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PREJUD - A COMPUTER CODE FOR THE PRELIMINARY ANALVSIS OF
TWO-DIMENSIONAL PULSE HEIGHT ANALYZER DATA
by Thor T. Semler

Lewis Research Center

SUMMARY

A computer program, PREJUD, has been developed for the processing of two-
dimensional analyzer, pulse height data. The program provides an automated separation
of gamma counts from neutron counts and produces data in a format suitable for input into
spectrum unfolding codes, for example, FERDOR. \

A strategy for the separation of gamma and neutron counts is detailed. Data smooth-
ing techniques and a spline interpolation technique are described in some detail.

An example of the unfolding of data from a plutonium-beryllium source is shown to
illustrate the use of the code.

INTRODUCTION

It has been found experimentally that the overall shapes of the scintillation pulse in-
duced in trans-stilbene and other organic scintillators by gamma-rays and fast neutrons
differ (ref. 1). This effect has been used as the basis of a technique (pulse shape dis-
crimination) demonstrated by Brooks (ref. 2) to use organic scintillators to discriminate
between gamma-ray and neutron induced scintillations. Details of the circuitry developed
for pulse shape discrimination can be found in reference 1.

At the Lewis Research Center a modified Owen pulse shape discrimination circuit
has been used (ref. 3). The output of the pulse shape circuit and a linear output from the
photomultiplier tube are amplified and recorded in a 4096 channel two-dimensional ana-
lyzer. The proton recoil and Compton recoil spectra are measured and the FERDOR
code (ref. 4) is used to unfold the proton recoil spectra.

Generally, the preparation of data for the FERDOR code has been done manually
(ref. 5). The PREJUD (preliminary adjustment of data) code described herein allows
one to prepare suitable input to FERDOR, or other proton recoil spectra unfolding codes,




from the multichannel analyzer data with up to four different gain settings and a minimum
of inspection.

PROBLEM ANALYSIS

The data from a single experiment, one gain setting and one counting time, are pro-
vided as a two-dimensional array, 64 by 64, of count rate as a function of energy. The
results of a well resolved experiment for one gain setting are shown in figure 1. The
first phase of the data analysis is the separation of the gamma induced counts from the
neutron induced counts to provide a set of neutron counts as a function of energy. The
technique used is described in the next section, MINIMUM FINDING STRATEGY. Next
the process is repeated for the background, if any, which is then subtracted from the
data. If more than one gain setting has been used, the previous steps are repeated to
provide several sets of neutron induced counts as a function of energy. Next these sets
of data are smoothed to remove some of the experimental scatter. The smoothing tech-
niques are derived in the section SMOOTHING TECHNIQUES. The sets of smoothed data
are then normalized to the same gain setting and merged. The merged data are smooth-
ed, and then these results are interpolated and extrapolated at specified energy points so
as to provide input to the code FERDOR (ref. 4). The interpolation is described in the
section SPLINE INTERPOLATION. The extrapolation techniques (low energy and high
energy) are given in the section EXTRAPOLATION OF DATA. The error estimate given
these interpolated and extrapolated values is detailed in the ERROR ANALYSIS section.
An example of the use of the codes PREJUD and FREDOR is shown in the RESULTS sec-
tion. The data input for the program is given in appendix A and the program listing is
given in appendix B.

MINIMUM FINDING STRATEGY

As indicated in the section on PROBLEM ANALYSIS, the first task of the code is the
separation of counts into electron recoil counts caused by gamma rays and proton recoil
counts caused by neutrons. This is accomplished by searching along rows of equal energy
for the first minimum and summing to the left for electron recoil counts and to the right
for proton recoils. Half of the minimum is added to each sum. An idealized situation
is shown in figure 2, where the minimum between the Compton recoil spectra and the
proton recoil spectra is easily discerned. The technique used to separate the two sets of
counts is described in this section and shown in flow chart form in figure 3.

(1) A row of counts A, (i= Ig’ 64) corresponding to the same energy is read into the



minimum finding subroutine, where I_ is the number of columns ignored, if any.

(2) If 2 minimum i has been found in an earlier row of this data set, start the

minimum search five pcgg;?ions to the left of the earlier minimum and then go to step (12).
(3) If the magnitude of any of the first four data cells is greater than 100, go to
step (11).
(4) Check for zeros in the first three data cells. If all are zero, go to step (9).
(5) Set i to two larger than the first data cell in this row. Check for two sequentially
zero data cells. If they are found, go to step (7).
(6) Increment i counter by one and return to step (5).
('7) Subtract 1 from i and sum from left to i for electron recoil counts and from i
to right for proton recoil counts.
(8) Set i in €qual to i and return to calling routine.
(9) Sum entire row since there are no electron recoil counts and set equal to proton
recoil counts.
(10) set 1 in equal to first data cell i and return to calling routine.
(11) Set i equal to one larger than first data cell i.
(12) Check for condition Ai~1 > Ai < Ai+1; if this condition is satisfied, go to
step (117).
(13) Check for condition Ai—2 > Ai—l = Ai < Ai+1; if this condition is satisfied, go to
step (17).
(14) Check for condition Ai—3 > Ai-2 = Ai-l = Ai < Ai+1; if this condition is satisfied,
go to step (17).

(15) Check for A, =0; if it is true, set i .
(16) Increment i by 1 and go to step (12).
(17) If Ay > (A4 -3‘/7{1; , go to step (22).
(
(

n =1 and go to step (19).

18) If A; > A, 9, go to step (16).
19) Set i in
(20) If the sum of the proton recoil counts is less than seven times the counts in
Ai min °F if the ratio of electron recoil counts over proton recoil counts is greater than
104, the sums and imin are set equal to zero.
(21) Return to the calling routine.
(22) If any of the differences (Ai+4 - Ay, (Ai+3 - Ai)’ or (A g - Ai) is negative, a
local minimum has not been found and the code returns to step (16).

= i and perform double summing.

SMOOTHING TECHNIQUES

Once the data have been resolved and stored in bins corresponding to the channel
energy, they may be smoothed prior to normalization and spline fitting. Comment cards




are inserted in the code listing (appendix B) indicating how one may either smooth the
data more or may eliminate most of the smoothing. A five point least squares fit of the
log counts has been chosen to smooth these data. The log counts have been chosen so as
not to accentuate large count rates in the smoothing. Since the curvature may well be
changing considerably between data points, a five point least squares parabola has been
constructed to smooth the equal interval data.

Begin by taking five points centered on (xO, yO), that is, (X-Z’ y_2), (X—l’ y_l), (xO,
yo), (xl, yl), and (x2, yz), and transform the abscissa values so that the transformed
values are (-2, y_2), (-1, y_l) (0, yO), (1, yl), and (2, y2). What then is V(XO), the
smoothed least squares value of yo? Let the approximating parabola be given by equa-
tion (1):

V=ag+a,Xy + a,X5 (1)

where XT is the transformed X value.
Thus, the problem has been reduced to minimizing S, with respect to the coefficients
ay. 2y, and 2y, where § is given by equation (2)
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we may simplify the normal equation in the following manner:
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The value of the parabolic equation (1) obtained at XT =0 is ag; therefore, one
may solve the system of preceding equations for !

-3. 4[(3’_2 +Y_{+Vp+Vy+Vs) - Bay - 10a2] =0
(4y_g +y_y + ¥y +4yy) - 102, - 342, = 0

Adding the two previous equations and solving for 2 gives the following expression:
= _ _ 1
V(at XO) =ag = 3.5 (-By_2 + 12y_1 + 17y0 + 12y1 - 3y2)

A smoothing of this variety with endpoint corrections (ref. 6) is performed on the
log counts prior to the normalization of the data and the spline fitting of the results.

Once the results of measurements for several gain settings have been normalized to
the same gain sefting and merged into the same data set, a least squares weighted ex-
ponential three point smoothing is performed on the merged data set {ref. 7). The mid-




point is weighted by unity and the two surrounding points are weighted by the ratio of
their errors to the central point error. This final smoothing produces a smooth set of
data suitable for spline fitting and interpolation.

SPLINE INTERPOLATION

Once the data points have been obtained in a suitable form, normalized to same gain
setting, and merged, the data must be interpolated at arbitrary energy points to provide
input data to a spectrum unfolding code, such as FERDOR. A spline interpolation has
been chosen for this code, so as not to introduce extraneous undulations into the proton
recoil spectrum, as a least squares polynomial fitting of the data might.

A spline is a device used in drafting for drawing smooth curves; it consists of a
flexible strip of wood or metal which can be bent to pass through any points. If the spline
is uniformly flexible and if it lies along the plane curve y = F(x), its potential energy is

A / [F"(x)]2 [1 " F'(x)z]-3/2 dx (3)

where A is a proportionality constant. The form of the spline is such as to minimize
equation (3) consistent with the constraints imposed by the points it passes through. A
mathematical spline is defined in the same manner except that the F'(x)2 term is re-
moved.

A cubic spline has the following three features:

(1) If there exists a set of numbers a = X <x1 Lo < XN = b and a set of cor-
responding y values Yor Y10+ - Yo the cubic spline F(x) satisfies F(XK) =Yg
(K=0,1, ..., N).

(2) F(X) and F'(X) are continuous (XO’ XN).
(3) / F"(X) 2 4x exists in the interval (XO, XN) and is minimized subject to
the two features previously given. The cubic spline is constructed in the following manner

. : t S, =X. - A, .= P"(X.) i i iy A . i
ilx;efs 8 and 9): Le SJ XJ+1 XJ and tJ F (XJ) in the interval (X] X3+1) F(X) is
en



[ - %)y;, 4 + (4 - K]

5

F(X =

.
.+ X, - X)t, P S 9|
-(X - X)X 4 - X) [+ X 20+ 6 3) JH]
7

GSj
The condition that F'(X) is continuous at Xj is expressed as
. - V. 2t. + t. . . - V. . . .
FI(X,) = Uger =99 B+ 4008 05y @4+t 8,
G=2,3,...,N-1) ty=t;=0.5
The values of t2, e, t n-1 are determined from the solution of the matrix equa-
tion
At =1
where
-r )
A= 205, +8y) S, O
s ~ D
3 N
N
O N
i N 2(Sy_g + Sy l?j

and the jth element of U is given by

uj = 6(Yj+1 - y])/S] - G(Yj - yj-l)/sj-—l

The coding details are given in reference 9.

The spline interpolation thus provides a smooth interpolating function, without the
difficulties introduced by polynomial curve fitting; for example, polynomial curve fitting
often introduces extraneous detail into the data, undulations not found in the data {(ref. 10).

7




EXTRAPOLATION OF DATA

The values at which interpolated data are required are fixed in the FERDOR input.
At times the experimental values do not span the energy region required by FERDOR.
Thus, the code PREJUD has provision for both low-energy and high-energy extrapolation.
In both regions (low and high energy) weighted least squares exponential curve fits have
been used (ref. 7).

For the low-energy extrapolation the first three low-energy proton recoil counts are
weighted 10.0, 1.0, and 0. 1 and an exponential is fitted in the weighted least squares
manner and the FERDOR low-energy points are thus extrapolated.

The high-energy extrapolation uses the last five points with more than 25 counts per
point and weights them 1, 2, 4, 8, and 16. One may easily change the value to a still
smaller number of counts or larger as noted in the comment cards. Again a weighted
least squares exponential fit is performed and used to extrapolate the data.

The extrapolations join the spline approximation in a smooth manner because of the
rather large weights given end points. '

ERROR ANALYSIS

As the FERDOR code requires not only counts, at previously decided upon energies,
but count errors as well, the code PREJUD computes the error associated with each
energy point prior to normalization. It computes the square root of the number of counts
as the standard deviation of each point. If the data are normalized, the errors are nor-
malized as well.

In order to ascertain the error of one of the interpolated points, the code determines
the errors of the two surrounding points and uses a linear interpolation of the errors.

The errors associated with the low-energy extrapolation are in the same ratio as the
lowest energy data point. That is, if the lowest energy data point is 10 000 counts with
an error of 100 counts, an extrapolated point of 50 000 counts would have an error of
500 counts.

The errors associated with the high-energy extrapolation are the same as the error
of the last point used in the extrapolation. That is, if the last point used is 36 counts with
an error of 6 counts, an extrapolated point of 3 counts will be assigned an error of 6.

RESULTS

Example of Use of PREJUD

A Pu-Be source has been measured with a 1- by I-inch (2.54- by 2. 54-cm) liquid



organic scintillator operated at three gain settings, with correction for background. A
separation of the proton recoil spectrum has been performed manually. Furthermore the
input for FERDOR has been interpolated by hand. This proton-recoil spectrum has been
unfolded by FERDOR to obtain a neutron spectrum. The same data have heen treated by
the code PREJUD and unfolded by FERDOR. The resulis of the manual-FERDOR and
PREJUD-FERDOR are compared in figure 3. The unfolded neutron spectra from these
two analyses are shown as two cross-hatched regions one standard deviation about their
respective mean spectra.

Discussion of Example Problem

It is found that the two spectra overlap (are statistically equivalent) over the range
of neutron energies from about 1 to 10 MeV. Given more analyzer channels in the low-
energy region and adequate counting statistics in the high-energy region, the results of
hand analyses and PREJUD-FERDOR unfoldings should match over the entire energy
range.

The reason for the rather spread of the PREJUD-FERDOR spectrum is the rather
conservative estimate of error; that is, PREJUD uses a linear interpolation of error
values. The error values estimated in hand analyses are apparently associated with the
smaller error of the two surrounding measured points.

The hand calculation represents on the order of at least 1 man day of work; whereas
the execution time of PREJUD for this case was 0. 54 minute on the Lewis IBM 7094-II.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, October 21, 1970,
129-02.




APPENDIX A

INPUT FORMAT FOR PREJUD

Card 1 Card columns 2 to 80 - Identification any valid Hollerith symbols

Card 2 Card columns 1 to 5 - format I5, number of different gain settings fixed point
number from 1 to as many as 4

Card 3

Card columns 1 to 30 - format (2F10.5, I5, I5), gain setting information per-
taining to following set of data:

Columns 1 to 10 (F10.5) Columns 11 to 20 (F10. 5)
M B
where energy of midpoint of each energy bin associated with this gain setting
is Emidpoint = M*row number + B (in MeV f's),
Columns 21 to 25 (I5) Columns 26 to 30 (I5)

Number of rows ignored Number of columns ignored

Card 4+ Column 2 - namelist format, $FESS_IA=(Number of counts, row 1, column 1);
then neglecting card column 1, all counts on 64 by 64 analyzer for this gain
setting, by columns, counts separated by commas

Card 5+ Coiumn 2 - namelist format, $FESS__IA=Same but background for this gain
setting

Repeat cards 3, 4+, 5+ for other gain settings.

If more than one run is to be performed,
start new set with card 1 and same deck format.

10



C

C

C
C

C

APPENDIX B

PROGRAM LISTING

PREJUD PROGRAM
COMMIN IA

DIMENSION E(644+4)31A(64464),

4256),2(256),NR (64)
1 READ(5,230)
WRITE(6,20C5)
WRITE( &9 200}
READ(S5,202)INDFD
IFINJOFE.GT.4) GO 7O 1000
GO 10 1095
1600 WRITE(E,201)
STap
1CCS DO 379C I = 1,NOFD
READ( 542150 XM B ICHN, 1 ZE
215 FORMAT(2F10.5,15,15)
DO 101C J = 1, ICHN

1C1C EtJde1) = 0.0
I[STARL = ICHN + 1
DO 1915 3 = ISTARL,64
1C15 E(Jy1) = B + XMXFLOAT(J)
CALL RD
MI =0
PO 1025 11 = ISTAR164
DD 102C Jl = 1,64

1C2G NREJL) = TA(I1,J1)

MAIN DECK

CALL DSUM(MNR,NSUM1,NSUM2,MI I1l,IZE)

1025 MINR(I1) = M1

AT THIS POINT IN COMPUTATIONS THE MINIMUM COLUMN NOS.

MINR(64) FOR THIS GAIN SETTING.

CALL RD

MR =10

DD 1045 Il = ISTARL 64
DO 104C J1 = 1,64

1¢4C NR(JL) = TA(I1.41)

CALL DSUM(NIyNSBL1yNS32,MR;I1,1ZE)

1045 MINB(I1) = MR

AT THILIS POINT IN COMPUTATIONS THE MINIMUM COLUMN NOS,

GRIUND ARE STIRED IN

GO T3 (2000,220C4240042600) 41

FIRST SET OF DATA
2000 DO 2005 12= 1464
X10I2)= E(12,1)

Y1(I2) = NSUM2(T12)-NSB2{12)
2005 FRI(I2) = SQRT{ABS{YL(I2}})

D7 201C I3 = ISTARL 64
IZ = 12 -1CHN

X1LEZY = X1I{I3)

Y1(IZ) = YI(13}

NSUML (64) s NSUM2 (64) s MINR(64) ¢ MINB( 6
14)y NSB1(64),NSB2{64) s X1 (64) Y1 {64) yERL(64) 4X2(64),Y2(64),FF2(64),X
23064) 3 Y3 E4) 3 ERB(64) 3 X4 (64) ;Y4 (64) 1ERG (H4) ,¥YS1(66),¥52(64),Y53(64)
3, ¥YS4l 64), XINTL256) s YINT(256) s YMNT(256) sFRRO(256) ,YTEMP( 256}, XTEMP{

ARE STORED IN

0OF THE BACK-
MINB (64) FOR THIS GAIN SETTING.
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2010 ERICIZ) = ERLCI3}
2011 ICLEAN = 65 - ICHN
DO 2012 ICLE = ICLEAN,.64
X1{ICLEY = 0.0
YI{ICLE)Y = 0.0
2012 ERICICLEY = 0.0
4 FOPMAT(IHL,6X:42HFIRST SET OF DATA ENERGY,COINTS, AND ERROR .}
WRITE( &54}
WRITE(Ey3MIXI(IK) s YLUIK)ERL(IK) yIK=1,64)
FORMAT(3G16.8)
ITF(YL{1).GT.0.0) GO TO 2030
DO 2020 14 = 1,63
X114} X1{I4+1)
Y1(14) Yi(14+1)
2020 ER1(14) = ERI(I4 ¢ 1)
GO TO 2015
2C30 NOF1 = O
DO 2035 15 = 1,64
IF(YL(I5).GT.0.0) NOF1l = NOF1l + 1
IF(Y1(15).LE.0.0) GO TO 2040
2:35 CONTINUE
2040 NP = NOF1 ¢ 1
DI 2045 1
X1(16} .
Y1(16) .
2045 ERL{I6) = O
GO 1O 2000
2200 DO 220f 112 = 1464
X200112) =E(112,1)
Y2(112) = NSUM2{112}) - NSB2(I12)
2205 ER2(112) = SART(ABSIY2(112)))
DO 2210 113=1STAR1,64%
1Z1 = 113 ~ICHN

~N
<
—
(S, W]

non

6 NP, 64
0
0

0
0
« 0

X20121) = X2(113)
Y20121) = v2(113)

2210 ER2(1Z1) = ER2(113)

2211 ICLEAN = 65 - ICHN
DO 2212 ICLE = ICLEAN,64
X2( ICLE) = 0.0
Y2(ICLE) = 0.0

2212 ER2(ICLE) = 0.0

5 FORMAT(1H1,6X,43HSECOND SET OF DATA ENERGY,COUNTS, AND ERROR.)
WRITE(£,5)
WRITE( €3 )(X2(IK) Y2 (LK) sER2(IK) IK = 1,464}
2215 1F(Y2(1).GT.0.0) GO TOQ 2230
DO 2220 114 = 1,63

X2(114) = X2(114 + 1)
Y2114} = Y2(11l4 ¢ 1)

222C ER2(T14) = ER2(I14 ¢ 1}
GO 7O 2215

2230 NOF2 = 0
DO 2235 115 = 1,64
IF(Y2(115).6T.0.0}) NOF2 = NOF2 ¢ 1
IF{Y2(1i5).LE.0.0} GO YO 22490
2235 CONTINUE
224G NP1 = NOF2 + 1
DO 2245 116 = NPL,64
X2t t16) 0.0
Y2116} 0.0

[
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2245

2400

2405

2410
2411

2412

2415

2420

2430

2435
2440

2445

260C

2605

2¢1C
2611

2612

2€15

2620

ERZ2(116} = 0.0

GO YO 2000

DO 240% 122 = 1464

X3([22}% E{I22.11

Y3L1221 NSUM2(122) - NSB2(122}
ER3{122} = SQRT(ABS{vY3{I22}11

DO 241C 123 = ISTAR1,64

iz2 = 123 - ICHN

X3(122) X3(123)

Y3(122) Y3(123)

ER3(1Z22) = ER3(123)

ICLEAN = 65 ~ ICHN

DO 2412 ICL ICLEAN, 64

X3( ICLE) .
Y3{ICLE) N
ER3(ICLE) = 0O
FORMAT(1H1,6X
WRITE(6,6)

WRITE( &3 )(X3(IK) s Y3(IK)ER3(IK) ;IK=1,6%)
IF(Y3{1).6T.0.0) GO TO 2430

DO 242C 124 = 1,63

X3(124) = X3(I24 + 1)

Y3(124) = Y3(124 ¢+ 1)

ER3(124) = ER3(124 + 1)

GO TO 2415

NJF3 = 0

DO 243% 125 = 1,64

IF(Y3(125).,6T.0.0) NOF3 = NOF3 + 1
IF(Y3(1I25).LE.0.D) GO TO 2440

CONTINUE

NP2 = NOF3 + 1 :

DO 2445 126 = NP2,64

X3(126) =0.0

ot

E
0
0

[ 1]

0

0
0
y424THIRD SET OF DATA ENERGY,COUNTS,AND ERROR. )

Y3(126) =0.0

ER3{12¢) = 0.0

GO TO 2070

DO 260% 132 = 1,64

X4(132) = E(I32,1)

Y4(132) = NSUM2(I32) - NSB2(132)

ER&4(132) = SQRT(ABS({Y4(132}))
DN 261C 133 = ISTAR1 64

123 = 133 - ICHN

X4(123) = X4(133)

Y&(173) = Y4(133)

ER4(1Z2) = ER4(133)
ICLEAN = .65 - ICHN

DO 2612 ICLE = ICLEAN,64
X4( ICLE} = 0,0

Y4( ICLE}) = 0.0

ER4{ICLE} = 0.0

FORMAT{IHl,6X,43HFOURTH SET OF DATA ENERGY,COUNTS,; AND ERROR.)
WRIVE( &, T)

WRITE (631 (X4 (IK)YGUIKI sERG(IK) sIK=1 ,64)

IF(Y4(1),67,0.0} GO TN 2630

DO 262G 134 = 1,63

X6{134) = X4(134 ¢ 1)

Ya4{134) = Y4{i34 + 1}

ER4{ 134} = ER4({I34 + 1}

GO 7O 615




263¢C

2635
2€4C

2€45
3000

C k
3010

C

C S

C B

3015
3020

C H
3030

c

C S

C B8

3035%
3040

H
3050

S

C
c
c
c B

3058
30

14

NOF4 = 0
DN 26738 135 = 1464
IFEY4L 1353 ,67.0.0) NOF4 = NOF& ¢+ ]
IF(Y4LI351.LE.Q.0) GO TO 2640
CONTINUE

NP3 = NOF4& ¢ 1

DN 2645 136 = NP3,64

X4(136) o
Y4l 136) °
ER4(I13¢) = O
GD TO 2000

CONTINUE

NST = NNOF1]
ERE THE FIRST SET OF DATA IS SMOOTHED

CALL SM(Y1,NOF1,YS1)
CALL SSM{YS14,NOF1) CARDS MAY BE ADDED OR TAKEN QUT YO FURTHER
MOOTH DATA,0OR INCREASE FIDELITY TO ORIGINAL DATA., HERE 2 HAVE
EEN USED.

CALL SSM({ YSL,NOF1)

CALL SSM{YS1,NOF1)

FFINST.EQ .NOF1) GO YO 3020

ND = NOFl ¢+ 1

DO 3015 IM = ND,64

X1(IM) = O

6
0
0

W ou

0
0
«0

YSI(IM) = 0.0

ER1(IM) = 0.0

IF({NOFD -~ 1).LE.O) G0 YO 3200

MST = NOF2
ERE THE SECOND SET OF DATA IS SMOOTHED

CALL SM{Y24,NDF2,YS2) »
CALL SSM{YS2,NOF2) CARDS MAY BE ADDED OR TAKEN OQUT TO FURTHER
MOOTH DATA,OR INCREASE FIDELITY TO ORIGINAL DATA, HERE 2 HAVE
EEN USED.

CALL SSM{ YS2,NOF2)

CALL SSMUYS2,NOF2)

IF(NST.EQ .NOF2) GO TO 3040

ND = NOF2 + 1

DO 3035 IM = ND,64

X2(IM) = 0.0

YS2(IM) = 0.0

ER2(IM) = 0.0

IF((NOFD - 2).LE.0Q0)} GO TO 3200

NST = NOF3
ERE THE THIRD SEY OF DATA IS SMOOTHED

CALL SM{Y 3,NOF3,YS3)

CALL SSMIYS3,NOF3) CARDS MAY BE ADDED OR TAKEN QUT TO FURTHER
MJIJTH DATA,OR INCREASE FIDELITY TO ORIGINAL NDATA. HERE 2 HAVFE
EEN USED.

CALL SSM{YS3,NOF3)

CALL SEM{YS3,NOF3)

IF(NST.FQ.NJIF3) GO TO 3060

ND = NOF3 + 1

DO 3055 IM = ND,64

X3 IM) = 0.0

YS3(IM) = 0.0

FR3(IM} = 0.0

IFLENDFD = 31.LE.Q) GO YO 3200
NST = NOF4



C FERE THE FOURTH SET OF DATA [S SWOOTHED
3070 CALL SMIY4,NOF4,YS4}
C CALL SSM{YS4 ,NOF 4} CARDS MAY BF ADDED OR TAKEN QOUT TO FURTHER
C SMOJTH DATAL0OR INCREASE FIDJDELETY TO ORIGINAL DATA,. HERE 2 HAVE
C REEN USEN.
CALL SSM{YS4 NIF4)
CALL SSM{YS4,NOF&)
IF{NST.EQ .NOF4) GO T2 3200
MD = NOF4 + 1
DO 3075 IM
X4( IM) = 0
YS4(IM)
3075 ER4(IM) =
GN 10O 2200
3200 GO YO (3300,3400,3600,3800), NOFD
3300 DO 3305 IPIC = 1,NDF1
XINT(IPIC) X1(IPIC)
YINT{ IPIC) YS1(IPIZ)
3205 ERRO(IPIC) ER1(IPIC)
NALL = NOF1
GO TO 4000
3400 CSUB21 = CON(X1,YSL,NOF1l,X2¢YS2,NOF2)
8 FORMAT({1HS,3X,53HNORMALIZATION CONSTANT OF SECNND DATA SET TO FIRS
XT 1S)
WRITE(€,8)
WRITE(&,6010) CSUB21
DD 3405 IF21 = 1,NOF?2
YS2(IFZz1Y = CSUB21%*YS2(IF21)
3405 ER2(IFZ21) = CSUB21%ER2(IF21)
S FORMAT(5X,26HNIRMALIZED SECOND DAYA SET)
WRITE(£,9)
WRITE(E46010) (X2{1)4YS2(1) sER2(I) 41 = 1,54)
DO 341C IRIC = 1,NOF1

= ND,64%
0

0.0
0.7

iU

XINTCIRIC) = X1(IRIC)
YINTCIRIC)Y = YSI(IRICZ)
341C ERRO(CIRIC) = ERIUIRIZ)

CALL MERSE(XINT,YINT ERROZNOF1 ¢X2,YS2,ER2,NOF2 ;NALL)
10 FORMAT(1H1,5Xy33HMERGFED FIRST AND SECOND DATA SETS)
WRITELE,10)
WRITE(6,6010) (XINTUID},YINT(I)GERRO(I) oI = 1,130)
GO TO 4000
3¢6GC CSUB21 = CONUX1yYSL4NOF14X2 ,YS2,NOF2)
WRITE(648)
WRITE(€,6010) CSUB21
CSUB32 = CON(X2yYS2NOF24X3,YS3,NOF3}
11 FORMAT(4X,s 53HNORMALIZATION CONSTANT OF THIRD DATA SET TO SECOND IS
X)
WRITE(E,11)
WRITE(€,6010) CSuUB32
DD 3605 IF21 = 1,NOF2
YS2(1FZl) = CSUB21%YS2(IF21)
3605 ER2(1IF21) CSUB21*ER2 (IF21}
WRITE(£,9)
WRITE(EHDIOPEX20T) YS2(1) ;ER2(TI},1=1 464}
DY 3510 [F31 = 1,NOF3
YS3(IF21) = CSUB32%CSUB21*YS3(IF31)
3610 RRI(CIF21) = CSUB32%CSUB2L%ER3(IF31}
12 FORMAT(SX,; 25HNUORMALIZED THIRD DATA SETY
WRITE{ 612}

15




3615 ERRQOUISICY

WRITE(6,60L0 (X301 ¥S3LL ) ER3{T}I=1,641
DO 3615 ISIC = 1.NOFL
XRINTOLSIC) KL{ISICH
YINTOISIC) = YSI(ISIC)
ERL{ISICY
CALL MERGE(XINT,YINT,ERRONOF1+X2,YS2ER2 sNOF2 ,NALLY
WRITE{ & 10O}
WRITE(6,6010) (XINT(IY YINT(E) ERRO{I} I=1,128)
NOFM1 = YALL
CALL MERGE(XINT,YINT,ERRO,NOFML ¢ X33YS3,ER3 ,NOF3,NALL)
13 FORMAT(LHS5:6Xs 38HNORMALTIZATION OF FIRST THREE DATA SETS)
WRITE(£,13)
WRITE(€,6010) (XINT(I) YINT(I}ERRO{I) yI=1,136)

ik

i

3620 GO TO 4000
3B00 CSUB21 = CON(X1,YSLoNOF1»X2,YS24NOF2)

WRITE(€,8)
WRITE(6,5010) CSUB2]
CSUB32 = CON(X2¢YS2NOF23X3,3YS3¢NOF3)
WRITE(E&;11)
WRITE(6,6010) CSUB32
CSUB43 = CON(X3,YS3,NOF3¢X4,YS54yNOF4)
14 FORMAT(4X, 53HNORMALIZATION CONSTANT OF FOURTH DATA SET 70 THIRND IS
X) :
WRITE(E,14)
WRITE(€,6010) CSUB43
DO 3805 IF21 = 1,NOF2
YS2(IFz1l) = CSuB21 *YS2([IF21)

3805 ER2(IFcz1) = CTSUB21 * ER2(1F21}

WRITE(€,9)
WRITE(E36010)(X2(1)YS2(I)ER2(I),I
DO 381C IF31 = 1,NOF3

YS3(IF21) = CSUB32%CSUB21%YS3(IF31)

1:64)

3810 ER3(IF21) = CSUB32«CSUB21*ER3(IF31)

WRITE{E&y12)
WRITE(E,6010)(X3(1),YS3(L)ER3(T},!
DO 381% IF41 = 1,NOF4

YS4(IF41} = CSUB43%(CSUB32%C SUB21*YS4(IF41)

1464)

3815 ER4(IF41) = CSUB43%CSUB32*CSUB2L1*ERG(IF4])

3820 ERROCITIC)

15 FORMAT(5X, 26HNORMALTIZED FOURTH DATA SET)
WRITE(E;15])
WRITE(6;6C10) (X&{1),YS&(I) 4ERG(I) 1 = 1,64)
DO 382C ITIC = 1,NOF}
XINTOITICY X1(ITIC)
YINTCITIC) YSIUITIC)
ERL{ITVIC)
CALL MERGE(XINT, YINT,ERROsNOF1,X2;YS2,ER2¢NOF2,NALL)
WRITE(6,10)
WRITECE:6010}(XINTLI) s YINT(L) JERRO(I) I = 1,128}
NOFM1 = NALL
CALL MFRGE(XINT,YINT,ERROsNOF ML ¢ X3,YS3,ER3sNOF3,NALL)
WRITE( 6,13}
WRITE(E, 6010 (XINT(I ) YINT(L} ERRO(L} I = 1,192)
NOFM2 = NALL
CALL MERGE(XINT,YINT,ERRO,NOF M2, X4 ,YS% ¢ERG {NOF4 o NAL L}
16 FORMAT(IHS,6X¢ 3THNORMALIZATION OF FIRST FOUR DATA SETS)
WRITE( 6,161}
WRITE(E,G6OLOMEXINTEL)  YINTUI) (ERRO(E} 1 = 1,256

wonou

3825 GO TO 4000

i6




c

C

C

C

EXPONENTIAL SMOOTHING OF DATA POINTS

4000 NALLM = MALL - 1

00 401C [7R = Z,NALLM
DIMENSION EXSMI3) ,EVYSM{3) EHSMIZ)
YHANT( L) = YINY(1}

EXSM{L) = XINT(IZR - 11}

EXSM{ 2} = XINT(IZR}

EXSM{ 2} = XINT(IZR ¢ 1}

EYSM{1) = YINT(IZR - 1}

EYSM{ 2} = YINT(IZR)

EYSM{3) = YINT{IZR + 1}

EWSM( L} = ERRO(IZR)/ERRO(IZR - 1}
EWSM{2) = 1.0

EWSM( 3} = ERRO(IZR}/ERRO(IZR + 1}

4C1O YMNT(IZR) = WEXSMO(EXSMyEYSMEWSM)

YMNT(NALL )} = YINT(NALL)
NALL = NALL + 1

INTERPOLATION POINTS FOR FEROOR
DATA(Z(I)1=1,2561/.03174+03815.04%4,.0508,.05723.0624,.0762,.2288%
Xy 61015¢012055213957:.1657019684022B6,502657,.302485.3492,,3937,.4445,
Xe49534 255249 .60965.666849. 72339 T8105.8382,3.8954,.3525,.9525:1.01%,
X1e01641.08001:080,1214361:14361620645162791:336,1:39731.4551.52%4,1,
X58759 165191 T1451.778:,1:842,190591:968,2.732,2:096+:2,159.2.222,2
Xe286¢2635002:41342:4T6432:5432:66752:79452.9213.7%8,3.17553.302,3,
X42993e55693.683,3:8153:937:4.064434.191,4:.31874.445,4:572,46.699,4.8
X26p 4;953, 5-08' 50 2071 5. 33415-44'505815-72'5-8"*95 096 ,5.39,6.22,6.34,
6654y 60T3566325 711763037049, T668;7:88,8.07:8.26:8.44,8.64,8.82,9
Xe02¢9621y 96405965899 7859.97510:16510:35517:55410673,16.93,11.10,1
Xlo30! 143*0.0/

SPLINE FIT

5000 NALL = NALL - 1

CALL SPUN{XINT, YMNT NALL,Z,YTEMP,113}
CALL ERRJR({XIMY,ERRO¢NALL¢Z XTEMP,113)

5010 KAS = 1
5015 [F(YTEMP{KAS).NE.G.0} GO TO 5030

LOW ENERGY EXTRAPOLATION

5020 CALL EXTRA(XINTAL) YMNTIL) o XINT(2) s YMNT(2) oXINT(3) s YMNT(3),Z(<AS),

1Y TEMP (KAS ) (KA S)

XTEMP (KAS) = YTEMP(KAS)®*(ERRO(L}/YMNT{1})
KAS = KAS ¢ 1

GO TO %015

5030 NIR = 1

DO 5035 LINC = 1,256

IFCYMNTILEINC) oGTe25.,0) NALL = LINC
IFCYMNT(LINC).LE-25.0) GO YO 5036

5035 CONTINUE
5036 CONTINUE

DO S04C LR = 14113

IFIYTEMPILR)GT.25.0) GO TO 5040
HIGH ENERGY EXTRAPOLATION

CALL HIEXT(XINT(NALL-4) YMNTUNALL=4) 3 XINT {(NALL=3 ) YMNT (NALL =3},
IXINTONALL=2) s YMNT{NALL=-2) s XINTONALL=1) (¥YMNT (NALL~1) (X INT(NALL),Y¥\
2TINALL }oZ (LR} s YTEMP (LR} 4NIR)

NIR = 2

XKTEMP (LR} = ERRO(NALL}

504C CONTINLE

6CNC WRITE(E,6010V T 2L o YTEMPIL) ¢XTEMP(I} ,I=1,113)
200 FORMAT(8OH

i }

-1




201 FORMAT(LOH TOO MANY DATA SETSH
202 FORMAT{IS)
205 FORMATOIHLY
6CIT FORMAT(3516.81)
602C PUNCH 200
PUNCH €030(IYTEMP(I} XTEMPL{I) sI=],113}
6030 FORMAT(25X+I3422X+E10.3,10X:E10.3}
GO 10O 1
END

$IBFTC LINER DECK

SUBROUTINE ERROR(XyYsNgZyXT,INT})
C ERROR ESTIMATE

DIMENSION X(256),Y(256),2(256),XT(256)
DO 40 I = 1,INT
TF(Z0I )L TeX(1)eORZ{IDGT X{N)) XT(I) = 0.0
IFCZET)al TeX{1)eORZ(I)GTX(N)) GO TO 4D
IF(ZOI)1.5Q.X(1)) XT(I) = Y(1)
IF(ZUI).EQ.X(1)) GO TO 40
IF(ZUT)EQX(N))Y XT(I) = Y(N)
IF(Z(1)EQ.XIN))} GO TO 40
DO 30 J = 24N
IF(ZUIYeL EcX(J)oANDZ(I)GE- X(J=1)) XT(I) = Y(J-1) «((Y(J)I-Y(I-1))
/(X3 )=X{d=1V )= (2 (1) =-X{J=-1))

30 CONTINUE

40 CONTINUE
RETURN
END

$IBFTC WEXS DECK

FUNCTION WEXSMO(XsY,W)
C WEIGHTED EXPONENTIAL SMOOTHING OF DATA
DIMENSION X(3),Y(3)sW(3),H(3)
DOUBLE PRECISION ZUCK yZACK yZ0ORP ¢ AKE s AKKsARP,FARGN, APPLE

NAG = C

DO 11 K = 1,3

IF(Y(K)IL2,11,11
12 Y(K} = AR S{Y(K})

NAG = 1

11 CONTINUE
IF(NAG) 13,60,13
2 WRITE(&:6)
6 FORMAT(TTHJINEGATIVE Y VALUES HAVE BEEN MADE POSITIVE IN CALCULATID
INS BEYOND THIS LINE. //7/})
60 DO 130 1 = 1,3
HUT)Y = ALODGLY(I))
130 CONTINUE

1

ZUCK = 0,000
ZACK = 0.000
ZORP = 0.000
AKE = 0.00D0

18



AKK G.0D0
ARP 0.000
DO 10 I = 1,3

ZUCK ZUCK + WL}

ZACK = ZACK + XU{I)#Wil}

[1 ]

#

LORP = ZORP + H{[i#W(i)

AKE = AKE ¢ XU{IJ%W{I}

AKK = AKK + W{TheX([)%%2
1C ARP = ARP & X({I)eH{I)®xW(l}

FARGO = ZUCK*¥AKK - ZACK%®xAKE
IF(FARGO) 30,20,30

20 WRITE(¢€,8)

8 FORMAT(30H DIVISION BY ZERO NO SOLUTION.)

RETURN

30 APPLE = (I0RP%*AKK - ZACK®ARP) /FARGOD
ALPHA = DEXP(APPLE)
BETA = (ZUCK%ZARP - ZORPXAKE) /FARGO
WEXSMO = ALPHAXEXP(BETA*X(2))
RETURN
END

$IBFTC NOW DECK

SUBRDUTINE SSM{ XN}
C FIVE POINT SMOOTHING OF DATA POINTS
DIMENS ION X(64)
DOUBLE PRECISION XD{64) XLI{64)
DO 1C I = 14N
10 XDOI)Y = X(1I)
[FIN.LT.5) GO TO 59
N0 20 I = 1,N
[F(XD(1).6To0.0) XL(I) = DLOGLO(XD(I})
20 CONTINUE
XDU1) = (XL(1)%69.0ND00 + XL(2)%4.0D0 - XL{3)%5,.7D0 + XL (4)%4.7D0 -
IXLES)Y)Y/T0.0D0
XD(2) = (XL(1)*%2,0D00 + XL(2)%27.0D0 + XL{3)%12.0D2 - XL(4)%8.,0D" +
1 XL{5)%2,0D0) /35,000
XDIN-1) = (XL(N-4)%2,0D0 - XL{N-3)}%8.0D0 + XLIN-2)*12.0D0 + XL(N-1
1)¥27.0D00 + XL(NI®*2,000) /35,000
XD(NY=(-XL(N=4) + XL{N-3)%4,000 - XL{N=-2}1%6,0D00 + XL{N=-1}%4,0D0 +
IXLIN)}*£9.0D0)/70.000
NM2 = N - 2
00 3C I = 3,NM2
30 XDUI) = (-XL(I-2)%3,000 ¢ XL(I-1)%12.0D0 ¢ XL{I}*17.0D0" ¢ XL{I#l}%
112.000 - XL(I+2)%3.000}/35.000
DO 40 [ = 14N
4C X(I) = (1C.0D0)%%xXD (1)
5C RETUKRN
END

19




$1E8FTC NUN DECK

&y

SUBROUTINE SMIXNXS)
FIVE POINT SMOOTHING OF DATA POINTS
DIVMENSION X641 ,XS(64)
DIUBLE PRECISION XD ({64} XL{641}
DO 10 | = LN
N XDOTY = X(1)
IF(IN.LT.5} GO TO 50
D3 20 [ = 14N
[F(XDC 1Y GT.0.0) XLCIY = DLOGLOC(XD(I}}
20 CONTINUE
XDU1} = (XL(1)%69.030 ¢ XL{2)%4,0D0 - XL{(3}*%5.,00D00 + XL(4&)*4.,7°D0 -
IXL(5)) /70,000
XD(2) = (XL(1}*2,0D0 +# XL(2}%27.0D0 4+ XL{(3)}*12.0D00 - XL{4)})%8.0D0 +
1 XL(5)%2.0D0)/35.0D0
XO(N=1}) = (XL(N-4)%2,0D0 - XL(N=3)%8.,0D0 4 XL(N-2}%12.0D0 + XL({N-}
1V%27.0D00 + XLI{NI%®2,000)/35.000
XDIN)Y=(=XLIN-4} ¢ XL(N=-3}%4,0D0 - XL{(N=2}%6.0D0 ¢ XL(N=-1}%4.0D0 ¢
IXLINY*€69,0D0)/7C.0D0
NM2 = N - 2
DN 30 I = 3,NM2
30 XDOI) = (=XL(1-2)1%3.0D0 ¢ XL(I-11%12.0D0 ¢ XL(I)%17.7D0 + XL(I+1}%
112.000 - XL{I+2)}%3.,000})/35.0D0
DO 40 I = 1N
40 XS{U) = (10.0D0)%%XD(1)
RETURN
50 DD 60 |1
6C XS(I) =
RETURN
END

= 14N
X(I}

$I1BFTC MUB DECK

20

SUBROUTINE MERGE(XINT,YINT,ERROsNOF1,X2,Y2+ER2:NOF?, IFINAL}
MERGE RJIUTINE
DIMENSION X1(256) ,YL{256}) yER1(256) ¢ X2 (64) s¥Y2 {64} ;ERZ(64),XINT(256})
Le YINT( 256} ,ERRD(256)
IF(NOF1.GT.256}5T0P
DO 10 I = 1,NOF1

X101 = XINT(ILY
YI(tI) = YINT(I}
ERLEI) = ERRD(1}
XINT{I) = 0.0
YINTCL) = 0.0

1C ERRO(I} = 0.0

15 IfFF = 1
IMF = 1
IFINAL = 1}

20 IFUXTILIFF ) LT X2(IMF)Y GO TO 45
IFIXIOIFF }EQX2(IMF}) GO TO 65
25 XINTOIFINALY = X2(IMF}
YINTOIFINALY = Y2ZUIMF)
ERRO( IFINALY ERZUIMF}
30 IFCIME LEQ NOF2) GO 10 35
f4F = MF ¢ 1

i



FFINAL = IFINAL + 1}
GO 10 20

35 TFUIFFLETINIFLY GO TO 40
IFINAL = [FINAL + 1

KINTCIFINALY = XLLIFF)
YINTOIFINALY = YL(IFF}
ERROCIFINAL) = ERI(IFF)

[FF = IFF 4+ 1
GO 1O 35
40 [FINAL = [FINAL + 1

XINT(IFINAL) = X1{NOF1)
YINTOIFINAL)Y = YL(NOF1)
ERRO(C IFINAL) = ERL{NOF1)
44 RETURN
45 XINTUIFINAL)Y = XL(IFF)
YINTOIFINALY = YL(IFF)
ERROCIFINAL) = ERLUIFF)

50 IF( IFF.FQ.NJF1) GO TO 55
IFF = IFF + 1
IFINAL = IFINAL + 1
GO 70O 20

55 TF{ IMF.EQ .NOF2) GO TO 60
IFIMAL = IFINAL + 1

XINTOIFINAL) = X2(IMF)
YINTOIFINAL) = Y2(IMF})
ERRO( IFINAL) = ERZ2(IMF)

IMF = IMF ¢ 1
GO YO ES5
60 IFINAL = IFINAL + 1

XINTCIFINALY = X2(NOF2)
YINTUIFINAL) = Y2(NOF2)
ERRO(IFINAL)Y = ER2(NDF2)

RETURN
€5 IF(ERL(IFF).LT.ER2(IMF)} GO TO 70

XINTOIFINAL)Y = X2(IMF)
YINTEFINAL) = Y2(IMF)
ERRO(CIFINAL) = ER2(IMF)
IF{IFFLEQ NIOFL) GO TN 44

IFF = IFF+ 1
G0 0 :o0

TG XINTCIFINAL) XL(IFF)
YINT(IFINAL) YL{IFF)
ERRO(IFINALY = ERL(IFF)
IF(IMFGEQ NIDF2) IFF = [FF + 1
IF{ IMFL.EQ NOF2) GO TO 35
IMF = IMF ¢+ 1
GO 1O E0
END

$IBFTC PREXTR DECK

SUBROUTINE EXTRA(XL YL ¢X2 Y2 X3 o ¥3 s XINT,YINT KR2)
C LOW ENERGY EXTRAPOLATION
DIMENSION X{3}:Y{3},W{3},H(3}
DOURBLE PRECISION ZUCK s ZACKZORP 3 AKE s AKK,ARP,F ARGO, APPLE
[FIKR2.GT.11G0 TO 1000




N&aG = C
Wil}l = 10.0
Wl2) = 1.0
WE3) = 0,10
X1y = X1
X(2) = X2
X(3}) = X3
Y(i1) = Y1
Y2y = Y2
Y{3) = v3

DO 11 K = 1,3
IF(Y(K)II12,11,11
12 Y(K) = ABS(Y(K))
NAG = 1
11 CONTINUE
[FIMNAG) 13,6N,13

2 HRITE(&46)

6 FORMAT(TTHINEGATIVE Y VALUES HAVE BEEN MADE POSITIVE IN CALCILATIO
INS BEYOND THIS LINE. //7)
6C DO 13C I = 1,3

H{I) = ALOG(Y(1))
13C CONTINLE

1

ZUCK = 0.0D0
ZACK = 0,000
IORP = 0.0DD
AKE = 0,000
AKK = 0,0D0
ARP = 0,000

DO 10 I = 1,3

ZUCK = ZUCK + W(I)

ZACK = ZACK + X{I)*W(I)

I0RP = Z0RP + H(Il)*W(])

AKE = AKE + X{(I)*W(I])}

AKK = AKK + W{TI)eX({1)*%2
10 ARP = ARP &+ X(I)*A(I)%W(T)

FARGD = ZUCK%AKK -~ 7ACK*AKE
IFCFARGD) 39,20,30
20 WRITE(E,8)
8 FNRMAT(30H DIVISION BY ZERO NO SOLUTION.)
RETURN
30 APPLE = (IZ0RP%AKK - ZACK%ARP) /FARGD
ALPHA = DEXP(APPLE)

BETA = (ZUCK*ARP ~ ZORP*AKE)/FARGO
10CD YINT = ALPHA * EXP{RETA%*XINT)
RETURN
END
$IBFTC uP DECK
SUBROUTINE DSUM{(NROW, NSUML ; NSUM2 ¢MI 51 ,1ZE)
C MINIMUM FINJIING ROUTINE
DIMENSION NROW(64) sNSUMLI64) ¢ NSUMZ (64) ,A(64)
MLSY = MI
2 FORMAT(IH ,9HDSUML ERRI6}
K = 1|

WRITE( €, 3INROW, 1

22



3 FORMATULOLIT/L6IT/161T7/71617/715)
D3 10 11 = 1,64
10 A(IT} = NROW(IT)
IFIMI.EQ.0} GO TO 12
IFIMI EQ.T17E} GO YO 60
GO T0O 100
12 IF(ACTZE+1).GT.100.0.0R.A(1ZE42}.GT.130.0} GO TO 20
TFLACTIZE+3)eGT.100.0.0R. A(12E¢4).5T.100.0) GO TO 20
GD TO €0
20 TA = 2 + IZE
25 IFCAL TA-1) GT.A(IA) . AND.A(IA} . LT.A(TA+1)) GO TO 3)
IFCAUTA-2) oGToA(IA) G AND(A(TA)EQ. ALTA-L) s AND. A(TA) LT A(TA+1)}) G
10 70 3¢
IF((CAUTIA-3) GT.A(IA) ANDA(IA) cEQ.A(TIA-1)). AND.A(TA).EQ.A(TA-2)).
IANDACTA) JLTA(TIA+Y))Y GO TO 30
IFLACTA).EQ.0.0) GO TO 40
26 1A = IA + 1
IF(TALCGE.64)WRITE(6,52) 1A
GO 1O 25
30 IF{A{TIA) . GE{A(TIA+1)-3, C¥SQRT{A(IA+1)}))OR.(A(TA).GT . A(TA+2))) GN
XTo 35
GO T 40
35 IF({A(TA+2)-A(IA)).LT.C.D)}GO TO 26
IFC{ACIA+3)-A(IA}).LT.0.0)50 TO 26
IFCLACTA+4)-A(TA)).LT.0.0)G0 TO 26
40 ISUML =0
ISUM2 =0
IB = 1A -1
IC = IA + 1
DO 45 IR
45 ISUML
ISumi
ISum2

= lyIB
SUM1 + NROW(IR)
SUML1 ¢« NROW(IA}/2
ROW(IA)/2
DO 50 = IC, 64
50 ISuUM2 TSUM2 + NROW(IS)
IFINRDW(IAY.GT.ISUM2/ 7) ISUM2
IFINROW(IA).GT.ISUM2/ T) [ SUML
IFINROW(TIA) . GT.ISUM2/ 7} TIA = 0O
IF( ISUM2 «EQ.0) GO TO 51
IFCLISWML/ISUM2)L.LEL.10000) GO 7O 51
IA =0
ISuUM1
1SUM2
51 MI = 1A
NSUM1(K) ISUML
NSUM2(K) Tsum2
TD0Q FORMAT{5X,; 24HMINIMUM COLUMN ABQOVE IS ,I2)
WRITE( €, 7000)MI

L Yty

(%]

How Wonn

won
o

0
0

RETURN
60 ITFOAMAXI(A(IZE+L) JA(IZE+2) yA(12E+3)).EQ.0.0) GO TO6S
GO YO 15
€5 Ia = 117F
fSuM1 = 9
ISUM2 = 0
DO 7C 17 = 1,64
70 ISUMZ2 = ISUM2 + NRDW(LZ}
GO 10 ©1
75 1A = I7E + 3
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76 IFOALTATEQeQ. G ANDALTA-1}.EQ.0:01G0 TO 80
IA = [A ¢ |
IF{TAEQe64IWRITELGL,2)1 1A
GO TO 76
8C TA = [A~1
[SuMl = 0
ISuMz =0
DO 85 117 = 1:IA
85 ISUM1 = ISUM]1 + NROW(IZZ})
D3 90 1ZZ1=1A,64

90 ISUMZ2 = ISUM2 + NROW(IZZ1)
GO TO £
100 IF(MI-CS.GT.IZEVIA =M ~ 5
IF(MI-E.GT.IZEIGO TD 25
GO Y00 20
END
$IBFTC ZING DECK

FUNCTION CON(X,YyNyXF o YF M)
C NORMAL TZATION CONSTANT ROUTINE
DIMENSION X(256)yY(2)6)'X1(256).Yl(ZSb).YS(?Dé),XF(64)yYF(64)
D010 1T = 1,64

X101y = XF(1)
YLI(I) = YF{I)
1C ¥YS{I) = 9,0
CALL SPLN(X5Y¢NyX1sYSeM)
CONF = 0.0
DIV = C.0
DO 20 I = 1,64

TF(YSCI)eNE.O.0OIDIV = DIV+ 1.0

IFCYSII)eNE:C.0) CONF = CONF ¢ YS({I}/VYLl (]}
20 CONTINUE

CON = CONF/DIV

RETURN

END

$IBFTC DUB DECK

SUBRDUTINE RD
C READ ROUTINE
COMMON 1A
DIMENSION [A(64,64)
NAMEL [ ST/FESS/IA
1 READ{ 5,FE SS)
RETURN
END
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$IBFTC POSTEX DECK

SUBROUTINE HIEXTIXL oYL X2 Y2 o X3 s Y3 X4 oV X5 ¥5 s X INT ¢ YINT K88}

C HIGH ENERGY EXTRAPOLATION ROUTINE

12
11
12
&
1
60

130

10

30

1000

DIMENSION X(5),Y(5) sW{5}) H{5])
OOUBLE PRECISION ZUCK ZACKZORP ;AKE s AKK ARP,FARGD, APPLE
[F{K88.,6T.L} GO TO 1700

NAG = C
WiL) = 1.0
W(2) = 2.0
W(3) = 4,0
Wl4) = 8.0
W(5) = 16.00
X(1) = X1
X2}y = X2
X{(3) = X3
X(4) = X4
X{5) = X5
Y1) = Y1
Yz)y = v2
Y{3j) = v3
Y{4) = Y4
Y{5) = ¥5

Do 11 K = 1,5
IF(Y(K})I12,11,11

Y(K) = ABS(Y(K))

NAG = 1

CONTINUE

TF(NAG) 13,60,413

WRITE{ €:6)
FORMAT(TTHINEGATIVE Y VALUES HAVE BEEN MADE POSITIVE IN CALCULATID
NS BEYOND THIS LINE., ///)
DO 130 1 = 145

H{I) = ALOGLY(I))

CONTINUE

ZUCK = 0.,0D0
7ACK = 0,000
70RP = 0,000
AKE = 0.002
AKK = G.0D9
ARP = 0,000

DD 1C I = 145

ZUCK = ZUCK + W(I)

ZACK = ZACK + X(I)*W(I}
I0RP = ZDRP + H(I)*W(I)
AKE = AKE + X{I})*W(I)

AKK = AK< + W{IIRX{I)*%2
ARP = ARP & X{II=HUTI}*RW(L)

FARGD = ZUCK*¥AKK - ZACK*AKE

IF{FARGD) 30,520,430

WRITE(£,81

FORMAT(30H DIVISION BY ZERQO NO SOLUTION.)

RETURN
APPLE = (ZORP¥AKK = ZACK*®ARP} /FARGO
ALPHA = DEXP(APPLE]}

BETA = (ZUCK®ARP - ZORPEAKE} /FARGO
YINT = ALPHA % EXP(BETAXXINT}
RETURN

ERND
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$1BFTC SCRE DECK

c

26

10

an

40

45

50

€0

£5

¢
15

80

85

8¢

SUBROUTINE SPLNUX VeNsZyYINT,MAX}

SPLINE ROUTINE

DEMENSION X(2561,Y(256) 320256} YINT{256})

DIUBLE PRECISION 52563 sA {2561 ¢B(256) ,C(2561,;F (2561 ,W{256),5B(256}
Ly Gl 2561, EM{256) ¢IYDX(256) sD2YDX(256) 4CURV(255) 4RAD(256) 4SIM( 256}

DD 10 I = 2,N
SCI)y = X(I) - xtr-1j
NO = N - 1

[F(2.6T.NO) GO TO 25
DO 20 I = 2, NO

ACTY = SCIV/6,.0

BOI) = (S(I)+S({I+1))1/3.0

CtI) = S(I+1)/6.0

FOIY) = (Y(I+L)=-Y(I))/S(Ie1)—(Y(L)=Y(I-0))}/S(T)
A(N) = -0.50

B(1l)= 1.0

BIN)= 1.0

C{1}) = ~0,.50

F(1) = 0.0

FIN} = 0.0

W(i1) = B(1)

SBU1) = CUlL)/WIL)

G{l) = 0.0

D0 30 I = 2N -
WOIY = BUIY-A(I)%SB(L-1)

SBUI) = COIM/WLY)

GEI) = (FID)-ALI)I%G(I-1)) /utl)
EM(N)} = G{(N)

DD 40 1 = 2,N

K =N +1-1

EM(K) = G(K) —~SB(K)*EM(K+1)
SUM(1) = 0.0

DD 45 I = 24N

SUMC I =SUMCI-1I+S{DIe (Y (D) +Y(I-1))/2.-SUI %3 % (EML LI4EM{I-1))/ 24,
DO 90 I = 1,MAX

K =2 ’

IFCZCTI)-X(1)) 60,450,792

YINTUI)=Y (1)

GO0 T0 €6

IFCZ(I)LTeX(1)) YINT(I) = 0.0

IF(ZCTI1.LTX(1)) GO TO 90

GO Y2 85

IFCZOIYGTXINY) YINT(I) = 0.0

IFCZET)e6ToX{N)) GO TO 90

K = N

GO 1O €5

IF(ZUT)-X{K)) 85,75,80

YINT(I) = Y(K)

GO TO 86

K =K 41

IF{(K-N} 7070465

YINTOTI ) =EMIK- DI (X(KI-Z(I V1 %%3 /6. /S{KI+EMIKI #{Z (T} -X{K-1}}%%3/6,
L/SIKP#{YIRKY/SIKI-EMIKIESIK) 76 )% (2 (1) =X{K=1h P+ (VY K-}/ S{K}~EM(K=-1}
2FESIK 76 b= X(KI-Z(1}}

DYDX{ T ho~EMIK=1I* (KK = Z{1 31 %452 /2. 0/S{RISEMIK) RN (K- 1701 } ) H%2/2,
TO/SHK P (Y IK =YK~ 1} /SURE - (EMIKI“EMIK=-1}) %5{KI /6.0

DZYOX{T) = EMIK-LI= XK ~Z {0 3 /S EKY #EMIRKI % {7 (T ~X(K=-1}3/SIK}



CURVE T} = D2YDXA{I ) /{1 +DYDX{T b ek2) %%l 5
RADUIY = 1o/CURVIT)
90 CONTINUF
RETURN
END
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Figure 1. - Portion of output display of two-dimensional analyzer. (CS 46341)
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Figure 2, - Series of pulse height distributions obtained using stilbene

and polonium-210 - beryllium source (ref. 2).
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Figure 3. - Plutonium beryliium spectra unfolded by FERDOR input prepared manually and by PREJUD.
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