0 TO 35

SET UP THE X- AND Y-ARRAYS AND AXIS LABELS

SET UP FOR LET PRINTOUT

DO 30 @I=1,IMAX
TEM(I1)=LET{(I)

DO 31 I=1%2
YLABEL{I§=YLABEL1{I)
DO 32 I=1,3
XLABEL(I)=XLABEL1(I)
NPT=IMAX

DO 33 I=1sNPT
STOREL(I1)=XBAR(I)

GO TO 4

SET UP FOR SPECTRUM PRINTOUT

NPT=KS2=KS1+1

DO 36 I=14NPT
STOREL({I)=E(KS1+I-1)
TEM(I)=SPECT2(KS1+I-1)
DO 37 I=1s2
YLABEL(1}=YLABEL2{1)
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DO 38 I=143
XLABEL({ 1)=XLABEL2(I)
GO TO 4

SET UP FOR FLUX PRINTOUT

DO 21 I=1sIMAX

TEM{I)=N(T)

DO 22 1I=1»s2

YLABEL(I)=YLABEL2(T}

NPT=IMAX

DO 23 I=1»3

XLABEL(L¥=XLABELL(I)

DO 24 I=1sNPT

STOREI(I3}=XBARI(I) .
IF((4NOTFRAME) s AND ( INNP&GTe1})G0O TO 11

SET UP DUMMY NUMBERS IN THE TWO ARRAYS FOR LINEUP

IF(PLOTP)GO TO 25
NDT=NPT

GO To 80

DO 60 J=1sNDTAPT
TEM{NPT+J)=YDATA(J)
STOREL(NPT+J)=XDATA(J)
NDT=NPT+NDTAPT

AXIS LABELS ADJUSTMENT

CALL LINEUP{STORE1sNDT»ROUNDNROUNDsPARTX s XMIN s XMAX)
IF(XMINsLEeO4O}GO TO 81

IFIKT+EQe3)G0 TO 70

NXL=NX1=INT(ABS(XMIN) *#PARTX/{XMAX=XMIN)+1e0E~06])
XMIN=040

CALL LINEUP{TEMsNDT +ROUNDINROUNDSPARTYsYMINsYMAX)
IF(YMINGEQeQ40)GO TO 10
NY1=NY1-INT(ABS{YMIN)*PARTY/{YMAX~YMIN)+140E~=06)
YMIN=0,40

PLOT CURVE

CALL CCGRID(NX1ls6HNOLBLSsNY1)

CALL FIXLBL(NXLsMYLsKSIZEsNXPsNYP)
KX==NXP

KY=~NYP

IF(NXPeNEWO)GO TO 50
IF(NYPsNELO}GO TO 51

GO TO 41

ENCODE (10100 XLABEL {4))KX
FORMAT{7H X10#%(12s1H}))

GO TO 40

ENCODE (105100 YLABEL(3))KY

GO TO 41

CALL CENTER{XLABEL s4sXLABEL »64)
CALL CENTER({YLABEL s3»YLABEL+46)
CALL CCLTRU241996085053sTITLENEL)
CALL CCLTRI{241314790929XLABEL »64)
CALL CCLTR(160524691929YLABEL46)

UCRL-17391
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11 CALL CCPLOT(STORELsTEMsNPTs4HJOIN)
IF( PLOTP) CALL CCPLOT(XDATAsYDATASNDTAPTs6HNOJOINST»1)
RETURN
END
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SUBROUTINE FIXLBL(NX1sNY1sKSIZEsNXPsNYP}

COMMON /CCPOOL /XMIN s XMAX s YMIN» YIMAX 9 CCXMINS CCXMAX » CCYMIN s CCYMAX
NFMT1=10H(F104e6)

NFMT2=10H(F10s7)

NFMT3=10H(F10s8)

CCXINT=(CCXMAX-CCXMIN) /NX1
CCYINT=(CCYMAX-CCYMIN) /NY1

XTEM=MAX1F (ABS(XMIN) 9 ABS (XMAX))
YTEM=MAX1F(ABS{YMIN}s ABS{YMAX))

ASSIGN 60 TO NNN1

ASSIGN 87 TO NNN2

XSTEP=1a0

YSTEP=140

DO 51 I=1,3
IF(CCXINT®XSTEPsLT¢0s35%¥KSIZE)XSTEP=XSTEP+140
IF(CCXINT#XSTEP«LTeO0s35%KSIZE)ASSIGN 82 TO NNN1
DO 52 I=193
IF(CCYINT#YSTEP«LT40s1#KSIZE)YSTEP=YSTEP+140
IF(CCYINT#YSTEP«LT40e1#KSIZE)ASSIGN 100 TO NAN2
GO TO NNN1 :

X-AX1S NORMALIZATIGON AND LABELLING

NX=ALOG10(XTEM)+1le0E=10

NXP=NX=1

IF(NXP eGEe=~2+s ANDeNXPaLT«1)GO TO 61
XFCTR=1040%#%( FLOAT(NXP))

GO TO 62

XFCTR=100

NXP=0

XINT=ABS ({ XMAX=XMIN)} /(NX1#XFCTR})
XM=XMAX/XFCTR

CCY=CCYMIN ~KSIZE*0,410
X=XMIN/XFCTR

CCX=CCXMIN

AX=ABS{X)+140E~O6
IF(AXeGTeXM+140E~063G0 TO 82
IF({AXel.Te0s001)GO TO 78
IF{AXeGEe0«001eANDeAXeLTels01GO TO 71
IF(AXeGEs1406ANDsAXeLT41040}G0 TO 75
IF(AXeG5210404ANDsAXSLT4100401G0 TO 77
GO TO 81

ENCODE({1O0sNFMT3sNTEMP) X
XT=CCX=KSITZE#0416

GO TO 80

ENCODE(10sNFMT2oNTEMP ) X
XT=CCX=KSIZE#0as16

G0 TO 80

ENCODE(10sNFMTLoNTEMP ) X
XT=CCX~-KSIZE#Qe 14

GO 70 80

XT=CCX=KSIZE*0402

NTEMP=10HO

CALL CCLTR{XTsCCY$OsKSIZEsNTEMP#4)
CCX=CCX+CCXINT*XSTEP
X=X+XINT#XSTEP

GO TO 70O

Y~AXIS NORMALIZATION AND LABELLING
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GO TO NANN2

NY=ALOGLlO(YTEM)}+1e0E~10

NYP=NY=1 _
IF{NYPeGEe=2¢ ANDeNYPaLTo1)GO TO 83
YFCTR=10e0##(FLOAT(NYP) )

GO TO 84

YFCTR=140

NYP=0
YINT=ABS({YMAX-YMIN)/{NYLI®YFCTR})}
YM=YMAX/YFCTR

CCX=CCXMIN ~4%KSIZE#0e07
CCY=CCYMIN=0o5%KSIZE%#0406
Y=YMIN/YFCTR

AY=ABS{Y)}+1e0E-06

IF{AYeGTeYM+140E~06)GO TO 100
IF(AYeLTs0sO01INTEMP=10H 0
IF{AYeGE4OeO01eANDsAYsLTaleO}ENCODE(IOsNFMT3aNTEMP)Y
IF(AYeGEs1404ANDSAYeLTa1040)ENCODE({L1OsNFMT2oNTEMP)Y
IF(AYoGE10e0eANDsAY oL Ta10040) ENCODE(1OsNFMT1 sNTEMP)Y
IF(YsEQeYMIN/YFCTR}CCY=CCY+0403#KSIZE

CALL CCLTR{CCXsCCYsO9KSIZEINTEMP4)
IF(Y«EQeYMIN/YFCTRICLY=CCY=0e03#KSIZE
CCY=CCY+CCYINT*YSTEP

Y=Y+YINT#*YSTEP :

GO TO 85

RETURN

END

UCRL-17391
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SUBROUTINE CENTER(NTEMPsNsNSAVEsM)

DIMENSION NFMT (5) sNMASK(10)sNTEMP(15)

"DIMENSION NWORD(15)sNSAVE{15)sNHOLD(15)sMASK(10)

DATA (NFMT (I)sI=195)/1H(s1H 92HXs o1H #4HALO) /sMASKLI/1IH /
DATA{NMASK(I)sI=1+10)/00000055500000550040005500005055000000

205500000000+05500 $0550000000006C00905500000000000000C
305500000000000000 +05500000000000000% /

DATA (MASK(I)91=1910)700000077+0000077005000770000s077000000»
207700000000s07700 »077000000000000»07700000000000000

307700000000000000 +07700000000000000000 /
IF{NeGTe13¢OReNeLTalsOReMeLTo1laORsMaGTa132)RETURN
DO 110 I=1sN
NWORD(I)=NTEMP(I)

JM=N+1

DO 111 J=JMsl5

NWORD( J)=MASK1

DO 100 J=1s15

NHOLD(J)=MASK1

NCOUNT =0

PO 10 I=1sN
IF(NWORD(I)eNESMASKL) GO TO 20
NCOUNT=NCOUNT+10

GO TO 239

DO 30 J=1,10
NCOMP=NWORD( 1) ¢ ANDeMASK(11=J)
IF (NCOMP o NE&NMASK(11=J) ) GO TO 35
NCOUNT=NCOUNT+1

NSTORE=NCOUNT

DO 40 I=1sN

J=N+1-1

IFINWORD(J) eNESMASKL) GO TQO 45
NCOUNT=NCOUNT+10

DO 46 [=1,10
NCOMP=NWORD( J) s AND ¢ MASKI{ T
IF{NCOMP «NE«NMASK(TI)) GO TO 50
NCOUNT=NCOUNT+1 .
NCHAR=10#N~NCOUNT
IF(NCHARsGTs1120ReNCHARsGT 4 M) RETURN
NBL={M=NCHAR} /2

IM=NCHAR/10

IF(MOD(NCHAR$10) eNE«O)IM=IM+1
IK=NSTORE+10%#IM
IF(NSTORELEQ.O0)GO TO 210
ENCODE(10s709sNFMT{ 2} )NSTORE
FORMAT (110}

GO TO 220

NFMT(3}=10H

ENCODE(10570 sNFMT (4} FIM
DECODE(IKsNFMT s NWORD) (NHOLD(I)s1=1s1IM)
DO 229 J=115

NWORD( J}=MASK1

NFMT(2)=1H)

IF(NBL+EQsO)IGO TO 54
IF(NBL4LT420)G0O TO 55
ENCODE(1093sNFMT)INBL
FORMAT(1H({+1297HX915A10)

GO TO 231

NFMT(1)=10H(15A10

GO TO 231
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55 ENCODE({10s59sNFMTINBL
5 FORMAT({1H{s1198HXs15A10 )
231 IM=1IM+2
IK=NBL+10%IM-MOD(NBLs10}+10
IF(MOD(NBL910)eNESD) IK=IK+10
ENCODE{ IKsNFMT s NWORD) (NHOLD (1) s I=191IM)
239 JUM=M/10
IF{(MOD(M»10) ¢ NEsO})IM=UM+]
DO 240 I=19JM
240 NSAVE(I)=NWORDI(I)
NFMT{1)=1H{
NFMT(2)=10H
NFMT{3)=2HX)»
NFMT(4)=10H
NFMT (5)=4HA10)
RETURN
END
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