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ANALYSIS OF COMPTON CONTINUUM MEASUREMENTS

by

R. Gold and I. K. Olson

ABSTRACT

Five computer programs: COMPSCAT, FEND, GABCO,
DOSE, and COMPLOT, have been developed and used for the
analysis and subsequent reduction of measured energy distri-
butions of Compton recoil electrons to continuous.gamma spec-
tra. In addition to detailed descriptions of these computer
programs, the relationship amongst these codes is stressed.
The manner in which these programs function is illustrated by’
tracing a sample measurement through a complete cycle of
the data-reduction process.

I. INTRODUCTION

The development of high-resolution (lithium-drifted) solid-state
detectors for gamma-ray measurements is a significant experimental
advance which has been widely applied in nuclear spectroscopy. Work
with these detectors has focused on precise definition of nuclear energy
levels by accurate gamma-ray-energy measurements (of the photopeak
response). In such investigatidns, only a limited number of transitions
can be successfully analyzed because of the dominance of the Compton
response in these detectors. Hence, these detectors cannot be used in the
same manner (i.e., as photopeak detectors) for measurement of continuous
gamma-ray spectra.

Although the dominance of the Compton recoil continuum in these '
detectors is regarded as an unwanted and troublesome complication in
nuclear (energy-level) spectroscopic studies, it is precisely this response
which can be exploited for continuous gamma-ray spectroscopy.'”® Indeed,
the Compton distribution and the continuous gamma-ray spectrum are
directly related by a well-defined integral equation. Consequently, the
continuous gamma-ray spectrum can be determined from an unfolding cal-
culation® in terms of the measured electron-recoil spectrum.

Compton-continuum measurements have been carried out with
solid-state silicon detectors. In these silicon detectors, the Compton
response dominates by more than two orders of magnitude in the broad
energy region from 100 keV up to a few MeV. Consequently, all other



photon-interaction modes can be neglected and the response kernel (or
response matrix) can be calculated from first principles, provided that
corrections have been introduced for effects of finite detector size. It is
of interest, therefore, to compare the present treatment with the work of
Silk and erght 577 who have 1ndependently recognlzed the merit of
Compton- continuum measurements.

Five computer prograrn.s: COMPSCAT, FEND, GABCO, DOSE, and
COMPLOT, have been developéd for the analysis and reduction of electron-
recoil spectra. The relationship among these programs is’ depicted in

' Fig. 1. The COMPSCAT program

COMPSCAT - : constructs the Compton response
GABCO - COMPLOT .

FORM C MATRIX AND function (C-matrix) and uses iterative
FORM- G-MATRIX ERROR MATRIX. UNFOLD PLOT ELECTRON AND

EXPERIMENTAL DATA GAMMA SPECTRA unfolding to obtain the gamma con-

tinuum from the experimental
DOSE electron-recoil data. In addition,

TE 00SE COMPSCAT provides the random

FEND FROM OBSERVED
EXTRAPOLATE GANOIA  SPECTRM error induced in the unfolded gamma

s e haD spectrum. Under this option, an
VECTOR WP = WADJ - ¥ .

error matrix is constructed and iter-
ative unfolding is again employed to

Fig. 1. Block-diagram Form of the Rela- obtaln error estimates.

tionship among the Computer

Programs COMPSCAT, FEND, . . ’
GABCO, DOSE, and COMPLOT. Correction of the gamma
ANL Neg. No, 113-3190 Rev. 1. . spectrum for the contribution due

to gamma rays beyond the high-energy
truncation point of the response matrix is carried out in the program FEND.
The FEND program extrapolates the gamma continuum furnished by
COMPSCAT into this high-energy region and thereby furnishes the cor-
rected electron vector, WP, which can again be processed by COMPSCAT.

Program GABCO provides for correction of finite-size effects.
Measurements of silicon detector response due to monoenergetic gamma
rays are used in GABCO to form the G-matrix; a matrix which describes
the effects of finite detector size. The G-matrix is used, in turn, in
COMPSCAT to correct the observed recoil-electron spectrum for finite-
size effects.

Program DOSE applies an additional finite-size correction, the
P-matrix, to gamma spectra produced by COMPSCAT. The corrected
gamma continuum is then used in DOSE to calculate the (infinite medium)
physical dose.

It is essential that electron and gamma spectra be available for
examination and comparison at crucial stages of the data-reduction process,
These requirements are satisfied by the plotting program COMPLOT. The
COMPLOT program uses output from COMPSCAT to plot the desired
electron or gamma spectrum.



Sections II to VI contain detailed descriptions-of the computer codes
COMPSCAT, FEND, GABCO, DOSE, and COMPLOT,Arespectively. Tofurther-
illustrate the manner in which these codes function, treatment of a sample
‘measurement is followed through all programs, and results of the data treat-
ment for this case are given. Actual listings of these five computer pro-
grams can be found in Appéndixes A to E. Appendix F contains a listing of
input and output data for the sample measurement.

1I. COMPSCAT

The integral equation which relates the scalar photon flux, 3(e,), to
the Compton-electron continuum, W’C(E), 'is given by?2»3 -

W.(E) = Nef:; (E, €0)2(eo) dey, ‘ (1)

where do‘c/dE is the Compton-scattering cross section (per free electron),
and N, is the total number of electrons in the detector. The desired
Compton cross section can be obtained d1rect1y from the Klein-Nishina
formula in the form?® !°

do.. mr3 2 eo-EV g - E
c 0 E 0 0 ‘
(E,e0) = —14l= +2< >+ [(E-1)2-1]), (2)
dE T (g - EP | \e3 € €} o
where ry = e /mc is the classical electron radius, with e the electron
charge, m the electron mass, and c the veloc1ty of 11ght in vacuum. In
addition, the initial photon energy, ¢, and the electron energy, E, in the

final state are expressed in units of the electron rest mass:
mc? = 0.510976 MeV.

In the numerical treatment of this type of integral equa.’cion,4 it is
customary to introduce the matrix approximation

W. = C§, . | | ~ (3)

where W, and & are vector representations of the continuous electron and
photon spectra, respectively. The Compton response matrix, C, is defined
in terms of the response kernel in the usual manner as

. ( )J+1 d c .
- Cy; = Ng T (Ei,eo) deg; . i;j = 1,2..m. (4)

J : dE
Y . A

Using constraints imposed by the Compton-scattering process, one
can obtain a particularly advantageous representation of the Compton
response matrix C. More specifically, given a recoil electron of energy E,
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the permissible range of initial photon energies is bounded from below by8 1o

(oo = (E/2)[1+(1+2/E)? . | - (5)

Thus, for this given recoil energy E, the response kernel, dcc/dE, must
vanish for all g < (eg).. This condition can be used to obtain an (upper)
triangular representation for the C matrix. The advantages which accrue
from iterative unfolding of triangular-type response matrices are well
estabhshed 4

Let A be the energy mesh spacing (in MeV units) used for the
measurement of the electron-recoil distribution. Then, the mid-bin
electron energy Ej, corresponding to the component (Wc)i, is given by

E; = A i/mct C i =1,2..m. (6)

The lower and upper energy values bounding the ith bin are therefore

' 2mc? :
and
A | : ' :
El = E; + , . ‘ (7b)
1 2mc? .

respectively. This experimentally dictated mesh in E-space can be used

. in Eq. 5 to generate a corresponding decomposition of ¢,-space.” One finds

- (eo); = E—Zl[l (1 +%>1/2}, | - (8a)

L a2 -
(eo)t E—Zl[l +<1 ¥§> } . | (8b)
| S EY[ ) 1/2 , ,
(e:o);1 Tl[ <1 -I—iEZ > . :] : (8c)

For this specific decomposition of E-space and ¢y-space, the C matrix
possesses the triangular form

and



(eo.)j doc ; .. . .
Cij = N E(Ei, gg)deg; 1< i ' : (9a)
(%)i’ '
J
and

Pulse-Shape Discrimination (PSD) is used to reject defective events
due to electrons that enter or leave the finite sensitive volume of the detec-
tor. Under PSD operation, finite size effects can be treated by introducing
two diagonal correction matrices, G and P, into Eq. 3. This modification
of Eq. 3 can be written in the form

W, = Cip, (10a)
where W 1is related £o the raw electron spectral data W by

W= GWe (10b)
and & is the P-matrix modified gamma spectrum given by

5, = P8, |  (100)

=P

Further details on tlherrigin and nature of the G and P matrices can be
found in Sects. IV and V, respectively, as well as in Ref. 3.

_COMPSCAT generates Compton response matrices as defined in
Egs. 4-9. The general flow chart for the COMPSCAT code is displayed in
Fig. 2. Table I lists the card input, formats, and definitions of the vari-
ables and constants used in COMPSCAT.

After reading in the problem identification and input parameters,
the G-matrix is formed with the fitted least-squares coefficients obtained
from the GABCO code (see Sect. IV). The initial vector for the ITERAT
subroutine is also formed at this point. Various types of input spectra
.can be used in COMPSCAT under the option KIND as indicated in Table I.
Raw experimental data are treated under the KIND = 1 option. Figure 3°
displays the raw data for the sample measurement. This electron spec-
trum was obtained in a low-power irradiation of the Argonne Thermal
Source Reactor (ATSR) depleted-uranium Snell block.

The raw-data W are then adjusted to produce the Compton continuum,
Wc(E), which is designated by the WADJ-vector in COMPSCAT. One has

(WADJ); = (F/Gy)(W);; i =1, 2..m, (11a)

11
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8

READ IDENTIFICATION, LOWCH, MAXCH,
KIND, A, TIMEL, S, ITVEC

FORM G-MATRIX
AND XI VECTOR

GON .2

(KIND) 3

| READ INPUT READ W INPUT
VECTOR BY 6EI12.5 | VECTOR BY 12F6.0

NO
FORM NORMALIZATION -
FACTOR S

|

FORM C-MATRIX ADJUST INPUT

VECTOR BY
?RINT ENERGIES. F/G AND PRINT

PRINT MATRIX

FORM - -
ERROR
MATRIX

PUNCH-ADJUSTED
VECTOR

CALL

| TERAT ‘l

GO TO 8

MULTIPLY TEST
VECTOR BY MATRIX.
STORE RESULTANT
VECTOR, Y, IN W.

Fig. 2. General Flow Chart for the COMPSCAT Program, ANL Neg. No. 113-3193 Rev. 1.



TOTAL COUNTS

TABLE'I. Card input for COMPSCAT.

Card

Type  Format . Description
] 2X17A4,A2  Problem identification. (Col. 3-Col. 72) ~
@ 13 LOWCH = Lowest channel used in array of experimental
data.
13 MAXCH = Highest channe! used (<128).
13 KIND = 1, 2,3 or 4
1 = Raw experimental data. Punch. adjusted data.
2 = Same as 1 except no punchout of adjusted data.
3 = WP-vector input, or test vector.
4 = WADJ-vector input for error vector unfolding, or
~ test vector.
F9.2 A - MeVichannel (experimental mesh). (Col. 10-Col. 18)
E12.5 TIMEL = Live time of the detector {in sec). '
(Col. 19-Col. 30 ’
E12.5 S = Normalization factor. Input for error vector
only. (Col. 31-Col. 42) '
16 ITVEC = 1 if test vector is input for processing. (Col. 48}
(3la  12F6.0 Raw data input. (KIND = lor 2)
(3 6E12.5 WP-vector, WADJ-vector for error calculation, or test vector.
(KIND = 3or 4.)
(4) 416 ITER = Number of iterations to run.
NOUT = Which multiple of iterations should be printed.
NERR = Option used for calculating arresting criterion.
1 is used for KIND = 1or 2.
2 is used for constant relative error.
3 is used for KIND = 3or 4
NU = Number of iterations to be punched.
(5) 1016 Not needed if NU = 0. Otherwise is (N1(1),1 = 1,NU).,
6 Fl2.0 ERROR. Used under NERR = 2 as the constant relative
error factor. Not needed unless NERR = 2,
(7} 6F12.0 Used under KIND = 3, to input WADJ-vector for formation

of arresting bound when WP-vector is unfolded.

NOTE: Card types 1 through 4 used on all problems. Problems may be stacked. '

13

5
0% g T T T T T T T T T T T T 3
104 — —
. ) . . M%M‘”AA
0 | | | | I [ L { | L
o 10 20 30 40 50 60 70 80 0 100 1o 120

Fig. 3. The Raw Data or W-vector Observed in the ATSR Depleted-uranium

CHANNEL NO.

Snell Block (A = 0.0167 MeV). ANL Neg. No. 113-2666.

130
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where Gj; are the elements of the diagonal G- rnatr1x and consequently pro-
vide the necessary correction for finite-sizé effects in the-silicon detector.

-The scalar F is introduced to prov1de WADJ w1th the proper units and

normahzatlon Actually,
F = Smcz/(AT), R (11b)

where T is the live time in seconds of the counting experiment and S is a
normalization factor chosen to conserve the total number of observed elec-
trons. The Compton continuum or WADJ-vector for the sample measure-
ment is shown in Fig. 4, as produced from the COMPLOT program (see
Sect. V). The W-vector, WADJ- -vector, and diagonal G-matrix are printed
out and the WADJ-vector is punched out for later use. An example of this
printout is given in Appendix F for the sample measurement.

. .

A L L A R R BN A

- —

= - -
=
x
=
(&) = —
w
o
L2}
Z
2
103 — —
£ 10* |- =
w -
g .
w — —
w —' —
Z L
g i
<
- ~ -]
W
@

IOZ L - l L ] | 1 |

0 0.4 ~ o8 1.2 1.6 2.0 2.4

ELECTRON ENERGY, MeV

Fig. 4. The Comptén Continuum, W(E), or the WADJ-vector for the
Sample Measurement. ANL Neg No. 113-3034 Rev. 1.

The next step in COMPSCAT is the formation of the C-matrix
accordmg to Egs. 4 to 9. C- matrix elements possess the. closed form*

(E?-2E;-4) [eo-E;\ (E;-2e0-2 E;- 2¢
{ 1 1A 1n< [} 1) + 1 0 )-+ - 1 0
2 €g Efeoleo - E;)

(GO)J' (12)

3 2.2
3ep . eoE]

1. (2€°+E1+2E1€0)}

(50)3'& .

*In the COMPSCAT code the constants Ne and m’%' = 2.49452 x 10725 cm? are denoted by TOTEL and
PIROSQ, respectively, ’ ;

3



The C-matrix is generated by rows from low energy to high energy and is
stored for use by the ITERAT subroutine. Upper and lower corners of the
C-matrix generatéd for the sample measurement (A = 0.0167 MeV) are
displayed in Appendix F.

Iterative unfolding.is performed in the subroutine ITERAT. This
subroutine was obtained by modifying the general unfolding program
ITERATE for the specific requirements of Compton recoil gamma-ray

- spectroscopy. A complete theoret-
ical description of iterative unfolding

together with the development and
[17=1, noowv =2, x =t |

use of the ITERATE code has already

been given.4 Figure 5 displays

the flow chart of subroutine ITERAT.
The vector to be unfolded is stored

ITERATE: MULTIPLY MATRIX BY X1

FORM RESIDUAL VECTOR: R(M) = wny - w(™) in WNU and the iteration process

oThIM rom: is initialized. The residual vector

SUMK = [nf")]2 . [Rgn)]’ boer [Rén)]z

NORM = SUMK

r(M) - wnu - wi(n) (13)
XI*WNY + TEST ) —_ _ —_
NORM- BND

X=x o is used to form an arresting crite-
ho TEST PRINT OR ! : . .
PUNCH 1 TERATION ARRESTING rion for the iteration process.
VECTOR
' R When the norm of the residual
YES YES PRINT AND
' . PUNCH RESULT. vector

IT =T + 1 PRINT

TEST IT < ITMAX OR m 2
1X 20X+ ) PUNCH (n) _ (n) 14
ReTuRN | NiR = 12 W - WNU; (14)

221
NO

PRINT RESULT
decreases below-a prescribed bound,

Fig. 5. The Flow Chart of the Subroutine ITERAT. the iteration process is automatically
ANL Neg. No. 113-3188. terminated.

Appropriate bounds for all vectors unfolded by ITERAT are formed
in the subroutine BOUND, as shown in Fig. 6. Different vectors are treated
under the NERR option. For NERR = 1, a 20-bound (two standard deviations)
is generated for the WADJ-vector. In this case, one has

(15)

m (WADJ
BND = Z )1

Input of a relative error factor, ERROR, is used under NERR = 2 to provide
a relative error bound. This option is used mainly with test vectors. Under
NERR = 3, a 20-bound is formed for either the error matrix problem
(KIND = 4) or for the corrected electron vector, WP (KIND = 3). The
bound for the error matrix case is given by

15
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| Reao 1Tax, wouT, NERR,.Nu | ‘ ' : WADJ

BND = 4F3 z G , (16)
) 11

Lreso wi(r): 1= 1, wo | whereas the bound for the WP-
vector is identical with that of
Eq. 15. '

FORM 20 BOUND
BND = T UWADJ(F/G)

vEs For the sample measure-
® ment, the arresting criterion
READ ERROR; FORM . . .
RELATIVE BOUND terminated the iteration process
No BND = X (ERROR*W)?
atn = 13 and n = 11 for the
3;&3 | Fome 20-800m0 ‘ WADJ-vector and WP-vector,
£R ﬁ,'.g"::zau(plg) WADY i ' respectively. 'In the treatment of
N Jz“uumu(nc)3 error estimates for the sample
l measurement, the bound was
I FORM ENERGY AND PRINT WITH W, ER, Aunxgnl reached at n = 11. Appendix F
. contains printout results of
: ITERAT for the WADJ-vector

. ) ' of the sample measurement,
Fig. 6. The Flow Chart of the Subroutine BOUND.

ANL Neg. No. 113-3192 Rev. 1. .
COMPSCAT provides error

estimates induced by iterative unfolding under the option KIND = 4 (see
Fig. 2). The independent unfolding problem!!

Y = BSs, (17a)

with

1
H
Ql
S
g
L

Y (17b)

is generated, where the elements of Sg are the variances of the correspond-
ing components of the $p gamma spectrum and the elements Blj of B are
simply :

Bijj = (Cij)% 1§ = 1,2..m, - (17¢)

The error-matrix problem is also treated by iterative unfolding in
COMPSCAT as described above. As an example, the error estimates
depicted in the initial gamma continuum of Fig. 7 were obtained from
COMPSCAT with the WADJ-vector of the sample measurement. This
spectrum was plotted directly by the COMPLOT code (see Sect. V).

A summary of the possible modes of data treatment available in
COMPSCAT is presented in Table II. The specific form of data treatment
depends upon the type of input spectrum (option KIND) and the arresting
criterion employed (option NERR) for termination of the iterative unfolding
process. For example under KIND = 1, 2, or 4, the input spectrum is



transformed to a Compton continuum. Hence, the option KIND = 3 is avail-
able when this transformation is unnecessary, i.e., for either a test vector
or a WP-vector (FEND output). In the NERR = 2 option, a constant relative
error factor (ERROR) must be available from input to form the arresting
bound. For NERR = 1 or 3, Poisson statistics are used to determine the
.appropriate bound for the given input spectrum.

A complete listing of the COMPSCAT program (IBM-360) is given
in Appendix A.

10° I | — 1 | l | —

L | IIIIIHII[I I

i - Iﬂlﬂ II

| W i _
. | i | IIIII b |

FLUX SPECTRUM, PHOTON/{sec-cm?- MeV)

C e A
- e

02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 20 2.2 24
i PHOTON ENERGY, MeV

Fig. 7. The Initial Gamma Continuum for the Sample Measurement Obtained
from the Treatment of the WADJ-vector in COMPSCAT. Depicted
experimental error has also been obtained from the COMPSCAT code.
ANL Neg. No. 116-1217,

TABLE II. Option Chart for COMPSCAT

NERR
"KIND 2 ] 3 1
1 Relative error case Does not apply Raw data
Co (WADJ punchout)
2 Relative error case Does not apply Raw data
(No WADJ punchout)
Relative error case WP-vector Does not apply
4 Relative error case Error vector Does not apply
III. FEND

In Compton recoil gamma-ray spectroscopy, the Compton response
matrix is necessarily of finite size and hence possesses a high-energy
truncation point, e¢y3x- The gamma continuum normally extends into the
region €y > €mpax, and therefore high-energy gamma rays in this region »
will contribute to the observed electron continuum. Corrections for these

17



far-end effects are carried out in the program FEND. The general flow
chart describing FEND can be found in Fig. 8. Card.input requirements
for FEND as well as the definitions. of the various constants and variables
used in FEND are described in Table III.

NUMQUA SUBROUTINE

[ 1ki1T1aL12E consTants] L — NUM = 2
II!HIEIIIIEIIIIIIIIII
60 10
NUN = ¢

READ IDENTIFICATION AND PARAMETERS
PRIRT INPUT INITIALIZE INITIALIZE
PARAMETERS PARAMETERS
l TEST FOR 0.
READ WADJ ELECTRON VECTOR : l
AND PHI GAMMA VECTOR LSQPOL LOG
FIT OF PHI FORM ARRAY
) l FOR 02
EXTRAPOLATION
l FORM INPUT ARRAY FOR NUMQUA ]—_ Izé::;gznﬂ)
ZERDS Fig, 8
PRINT 1
NUM = 2 RESULTS The General Flow Chart for
FORM EXTRAPOLATED PHI AND] FORM ARRAYS
ENERGY AND STORE [ FROM VI DATA the FEND Program, ANL
) POINTS FOR
1 ) EACH TRANSFORMED Neg. No. 113-3189.
2ERO
[ FORM VC AND V1 = VC * Pul} l

STORE FITTED
OBTAIN INTEGRAL FUNCTION AND

' AND ERROR FROM | DERI VATIVE
FORM Vv AND WP VECTORS G6AUSS-LEGENDRE AT EACH
. FORMULAE TRANSFORMED
) ZERO

ALL RESULTS PRINTED OR |

END RESULTS ONLY

PUNCH WP VECTOR FOR
COMPSCAT UNFOLDING

TABLE III. Card Input for FEND

Card-

Type Format . Description
(1) 18A4 Problem identific'ation. Need a 1 in column 1 to start
printout at top of page. '
(2) I3 LOWCH = Lowest channel of input vectors.
13 MAXCH = Highest channel of input vectors.
16 LOWFIT = Starting channel for extrapolation fit.
(MAXCH-LOWFIT < 24.)
El2.3 AM = MeV/channel (experimental mesh).
El2.3 'TIMEL = Live time of detector (in sec).
11 NPRIN = 1 for printout of end results only.
Otherwise complete printout occurs.
(3) " 6E12.0 WADJ(J), T = LOWCH, MAXCH (electron vector).
(4) 6E12.0 PHI(J), J = LOWCH, MAXCH (initial gamma spectrum).

NOTE: Problems may be stacked.

- Let the vector ¥ denote the contribution due to high-energy gamma
rays in the region ¢y > emax. One has, from Egs. 1 and 10,
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€max

o | o .
Vi = V(E;) = / . C(Eieo)tpler) degs i = 1,2.m. (18)

To obtain estimates of the components {vil}, the initial $p gamma continuum
obtained with the WADJ-vector is extrapolated into the region ¢y > emax;
and this extrapolation is used in Eq. 18. This extrapolation utilizes the last
fifteen to twenty points of the initial %p gamma continuum. A first-order
least-squares fit of the logarithm of the initial gamma spectrum is actually
used. Consequently, this extrapolation possesses the form

tp(eo) = a exploechi (€0 > emax). - (19)

It follows that this correction procedure is possible if and only if the least-
squares coefficient a is positive and b is negative. The coefficient b must
be negative to insure a monotonically decreasing spectrum that will guaran=
tee convergence of the integral defining the components of V (viz., Eq. 18).

This least-squares extrapolation and the actual integration (required
in Eq. 18) are carried out in the subroutine NUMQUA, as shown in Fig. 8.
This subroutine was obtained by modifying the program NUMQUAD, a
general code for numerical integration using Gauss-Legendre quadrature.
After the spectrum extrapolation is performed in NUMQUA under the
NUM = 1 option, integration is carried out under the NUM = 2 option.
The integrand is generated on a 61-point mesh between emax and an -
upper bound of roughly 20 MeV. The number of Legendre zeros used in
the Gauss-Legendre quadrature is fixed at 15. Having formed the V-vector,

12

the corrected electron spectrum

WP = WADJ - V (20)

is punched out for use in COMPSCAT.

Printout obtained from FEND with the sample measurement is given
in Appendix F, and these results are also displayed in Fig. 9. The complete
WP-vector is not normally used in COMPSCAT, since beyond a certain
(electron) energy the correction becomes too large to be reliable. The
condition (WP); = Vj can be used to define the termination point. For the
sample measurement, this termination point occurs at E = 1.9 MeV
(cf. Fig. 9). ' '

Figure 10 presents the corrected gamma continuum and error esti-
mates obtained by processing.the (terminated) WP-vector through COMPSCAT..
This corrected spectrum differs from the original continuum (see Fig. 7) by
at most a few percent. The corrected spectrum, as displayed in Fig. 10,
is plotted directly by the COMPLOT code. '

A complete listing of the FEND code (IBM-360) can be found in
Appendix B. : '
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A general formulation of spectral distortion due to finite detector -
size has already been given.13 In Compton recoil gamma-ray spectroscopy,
distortion of electron spectra due to effects of finite-size can be described
by the matrix equation®

W = GW,, ‘ ' (21)
where W is the experimental data and W. is the desired Compton
continuum. The behavior of the G-matrix can be investigated with
monoenergetic gamma rays from radioisotopic sources. For such
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a case, the Wc-vector is an elementary Compton continuum (obtained from |
Eq. 2) broadened by the Gaussian response of the silicon detector. The
program GABCO (DDP-24) calculates Gaussian broadened Compton continua
of this elementary type and compares these theoretical distributions with
experimental results. The general flow chart describing GABCO is pre-

' - ' -sented in Fig. 11, and Table IV con-
tains a description of the card input,
constants, and variables used in this
code.

—_—

- 6
—"{ READ 1D, LOWCH, MAXCH, NT, NEXT, W, D, WIDTH, CNX

READ EXPERIMENTAL DATA FROM CARDS]

-IED EXPERIMENTAL DATA FROM PAPER TAPE ] With a mOdeSt amount Of
l cooling (2 -20°C) to reduce detector
@m THEORETICAL COMPTON VECTOR AND FOLD WITH GAUSSIAN stpoussl noise, it can be demonstrated that
1 electronic pulse shape discrimination
[ correcr A'It ZERD ENERGY AND STORE IN FoLD (1) | (PSD) effec_tively rejects wall-
T —I interaction events in lithium-drifted
EXTRAPOLATION TO ZERO ENERGY Silicon deteCtOI‘S.3 TO thiS end’
l Fig. 12 compares a GABCO distribu-
[ Fom nomuaLizaTION suMs anp Ratio | . . . 137
l : tion with experimental data for °'Cs
I APPLY RATIO TO NORMALIZE EXPERIMENTAL DATA | (eo =1 29) obtained with PSD at -23°C.
The demonstrated agreement between
theory and experiment not only implies
that wall events are properly rejected,
it also reveals that G-matrix correc-
Fig. 11. The General Flow Chart for the GABCO tions need not be considered below a
Program. ANL Neg. No. 113-3186. certain electron energy. Moreover,

‘ : the fact that wall events are properly
rejected also implies that the G-matrix is diagonal. Under these conditions,
the G-matrix can be determined empirically with measurements from
monoenergetic gamma-emitting radioisotopes.

FORM G-MATRIX

TABLE iV. Card Input for GABCO

Card Type Format Description
iy X17A4,A3 - Isotope identification.
2) 3 LOWCH = "Lowest channel used.
13 MAXCH = Highest channel used.
13 NT = Data input option. 0 = card input; 1 = paper tape input (ASCII).
13 NEXT = Extrapolation option; 0 = extrapolation to zero; 1 = no extrapola-
tion used. .
13 N = Number of points used for fitted extrapolation coefficients. Blank if
NEXT = 1
F9.3 D = MeVichannel (experimental mesh).
F12.5 WIDTH = Experimental width (FWHM) in MeV units.
F6.4 CMX = Maximum Compton electron recoil energy for the given
radioisotope.
(3)a 12F6.0 Used when experimental data are on cards.
(3Ib F6.0,7F8.0 Used when experimental data are on paper tape.

NOTE: Problems may be stacked.
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Diagonal G-matrix elements are

— calculated in GABCO using the reduced.
oosl e - THEORETIGAL ]  diagonal form of Eq. 21. One has

(W);

0.06 — -— Gii = (V_Vc)i;

i=1,2..m. (22)

e, ah - Experimental pulse-height distributions
Gttt are area normalized to Gaussian-
broadened theoretical distributions

-002 1™ o obtained from Eq. 2. As indicated in

o] 0.1 0.2 0.3 0.4 0.5

- the GABCO flow chart, an option (NEXT)
N S TN T TN T TR B is available to extrapolate experimental

ELECTRON ENERGY, Mev pulse-height spectra to zero energy.
. ' This is normally carried out if the low-
Fig. 12. Comparison between a Theoretical - operoy hehavior of the measured data

Response Calculated in GABCO
and Experimental Data for 137¢
(€0 = 1.29). ANL Neg, No.
113-2661,

is reasonably smooth. Such is the case
for data obtained with 28A1 (e, = 3.48),
which is displayed in Fig. 13. In other

instances, extrapolation to zero electron
energy may not be possible due to addition\al radiation components emitted
from the given radionuclide. For example, >*Na (¢, = 5.39) is used to

obtain high-energy G-matrix information, but also possesses a lower-energy

gamma transition (ey = 2.68) which prevents meaningful extrapolation to

zero energy.

' The agreement between theory
and experiment for *'Cs (see Fig. 12)
should be contrasted with the system-
atic deviation due to finite-size effects
that is evident for *®Al (see Fig. 13).
For both these comparisons, theoryand
experiment have been normalized to
equal area over the Compton continuum.
Observation of this systematic devia-
tion, which obviously grows with in-
creasing energy, permits an evaluation
of the diagonal G-matrix by application
of Eq. 22.

The diagonal G-matrix or the
G(E) function obtained from GABCO
analysis of 6SZn, 52V, 28Al, and #*Na data
is shown in Fig. 14. The smooth curve
is a fifth-order least-squares fit of this

0.5

0.4

o
o

RESPONSE

o
~

.........

s EXPERIMENTAL
28,

+ THEORETICAL - * —

0.4 0.8 nL2 1.6 * 2.0
ELECTRON ENERGY, Mev

Fig. 13. Comparison between Theory (GABCO)

and Experiment for 28A1(e( = 3.48).
ANL Neg. No. 113-2657,

G-matrix data. For the present silicon detector, the low-energy boundary
condition below which no finite~size correction is necessary for electron
spectra, i.e., Gjj =1, occurs in the neighborhood of 500 keV.
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Appendix C contains a complete listing of the GABCO code. Printout
available from GABCO is illustrated with the *’Cs measurements in
Appendix F. '

V. DOSE

The electron energy distribution,

€max - : T ) :

WIM f (E €o) &( €o) deo» o (23)
€min -

represents the Infinite Medium (IM) electron-recoil spectrum peéer free

electron due to gamma rays in the energy interval [emin, emax] In the
matrix approximation, the IM electron energy distribution is glven by

Wiy = Ng'ca. - o (24)

The energy content (per unit time) in the IM electron spectrum, g, is
therefore '
Emax .
g =f . EwW
0

(E) 4, N 1))

23
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where the upper 1irﬁit Erﬁax is simply

Emax = einax/( €maxt 1/2)" . ' (26)

as determined by inversion of Eq. 5. The energy content § must also be
the IM energy dissipation rate per free electron,. since electronic equ111b-
rium is 1mp11ed for infinite medium spéctra.

Using the free electfon-gas model, the IM physical dose rate D can
be written as ' :

D=9e'§’ , . : : (27)

where p, is the electron deﬁsity (electrons per gram) in the medium of
interest. For a medium of atomic number Z and atomic mass A, the
electron density is simply

ZN,
‘where N, is Avogadro's nﬁmber. For low Z, the approximate form .
. Na
Pe = = (28b)

can be used. Combining Eqs. 25 to 28, the IM dose rate due to gamma rays
in the energy region [emin, €max) is approximately

Ny Emax : ' -
Dz i EWp(E) dE. , | (29)
The IM-dose rate is computed in Program DOSE according to Eq. 29.
The general flow chart describing DOSE is given in Fig. 15, and Table V
presents the card input, constants, and variables used in this program.
Since the output of COMPSCAT is the P-matrix modified gamma spec-

trum 2%, the transformation to the gamma continuum @ takes place in

DOSE. Since P is a diagonal ¢p-space matrix, the solution of Eq. 10c¢’

is trivial. The P-matrix provides a finite-size correction which accounts
for the deviation from total (1ntegra1) Comptéh cross section that is observed
with PSD operation.3

Data for the P matrix can be obtained from the monoenergetic
response function measurements and is illustrated in Fig. 16. The smooth
curve is a second-order least-squares polynomial fit of the experimental
data, which is used in DOSE to form the P-matrix. To use the response 4
function determination of the P-matrix, experimental adjustment of the PSD
system is always investigated with a monoenergetic *’Cs source prior to
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FORM PROGRAM CONSTANTS

READ PROB. IDENT., LOWCH, MAXCH,
NPRINT, AMEY, SC, {PHI(1), 1 = LONCH,
MAXCH). PRINT PARAMETERS AND

FORM P(c,) FUNCTION AND SCALE WITH SC.

ENERGIES, P, PHI, AND MODIFIED PHI.

P(e,). FORM COMPTON SCATTERING MATRIX c(1,J). PRINT

MODIFY PHI{1) BY

Fig. 15
The General Flow Chart

FORM WIM VECTOR IN MeV UNITS

WIM = (Ng » squc)=! * j}C(I,J) PHI(J)

for the DOSE Code, ANL

Neg. No. 116-126.

ZEROS.

CALL NUMQUA. INTEGRATE WIMs<E FROM ZERO TO BX
(UPPER ELECTRON ENERGY LINIT IN MEV), USING 15
GAUSS-LEGENDRE ZEROS. LINEAR FITS USING THREE
POINTS ARE MADE FOR FUNCTION EVALUATION AT THESE

PRINT RESULTS IN MeV/GM-SEC AND RADS/HR.

TABLE V. Card Input for DOSE
Card Type Format Description
(1) 18A4 Problem identification.
(2) I3 LOWCH = lowest channel used.
13 MAXCH = highest channel used.
16 NPRINT (1 gives complete printout,
0 prints end results only).
El2.4 AMEV = MeV/channel.
El2.4 SC = scale factor for P(g,) function.
(3) 6E12.0 (W(1),I = LOWCH,MAXCH) is COMPSCAT
output of PHI data.
T T T T T
v
. 044 [— ,,/'QZT\"\?GA' —
Fig. 16 040 [— / AN _
The Energy-dependent (diagonal) P-matrix or 3 Scuy s \.\
P(eg) Function Obtained from Monoenergetic g 0381 oy, ' ¥ty T
Response Function Measurements with the De- ':° 032 — \ ]

picted Radioisotopes. The smooth curve is a
second-order least-squares polynomial fit of 028 [— : _ o\
all data points. ANL Neg. No. 116-112.

1
024 |— 240

ol L 1 1 1 I |
o] 0.80 160 240 320 400 480 560
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any given spectral measurement. Provision is made in DOSE for scaling
the P-matrix to account for small changes that arise between the response
function data and the actual experimental adjustment. The input scaling
constant SC is formed from the ratio of the P(¢,) values found with *’Cs in
the specific experimental adjustment and the response function measure-
ments, respectively. Since the entire P-matrix is scaled on the basis of
137Cs data, this procedure should only be carried out when observed changes
are small, i.e., for SC close to unity. This requirement can usually be met
by proper adjustment of the PSD system. If this is not the case, then it is
necessary to repeat response function measurements for applicable P-
matrix data.

Integration in Eq. 29 is carried out with the NUMQUA subroutine in
a manner similar to the procedure used in the FEND code. The calculated
IM physical dose rate is expressed in units of MeV/g-sec and rad/hr.

Appendix D contains a complete listing of the DOSE code (IBM-360),
and results of this code with the sample measurement can be found in
Appendix F.

V. COMPLOT

Plots of electron and gamma spectra at different stages of the data-
reduction process can be obtained from the COMPLOT code. Table VI lists

TABLE VI. Card Input for COMPLOT

Card
Type Format Description
(1) 11 a KIND option: 1, 2, or 3.
1 = Gamma spectrum with raw data input for experimental error.
2 = WADJ or WP electron vector with error treatment same as for
KIND = 1.
3 = Gamma spectrum with error matrix vector.
11 LIN option: 0 = semi-log;'l = linear ordinate scale.
17A4,A3 ‘Spectrum identification. A
(2) 3 LOWCH = Lowest channel used.
13 MAXCH = Highest channel used.
13 ITER = Iteration number used. (Left blank with KIND = 2 option.)
F9.4 A = MeV/channel (experimental mesh).
F6.0 © s = Length of plot in'inches.
F6.0 SC = Scale factor for P(e,) function.
(3) 6E12.0 (FL(J),J = LOWCH, MAXCH). Input spezctrum.
.(4)a ) 12F6.0 (W(J),J = LOWCH, MAXCH). Error vector input for KIND = 1 and 2.
(4)b 6E12.0 Same as-above for KIND = 3. '

NOTE: Problems may be stacked. - ¥



the card input requirements for COMPLOT, and also defines the parameters
and variables used in the program. The general flow chart for COMPLOT
is given in Fig. 17.

4g

READ KIND, LIN,NAME, LOWCK, MAXCH, | TER, 4,S, SC, (FL(4) J = LOWCH,MAXCH)

PRINT KIND OF PROBLEM. READ PRINT PARTIAL INPUT

W(J),J=LOWCH,MAXCH (12F6.0) FORM P{c,} FUNCTION.

ADJUST FL FOR P AND

SQMC.

FORM ABSOLUTE ERROR.

KIND = 1,2; W = FL/SQRT(W)

KIND = 3; W = SQRT(W)
(SqQMC P}

TEST FOR LOG. OR
LINEAR ORDINATE.
FIND MAX. AND MIN,

FOR SCALING. Fig. 117

INITEALIZE PLOT,
: The General Flow Chart
© ® e for the COMPLOT Code.
ANL Neg. No. 116-125.

CALL SCALOG ‘| CALL SCALE
CALL LOGAX CALL AXIS

| l

PLOT ORD. SCALE, GRAPH
OUTLEINE. PRINT NAME.

FORM DX, XMIN
PRINT PHOTON
ENERGY SCALE,
ORDINATE IDEN. ,
HEADING FOR
RESULTS.

FORM DX, XMIN,
PRINT ELECTRON 1
ENERGY SCALE,

ORDINATE IDEN., FORM ENERGY
HEADING FOR PLOT DATA AND

RESULTS. ERRORS, LINEAR
OR L0G, AND
PRINT SAME

GO TO 49

COMPLOT uses punched output from either the COMPSCAT or FEND
programs. Linear or semilogarithmic. plots can be obtained using the input
option, LIN. Graph length is governed by the input parameter S (in inches).
Plots of the electron vectors WADJ and WP can be obtained under-the
KIND = 2 option. Unfolded gamma spectra from these two vectors can
also be displayed by COMPLOT under the options KIND = 1 or KIND = .3,
For KIND = 1, the experimental error is determined from raw data, whereas
KIND = 3 uses experimental error determined from COMPSCAT treatment
of the error-matrix problem. Under these options, the error to be plotted is
computed within the COMPLOT program. The P-matrix transformation to
obtain @& from COMPSCAT output is also performed in COMPLOT. This
correction is identical to that already described in Program DOSE. In
addition, gamma spectra are transformed from rest mass units to the more
conventional MeV units by the COMPLOT code under the option KIND = 1
or 3. 'Figure.s 4, 7, and 10 are examples of plots furnished by the COMPLOT
code. : :

A full listing of the COMPLOT program is given in Appendix E. '

27
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APPENDIX A
COMPSCAT Program Listing (IBM-360)

LEVEL 16 ( 1 JULY 68) 0S/360 'FORTRAN H DATE 70.118/03.55.48
- = . NE ' Lo NOLEST, DECK,
. c PROGRAM COMPSCATY LOAD \MAP,  NOEDIT, 10, NOXREF
c ,
ISN 0003 COMMON/ 21/ COMP(128,128) . : ' - ,
ISN 0004 COMMON/22/ - . - WNU{128),W{128),ER(128),X(128),X1{128)
- , X .Nl(lUl'!lHIX_NUUT1WT1IHH?ﬁﬂ1YtH—I_UTEHﬂ_TIITUF_mWTTETF_KTNU-__
ISN 0005 " EQUIVALENCE (W(1)4VEC(1))
T c
TSN 0006 g TOGICAT NPROB . i -
JdSN 0007 . DATA NPROB/4H. . /,PIRDSQ/2.49452E-25/,SQMC/0.510976/,TOTEL/

X T. 0E023/,GC/—.}5934365,«7.9075295. -15.569776, 12.424238,
X =%.5243289, U.621751467

C B .

ISN 0008 - . 10 FORMAT({313,F9.2,2E12.5,16)

13N—UUU?“—7_—“‘T3—FURNAl(115,?11.5)

1SN 0010 - 14 FORMAT(IHLI/X1TA4,A2)

ISN 0011 = 20 FORMAT{1HO 2X 1HN 2X lSHELECTRDN ENERGY . 2X 13HPHOTON ENERGY

- X 2ZX TTHUPPER CIMIT 2X 1lHLUwFR_ET"TT“WX‘TSHEtEtTRUN—ENFRBY‘?X‘“___
"X 13HPHOTON. ENERGY / TX 13H{MC SQ UNITS) 3X 13H(MC SQ UNITS) 34X
) X SH(MEV) 13X SH{MEV) /)

TSN 0012 ; 30 FORMAT (T4, IPEIS.S5,ELI6.54E1G.5,EI3.5,2ET TS5

ISN 0013 - 40 FORMAT(1H1 19X 1SHMATRIX ELEMENTS )

ISN 0014 . 50 FORMAT (2X1T7A&,A2}).

C . CX6HN(E) = ElZ 3/ lZHOLIVE TINE E12.5, 5H SECw
ISN 0016 70 FORMAT(6E12.5)

TSN 0017 ; B0 FOR
Lo _ . X - "7 IZX 6HVECTOR 5X L1HENERGY, MEV.5X 6HMATRIX. )
ISN 0018" ; 90. FORMAT(I7,E11 3,Fl4.5,  Elé6. 5,El§ 5)
—c -
1SN 0019 '8 READ 50, 1DEN
ISN 0020 . IF(IDEN(Y) -.EQ. NPROB )} GO TO 11
TSN 0022 g PRINT 1%, IDEN
ISN 0023 READ . IO'LUHCH-MAXCH'KIND.A TlﬂELgSqITVEC
ISN 0024 . PRINT .60, A,PIROSQ,TOTEL,TIMEL
“ISN002% - FACTOR = STOYT6/TA*TINELD)
c : ,
ISN 0026 : DO 444 .1=1,128°
TSN 0027 TECTT E AT
c
C TEST ELECTRON ENERGY «GT. 500 KEV FOR G FyNCTlUN VALUE.
- T
- ISN 0028 lF(t(I) .GT. 0. 500 ). GO TO 19
ISN 0030 G(IY = 1.0
ION UUSIL bU TU &%
ISN 0032 ) 19 G(l) =.6CL1) + ECI)&(GC(2)+ E(I)*(GC(3)+ E(!)*(GC(G)* E(I)‘(GC(S)&
X EC1)&GCL6))))) .
SN—003% Xt —13
C ' o o o »
C KIND ="1, INITIAL VECTYOR INPUT ANOD UNFOLDED IN ITERAT SUBROUTINE.
v Py =
c ' ' .
C KIND = 2, SAME AS ABOVE EXCEPT NO PUNCHOUY OF WADJ.
c KIND = 3, WP{FEND OUTPUT) IS INPUT, UNFOLDED AND PUNCHED ON CARDS.
€ y WADI TS TNPUT AS ER FOR ARRESTING CRITERTON.  NERR = 3
c (MAY BE USED FOR TEST VECTOR ‘WHEN ITVEC = 1y
€ KEND—=47 WADT TS INPUT FOR ERROR MATRIX ANDERROR VECTOR TS
c UNFOLDED AND: PUNCHED ON CARDS. - NERR =3
C. {MAY BE USED FOR TEST VECTOR WHEN TTYEC-= 1)
- € :
ISN 0034 . GO 1O (81, 81983:83)1KIND
!SN 00?5 83 READ 70, (VEC(I),I=LOWCHyMAXCH) "
A" .
ISN 0036 GD T0 (25.25}25y153pKIND



ASN—003T 81T READ 825 VBT TtORCHMAXCH)
ISN 0038 82 FORMAT (12F6.0)"
' c
45N 003y 15tV EC S EQT 60— T0—25
ISN 0041 IFIKIND .EQ. 4) GO TO 33
c A '
~E——NORMAL T AT HONRATHO—FORMEDS
. c
ISN 0043 SUM1 = O.
FSH—004% —StM2—=—0c—
ISN 0045 DO 7 J=LOWCH,MAXCH
1SN 0046 SUML = SUM1 + VEC(J) .
15N—B047 T-SUM2—=—SUM2—+—VECtH7 et
ISN 0048 'S = SUM1/SUM2
ISN 0049 : "PRINT 29, S . _
—5N-0050—————29 FORMAT (2 IHONDRMAL FZATHON—FACTOR = 1PEL 256
ISN 0051. 33 PRINT 80
_ .C
SN 0052—— DO 16 J=LOWCHTMAXCH
1SN 0053 TEMP = VEC(J) A
ISN 0054 VEC(J) .= S*TEMP*FACTOR/G(J) : :
AS5N0055——— o PRINF 9O TEMPTE I S vEEtH)——m—
c 4 A '
ISN 0056 GO TO (17425,25,25)+KIND
—€ — -
ISN 0057 " 17 PUNCH 50, IDEN
ISN 0058 PUNCH 13,LOWCH,MAXCH,A
HSN0059—————————PUNCH 8% tVECHT )7 I=LOWCHTMAXCH)
ISN 0060 84 FORMAT (6E12.5)
ISN 0061 25 PRINT 20
1580062 —AME—=A7SOME
ISN 0063 PCON = PIROSQ*TOTEL .
c o
—————————————— € FORMCOMPTON-—SCATTER NG MAFR X
o ¢
ISN 0064 . DO 1 J=LOWCH,MAXCH
e =ORt
C° ELECTRON ENERGY, MEV
c
15N—0065 EE—=—#*d
c :
C ELECTRON ENERGY, {(MC SQ UNITS)
o
1IN UUOD tV =EtE7oUML
€.
‘C PHOTON ENERGY, MEV,
A o —— - .
" ISN 0067 PHE = EE®*0.5%(1.+SQRT (1.+2.%SQMC/EE))
-C
f - PHUTUN tNthV’,~ TRL OW UNTTOT
' c
1SN 0068. ' EO0(J) "= EP%0.5%(1.+ SQRT (1l.+2./EP),
- € - K
ISN 0069 DO 4 T=LOWCH,MAXCH
o :
1% ECCUTRUN ENERGY,y UAL OY UNTTOST
c. :
ISN 0070 EL = AMC*®]
TSN00TL EIX—Et*EL
ISN 0072 1IF (1-J) 2,243
ISN 0073 3 COMP(T,J) = 0.0
FSN—007% GO-TO%
c . : A
C FORM EIL AND-EIU IN ELECTRON ENERGY (MC SQ UNITS)
T T ‘ . . .
ISN.007S "2 EIL = EP - 0.5%AMC
ISN 0076 . EIU = EIL + AMC .
£SN0077 EOL = F1t¥0 St F SQRTttEIL—+ 21761t
' C . o
C FORM EOL AND EOU IN PHOTON ENERGY .(MC SQ UNITS)
A" .
ISN 0078 EOU = ETU%0.5%(1. + SQRT .((EIU + .2.)/ETU))
ISN 0079 . EOX1 = EOU%EDU
CIONUUBU g TURZ = tUL“tpL
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ISN 0081 DIFF1 = EOU ~ EL

ISN 0082 DIFF2 = EOL - EL

ISN—0083———————EE1 ="EU*EOU BT S s e s e
ISN 0084 FE2 = EL*EOL

ISN 0085 ELECTI = (EIX = 2.%EL - 4,)/{ETX%EL)

ISNT0086— — “TUPT=ALOG (DTIFFI7/EQUITELECTI# (EL=2 % E0U=23) 712 X EDX I F (EL=2 - ¥EDUY 7
XUEIX*EQU*DIFFL)-1./(3.*EDOX1%EQU) - (2. *EQU4EL+2. *EF 1} /(EE1%EEL)

ISN 0087 TLOW=ALOG (DIFF2/EOL)*ELECTI4(EL-2.%E0L-2.)712.%EDX2)+{EL-2,*EOL)/

xtFTX*EOL*D1FF21 I;?(B(*EUXZ*EOL) UZoxEOL+EL¥27 *FE?T7TEE2*EEZT““___

c
ISN 0088 COMP(I'J) = PCON*{TUP - TLOW)
SN 0089~ &% CONTINUE ~~ ==~~~ = e
c .
ISN 0090 PRINT 304J+EP,EOQO{J), EQU,EOL,EE,PHE
SN-0091T == CONTINUE o
C
C PRINT MATRIX ELEMENTS
€
ISN 0092 GO TO (64646418} ,KIND
c .
ISN—0093—— 180012 1=tOHCHTMAXCH
ISN 0094 DO 12 J=LOWCH,MAXCH ]
ISN 0095 12 COMP(T,J) = COMP(I,J)Y*COMP(I1,J)
c
+5N—0696 —PRINF- 40 '
ISN 0097 Ll = MAXCH
ISN 0098 K1 = LOWCH
+5N—0099 2 tBREH——F
ISN 0100 IF{K2 - L11200,200, 100 :
ISN 0101 - 100 K2 = L1 :
FSN—0102— 200 PRINT 300 ——ti5 =K 15K2}
ISN 0103 PRINT 301,(EO0(I);1=K1,K2)
ISN 0104 300 FORMAT (1HO X3H1/JSXI4, 7[13)
SN0 05— 30 FORMAT - tH—F 45 TF13.5 ) — -
ISN 0106 DO 400 I=LOWCH,MAXCH .
ISN 0107 400 PRINT 500, 1,{COMP(1,3),J=K1,K2)
SN—0188—— 500 FORMAT- tI47E1 457 TEL 351
ISN 0109 ' IF{K2 - L1)600,9,9
I{SN 0110 600 K1 = KL, + 8
SNt #2—=H2+8
ISN 0112 IF(K2 - L1)200,200,700
ISN 0113 700 K2 = L1 -
SN — =6 8-FA—200 - :
ISN 0115 9 IF(KIND LY, 3) GO YO 27
ISN 0117 IF{ITVEC .NE. 1) GO TO 27
€ e et e
C "MATRIX MULTIPLICATION
C .
-1+ ——BO-21- I =t OWEHT MAXCH - - - -
TSN 0120 Y(1) = 0.0
ISN 0121 - DO 21 J=LOWCH,MAXCH -,
FSN—0122——21¥t1 =¥ {1 )+ COMP (T3 ) 2 VECTI)
ISN 0123 PRINT 31
ISN 0124 24 FORMAT(1HO6(164E12.5) )
EISN—O125———— 31 FORMAT{33HITEST ~VECTOR “MULTIPLT ED-BY - MATREX—F— - -
C
{SN 0126 “INC "(MAXCH - LOHCH + 6)/6
*%N_eﬁ?__.._-__._...__._ Nx ——— 1 . e e E o ah et a s e e S Es o8 e e ——————
ISN 0128 00 22. I=1,INC : .
ISN 0129 . M =" LIWCH + INC%S5 + T - 1
KN ~{FtM-~-MAXCH) 28428423 - -~ o e
ISN 0131 23 M = MAXCH - INC + NX
ISN 0132 - NX = NX + 1} .
N33 28 L = LOWCH 4 1 =1 - - - g O SO
ISN 0134 22 PRINT 24, (J.Y(J)oJ LeM,y INC)
. C .
f.SN_e:l_as-mu.‘_ __.-,._ﬁ.._.\...oo. .26 .K___L.ONCH>'MAXCH - . Vv e rma e miem s e B e sl e sem sire m emirm e e e tairs 1h e tees e e
ISN 0136 : 26 WIK) = Y(K)
C : .
*_S,N,_e_l.}?._..._:. ——————— __2-',CALL ..i TFRA T F PR . . - m——. e e S e e erem b maeiein
ISN 0138 GO 7O 8
ISN 0139 - 11 CONTINUE
}SMHO_,-____‘_.:..... RE TURM - N be e eme e e s s ey am et 4t st s 4 e memme memamm et e es b e tm s e mes b e et e aeimd s e

ISN 0141 END



31

LEVEL 16 ( I-JULY €€) - . (S/360 FCRTRAN H CATE es.za2111r56.254

COMPILER OPTIONS — NAME=_ MAIN, 0P1=00.LIAECAY 57,STURCE, EBGLIC,NOL IST,NOCECK

ISN CGQ2 “SUBROLTINE I1ERAT. LUADMAP (NOED171,1.D2NOXKREF

C

‘ISN 06G3. DIMENSICN R(lZE)pSUVh(lZB)}VE((lZB)

ISN 00C4 CCMMCN/ZL/ CCMP(2128,128) -

ISN 3GCS LCCMMCNIZ27 ' uhU(lze).w(xze).eatxzeo.x(1¢a).xl(lza)

S ~ X _yNE(10), IIrAx.hoLT.ﬁL,Lchcw.MAXCH.A.G1128)'FﬁchR.END.NERR,KIND

ISN 0GO6 EGUIVALENCE (w(1),VEC(1))

e

ISN 06¢7 ) CALL BCLAD

ISN 0C38 .CC" € I=LOPCH,MAXCH

ISN 0QCS - O E WNULCEI=¥ (I

: ‘ o

C BEGIN I]ERA1ICB PROCEEDLRE
c .

ISN ¢g818 z PRINT 1€

ISN 0011 1€ FCRNAI(IHID

ISN 0Ciz SIx o=}

ISN G013 - 11=1

ISN 0C14 NCONVZ2

. C :

ISN OGZ¢E 1S CCNTINLE

. - :

ISN- 0C1¢ 2% SLML=0Q .

ISN 0C217 CG 24 1=LCwCH,MAXCH

TSN CC1E SLM=C,

ISN 5G1s -~ CC 23 4= LChCh MAXCH . .

ISN $80Z¢ 2% SLM = SLM + CCMP(I,J)¥X10J)

ISN 0Gzl XCI)=X1(E)9uNLCL)/SUNV

ISN'Coz2 (YRS ERIN

ISN GQz3 RUII=WAL(T)=W(I)

ISN 00z4 . “SULFL=SUNL4R(T) 422

ISN 00z¢ “2¢ SUMN{I)=SUml } o

ISN gozZe IF(SUMN(MAXCH) = BND) 25,25,27

ISN Q027 €5 PRINT 2€, 17,BNDySUMM(MAXCHK)"

ISN CCzE 2€ FCRMAT(IHG//SXSOHARRESTING ‘CRITERICA sﬂTISFlED CN llERATlUN NUMBER
} 16,//SY€FRCUND=1FE L4y 3X SHACRF= 511.4. . C /126XLFEI9X1HX
Z11XEHWPRIPELZXIHRIBX4HNGFN//) R

1SN PUNCH 1CCZ, (X1 (I),1= LG»CH,rnxcr)

ISN 1CC: FCRMATIEER245) :

ISN NCCNV=1 - ]

ISN GC 10 3¢ ' .

ISN 27 IF(IX 4CTe M) GC TC 277

ISN IF(IT oNEe NI(IXY}) GC IC 277

ISN PUNCH 1602y (X1([},1= Loucu.rnxcrp

ISN O Ix = IX + 1

ISN Zzti IF( MCD (11 hCLTD)34oZE-34

c .

ISN 0643 ¢ PRINT 2¢, 11 o

ISN CJ41 2GS FGRMATUIRI//SXXTHITERATICHN hUPEEF 16,//26X1FI9X1FX11X6PNPRIMEIZXIH
1R13X4HNCFN//)

C

ISN 604z zc 0 21 I-LChCHyFAXCH

ISN CGL£42 3 PRINT 32, T4X3(1)yw(I) R(I)oSUFh(I)

ISN_0044 iz FCRMAT(121+)F4EL50a4)

C

ISN €045 32 GG TO(L434) 4NCCAV

1SN CQ4¢ 24 1T7=17+1

ISN CG41 IF(IT-11MAX)35,35,37

ISN 0C48 3¢ GG 3€ I'=L(wCHyMAXCH

ISN GG4S € xAId=x(1)"

ISN. 6053 GO 1C 1¢ T

ISN CGEl 27 PRINT 38, [ TMAX,BAD,,SUMN(FAXCH)

ISN 0082 - - 38 FCRMAT(IHO//SX40HARRESTING CRITERICN NCT SATISFIED AETER 16, 2X)]QK]
LTERATIUNS o/ s9X6RBCUNC=1FELLe%y 3X SHANCEM=" 511.4) .

ISN GG:3 I RETLRN

ISN _GGE4 END
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"1 JULY 68y T 0S/360 FDRTRAN H ' ~ DATE  70.122/19.26.45

LEVEL 16 {
oo, COMPILER OPTIONS - NAME= MAIN,OPT= 00, LINECNT=5T7, SOURCE,EBCDIC, NOLTST,DECK,
1SN 0002 SUBROUTINE BOUND. _ “LOADMAP,NOEDIT, IDy NOXREF
ISN 0003  © DIMENSION VEC(128)
TSN 0004 - TCOMMON/Z17 COMP (128, 1281 : . : : .
1SN 0005 COMMON/Z2/ WNU(128),W(128) 4ER(128)+X(128),X1(128)
L X aNL(10) ¢ TTMAXyNOUT o NUyLOWCH, MAXCH, A4G( 128) ,FACTOR, BND, NERR,KIND
TSN 0006 FQUIVALENCE (W(1),VEC(1))
c .
ISN 0007 ""”__ngo 14 ITMAX,NOUT, NERR, NU
1SN 0008 IFINU .EQ. 0) GO To 3
1SN 0010 READ 14{N1(I),1= quU)
ISN 0011 . - 1 FORMAT(1216) e N
1s~ 0012 10 FORMAT(6F12.0)
c .
1SN 0013 3 BND = 0,
ISN 0014 GO T0 (71,70,60),NERR
(4
o _C WADJ TS READ IN AS ER ‘FOR WP VECTDR ]
€ UNFOLDED SPECTRUM ARRESTING CRTTERION PATH. (KINO=3)
*C ERROR VECTOR ARRESTING CRITERION PATH.. (KIND=4} .
1SN 0015 60 [FIKIND .EQ. 4) GO TO 2
ISN 0017 4 READ 10, (ER(I),I=LOWCH,MAXCH)
iSN 0018 2 DO 100 T=LOWCH,MAXCH - e
TSN 0019 TEMP = FACTOR/G(I) |
ISN 0020 _IF(KIND .EQ. .4) GO YO 99
SN 0022 ERROR = ER(T)*TEMP
ISN 0023 ER(I) = SQRT{ERROR}
ISN 0024 ... BND ='BND & ERROR*4-_ .
1SN 0025 G0. T0-100 . . . : ' :
ISN 0026 99. ER(I) = SORT(W(I})*TEMP .
1SN 0027 BND = BND_#+ 4. %W(1)*TEMP2TEMP
ISN 0028 "100 CONTINUE
1SN 0029 GO Y0 90
e Lo T 4
C USED-FOR RELATIVE ERROR INPUT.
¢ .
ISN 0030 70 READ 10,ERROR
ISN 0031 DO 80 I=tDWCH,MAXCH
1SN 0032 ER(1) = ERROR®*W(I)
ISN 0033 ~ 80 BND = BND + (ER(I))#*Z L
ISN 0034 GN TO 90
C
C-_RAW DATA ARRESTING CRITERION PATH |
c . - T .
1SN 0035 71 IF({KIND .EQ. 4) GO TO 2
ISN 0037 TF(KIND .€Q. 3) GO TO 4
1SN 0039 DO 72 1 = LOWCH, MAXCH.
1SN 0040 ER(T) = SORT{FACTORSW(I}/G(T))
1SN 0041 72 BND = BND + 4.*W(T)*FACTDR/G(I) e
¢ : ; :
1SN 0042 ‘90 CONTINUE
ISN 0043 ____PRINTT, . )
TSN 0044 7 FORMAT(1H125X38HITERATTIVE SOLUTION OF DETFCTION SYSTEM/726X1HI4X -
o ... X 13HPHNTON ENERGY_4X8HW VECTOR 10X SHERROR 6X9HX1 VECTGR £
X 31X 13H(MC sqQ UNITS) )
- C
ISN. 0045 ___ . DDBI=LOWCH,MAXCH _ s —
1SN 0046 E = A#l :
ISN 0047 ENERGY = (F/1.021952)#%(1. +SQRT (l.+1. 021952/5) )
ISN 0048.__ _ ... _ 8B PRINT 9y I,ENERGY WL} ER(I)yXICI)
ISN 0049 9 FORMAY({T127,F15.5,1P3E15.4)
TSN 0050. " RETURN
ISN 005V . . END e e e e e oo e



APPENDIX B
FEND Program Listing (IBM-360)

LEVEL 16 ( 1 JULY 68) 0S/360 FORTRAN H ' OATE 71, 005/15.10.43
COMPILER OPTIONS = NAME= MAIN,OPT=00,LINECNT®=57,SOURCE,EBCDIC,NOLIST,NODECK,
c PROGRAM FEND LDAD:MAP;NDEDLT;ID;NDXREF
c
c THIS PROGRAM HAS BEEN TRANSLATED FOR_THE . 360/50
c WITH RELEASE 1=A OF THE MOD=50 TRANSDECK
¢ JOB
C__COMPTON SCATTERING PROGRAM, . FAR _END EFFECTS ADJUSTED VECTOR_ _R. GOLD._
C MARCH 1969 REVISED JULY 1969 FOR 3600CDC. ADDING NUMQUA SUBR,
C REVISION SEPT, 1969 FOR 360 IBM
ISN 0002 DIMENSION PHI(IZB)JWPLLEE)JM_LZBL;Rﬁlﬁgj_ﬁ)pNADJ(128):ER(1281,
X »IDEN(18)
ISN 0003 DOUBLE PRECISION FN1,FN2,FN,SL,AO,BO,ABAR
ISN 0004 COMMON/XY/FN(15)2SL(L5) s FN1sFN2, ABARSAOSBOL AXsBXaXI{TOY S VILTO)s
X X(25)sY(25),ARG(15),ETAINPTS,NUM)NEXTs MAXCHs LOWCH
1SN 0005 LOGICAL NPROB _ :
ISN 0006 DATA NPROB /4H __. /,PIR0SQ/2+49452E»25/,SQMC/0,510976/n
‘ ' X TOTEL /7.0E+23/ : ,
C .
ISN 0007 10 FORMAT(213,16,2E12,3,11)
ISN 0008 40 FORMAT(18A4) : '
ISN 0009 60 FORMAT(1HO 8HMEV/CH = F8,5) .
. ISN 0010 70 FORMAT(6E12,5)
ISN 0011 107 FORMAT(13HOPI{RO)(RO) = 1PE12,5, 29X6HN(E) = El0.3, /12HOLIVE TIME
X = OPFl0,1,5H SEC, 8X 23H INTEGRATION CONSTANT = 1PE13,5)
¢
¢ .
ISN 00}2 8 READ(3,40) IDEN
ISN 0013 IF (IDEN(1) .EQ, NPROB) GO T0 20 _
: c
ISN 0015 30 WRITE(4,40) IDEN
ISN 0016 READ{3510) LOWCHsMAXCHsLOWFITsAMaTIMELONPRIN .
ISN 0017 WRITE(4560) AM
ISN 0018 AMC = AM/SQMC
c - —
TSN 0019 CONST = PIROSQ*TOTEL
ISN 0020 WRITE(4»107) PIROSQ,TOTELs TIMEL,CONST :
ISN 002) READ(3,70) (WADJ(J)sJelLOWCHsMAXCH) i R
ISN 0022 READ(3,70) (PHI{J)sJmLOWCHsMAXCH) : :
ISN 0023 K'= 0
ISN 0024 DO 1 J=LOWFIT,MAXCH
ISN 0025 K 2 K + 1
ISN 0026 X(K) = AMC%0,5%J%(1,+SQRT(1y%2./(AMC%J)) )
ISN 0027 1_Y(K) = ALOG(PHI{(J))
3
ISN 0028 NEXT = K
ISN 0029 NUM = )
C
C  NUM USED FOR 2 CALLS TO NUMQUA SUBR., ONE FOR PHI EXTRAPOLATION
c : FIT, TWO FOR _INTEGRATION OF PHI#*C(EO,EI) -
c .
ISN 0030 CALL NUMQUA
ISN 0031 NUM = 2
ISN 0032 EIMAX ® AMC®FLDAT (MAXCH)
c .
C_PHI IS UNFOLDED EXPERIMENTAl SPECTRUM
c
ISN 0033 ° EOMAX = EIMAX %0,5%(1,+SQRT(l.+2,/EIMAX)) -
T -
C ~ FORM PHIEO FROM EOMAX TO ENDPT,
c .
TSN 003% AX = EOMAX = AMC%0.5
ISN 0035 ESTART = EOMAX
ISN 0036 ENDPT = (=20, = AD)/BO
ISN 0037 BX & ENDPT
ISN 0038 DEL = (ENDPT =~ ESTAgT)/eo.
ISN 0039 1=0 e
TSN 0040 IOT I=1+1 -
ISN 0041 _APHIEO(I) -DEXP(AO + BO®ESTART)

33



34

ISN 0043 XI{1) = ESTART
1SN 0044 ESTART = ESTART + DEL
ISN 0045 IF(ESTART - _ENDPT) 101410144
ISN 0046 4 NPTS =T
é — : i . e e
C V VECTOR GENERATED FOR NUMERICAL INTEGRATION IN NUMQUA
L C FORM V(1) FUNCTION. INTEGRAND sroaeo AS VIL(K)
¢ -
c 3 CONTRlBUTION
’ . C .
ISN 0047 NOPT = T T
1SN 0048 - DO 103 J=LOWCH,MAXCH
ISN 0049 . El = AMC * FLOAT(J)
1SN 0050 IF(NPRIN .EQ. 1) GO TO 110 T
1SN 0052 WRITE(4,111) EI .
ISN- 0053 WRITE(4,112)
ISN 0054 110 EIX = EI* EI B -
) c . )
C E0 CONTRIBUTION
ISN 0055 DO 102 K =1,NPTS
ISN 0056 EOV = XI(X)
ISN 0057 EOVSQ = EQV*EOV. T
ISN 0058 DIFF = EOV - EI
ISN 0059 . DOFF = DIFF*DIFF
ISN 0060 . VC = 2./EO0VSQ + EIX/(EOVSQ*EOVSQ*OOFF)O(EIX -2. *EI)/(EOVSQ*EOV*D]FF
X)
ISN 0061 VI(K) = C*PHIEO(K)*CONST )
ISN 0062 IF(NPRIN .EQ.. GO TO 102. , :
ISN 0064 WRITE(4,105) K.EOV.PH[EO(K)yVC'VI(K)
ISN 0065 . 102 co~r1gys - -
: € :
ISN 0066 IF(NPRIN .EQ. O) GO 'TO 2
ISN 0068 GO TQ (15,2),NOPT
1SN 0069 15 WRITE(4,12) Vl(l),NPTS.V[(NPTS),AX ex'
ISN 0070 2 CALL.NUMQUA
ISN 0071 V(J) = ABAR
ISN 0072 ER{J) = ETA
ISN 0073 WP(J) = WADJ(S) - V(J)
¢ ‘
ISN 0074 [F(NPRIN -EQ. 17 GO 70 6
ISN 0076 WRITE(4+9) AXyBXyABAR,ETA, (IyARG(I)'FN(l)'SL(I).I 1,15)
1SN 0077 WRITE(4413) AX,FNL,BX,FN2
c .
ISN 0079 6 _EE = AM*J
ISN"0080 EP = EE/0.510976 ;
ISN 0081 €0 = EP%0.5%(1l. + SQRT(1.+2./EP) )
ISN 0082 PHE= EE*0.5%({1. + SQRT(1.+2./EP) }
ISN 0083 GO TO (3,5),NOPT
ISN 0084 3 NOPT = 2 : .
ISN 0085 WRITE(4,55) J,EP+EO4EEPHEyWADJ(J) yWP{J),ABAR,ETA
ISN 0086 GO TO 103
ISN 0087 5 NR]TE(Q'SO) J.EP'EO.EE PHEsWADJ(J) yWP(J)yABAR, ETA
ISN 0088 - 103 CONTINUE . . :
ISN 0089 IF(NPRIN .EQ. 1) "GO 10 7
ISN 0091 WRITE(4,55)
ISN 0092 D0.11 J= LOHCHyMAXCH
ISN 0093 EE = AMXY
1SN 0094 EP = EE/0.510976
ISN 0095 EO = EP*0.5%(1, + SQRT{1.42./EP) )
ISN 0096 PHE= EE*0.5%(1. + SQRT(1.+2./EP) }
ISN 0097 11 WRITE(4,50) J,EP,EOQ,EE,PHE, HADJ(J)vHP(J)qV(J)yER(J)
ISN 0098 7 PUNCH 704 (WP (K) ,K=LOWCH,MAXCH) :
C _ ) ;
TEN5099 T T g EORMAT(ING/THO77 7/ TX30HAPPROX. VALUE OF INTEGRAL . FROM Flo 5, X
' X 2HTO F10.5, /1HO6X 2HIS 1PEL13.5,.5H +/~ E12.5, 6X 6H{(N. = 3
o X BHy M =2y /1HO 7X 1HL 6X BHABSCISSA 7X 14HFUNCTION VALUE
X 8X 10HOERIVATIVE 7(1H 18y1PEL14.5,E21.5+E18.5) )
ISN 0100 12 FORMAT(/ 12HO VI(1) = 1PEL2.5,/THO - VI( 12, 4H) = E12.5,/31HO

ISN 0101

X _INTEGRATION LIMIYS FOR V = O0OPF8.5, lH, F9.5 )}
13 FORMAT(SHOFCN( F9.5,3H) = 1PEL2.5,6X4HFCN(OPF11.5,3H) = 1PEL2.5/1




ISN 0102 50 FORMAT(I14,F12.54F14.542F12.5,1P3EL7.5+E15.4)

ISN 0103 55 FORMAT(1HO 2X 1HN 4X BHELECTRON 8X 6HPHOTON 5X BHELECTRON 5X &6HPHO
XTON 8X 8HW-ADJ(N) 10X SHWP(N) 13X 1BHVIN)  +/-  ERROR / 9X GHENE

XRGY 9X 6HENERGY 6X 6HENERGY 6X 6HENERGY / 6X 12H(MCSQ UNITS) 13X
X 12H{MCSQ UNITS) 4X SH(MEV) 7X SH(MEV) /(1HO 13,F12.54F14.5,2F12.5

"Xy 1P3ELT.5,E15.4 ) )

ISN 0104 105 FORMAT(1H [3,1PE17.442E16.4,E17.4) i
ISN 0105 111 FORMAT(1H1/ 18HOELECTRON ENERGY = F10.5)
fsn0106 112 FORMAT(4HO N SX 13HPHOTON ENERGY 7X 6HPHI(N) BX LOHPARTIAL VI 6X
: X 12HVI INTEGRAND )
c
fsn o107 7T "co 0§
: c X
ISN o108 ~ ~ 20-STOP
SN 0109 RETURN
ISN 0110 END
LEVEL 16 ( 1 JULY 68) 0$/360 FORTRAN H DATE  69.276/14.54.03
TCOMPILER OPTIONS < NAME= MAIN,OPT= OO,LINECNT 57, SOURCE+EBCDICyNOLIST,NODECK,
ISN 0002 ‘ SUBROUTINE NUMQUA - LOAD.MAP,NOEDIT, ID,NOXREF
C NUMERICAL INTEGRATION USING GAUSS—LEGENDRE QUADRATURE (15 ZEROS)
1SN 0003 DIMENSIGN B(2) ,RESID(25)yA(242) ,EPIVOT(2)yINDEX(2+2V+sSTO(2)y
. X PIVOT(2),EVAL(25),C(2542),CHAN{128),EXY(25),ZEWT(2,8)
- .
1SN 0004 ""DOUBLE PRECISION AsByAMAX,SUM,PIVOT,DETERM,STD, C4AO,BO, FNL,FN2,FN,
‘X SL+ZEWT,ABAR
ISN Q005  COMMON/XY/FN(15),SL{15),FN1,FN2,ABAR,AO, ao.Ax.sx,XI(vo).vx(70).
X X(25)1,Y(25) ARG(L5) yETA,NPTS s NUMyNEXT y MAXCHy L OWCH
ISN 0006 EQUIVALENCE (AMAX,T,SWAP), [ IROW,JROW),{ ICOLUM, JCOLUM)
o .
ISN 0007 DATA T , , T i
: X ZEWT{1l,1) /0.987992518020485 /, ZEWT(2,1) /0.030753241996117 /,
- - X ZEWT(1,2) /0,937273392400706 /, ZEWT(2,2) /0.070366047488108 /,
X ZEWT(1,3) 70.848206583410427 /, ZEWT(24+3) /0.107159220467172 7,
X ZEWT(144) /0.724417731360170 /, ZEWT(2,4) /0.139570677926154 /,
_ i X ZEWT(1,5) /0.570972172608539 /, ZEWT(2,5) /0.166269205816993 /,
X ZEWT(146) /0.394151347077563 /, ZEWT(2+,6) /0.186161000015562 7/,
X ZEWT(1,7) /0.201194093997435 /, 2EWT(2,7) /0.198431485327112 /,
o X ZEWT({1,8) /0.000000000000000. 7/, ZEWT(2,8) /0,202578241925561 /
c- . . '
C END ZERO AND WEIGHT DATA FOR 15 POINT CASE
¢ -
B - € AX = LOWER LIMIT OF INTEGRATION FORMED IN MAIN PROGRAM FROM MAXCH
, C BX = UPPER LIMIT OF INTEGRATION FORMED IN MAIN PROG. FROM EXTRAP, FIT
o e e G L : i .
ISN 0008 " 60 TQ (111,222),NUM
ISN 0009 111 N = NEXT .
JISN 0010 _ - NPTS =_1
ISN'0011 GO TO 446
c
IsSN 0012 . 222 XIl = XI(1l)
ISN 0013 . XIN = XI(NPTS) .
ISN 0014 YI1 = VI(1)
ISN 0015 . . YIN = VI{NPTS) :
¢ : : .
ISN 0016 . DO 18 J=1,NPTS :
ISN 0017 | IF(VI(J} .GT, 0.) GO To 18
ISN 0019 "WRITE (4,35)
ISN 0020 35 FORMAT(28H VALUES ARE 26RO OR NEGATIVE )
ISN 0021 - . __ RETURN
ISN 0022 18 CONTINUE
c
.L§N_992§mm.m. i N=3

TSN"0024 T EYS

35



36

B0 621 J =

ISN 0025 DO 20 1=1,7 -
1SN 0026 ARGUT)=((AX — BXI*ZEWT{141) + AX + BX)¥0.5.
ISN 0027 ARGUJI=((BX = AXI*ZEWT(1l,I) + AX + BX)#0.5
IsN 0028 - .20 J=J -1 . ‘ : - o
c : - :
ISN 0029 ARG(J)=(AX + BX)%0.5
ISN 0030 JaG = 2
c ]
C FORM SLOPES AND FUNCTIONS
c_ . :
‘TSN 0031 77446 DO 451 JS = 1415
ISN 0032 GO TO (202,5)4NUM
ISN 0033 5 TEST = ARG(JS)
TSN 0034 TF(TEST — XI(NPTS)1202+202,51
C
ISN 0035 202 DO 452 18 = 1,NPTS
TSN 0036 GO TO (95,24) NUM
ISN 0037 24 NTIME = 0 :
ISN 0038 IF(TEST — XI(IB))98,98,452
1$N 0039 98 1F(18 .LE. 2) GO TO 16
ISN 0041 - L = 1B - JOG
ISN. 0042 S4 IF(L .LE. 0) GO TO 16
TSN 0044 TF(C # N ="NPTS - 1160,60,59
ISN 0045 59 L = NPTS — N + 1
ISN 0046 - 60 TOD 60
TSN 0047 iet =1 :
X (o
ISN 0048 60 DO 99 K = 14N
TSN"0049 X1K) = X1t
ISN 0050 Y{K) = ALOG(VI(L))
1SN 0051 99 L = L + 1
C . .
C FIRST ARG
- - c : :
1SN 0052 CIF((L-1) .EQ. N) GO TO 95
o : '
C  LAST ARG
o C . : .
ISN 0054 IFIL .GT. NPTS) GO TO 95
c _ : .
T TE T YEST FOR CLOSEST POINTS TO ARG
¢ k
IsSN o056 T ILOW =L - N -1
1SN 0057 TESTI = TEST - XT(ILOW)
ISN 0058 TEST2 = TEST - X{(1) .,
ISN 0059 JEST3 = X{(N) - TEST
TSN 0060 YEST4 = XI(L) - TEST
ISN 0061 IF(TEST4 .GE. TEST2) GO TO 97
ISN o063 GO 70 452 -
TSN 0064 97 1F{TESTI VGE. TEST3) GO 70 95
ISN 0066 NTIME = NTIME + 1
ISN o067 - L = IB - JOG — NTIME
TSN0068 ) GO TDS4
C .
o CLSQPOL CALCULATIONS
¢
ISN 0069 .95 D0620 I =14N
1SN 0070 620 C(I,1} = 1.0
ISN 0071 D050 J = 2,2
ISN 0072 DO 50 I = 1N ‘
ISN 0073 S0 C({T4J) = ClI,J-1)%X(I)
ISN 0074 DO 150 I = 1,2 o
ISN 0075 B(I) = 0.0
ISN 0076 DO 100 J = 1,2
ASN 0077 .. L ALLNJ) = 0,0
1SN 0078 DO 100 K = 1,N
ISN 0079 100 ATI,J) = AlL4Jd) + CUKyI)I¥C{K,J)
IsSN o080 . .DO 150 K = 1,N
ISN 0081 ' 150 B(I) = BUI) + CUKsI)2Y(K)
e & INITIALIZATION
ISN 0082 DETERM=1.0
-ISN 0083 = 142 e e e



—&

ISN 0084 621 IPIVAT(J)=0
1SN 0085 DO 550 I=1,2
C : : .
o 'SEARcH'FbR”?TVOT-ELEMENT
c
ISN 0086 - AMAX=0:0
ISN 0087 DO 605 J=1,2
ISN 0088 . IF (IPIVOT(J)-1)660,605,660
ISN 0089. 660 DO_600 K=1,2
ISN 0090 IF (IPTVOT(K)I-1) 80,600,740
1SN 0091 80 IF{DABS (AMAX)-DABS(A(J,K))) 85 600,600
ISN 0092 85 IROW=J
ISN 0093 ICOLUM=K
ISN 0094 AMAX=A(J 4K ).
ISN 0095 . _ 600 CONTINUE
ISN 0096 605 CONTINUE
1SN 0097 [PIVOT(ICOLUM)=IPIVOT(ICOLUM) +1
B C .
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
c
ISN 0098 N 1F (IRON-[COLUM) 140y 260, 140
1SN 0099 140 DETERM=—DE TERM
"ISN 0100 DO 200 L=1,2
ISN 0101 - ..SWAP=A{IRQW,yL)
ISN 0102 AUTROW,L)=A{ICOLUM, L)
ISN 0103 200 A(ICOLUM,L)=SWAP
ISN 0104 = . ... __ SWAP = BI(IROW)
ISN 0105 B{TROW) = B(ICOLUM)
ISN 0106 B(ICOLUM) = SWAP
ISN 0107 260 INDEX({I,1)=IROW
1SN 0108 INDEX(1,2)=1COLUM
ISN 0109 PIVOT(1)=A(ICOLUM, [COLUM)
IsN o110 .  DETERM=DETERM*PIVOT(I)
. c i A.
C OIVIDE PIVOT ROW BY PIVOT ELEMENT
) c -
TSN 0111 T T ATUTCOLUM,TCOLUMI=1.0
ISN 0112 DO 350 L=1,2
ISN 0113 350 A{ICOLUM,L)= A{ICOLUM,L)/PIVOT(I) ) i N
ISN 0114 BUTCOLUMY = B(ICOLUMI/ZPTIVOT( 1) e T
o
C REDUCE NON~PIVOT ROWS
. C, . .
[SN" o115 DD 550 Li=1,2
ISN 0116 IF(LL-ICOLUM) 400,550,400
ISN 0117 400 T=A(L1l, ICOLUM)
ISN 0118 AtL1,IcoLuMI=0.0
ISN 0119 DO 450 L=1,2
ISN 0120 450 A{L1,L)=A(L1,L)—-ACICOLUM,L)*T
TSN 0121 B(LY) = B(LL) - B{ICOLUM)*T
ISN 0122 550 CONTINUE
-C
€ INTERCHANGE COLUMNS
C
ISN 0123 00 710 I=1,2
ISN 0124 L =3 -1
ISN 0125 IF CINDEX{L,1)- INDEX(L,Z)) 630.710'630
ISN 0126 630 JROW=INDEX(L,1)
1SN 0127 JCOLUM=INDEX{L,2)
ISN 0128 DO 705 K=1,2
ISN 0129 N SWAP=A(K,JROW) '
TSN 0130 A(K,JROW)= A(K'JCOLUM)
ISN 0131 ] A(K,JCOLUM) = SWAP
ISN 0132 705 CONTINUE
TSN 0133777710 CONTINUE
ISN 0134 . 740 CONTINUE.
c .
[SN"0135 T TF(NUM .EQ. 2) GO T0 51
1SN 0137 SUM = 0.0
ISN 0138 D0 205 1 = 14N
ISN" 0139 203 RESID(II=B(L)+X(1)1*B(2) - Y(I)
ISN 0140 205 SUM = SUM#RESID(I)}*RESID(I) )
C

“"BACK TO MAIN PROGRAM

37
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c
ISN 0l4l __DEG=N-2 ) L
ISN 0142 DO 680 I=1,2 '
ISN 0143 680 STD(I) =DSQRT (SUM*A(I,1)/DEG)
c !
TSN 0144 ’ DO 170 I=1,N
1SN 0145 CHAN(I) = MAXCH - N + I
ISN 0146 EVAL(I) = RESID(I) + Y(I)
TSN 0147 170 EXY(T) = EXP(Y({I))
c S . )
ISN 0148 _ WRITE(4,1234) - (B(I),STO(1),4I=1,2)
TSN 0149 WRITE(4,6000) SUM '
ISN 0150 WRITE(4,7000) (CHANUI) ¢ X{I),EXY(I)oY(I),EVAL(I),RESID(I)oyI=1,N)
ISN 0151 . 1234 FDRMAT(/1HO 9X11HCOEFFICIENT1LX6HERROR /(1H 1P2E20.7) )
ISN 0152 7776000 FORMATI( 40HO WEIGHTED SUM OF SQUARED DEVIATIONS = 1PE13.57 )
ISN 0153 7000 FORMAT(4X SHCHAN. 5X 13HPHOTON ENERGY 7X 3HPHI-8X 7THLOG PHI SX
L B X 1O0HEVALUATION 5X BHRESIDUAL /15X 12H(MCSQ UNITS)/(OPF8.0,F16.6,
- X IPELT.5,0PFLL.5,F13.5,1PE16.4) ) :
) c ] :
ISN 0154 A0 = B(1)
TSN 0155 B0 ="B1(27
ISN 0156 RETURN
ISN 0157 452 CONTINUE
. C
ISN 0158 51 IF(JS .GT. 1) GO TO 1
ISN 0160 FN1 =DEXP(B(1) + AX®B(2))
ISN 0161 1 _FNUJS) =DEXP(B{1l) + TEST*B(2))
ISN 0162 SLIJS) = B(2)%FN(JS)
ISN 0163 451 CONTINUE .
ISN 0164 FN2 =DEXPIB(1) + BX*B(2))
c N .
c FORM INTEGRATION APPROXIMATION
c__ ) :
ISN 0165 445 J = 15
ISN 0166 ARG4 = (BX — AX)*0.5
ISN 0167 ABAR = 0.
[d
ISN 0168 DO 42 1 = 1,7
ISN 0169 ABAR = ABAR + ZEWT(2,I)%(FN(I) + EN(J})
ISN 0170 42 J = J -1 .
ISN 0171 ABAR-= ABAR + ZEWT(2,8)*FN(J)
ISN 0172 ABAR = ABAR¥ARG4
c
. C FORM ERROR BASED ON DERIVATIVES
U
ISN 0173 ETA = 0.
ISN 0174 J = 16
SN, *
ISN 0175 DO 15 I=1,7
ISN 0176 Jd=J-1
ISN. Q177 o GL = ZEWTI2,I)%ZEWT(1,1)
ISN. 0178 ARGE = GL*(SL(J) - SL{I))
ISN 0179 15 ETA = ETA + ARGE
e e e e
ISN 0180 ETA = ETA%ARG4*ARG4 _
ISN 0181 : ETA =(ARG4*(FN2 + FN1) —ABAR — ETA)/31.
A e :
ISN 0182 RETURN
ISN 0183 END
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APPENDIX C
GABCO Program Listing (DDP-24)

GABCA...GAUSSTAN BROADENED COMPTEN SCATTERING. MATRIN COLUMN, . ELECTRON
, ENERGY(MC SO UNITS) DEPENDENCY. AUGUST, 1949
G(1,1) VECT@R FORMED

CoMMBN COM(138),EXPER(138),FBLND(138),10(18),XN(2),YV¥(2)
»XC10),Y(10),B(5),A(S5, 5),thvaT¢5).c¢10.5),srn(9).P1ve1(5)
»INDEX(8,2),EN(138),T,RESID,WIDFH,D,Y1>»AMC,EIL,EIULEBULERL,ETIX;
EL,E@X22,E13 ,EEL1.EE2,ELECTI,TUP,TLBW,CON2, sun.aas.rev 182,
SUMEXP »SUMTHE, DY, XI,RATI®,EL,G,E,XP,YP1,DA,YP2, getean 'DBGs XMIN;
DX, YMIN, LOWCH, MAX, MAXCH, TU.TL, TWEEBU2 TWBEBL, CMX, TOU»TOL s TOW, TEX:

W NT,FOLDI,EBX12,EQX1,EBX2, UK, IR@W, ICOLUM,EE,EF-

> X X M X X

EQUIVALENCEC(IRGW, URBW)Y, (ICBLUM, JCOLUM), (AMAX, T, SWAPD
EQUIVALENCE (B(1),B1),(B(2),B82),(B(3)+B3),(B(4),84),(B¢5),85)

DEUBLE PRECISIAN TUP,TLOW.ELECTI,ELLEIX,EOX1,EQXD,SEL, EER,EBULEBLY
X E@X22, EI3, TWOEQU,TWOEGL,TOU,TOL,TEW,TEX,Tay,Te2, Tu, $L,E0X12

20 FORMAT(X 17A4,A3)

21 FORMAT(513,F9.3,F12.5,F6.4)

283 FORMAT(1KH0/3X 1HN 2X 9HE. ENERGY sx 6MG(NsN) )

30 FORMAT(6HOCHAN, 3X SBHELECTRON 4X 7HCOMPTON 6X 7HEGMPTOL: 6X BHEXPE
XRIM. 7X BHEXPERIM. / 10X 6HENERBY 4x 10HSCAFTERING 3X {0HM
XSCATTERING 4X SHSPECTRUM 7X BHSPECTRUM / 11X_5H(NEM? 4*'9H(INIT1AL
X) SX BH(FOLDED) BX SH(EXTRAP.) 4X 12H{NORMALIZED) /) ‘

40 FORMAT(I14,0PF12.6,1PE14.5,E13.5,0PF11,0,1PF17.5)

54 FORMAT(1KW1/ X17A4,A3/  20HOWIDTH AT WALF=HT, =: §9,6, 6H MEV 26X
X 84 LOWCH = 13/ 37X 31HPTS. USED FOR FITTED EXTRAPL =: [2)

60 FARMAT(12F6.0) : _

51 FORMAT(F6.0,7Fr8.0)

70 FORMAT(9H SPECTRUM)

81 FORMAT(24H ELECTRON ENERGY, MEV)

90 FORMAT(13H EXPERIMENTAL)

104 FORMAT(20H THEGRETICAL, FOLDED ) ,
130 FORMAT(13HNEXPER., SUM = 1PF13.6/134 TMEOR+. SUM = E43.6/
X 15H NARM. FACTOR = E13.6)

1234 FORMAT( 1H0D 9X11HCEEFFICIENT11X6HERRBR /(1H 1P2EBD.7) )
6000 FRRMAT(28H0NSUM @F SQUARED DEVIATI@NS = 1PE13,5/)

MAXCH = CHANNEL @F IQQTGPE GAMMA ENERSY AFTER CSNV RS1ON §3 ELECTRBN
ENERGY.
M = NUMBER @F CBEFFICIENTS USED IN EXTRAPGLATION FIF:
NT ® 0 FGR CARD INPUT 8F EXPERIMENTAL SPECTRUM
NT & +,- FBR ASCIi TAPE INPUT GF SAME |
NQRMCH IS LAST CHANNEL USED IN NORMALIZATION OF THEZQRY' ANB: EXPERIMENT-
CMX 1S ELECTRAN EMERGY IN MEV AT MAXCH
N IS NUMBER OF P@INTS 'USED IN FIT FB8R EXTRAPBLATION: T3 ZERS.
NEXT = 1 IF N@ EXTRAPOLATIGN USED,
NEXT = 0 @THERWISE
6 READT3,20) ID ..
READ‘S:Z’.) L@HCH:MAXCH;NT:NEXT:NJD'NIDTH;CMX
MAX = MAXCH .+ 10 '
IFI(NTY26,27,2¢ i
27 READ(3,60) (EXPER(1),1=LOWCH,MAX)
Ge Te 28



40

oo a

e

26 CAlLL ASCIT

READ(2,61) DA, (EXPER(1),1=1,127)

28 WRITE(4,51) ID,WIDTH,LOWCH,N

NORMCH = MAXCH -3

FBRM THEQRETICAL VECTER = COMPTEN SCATTERING
FORM EIL 'AND FIU WITH ELECTRON ENERGY, MG SQUARED UN!TS

10

AMC = D/.51097¢

E1l. = CMX/,510976 - 0,5%AMC
E1U = EIL +« AMC

EalL =

EIL*Nn.58(1, + SQRT ((EIL * 2.)/E1L))
EeX1 = EBUsESY : :

EoX2 = EGLWEOL

TWOEBU & 2.%E@U

TWOEGL = 2.%E@L’

Tow = 3J,4EQX12ERU

ToX = 3.,%EQX2sE06L

E@X12 = EOX1 < EOX1
"E@X22 = BOX2 & EOX2

De 24 1=1,MAX

ELL = AMCsfFL@®AY(])
IFCI~-MAXCH)10,40,34
E1X = ELWEL

E13 = ELsFL®EL

Ty = 1. = EL/EOU

YL 5 1. = EL/EBL

TeU = EL. ~ TWEEOU - 2,
TOL = EL - TWEESL - 2,
Eel = EIX#EBXY

EE2 = E1X#EBOX2

YaY = EE1 - E13sEQU
TeZ = EEZ‘« E13*EaL

X

X

ELECTI s (FIX - 2.8EL = 4.)/EI3

Tup = nLoacruquLecTI + TGUZEBX12: +- ¢fau~2 Y/13Y:

(TWOEBU#(1.%EL)*EL)/EEL

TLOW= DLOG(TL)ISELECTI + TOL/EQX22 +: (T8L+2.)/78Z.

(TWOEBL#(1.+EL)*EL)/EE2
COM (1) = (TUP = TLBW)®0.1746164
Ge T8 24

34 CoM(I) = 0,0
24 EN(1) = EL®0.51097¢

FOLD THEGRETICAL VECTAR WITH GAUSSIAN' FUNCTIGN

13

CoN2 = 2,7725894DsD/(WIDTH*WIDTH)

De 1 1=z1,MAX
SUM = 0,

De 2 J=1,MaX

ARG 3. CBN2#FLBAT(( =1)%(J-1))
IFCARG = 20.)3,3,2

SUM = SUM ¢ EXp(= ARG)#COM(J)
CANTINUE

FaLDI & SUMsn,9394373
IF(FOLDIN13,13,1

NeR = I » 1

Ge 70 14

o1, /749W =

» 1,/98X =



e He Mo 3

aao .

oo

4 FaLD(]) = FeLD!

14 FoLD(1)s2,«FBLD(2) - FOLD(S)
IF(NFXT)301:300:301A
301 JK = LOWCH
‘ Ge 1O 302
800 Jk = %

EXTRAPOLATE -EXPERIMENTAL SPECTRUM T8 ZER®

M=z 2
L' = LOWCH « N = 1
K = 0
Do 15 1= OWCH,L
K= K +« 1
X(k) a 1

18 Y(K) = EXPER(Y])

Go T@® 95

B0t L = LOWCH « 1

D@ 16 Kk=1,L
X1 & K
16 . EXPER(K) 2 Bl + XN1a(B2 ¢ XIw(B3. e X10(84 LE X!lBSi))

NQRMALIZE EXPERIMENTAL Te THESRY

302 SUMEXP =3 0.0 -
SUMTHE =2 0,0
De 4 K=JK,NBRMCH
SUMEXP 3 SUUMEXP * EXPER(K)
4 SUMTHE = SUMTME + FOLD(K)

RAYIB = SUMTHE/SUMEXP
WRITE(4,130) SUMEXP,SUMTHE, RATIS
WRITE(4,30)

TYY(1) = 1,0E=10
YY(2) = 1,0E*10.
De 5 U=sJK,NBR
T1 = EXPER(J)
‘EE 3 RATI@aT1
EF = FOLD(Y) :
YY(1) = AMAX1(YY(1),EF,EE)
YY(2)= AMIN1(YY(2),EF,EE)
"WRITE(4,40) JLEN(J),COM(J),EF,T1,EE
‘$ EXPER(J) = EE

WRITE(4,23)

Do 19 JsJK,NORMCH

8 = EXPER(JYI/FPOLDCY)
19 WRITE(4,40) J,EN(UY /G

CaLL PLGT(O.gn..'S)

XX(1) = ENCJK) :

Xx(2) = EN(NOR)

CALL SCALE(XX,2,10.,XMIN,DX)

CALL SCALE(YY,2,10.,YMIN,DY)
’ GALL AXIS(Q.:O,’10oo90.oYMIN1D¥p9)

41
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(= e Mol

WRITE(9,70)

“CALL AXIS(O-:U.:on:U.;XMYN DX.-21)

WRITE(9.81)

CaLl PLB8T(10.,0..3)

CALL PLBT(10.,10.,2)

CALL PLTX(32)

CaLL SETGRF(0,2,40,05,0.,0, 1)
WRITE(9:20) ID

_CALL SYMBBL(7,,9.5,0.,0.1,19,3)

CALL SETGRF(7, 2:9. 5:0..0 1)
WRITE(9,90)

CalLL SYMBOL(7,,9.0,45, nO 1,26,3)
CALL SETGRF(7,2,9.0:0,5.1)
WRITE(9.101) '

CALL PLBT(D.,0..,3)

PAUSE

CaLL PLTX(32) .

De 8 K=JK,N8R

Xp 3 (EN(K) - XMIN) /DX

YP1 2. (EXPER(K) = YMIN)/DY

YP2 ‘= (FOLD(K) = YMIN)/DY

CALL SYMBBL(XP,YP1,0.,.07.19,1)
CALL SYMBOL(XP,YP2,45,,.07,26,1)

G TO 6

LSGral. CALCULATIQNS

98
620

50

100

150

‘D@ 150 |

Da620 1 =t,N
Cel,1) = 1.0
Ps 50 J
De S50 1
Cei,J) s C
Dg 150 I =
B(1) =-0.0
De 100 J .=
Atl,J) = 0,
K =
z A
K =
Bt

. m

pd=1)ux (1)
M

De 100 N . -
Acl,Jd) J) + C(K 1)#Ct(K,J)
N

B(1) = UK, 1)~v(x)

INITIALIZAYIGN

621

DETERM=L,0

Do 621 J = 1,M
IPIVOT(J)=0
D@ 550 lai,M

SEARCH. F@R P1V8T ELEMENT

660

) 80

8%

AMAX=20,0

Da 605 Jsi,M '

1f (IPIV@T(J)=1’66016051660
De 600 Kwi,M : .

1 (IPIVOT(K)=1) BD,600,740

IF (ABS (AMAX)-ABS (A(J,K))) as.soo.eod

IROW=U



[ He Be )

[s Mo e

IcelLumM=K
AMAXBACJ,KY -

600 CONTINUE:

608 CSNTINUE' . C :
IPIVETCICBILUMY=IPIVBT(ICBLUM) « &

INTERCHANGE ROWS T8 PUT PIVET ELEMENT 6N DIAGONAL

IF (IRGW~ICBLUM) 140, 260, 140
140 DETERM==DETERM
Do 200 Lwi,M
SWAP=A(IROW, L)
ACIROW,LYsACICOLUM, L)
200 ACICOLUM.L)SSWAP
SWAP = B(IROW)
B(IREW) ® B(ICALUM)
B(ICOLUM) = SyaP
260 INDEX(1.1)=1RewW
INDEX(1.2)=1COLUM
PIVOT(I)®ACICOLUM, ICBLUM)
DFTERM=DETERMapPIVAT(])

DIVIDE PIVET REW RY. PIVET ELEMENT

A(ICBLUM,1608LUMIBL,0
Do 350 Lmi,M

350 ACICOLUM,LISA(TICOLUMLLY/PIVOT(])

B(ICOLUM) & B¢ICOLUM)ZPIVET(I)
REDUCE NON-PIVBT ROWS

De 550 Li=z1,M
IF(LL-1COLIUM) 400,550,400
400 T=A(L1,1CBLUM)
A(L1,1C8BLUMIED, N
De 450 Lw®m1.,M -
450 A(LL,L)SACLYL)I~ACICOLUM,L)YST
B(L1) = B(LL) -~ BICOLUMI=T
850 CaNTINUE

INTERCHANGE COLUMNS

Da 740 Isi,M
L= M+ L -] .
Ifr C(INDEX(L,1)-INDEX(L,2)) 630,740,630
630 JROW=INDEX(L.,1)
JCBLUM=INDEX(L, 2}
Da 705 Kei,M
SWAPZA(K) JROW)
A(K,JROW)I=A(K, JCOLUM)
A(K,JCBLUM) = SWAP
705 CONTINUE
710 CeNTINUE
740 CONTINUE

SUM = 0.0

1r(M=4)209,206,203
209 1F(M-2)204,204,207
204 B3 = 0, -
207 .B4 = 0.
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206 B5 3 0.
203 Dp 205 ! =2 1,N
X! 2 X(1])
RESID = Bi ¢ XI#(B2 + XI®(B3 + X1#(B4 ¢ XI#B5))) = Y(IV
209 SyM = SUM+RESID®RESID

¢ BACK TG'MAIN‘PRSGRAM

DEG = N = M
Do 680 lmi,M
T1 5 ABS(ACI,1))
680 STD(I: s SQRT(T1aSUM/DEG)
" WRITE(4,1234) (B(1),STD(1),I=1,M)
" WRITE(4,6000) SUM

Ge Te 501
‘END
0
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APPENDIX D
DOSE Program Listing (IBM-360)

LFVFL 16 € 1 _JULY &8) __0S/360 FORTRAN H DAYE _70.133/12.39.21
COMPILER DPTINNS — NAME= MAIN,NPT= 02,LINFCNT S7+SOURCE,EBCDIC 4NOLIST,DECK,,
c PROGRAM DOSE LOAD.MAP.NOED[T.ID.NOXREF
ISN 0002 NIMEMSION W(128),COMP(128,128),IDFN(18)
TSN 0003 COMMON/XY/FN{15),SLI15),FN1,FN2, ABAR,BX.ARG(IS),N[M(QZB),AMEV.
: X FTA, NPPINT.MAX(‘H LOWCH
. C ’
ISN 0004 DOUBLE PRECISION FN.SL;FvaFN?;ABAR
I SN 0008 LOGICAL NPRQOB
ISN 0006 DATA NPROB/4H +01,02,03/0.2443038,0.1517175,~.02842462/,
. X TOTFL/7 OE+21/,50MC/0 510976/, PIR0SQ/2.49452E-25/
C
ISN 0007. " 10 FORMAT(lﬂAé)
TSN 0008 20 FORMAT (1HL/X 18A4)
JSN_0009 30 FnRﬂAT(?IR.IA.?FI'? 4)
ISN 0010 40 FORMAT(1SHO . MEV/CHAN. = F9.6, 9X24HSCALE FACTOR FOR P(E0) = F9.5
' © X//10HO © N(E) = 1PE14.1,9X26HELECTRON REST MASS UNITS = OPF9.6 7/ .
X /AHOCHAN 4X SHELECTRON A6X ASHFIECTRON 8X AHPHOTON 8X 6HPHOTION _7X
X SHPIEO) 11X SHINPUT 7X THPHI(EO)
X 7 12X 6HENERGY 8X 6HENERGY 8X 6HENERGY BX ' AHENERGY 21X 7HPHI(E
X0) 8X 6H/PI{FQ) 8X 4H ENU) 8X 4H FOL /13X ‘;H(ME_V_]__‘LX_A_H_(_MQ_S_Q_
X 10X SHIMEV) 8X 6H{MC SQ 6X 6H(MC SQ 10X 6H{MC SQ.
' X /25X 6HUNITS) 23X 6HUNITS) 6X G6HUNITS) 10X6HUNITS) )
1SN 0011 S50 FnRMATHG.IDFl% 3,8614,13}) .
1SN 0012 80 FNRMAT(6E12.07
S c . R
ISN 0013 8_READ 10, IDFN .
ISN 0014 IF(ICEN(1).EQ. NPRDB) GO TO 11
"ISN 0016 . READ 30,LOWCH,MAXCH,NPRINT; AMEV,SC
ISN 0017 : READ 80, (W{ 1), I=LOWCHMAXCH)
c o :
€. NPRINT = 1 FOR COMPLETE PRINTOUT
C NPRINT = 0 FOR END RESUL TS ONLY
€ . SC = SCALE FACTOR FOR P(EO) FUNCTION.
W1 = COMPSCAT UNFOLDEN WP VECTOR
.. C
ISN c018 o PRINT 20, IDEN
. ISN 0019 PRINT 404AMFV,SC,TOTEL, SQMC
. . - C
I'SN-'0020 ’ “AMC. = AMEV/SQMC
ISN 0021 " PCON = PIROSQ*TOTEL

c ) .
C FORM COMPTON SCATTERING MATRIX
C .

ISN.0022 ' DO 5. J=LOWCH,MAXCH
¢ ELECTRON ENERGY, MEV
Tsn 0023 © El = AMEV#J o S -
m_m_"__m.m__wmgnwauscmaom_eusasx,”LMC.soMUNLTSL;"m
1SN 0024 ? EP. = ET/SQMC
T T  pnnton ENERGY, MEV S
1SN.0026 ¢ PHE = (:hkﬁ 501 L SORT L1 .42 ASOMCZELLY
g' DHHT'nN ENERGY, MC_Sn UNITS)
1SN 0026 ,C E0J " = EP#0.5%(1.+ SORT (1.+2./EP))
1SN_0037 P_=_ SCi{Ql +02%E0J +0BXEQIXELS)
ISN 0028 ' WI=W(J) 7P
1.SN nnza ¢ A0 4 1 -=1 Quru'MAyr‘H
¢ ]

€ . ELECTRON ENFRGY, (MC SQ UNITS)
hS :
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ISN 0030 EL. = AMC *1
TSN 0031 EIX = EL*EL
JSsN-0022—  IF -3 24243
ISN 0033 3 COMPLILI) = C.O
ISN 0034 GN TO 4
C
C FORM EIL AND FIU IN ELECTRON ENERGY (MC SO UNITS)
C. ’ .
J_SM nn:u_; 2 :IQ_ = IED —J)'S)&AMF
ISN 0036 FIU = ETL + AMC ) ’ .
ISN 0037 ENL = ETL*0.5%(1. + SORY ((ETIL + 2.)/ETIL))
C
.C FORM EOL AND EOU IN PHOTON ENERGY (MC SO UNITS)
C ' .
I(M nn—_.\g £01) = CYOI*A_S*QI___ 4. ‘(QDvT'!(qtll + ‘) \Il:l‘ll_\\
ISN 0039 FOX1 = EQU*EQU
TSN 0040 EOX2 = ECGL*ECL
FSN—0041 M —=—FaYy £
ISN 0042 DIFF2 = ENL - EL
TSN Q042 EE1l = EL*ENU
1SN-—0044 FEP2 = EPXFOE—-
TSN 0045 ELECTI = (EIX — 2.%EL.— 4.,)/(EIX*EL)
1SN 0046 TUP =ALNG {DIFF1/EQUY*EL ECT I+ (EL-2.%E0U-2,) /(2. *EOX1) + { EL-2.%EQUY /
X XEERUED LRF 11 /{3 R EOX IR E AN Y { 2 S E QYA B2 R B R A EE LR
ISN 0047 TLOW=ALOG (DIFF?/EQLI%ELECTI+(EL-2,.%EOL~2.) /(2. %EOX2)+(EL-2 . *EQL)/
X(FIX*EHL*DIFF?) 1./(3 . %EO0X2%EOL)-( 2. *EDL+FL 42 . *%EE2) /{ EE2%EFE 2)
-
ISN 0048 COMP(1,J) = PCON*(TUP - TLOW)
1SN 0049 4 CONYINUF
L C. e e cetm it wme ot o e o 5+ s 2 et o - e
ISN 0050 ' PRINT 50, J E1,EP, DHE.EOJ' Y W(J) WY, EDU,EOL
1SN 0051 WY = WY
—-IJSN—0052- - - -~ S-CONTINUYF-- - oo -
. C
1SN 0052 BX .= AMEV%*MAXCH
. c R
ISM 0054 NN 13 T=LDWCH,MAXCH
ISN 0055 SUM = 0.
--ISN -0056. 00 12 J=LDOWCH,MAXCH s i e
1SN 0057 12 SUM = SUM + COMP(I.J)*W(J)
ISN 0058 13 wIM(I) = SUM/(TUTFL*SQMC)
a— - ——— .,.C . . o rat e e
ISN 0059 CALL NUMOUA
) C
ISN 0060 CONSTL = 0.5%5,02252FE+23
1SN D061 CONST?2 = CONSYY % 5,.7672E=5
ISN 0062 - RE = ETA/ARAR
TSN 0063 DNSEI= ABAR* CONSTL
1SMN_0064 DNSE2 = ABRARXCONST?
ISN CO65 ERRARL = DOSFLI*RF
1SN 0066 ERRDR2 = DOSE2*RE
C_- : - —_
ISN 0067 PRINT 9, BXy ABARZETAL{T,ARG(T),FN(T),SLILI),T=1,15)
TSN 0068 PRINT 60,DNSELl,ERRNORY, DOSE2,ERRNR2
C. :
ISN 0069 9 FORMAT{1H1T7X39HAPPRNX, VALUE NF INTEGRAL FROM ZERD TO F10. 5; 4X
X AHIN = 2,7H,M = 2)// TX ?HIS 1PE1I3.5y, SH +/- E12.5, ./ .
X L/ 8% _1HL__6X RHABSCJSSA IX .
‘X 14HFUNCTION VALUFE qx 1OHDERIVATIVE /(1H 18,1PFE14.5,E21.5,E18.51})
TSN 0070 60 FORMAT({1HO 7X 6HDNSE = 1PF13,.5,5H +#/~ F12.5, 13H MEV/GM.-SEC. //
X 1aeX F13,.5, SH 4/=_F12.5, 9B RADS/HR,)
1SN 0071 GO TN 8
TSN 0072 11 STOP
ISN_0073 END . - —




TLEVEL 16 (

L3 4

COMPILER OPTIONS - NAME=

17JuLY 68) ) 05736

-ORTRAN H 777 BATE " 70.138/12.30.167

MAIN,OPT= OZ,LINECNT 579 SOURCE, EBCDIC 4NOLIST,DECK,

TISNT 0002 SUBROUT INE NUMOUA LOAD,MAP,NDEDIT, ID, NOXREF
C NUMERTICAL TINTEGRATION USING GAUSS—LEGENDRE QUADRATURE {15 ZErUS)
ISN 0003 DIMENSION A(242),B(2),PIVOTI2),C(25,2),2EHT(2,8),
e X IPIVOT(Z).!NDEX(Z'Z) EVAL(ZS),NDEXTZ5Y,DI(1287, x1«128).xt25).
X Y(25)
" C . .
ISN 0004~ - "'“CbﬁﬁﬁW/YV/FN(ls),SL(15),FN1.FN2,ABAR.BX.ARG(15).wlntlzs).AMEV.
X ETA,NPRINT,MAXCH,LOWCH
C
TSN 0005 T DOUBLE PRECTSTON FN,SL'FNl FN2yABAR A, By AMAX, PIVOT,DETERM,C 5 ZEWT
X +T,SHAP
ISN 0006 EQUIVALENCE (AMAX,T,SWAP),(IROW,JROW), (ICOLUM, JCOLUM)
(o
ISN 0007 DATA ' .
. X ZEWT(1,1) /0.987992518020485 /, ZEWT(2,1) /0.030753241996117 /,
X ZEWT(142) /0.937273392400706 /4 ZEWT(2,2) /0.07036604748B8108 7,
X ZEWT(1,3) /0.848206583410427 /, ZEWT(2,3) /0.107159220467172 7/,
X ZEWT(144) /0.724417731360170 /4 ZEWT(2,4) /0.139570677926154 /,
"X ZEWT(1,5) /0.570972172608539 .7, LEWT(2,5) /0.166269205816993 /.,
X ZEWT(1,6) /0.394151347077563 '/, ZEWT(2,6) /0.186161000015562 /,
X ZEWT(1,7) /0.201194093997435 /, ZEWT(2,7) /0.198431485327112 /,
X ZEWT(1,8) /0.000000000000000 7/, ZEWT(2,8) /0.202578241925561 7
c
C. END ZERD AND WEIGHT DATA FOR ‘15 POINT .CASE
C ; ;
C BX = UPPER LIMIT OF INTEGRATION FOR WIM®E
c .
- [«
ISN 0008 N=3
. C
TSN 0009 XT(1) = 0.0
ISN 0010 DI(1) = 0.0,
ISN 0011l IF(LOWCH .GE. 2) co 10 &
ISN 0013 ~ PRINT &
“ISN 0014 6 FORMAT{ 2SHOFIRST POINT MUST BE ZERO )
ISN 0015 ABAR = 0.
ISN 0016 "ETA = 0.
ISN 0017 ‘RETURN
ISN 0018 5 WIM(LOWCH-1) = 0.
TSN 0019 K = 1
o
ISN 0020 DO 2 J=LOWCH,MAXCH
TSN 0021 K=K+ 1
ISN 0022 XI{K) = AMEV%}
ISN 0023 DI(K) = WIM(J)*AMEV%)
ISN 0024 2 CONTINUE
ISN 0025 © NPTS = K
. C ’
ISN 0026 PRINT 999, (K XI(K),WIM{LOWCH-2+K},DI(K),K=1,NPTS)
ISN 0027 999 FORMAT(7H1 INDEX 4X BHELECTRON SX 24H(PHI(EO)/P(EO))*C(EI,EO)
X B8X THWIM{EI) / 13X 6HENERGY 11X 13H/(N(EI)%SQMC) 1SX 3H*E]
X7 14X SHUMEVY 12X 9H= WIM(EI) /(16,1PEL3.3+4X E18.5,6X E17.5) )
C .
.G _FORM ABSCISSA VALUES FOR 15 GAUSS-LEGENDRE POLYNOMIAL ZEROS.
¢ .
ISN 0028 J=15
1SN 0029 NO 20 K=1,7
ISN 0030 ARG(K) =(-BX*ZEWT(1,K)+ BX)%0.5
_ISN 0031 _ _ARG(J) =(BX* ZEWT(1,K)+ BX)*%0.5
1SN 0032 20 4=J-1
ISN 0033 ARG(J)= BX%0.5
c : -
3 -
C FORM SLOPES AND FUNCTIONS
c .
ISN 0034 DO 451 JS = 1,15
ISN 0035 TEST = ARG(JS)
ISN 0036 IF{TEST - XI(NPTS))202,202,51.
c
ISN 0037 202 DO 452 IB = 1,NPTS
ISN_0038 NTIMF = Q- I

47



48

1SN 0039 IF(TEST — XI1(1B))98,98,452
ISN 0040 98 IF(IB .LE. 2) GO YO 16
ISN 0042 L =18 -2
ISN 0043 5S4 IF(L .LE. 0) GO TO 16
ISN 0045 CIF(L +# N - NPTS - 1160,60,59
ISN 0046 59 L = NPTS - N+ 1
1SN 0047 GO TD 60
ISN 0048 16 L =1
c
" ISN 0049 60 DO 99 K = 1,N
ISN 0050 X(K) = "XT(L}
ISN 0051 Y{K) ='DI(L)
ISN 0052 99 L =L + 1
' C
C__FIRST ARG
c
ISN 0053 IF((1-1) .EQ. N} GO TO 95
C .
C LAST ARG
C
ISN 0055 IF{L .GT. NPTS) GO TO 95
C .
C TEST FOR CLOSEST POINTS TO ARG
o : )
ISN 0057 i ILOW = L - N -1
1SN 0058 TESTL = TEST — XICILOW)
ISN 0059 TEST2 = TEST - x{(1)
ISN 0060 TEST3 = X{N) - TEST
ISN 0061 TEST4 = XI(L) - TEST
1SN 0062 IF(TEST4 .GE. TEST2) GO 10 97
ISN 0064 - GO0 TO 452
ISN 0065 97 IF(TESTl .GE. TEST3) GO TO 95
ISN 0067 NTIME = NTIME + 1
ISN 0068 L =. I8 - NTIME - 2
ISN 0069 GO TO S4
C
c LSQPOL CALCULATIONS
. o
ISN 0070 - 95 D0620 1 =1,N
ISN 0071 620 C{I,1) =-1.0
ISN 0072 DO 50 4 = 2,2
ISN 0073 DO S0 [ = 1,N
ISN 0074 SO C{I,d) = CUI,J-1)%X(I)
TISNT0075 T TR0 1507 1TTE 1, 2
ISN 0076 B(I) = 0.0
ISN 0077 DO 100 J = 1,2
TISNTO0TsT T TTTTTTAYT L, U =27 0.0
ISN 0079 DO 100 K = 1,N
ISN 0080 100 A(I,J) = A{T4J) + CUK,1V%C(KyJ)
TSN 0081 TR0 T80 K TET LN T T
ISN 0082 150 B(I) = B({1) + C(K,T)%Y(K)
c .
T T T T T TINT Y TAUT TATTON
C ,
ISN 0083 DETERM=1,0
T{SNT6084 T T T RO TE2T U ETLL 2
ISN 0085 621 IPIVOT(J)=0
1SN 0086 DO 550 I=1,2
C SEARCH FOR PIVOT ELEMENT
C
TSR BEET T RNARSEL G e -
ISN 0088 DO 605 J=1,2
ISN 0089 IF (IPIVOT(J)-1)660,605,660
TISNTO090° T 7660 DDTE00 K=1,27 T T T T e e e
1SN 0091 IF (IPIVOT(K)-1) 80,600,740
ISN 0092 80 TF(DABS (AMAX)-DABS{A(J,K))) 85,600,600
TI{SN 0093 T T U UTBs T{ROW=y T T T T T
1SN 0094 ICOLUM=K
ISN 0095 AMAX=A(J4K) e
TISN 6096 600 CONTINUE 77 B T )
1SN 0097 605 CONTINUE
_ISN_0098 * IPIVOT(ICOLUMI=TPIVOT(ICOLUM)+Y




c INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

[
TSN 0099 TF (IROW-ICOLUM) 140, 260, 140
ISN 0100 140 DETERM=-—DETERM ‘
ISN 0101 . ._'DO 200 L=1,2
1SN 0102 ‘ SWAP=A(IROMW,L)
ISN 0103 A(TROW,L)=A{ TCOLUM,L)
ISN 0104 . 200 AUICOLUM,L)=SWAP -
TSN 0105 SWAP = B(IROW)
ISN 0106 BUIROW) = B{ICOLUM)
ISN 0107 B(ICOLUM) = SWAP
TSN 0108 260 INDEX(1,1)=1ROW
ISN 0109 INDEX(1,2)=ICOLUM
ISN 0110 < PIVOT{I)=A(ICOLUM, ICOLUM)
ISN o111 DETERM=DETERM&PIVOT (1)
c A
C DIVIDE PIVOT ROW BY PIVOT ELEMENT.
. o
ISN 0112 ALICOLUM, ICOLUMI=1.0
ISN 0113 DO 350 L=1,2
ISN 0114 - 350 A(TCOLUM,L)=A(ICOLUM,L)/PIVOT(I)
ISN 0115 B{ICOLUM) ‘= B(IGOLUM)/PIVOT(I)
c
C__REDUCE NON-PIVOT ROMWS
c
ISN 0116 DO 550 Ll=1,2
ISN 0117 IF(L1-1COLUM) 400,550,400 .
ISN 0118 400 T=A(L1,ICOLUM)
ISN 0119 CA(L1,ICOLUM)=0.0
ISN 0120 ' DO 450 L=1,2
ISN 0121 450 A(L1,L)=A({L1,0)- A(ICOLUM,L)*T
SN 0122 B(L1) = B(L1) - B(ICOLUM)*T
ISN 0123 550 CONTINUE
C
C INTERCHANGE COLUMNS
C
TSN 0124 DO 710 I=1,2
ISN 0125 L=3-1
ISN 0126 IF _(INDEX({Ly1)— INDEX(L.Z)) .630,7105630
ISN 0127 630 JROW=INDEX(L,1)
ISN 0128 JCOLUM=INDEX (L,2)
ISN 0129 DO _705 K=1,2 .
ISN 0130 SWAP=A(K,JROW)
ISN 0131 ALK, JROW) =A(K,JCOLUM)
ISN 0132 A(K, JGOLUM) = SWAP
ISN 0133 705 CONTINUE
_ISN 0134 710 CONTINUE
ISN_0135 ___740_CONTINUE
C
ISN 0136 " IF(NPRINT .EQ. O) 60 TO 51
C . .
C PRINT RESULTS
c
ISN 0138 IF(IB — N)3,4,4
ISN 0139 318 = N
ISN 0140 4 DO 170 I=1,N . A
ISN 0141 NDEX{I) = LOWCH + IB — 5 + I
ISN 0142 170 EVAL(I) = B(1) + X(I)*B(2)
C .
ISN_0143 . PRINT 1234, B{1),8(2)
ISN 0144 PRINT 7000 T
ISN 0145 PRINT 7001, (NDEX{I)¢X{I)oY(TI)EVAL(T}oI=1,N)
ISN 0146 1234 FORMAT(///18HOLEAST SQUARES FIT //
X 6X 3HA = 1PEL6.T, /6X 3HB = E16.7)
ISN 0147 7000 FORMAT (/6HOCHAN. 6X S8HELECTRON 9X SHWIM*E  8X .
X_1OHEVALUATION / 11X 11HENERGY, MEV 6X GHVECTOR )
ISN 0148 7001 FORMAT{T15,0PF15.5¢1PE16.4,E18.4)
, c
ISN_0149 GO T0 51
C
ISN 0150 452 CONTINUE

c
ISN 0151 51 IF(JS .GT. 1) GO TO 1
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ISN G153 FNI = B(11
ISN Olb4 1 FN(JS) =-E(1) + TEST*E(2)
ISN 0155 . SLUJS) = B12)
TSN 0156 451 CONTINUE .
ISN 0157 FN2 = B(1) + BX®*B(2)
: : c S . .
(o “FORM INTEGRATTION APPROXTMATION
c . '
ISN 0158 445 J = 15
. : c :
ISN 0159 ARG4 = BX*¥0.5
ISN 0160 ‘ABAR = 0.
€ : -
ISN 0l61 DO 42 [-= 1,7 A A ,
ISN 0162 ARBAR = ABAR + ZEWT(2,1)%{FN(T) .+ FN(J))
TSN 0163 427 = 3 -1 — -
ISN' 0164 ABAR = ABAR + ZEWT(2,B)%FN{J)
ISN 0165 ABAR .=. ABAR®ARG4
— € — ,
C FORM ERROR BASED ON DERIVATIVES
c . : .
TSN 0166 ETA = 0.
ISN 0167 J =16
\ c 1
TSN 0168 B0 15 1=1,7
ISN 0169 J=d -1 :
ISN 0170 GL = ZEWT(2,T)#ZEWT(1,1)
TSN 0171 ARGE = GLF(SL(J) — SL(T1)
ISN 0172 15 ETA = ETA + ARGE
C. R
TSN 0173 ETA = ETA®ARG4FARGH :
ISN 0174 _ ETA =(ARG4*{FN2 + FN1) -ABAR - ETA)/31.
. c . ‘ :
1SN 0175 ' RETURN
ISN END .

0176




(230 ¢ Be Be e Re He e Xe e e e Be e Ne L

51

APPENDIX E
COMPLOT Program Listing (DDP-24)

COMPI BT PROGRAM

JAN. 1969 REVISIBN . MBDIFIED VERSIBN AuG:. (969

APRIL 1970 VERSI®N USES P FUNCTI@N AND: SCALE. FACT3RI F3R{ P
KIND = 1 FOR PHOYAN ENERGY(MEV) SCALE WI¥H COMPSCAT gJﬂauf‘(rL» AND

RAW NATA (W), FL IS UNFAOLDED:.

KIND = 2 FBR ELEETRON ENERGY SCALE WITH CIMPSCAT 33 FSND: BUTPUT (FL)
A RAW DATA(W). FL IS NOT UNF@LDED.
CIND = 3 FOR PHOTAN ENERGY(MEV) SCALE, COMPSCAT OUTBYT (FLi AND: Wy
W 1S MATRIX ITERATED ERROR. (RBTH UNF@ELOZ®Y -
LIN = 0 FOR LOG SCALE (ORDINATE) ‘

1

4

é
32
203
208

209

210
212,

800

49.

205

206

- 207

e Xo Mo Yo

211

= 1 FOR LINEAR SCALE (BRDINATE) N ‘ , i .
(SCALE FACTBR FOR P(E0) FUNCTI@N) = (CIN/COUT)ZuPY(EIY/COUTIRESP!

CaMMenN FL(128),H(128),NAMF(lB).YY(?).8(2)
DATA 01,02,03/0.2443038,0. 1517175.*.02842462/ snnwv 518976/

FARMAT 3IS»F9.4:2F6-0)

FOQRMAT (6E12.N)

FORMAT(12F6.0}

FORMAT(211,17A4,A3) ‘

FORMAT(/2SHOERRBR VECTOR 1S ADJUSTZD )

FORMAT(BX. 48HKIND = 1, FL =: ITERATED BUTPUT AND 4 =: RAW: DATA.)
FARMAT(8X 82HKIND = 2, FL = COMPSCAT 83 FEND. auT8yr, W =: RAW DATA)
FORMAT(8X I9HKIND = 3, FL AND W ARZ! ITERATED QyTayr. )
PORMAT(BHOLOWEH = 13 2X BHMAXCH = 13,2X BHMEY/CA = FB:4 By 2X° -

X 17H MEV/MC So UNIT = F9.6/3X 24HSZ ALE FACTOR' £3R; oepy =2 FO,64/
X 1SHOINPUT SPECTRUM /(6&12 4) )

FORMAT(1M1/sX 417A4,A3)

READ(3,32) KIND,LIN,NAME
READ(3,1) (BWeM.MAXCH,ITER,A,S,S¢C:

"READ (3,4) (FL(J),JsLOWCH, MAXCH) .

WRITE(4,300) NAME :

Go T® (205,206,207),KIND
WRI1TE(4.208) . A

READ (3,6) (Wey),J=LBWCH,MAXCH)
Ge T8 211 '

WRITE(4,209) ‘
READ (3,6) (N(J)bd:LBNCH:MAXCH)
Ge TG 211 ' '
WRITE(4,210)

READ (3,4) (W(J),J=LBWCH,MAXCH)
WRITE(4,212) LawCH MAXCH, A,SQMC,SC» (FL(J):J Lauuq'wwxcao

' FBRM ABSGLUTE ERRBR FBR RAW DATA AND ERRBR vecwsaa 38TH: ARE: Wi
ADJUST FLUX WITW P FUNCTION AND CONVEZRT FRAM MC 53 UNIFSH'

‘NeNe = 1

TEMP = A/SOMC

Da 2 J=LOWCH, MAXCH

CH = U ' .
EnJy = TEMPaCHeN.5%(1, +SQRT(1.42, /(TEMP*CH)) )
R = (01*02&EUJ+03*E0J*E0J)GSC ’

FLUX = FLUJ)/Z(SQMC#P)

G T8 (14,14,16),KIND



14 W(J) = FLux/sonT(w¢J>>
Ga T8 21
16 W(J) = SQRTCW(.))/(SQMC=P)
24 IF(WCJI=FLUX 12,22,22
22 W(J)Y s FLUX*0.95
NONB = 2
2 FL(J) = FLUX
Go TO (17,202),N8NB
202 WRITE(4.,203)

o]
17 YY(1) = L.E~28
YY(2) = 1.E*+2p
De 10 JsLBWCH,MAXCH
FIl.d = FLGJY
STGMA = W(.)
TEMPL = FLJ = SIGMA
TEMP2 = FLY + SIGMA
IF(LIN JEQ, 1) GB& TO 11
TEMPL = AL@GAD(FLJ = SIGMA)
TEMP2 = ALEGIN(FLY ¢ SIGMA)
11 YY(1) = AMAXL(YY(1),TEMP2)
10 YY(2) = AMINL(YY(2),TEMP1)
o]

CALL PLeT (U-:QtJ'S)
IF(LIN (BO. 1) GB TO 12 .
CALL.SCALBG(YY¥,2,10.,IMAX,NDEC, YMIN» DY)
CALL LOGAX(0.,0n.»45,10.5,90.,IMAX,NDECy.1)
Ge TO 101.
12 CALL SCALE (YY,2,10.,YMIN,DY)

CALL AXIS (0.,0,,10.,90.,YMIN,DY,46)

104 CALL PLBT ¢S, 0., 3)
CALL PLBT (S, 10., 2)

CALL PLBT ¢0.,10,,1)

IF(KIND = 2) 103,15,103

15 WRITE(9, 18)

18 FARMAT (14X 174ADJUSTED SPECTRUM 15x;
CaLL SFTGRP (.2,10.05,0.,.11)
WRITE(9,19) NAME :

19 FRRMAT(3X 17A4,A3 )

E(1) = A*F I 8AT(LOWCH)

E(2) = A*FLBAF(MAXCH)

CALL SCALE(E,2,S,XMIN,DX)

CALL AXIS(D.:n.,S,0.,XMIN,DX,-21)
WRITE(9.,8) A

8 FRRAMAT(241H ELECTRON ENFRGY. MEV )

_ WRITE(4,221)

‘224 FORMAT(SHD N 6X 9H ELECTRQN 7X SdsPECTRUM 9X’ 5d51¢Mﬁ /712X
X &MENERGY /13x SH(MEV) ) :
Ge TO 9
8
103 WRITE (9,5) :

S FORMAT (46H PHRTEN FLuX SPECTRUM (”HOTAN/(SECCMaCMRIEY) ).
Ec1) = FLOAT(LAWCH)*Ar.5#(1.+SORF(1.+2 . *SAMC/(F _ saftleCH)’A ))
E(2) = FLBAT(MAXCH)*A%.5#(1.+SORT(1.+2,*SAMC/(F_ 9ATIMAUTH) #A)))
CALL SCALE (E, ?,S XMIN,DX) .

CaLt. AXIS (Oo,ﬂ-t 8§, N.,XMIN,DX,=20)



a0

7

20 FORMAT (17H UNFELDED RESULTS 4X 17A4.53a2X SHITZRI

220

9

200

56

55

WRITE (9,7)

FARMAT (20H PHRTEON ENERGY (MEV))

CALL SETGRF (,2,10.05,0.,.12)
WRITE (9,20) NAME;ITER

WRITE(4,220)

PORMAT(4HD N X 6HPHOTEN BX BHSPESTRUM 7X SHSI3MA.
X 6HENERGY /13X .SH(MEV) )

‘CALL PLST(O-)ﬁ.;3)

PAUSE

Do 55 JU=LBWCH,MAXCH

FLJ.® FL{U

DELTA = W())

IF(KIND .NE. 2) GO T® 26
EQM = (A#F| BAY(J) - XMIN)/DX
WRITE(4.225) J,E®M,FL,),DELTA

FORMAT(1H 14,P15.5, 1P2F15 5)

Go T8 3

Ay = FLBAT(J)aA

EeM = AJs ,5#(1.4SORT(1.+2,.%SQMC/AJ))

WRITE(4,200) j,E@M,FLJ, DELTA

FORMAT(1H 13,4PE14.4,F16.4,E14.4)

EOM = (EOM - XMIN)/DX
Ie(LIN .EQ. 0y 8@ T@ 56
FLUX = (FLJ = YMIN)/DY
DELTA = DELTA/DY

CaLL SYMBOL(E®wM, PLUX"DFLTA 0¢s.1,33,3)
CaLL SYMBBL(E®M,FLUX,0.,.05,26,1)
CaLL SYMBBL(ESM.PLUX*DFLTA 180.,.1 33;2)

Ge T8 55'

FLUU:: (AL®GIn(FLJ . = DELTA)

= YMIN)Y/DY

FLUX = (AL@®G1o¢FLJ ) - YMIN)/DY

FLUV = (ALGGL1n(FLY + DELTA)

CaLl SYMB@L(E@M:FLUU:O.:.1g33)
'cALL SYMB@L(E@M;F[UX&Q.;.“5’2651’

= YMIN)/ZDY
3)

CALL SYMBOL(E@M,FLUV,180.,.1,33,2)

CBNTINUE

CalLlL PLBT (S+2,,0,,3)
Go TO 49
END

12)

t. §2X.

53



54

1. COMPSCAT Program Input (KIND

APPENDIX F

Sample Measurement Data

= 2, NERR

= 1)

10/9/69 ATSR, 37 WATT, SNELL BLOCK,

70
44495
30976
25297
19279
12556
9121
6535
4455
2761

43495
30341
24750
18282
12302
8780
6287
4337
2672
1646

UNF9LD RAW DATA

41949
29327
24230
17018
14784
8557
61290
4143
2585
1491

40627
29165
23690

16519
11251

8341
5864
4002
2462

1493

7124 2 .01671 1031,
53568 49957 46988 45558
37310 35846 33243 31708
27749 27130 26823 25981
20890 20263 19994 19634
14075 13545 13043 12742
10021 9798 9508 9252

7193 7018 6881 K692

8004 4907 4637 4563

3266 3127 2936 2894
2016 1907 1851 1759

20 2n 1

2. COMPSCAT Program Input (KIND

1481

= 4, NERR

39767
28709
22839
15730
11275
8040
5718
3845
2344.
1396

33508
28630
222566
15292
10842
7705
" 8552
3694.
2201
1369

- 3)

1079769
7124 4
0,92567EF
0,72354€
0.64352€
0.50583F

- .0,4B673E

0.45957E
0.44698F

0, 41747€
0.42091F
0.43377€
0.44465F
0D,441358
0.,4346n¢
0.404954F
0,3812sF
0,3334nE
0,33873F
0,36534F
20

3. COMPSCAT Program Input (KIND

ATSR, 37 WATT, SNELL BLBCK,

.016714 1031.7¢0

03
03
03
03
03
03
03
03
03
03
03
03
03
032
03
03
03
03
03
03
20

0.86166F
0.70073F
0.61827¢
0.5n304F
0.48042¢
0.45725€
0.44383F
0.42310F
0.,41424F
0.41558F
0.43759F
0.44619F
0.,44183F

0,42593¢

0.4n558F

0.37669¢F

0.34258F

0,32954F

0.32828F

0.39468F
3

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
03
03

0.81045E: 03
0.68590F 03
0.5733BE- 03
0.49517E 03
0.48025F 03
0.44910F° 0%
0.448B69E 03
0.41447¢F 03
D.41142E 03
0.42995%8° 03
0.43800F 03
0.44253F 03
0.44231F: 03
0,42465E 03
0.39143F 03
0.37046F 03
0.33119 03
0.3266BE 03
0.34775€E' 03
0.39961E 03

"0.47100¢F;

0.,426815!

0.5819268

0,78578¢: 93
0,654192: 03
0,546905: 03
0.4938%E 03
03
03.
03
03
03
03
03
03
03
038
03
03
03
03
03
03

0.,44652¢E:
0.45178¢:
D.,41474¢5;
0.,414675:

0,43949¢c:
0,43613¢:
0,44284¢5:
0,42148¢:
0,39343¢:
0.35439¢

D,33664C:
0.,32014¢6:
0,35119¢F:!
0,425B848:

= 3, NERR

0.5038021

0.33191=

JNFBLD ERRAR VECTSR

0.752%85!
0.65794%|
0.53487¢%!

03
03
03
03
03.
03
03
03
03
03
03
03
03
03
03
03.
03
03
03

0.46497%)
0.45244%
0.45519%|
0.411832
0.42186%
0,42287%
0,4456473)
0.451855]
0.442943(
0.422805!
0.392428|
0.35289%)

0.34482%)
0.358p832)

- 3)

1079769
7149 3
0.89724F
0.569531F
0.54544¢
0.47785E
0,45880F
N.43167F

ATSR,37 WATT, SNELL BLBCK.,

01671
0.83327F"

03
03
03
03
03
03

N.67253F
0.59024F
0.47508F
0.45249€C
0.42929F

03
03
03
03
02
03

1031.70

0.78209E 03
0.65772E 03
0.54534E° 03
0.46722F 03
0.45232€ 03
0.42113€ 03

UNFILD WP VECT@R

0,75746¢8! 03
0,63604E8: 03
0,51888g: 03
0,45586€ 03
D.,44307¢c 03
0,41853¢F: 03

0.73399%1 03
0.6298131 03
0.50586%( 03
0.475882| 03
0.43703%1 03
0,424432) 03

38146. 37709
29192 28319

22100
14727

21364
14448

10406. 10292

7758
5446
34990
2263

0.75p2p%!
0.,65028¢E!
0,52332E!
0,49282E!
0,464183€E"
0,44693E"

0,44323E;

0,41576F:
0,42641C!

0,43169E!

D,44298€F!
0,44991F:!
0,43629¢!
0,40615¢
0,39039E!
0,34678E!
0,33216¢8!
0,32829¢%"
0,37528F:

0,72194E!
0,62218E!
0,49533E!
0.,464809E|
0,43389¢C!
0,44890€!

7528
51286
3343
2056

03
03
03
03
03
03
03
03
03
03.
03
03
03
03
03
03
03
03
03.

03
03
03
03
03
0y



0,41893F
0.39569E
. 0.38890F
0.39186F
0.40406E
0,41402E
0.40947E
0,40101E
0,3690nE
0,34192€
0.30363E
0.28089F
0,27264E
.20
0.92567€
0,72354€
0.54352E
0,50583E
0,48673E
0.45957E
0.44698EF
0,42394F
0,41747€
0.42091€
10.43377E
0,44465F
0,44135¢
0,43469&
0,40496F
0,38125E
0.34796E
0.33340F
0.33873E

4, Compton

0%

03
03
03
03
03

03.

03
03
03
03
03
03
20
03
03
03
0z
03
03
03
03
03
03

03

032

03

03
03
03
03
03
03

0.41578€
0.39480F
0.38560F
0.38644€

0.407786¢

0.41538¢
0,40974€
0.39200F
0.36914F
0,33664F
0.29719F
0.27559F
0,26878F
3
0.86166F
0.70073€

-0.61827€

0.50304¢
0.48042¢
0.45725¢
0.44383F
0.42310F
0.41424¢
0.41558F
0.437509F
0.44619F
0.44183¢
0.42593¢
0.4n0558¢c
0,37667F

'0.34258F

0.,32956¢F
0.33825¢

03

03
02
02
03
03
03
03
03
03
03
03
03

03
03
03
03X
03
03

03

03
03
03
03
03
03
03

03.

03
03
03

03

0.42058E"

0.38613F

0.38271€
0.40071E

0.40802E

0.41153E"
0.40992E

0.39036€

0.35448E
N.32969EF"
0.28465E

0.27077€
0.27443E

0.81045F

0,68590F"
0.57338¢"

0.49517F
0.48025E
0.44910F

‘0.,44869¢F"

0.41447€
0.41142€
0.42995E
0.438008
0.44253E
0.44231¢
'0.42465¢
0.39143¢
0.37046E
0.33119€
0.32668E
0.34775€

03,
03
03
03
03
03 -
03
03
03
03
03
03
03

03
03
03
03
03
03
03
03
23
03
03
03
03
03
03
03
03
03
03

Response Matrix (Upper

0,42364%
0,3B634E
0, 38588¢F
0.39746¢%
0.40936¢F
0,40493¢
0,41018¢
0.38676¢
0,35594¢
0.32282¢
0.,28886¢
0,28208E
0,27344¢

0.78578¢
0,65419€
0.54690¢
0,49381¢F

0.47100¢

0.44652¢
0,45178¢c.
0.,41474¢%
0,41467¢
0.42681F
0.43949=
0,43613¢
0.4428%F
0,42143¢
0,39343¢
0,35439F
0.33664F
0,32014¢
0.,35119¢

Corner)

7

MATRIX ELEMENTS

8

9

12

11

0.42792%!
0.38288%!
0.392%9¢2
0.3934¢%
0.41532¢%!
0.419942
0.40999%!
0.38782%!
0.354853
0.31045%
0.28258%!
0.28398¢%|

0,275{5%!

0.76228%!
0.657947%!
0.5349 7%
0.50360%!
0.46497%
0.452443!
0.455¢{9¢%!
0.4118%3%81
0.42166¢5!
0.42287%|
0.44561 %!
0.451353]
0,44284=%)
0.42240%!
0.39242¢3!
0.35287¢%
0.3317431
D.344427%!
0.358933!

12

D3

03
03-
D3

03
03
03
03
03
03

03:

03
03

03

03

03

03

03
03
03
03

03

03
03
0.3
03
03
03
03

03
03

0,41502E:
0,38725¢E!
0.,39745E:
D.,40211F:
0.,41253¢:
0,41827E:
0,40303E:!
0.37p64F:
0,35171¢:
0,30344%"
0,28156¢"
0,26519F"

0,75020Fki
0,65028E!

0.52332€"

0.49282E!
0,46183¢!
0,44693¢!
0,44323C
0.,41576F!
D,42641F
0,43169%!
0,44298¢Ei
0,44991F!
0,43629%
0.40615¢:
0,39039¢!
0,34678E!
0,33216¢!
0,32B29E!
0.37528¢%!

03"

03
03

03

03

03
03
03
03
03
03

55

12

1

GeaTl61
0«B88726E-C1
G.0

Ge51541
0e47938E~(1
Ce73525€E-41

e 55803
Ce321C4E-D]
Co42047E-C1

59968
0e24872E-01
D.28712E-01

Do66053
e21020E-C1
£e22317E-81

0.68768
re18587£-01
Ge18771E-21

0.72025 .
N.16853E-01

Ne16565E-01 ~

0,75931
0,15686E-01
Ne 15014E~0)

DeC
C.0
Ve0

CGel
G0
[0 sl

0. 62500E-01
Col:
ef:

0.3736%E-01
0.54125E-C1
2.9

Ge26l16E-D1
(e33614E-C1
NebT627E-0)

Ce20276E-"1
re23796E-21
NeArG21E-0)

N.17D26E-DY
N.18616E-01
Ne21931E~01

Ne16995E-D1
Ne15632E~01
Ne17255€-0)

G0
0.0
0.0

Cal
Gel
[YIX o

Qe U1
Go
G 0

D0
Vel
Dl

Ce?
[P ]
.0

Ce62420E-01

oft

te]

0.27921E£-01
Ne38181E-01
.0

Ne20354E-N)
2.25717E-0Y
Ny 346TNE-N)

Ue 0
GOO

Col
Gaots

J.C

L Qe

D0
2eC

Ned
e

Compton Response Matrix (Lower Corner)

e ] - T 1
oo

«

2.C
NeD

Qa0
0.0

115

117
.27378

«25186E-02

[RE:]
.30684

.22958E-722

19
33989

«21074E~-02

120
37295

+19465E-02

121
. 40600

180 76E-02

122
«43904
«1686TE-02

123
.47208

.- 15809E-02

124
«50511
+14874E-02

ITs
117
118

. 2TA15E-02
«30541F-C2

.24973E-02
«27381E~-02
.30273E-C2

. 22TT5E-02
. 24T75E-02
«27151€-02

«20912E-02
«22596E-02

«24574F-02

.19319E-02
«20751E-02

«22419€-02

.17943€-02
.19173E-02
«20592F-02

«16748E-02
. 17814E-02
«19034£-02

«15698E-02
0.16628€E-02
. 17685€-02

119
120
121

. 300TDE-D2

. 26924F-02
«29751E-02
.0

.243TTE-02
«26701E-92
«29496F-02

.22243F-02
+24181E-02
«26481E-02

«20439F-02
.22074E-02
«23992€-02

«20287€~02
e 21905€-02

122
123
124

QOO0 0OOOD &
o o oo o afe

[e NoRolfoRoNe Fa

DD NO D YD
e s e o o

ol Ne R NSRS

DD OO 3OO O &
« o e % e

[ Ne ool

cCoooooooon p
. .

0
.0
0

O DO OO OO0 »

.0
.0
.0

0
.0

+29245E-02"

«26267E-02
«29001€-02
.0

DOOOO 00O O &

Y. 23B04E-02
<26056E-02

4
0
0
0
0
0.18893F=02
[
¢
[«
0
0.28760E-02




6. COMPSCAT Printout (KIND = 1, NERR = 1)

10/9/69 ATSR, 37 WATT, SNELL BLOCK, UNFOLD RAW DATA

MEV/CH =0.01671  PI*R(0)¥%2 = 2.49452€-25 N(E) =  7.000€ 23

" LIVE TIME = 1.03170E 03 SFC.

NORMALTZATION FACTOR =5.819268E-01

CHAN. . INPUT ELECTRON G WADJ

VECTOR - ENERGY, MEV MATRTIX :

7 0.537E 05 - 0.11697 0.10000E 01 - 0.92567€ 03

8 0.500€ 05 0.13368 0. 10000E .01' © 0.86166E 03 -

9 0.470E .05 0.15039 0.10000F 01 0.81045E 03"
10 0.456E 05 0.16710  0.10000E 01 0.78578E 03
11  0.442E 05 0.18381 0.10000E 01 ' 0.76228€ 03
12 0.435E 05 2 0.20052 0.10000€ O1 0.75020E 03
13 0.419E 05 0.21723 0.10000E 01 0.72354F 03
14 0.406E 05 0.23394 0.10000E 01 0.70073€ 03
15 0.398E 05 0.25065 0.10000€ 01 0.68590E 03
16 0.385E 05 0.26736 0.10000E 01 0.66419€ 03
17 0.381lE 05 0.28407 . 0.10000E 01 0.65794E 03
18 0.377E 05 - 0.30078 ‘0.10000E 01 0.65028€E 03
19 0.373E 05 © 0.31749 0.10000E 01 0.64352E 03
20 0.358F 05 . 0433420 . 0.10000E 01 . 0.61827E 03
21 0.332E 05 0.35091 0.10000F OV 0.57338E 03
22 0.317E 05 0.36762 . 0.10000E O1 0.54690E 03
23 0.310E 05 0.38433 0.10000E 01 0.53427E 03
24 0.303E 05 0.40104 0.10000F O1 - 0.52332€ 03
25 0.293E 05 0.41775 0.10000E O1- 0.50583E 03
26 0.292E 05 0.43446 0.10000E 01 0.50304F 03
27 0.2B7E 05 0.45117 0.10000€ 01 0.49517FE 03
28 0.28B6E 05 0.46788 0.10000F .01 0.49381E 03
29 0.292€ 05 0.48459 0.10000E 0Ol 0.50350E 03
30 0.283E 05 0.50130 0.99112E 00 . 0.49282E 03
31 0.277E 05 0.51801 0.98332E 00 0.48673E 03
32 0.271E 05 0.53472 0.97402€E 00 0.48042E 03
33 0.268E 05 0.55143 0.96335E 00 0.,48025E 03
34 0.260E 05 0.56814 0.95143E 00 0.47100E 03
35 0.253E 05 -0.58485 0.93839E 00 0.46497E 03
36 0.248E 05 0.60156 0.92433E 00 0.46183E 03
37 0.242€ 05 0.61827 0.90937F 00 0.45957F 03
38 0.237€E 05 0.563498 0.89361E 00 0.45725E 03
39 0.228E 05 0.6%5169 0.B7715€E 00 0.44910E 03
40 0.223E 05 0.66840 0.86008E 00 0.44652E 03
41 0.221F 05 0.68511 0.B84250E Q0 0.45244E 03
42 0.214€ 05 , 0.70182 0.82448E 00 0.44693E 03
43 0.209€ 05 ' 0.71853 0.80610E 00 0.44698E 03
44 0.203€E 05 0.73524 0.78745E 00 0.44383E 03
45 0.200E 05 0.75195 0.76859E 00 0.44869E 03
46 0.196F 05 0.76866 0.74959E 00 0.45178F 03
47 0,193 05 0.78537 0.73052E 00 0.45519E 03
48 O0.183E 05 - 0.80208 0.71143E 00 0.443223E 03
49 0.170E 05 0.81879 0.69238E 00 0.42394E 03

50 0.165€ 05 . 0.83550 0.67342E 00 __0.42310€E 03




00

- 51 0.157E 05 0.85221 0.65460E 0.41447E 03
52 0.153E 05 0.86892 0.63596FE 00 0.41474E 03
53 0.14TE 05 0.88563 0.61754F 00 0.41133F 03
54 0.144E 05 0.90234 0.59938BE 00 . 0.41576E 03
55 0.141E 05 0.91905 0.58152€ 00 0.41747E 03

_56__0,135E_05 0.93576 _ D.56399E 00 _ 0.41424E 03
57 0.130E 05 0.95247 0.54681E 00 0.41142E 03
58 0.127E 05 0.96918 0.53000E 00 0.41467E 03
59 0.126E 05 0.98589 0.51360E 0O 0.42166E 03
60 O0.1Z23FE 05 1.00260 0.45761TE 00 0.42641F 03
61 C.118E 05 1.01931 0.48206E 00 0.42091FE 03
62 0.113E 05 1.03602 0.46696E 00 0.41558FE 03

- 63 0.I1I3FE 05 1.05273 0.45231E 00 0.42995E 03
64 C.108E 05 1.06944 0.43814F 00 ''D.42681E 03
65 0.104E 0S5 1.08615 0.42443E 00 0.42287E 03
66 0.103E 05 1.107286 0.41I121IF OO0 0.43163E 03
67 0.100€ 05 1.11957 0.39846€ 00 0.43377E 03
68 0.980E 04 1.13628 0.38620E 00 0.43759E 03
69 U.951IF 04 I.15299 0.37441F 00 "0.43800F 03
70 0.925E 04 1.16970 0.36310€ 00 0.43949E 03
71 0.912E 04 1.18641 0.35225€ 00 0.44661F 03
T2 0.B78E 04 1.20312 0.34186E 00 - 0.44298F 03
T3 0.8B56E 04 1.21983. 0.33193E 00 0.44465E 03
T4 O0.834E 04 1.23654 0.32243E 00 0.44619E 03
75 U0L.BO4E D4 1.25325 0.3I337E 00 0.44253F 03
76 O0.771E 04 1.26996 0.30472E 00 0.43613E 03
77 O0.776E 04 1.28667 0.29646E 00 0.45135E 03
T8 U.753% 04 1.30338 0.28860% 00 0.%44991FE 03
79 O0.719E 04 1.32009 0.28110F 00 0.44135E 03
80 0.702€ 04 1.33680 0.27396E 00 0.44183E 03
81 0.685Et 04 1.35351 0.26716E 00 0.44231E 03
82 0.669FE 04 1.37022 0.26066E 00 0.44281E 03
83 Q0.654E 04 1.38693 0.25447€ 00 0.44294E 03
84 0.679F 04 1.40364 0.24855E 00 0.43629E 03
85 0.612E 04 1.42035 0.24289E 0OC 0.43460E 03
86 0.586E 04 1.43706 0.23746E 00 0.42593E. 03
87 0.572FE 04 1.45377 0.23225E 00 0.42465F 03
88 0.555E 04 1.47048 0.22723% 00 0.42143F 03
89 0.545t 04 1.48719 0.2223RE 00 0.42240E 03
90 OC.513E 04 1.50390 - 0.21769E 00 0.40615E 03
91 - 0.500t 04 1.52061 0.21313E 00 0.40496FE 03
92 0.491E 04 1.53732 0.20868E 00 0.40558F 03
93 0.464E 04 T.55403 0.20432E 00 0.39143E 03
94 0.456E 04 1.57074 0.20004F Q0 0.39343% 03
95 0.446EFE 04 1.58745 0.19581E 00 0.39242E 03
96 0.434F 04 1.60416 0.19162F 0O 0.39039E 03
97 0.414E 04 1.62087 0.18743E 00 0.38125E 03
‘98 0.400E 04 1.63758 0.18325E 00 0.37667E 03
99 0.385E 04 1.65429 0.17906E 00 0.37046E 03
100 0.369E 04 1.67100 0.17485E 00 0.36439¢t 03
101 0.349E 04 1.68771 0.17059E 00 0.35287E 03
102 0.334E 04 1.70442 0.16627E 00 0.34678E 03
103 0.327E 04 1.72113 0.16189F 00 0.34796E 03
104 0.313E 04 1.73784 0.15744F 00 0.34258F 03
105  0.294E 04 1.75455 0.15291F 00 0.33119E 03
106 0.289E 04 1.77126 0.14828E 00 0.33664F 03
107 0.276E 04 1.78797 0.14357E 00 0.33171£ 03

0.26TE 04 1.80468 0.13875& 00 0.33216E 03

108

57



109 0.259E 04 1.82139 0.13385€ N0 0.33310F 03
110 0.246E 04 1.83810 0.17885E 00 0.32956F 03
TIT 0.234F 04 1.85481 0.12376F 00 0.32668F 03
112 0.220E 04° 1.87152 0.11858€ 00 0.32014F -03
113 0.226E D& 1.88823 0.11333€ 00 0.34442F 03
114 0.206E 04 1.9049¢ 0.10802E 00 " 0.32829F 03
115 0.202E 04 1.92165 0.10265E 00 0.33873€ 03
116 0.191E 04 1.,93836 0.97242E-01 0.33825E 03
117 0.185E 04 1.955C7 0.91807€E-01 0.34775€E 03
118 0.176E 04 - 1.97178 0.86389E-01 0.35119€ 03
119 0.168E 04 1.98849 0.80982E-01 .0.35803E 03
120 0.165t 04 2.00520 0.75651€E-01 0.37528E 03
121  0.149E 04 2.02191 0.70387E-01 0.36536€ 03
122 0.149E 04 2.03862 0,65246E-01 0,39468E 03
123 0.140FE 04 2.05533 0.60254E-01 0.39961€ 03
124 0.137F 04 2.07204 0.55449€E-01 N.42584F 03

PHOTON FNEPGY
(MEV)

UPPER LI“IT LOWER LIMIT ELECTRON ENERGY

(MEV)

N  ELFCTRON ENERGY
(MC SO UNITS)

PHOTON ENERGY
(MC SO UNITS)

7 7. 28915E-01 4. TT610E-01  %.936T4E-01 4.49178E—C1 1.16970F-01 3.40981E-01
8 2.61617E-01 S.15411E-01  5.36854E-01 4.93674E-01 1.33680€-01 2.63363E-01
9 2.94319€-01 5,58031E-01  5.7896TE-01 5,36854E-01 1.50390£-01 2.85140E-01
10 3.27021E-01 5.99683F-01  6.20197E-01 5.78967E-01 1.67100€-01 3.06423E-01
11 3.55723E-01 6.40526E-01  6.60684E-01 6.20197E-01 1.83810€-01 3,27293E-01
12 3.92425E-01 6.80684E-01  7.00536E-01 6.60684E-01 2.00520€-01 3.47813E-01
13 4.2512BE-01 7.20252E-01  7.39839E-01 - 7.00536E-01 2.17230E-01 3.6R8031€-01
14 4.57830E-01 7.59308E-01  7.78664E-01 7.39839E-01 2.33940€-01 3,87988E-01
15 4,90532E-01 7.979156-01  8.17067E-01 7.78664E-01 2.50650E-01 4.077156-01
16 5.23234E-01 8.36125F-01  8.55096E-01 A8.17067Et-01 2.67360E-01 %, 27240E-01
17 5.55936E-01 8.73983E-01  8.92791E-01 8.55096€-01 2.84070F-01 4,46584E-01
18 5.88638E-01 9,11524E-01  9.30186E-01 R.92791£-01 3.00780€-01 4.65767E-01
19 6.21340F-01 9.48781E-01  9.67311E-01 9.30186E-01 3.17490€-01 "4 .84804E-01
20 6.54042E-01 9.85780E-01  1.00419E 00 9.67311€-01 3.34200E-01 5.03710€-01
21 6.867456-01 1.02254E 00 1.04085FE 00 1.00419€ 00 3.50910E-01 5.22496E-01
22 T.19447E-01 1.05910E 00  1.07730E 00 1.04085E 0O 3.67620E-01 S.411T3E-01
23 7.52149F-01 1.09545€ 00 1.11356E 00 1.07730€ 00 3.84330E-01 5.59750F-01
24 7.84851€-01 1.13163F 00 1.14965€ 00 1.11356E 00 4.01040€-01 5,78236E-01
25 8.17553E-01 1.16764F 00 1.18559¢ 00 1.14965F 00 4.1T750E-01 5.96636E-01
26 8.50255€-01 1.20350E 00 1.22137€ 00 1.18559E 00 4.34460E-01 6.14958E-01
27 8.82957€-01 1.23921€ 00 1.25702E 00 1.22137F 00 4.51170€-01 6.33208€-01
28 9.15659F-01 1.27480E 00  1.29254E 00 1.25702F 00 4 .678B0E-O1 6.51391E-01
29 9.48362F-01 1.31026E 00  1.32795E 00 1,29254F 00 4 JR4590E~-01 6.69511E-01
30 9.81064F-01 1.34561E 00 1.36324E 00 1.32795€ 00 5.01300E-01 6.87572E-01
31 1.01377F 00 1.38085€ 00  1.39843E 00 1.36324E 00 5 .18010€E-01 7.05579€-01
32 1.04647E 00 1.41599€ 00  1.43352E 00 1.39843F 00 5.34720€-01 7.23535E-01
33 1.07917F 00 1.45103E 00 1.46852F 00 1.43352E 00 5.51430E-01 7.41442E~01
34 1.11187¢ 00 1.48599E- 00 1.50344F 00 1.46852E 00 5 .68140F-01 7.59305F-01
35 1.14457€ 00 1.52086E 00 1.53827E 00 1.50344F 00 5.84850E-01 7.771256-01
36 1.17728E 00 1.55566FE 00 1.57303F_00 1.53827E _C0 6.01560€-01 7.94905€-01
37 1.20998E 0C 1.5903R€ 00  1.60772F 00 1.57303C 00 6.18270€-01 8.12647E-01
38 1.24268F 00 1.62503E 00 1.64233F 00 1.60772€ 0Q 6.34980F-01 8.30354F-01 .
19 1.27538€ 00 1.65962E 00 1.67689F 00 1.64233E 00 6 .51690E-01 8.48027€-01
40 1.30808E 00 1.69414E 00 1.71138F 0O 1.67689E 00 6 .68400F-01 8.65667F-01
41 1.34079E 00 1.72861F 00 1.74582E 00 1.71138E 00 6 .85110E-01 8.83277F-01
42 1.37349E 00 1.76302F 00 1.78020€.00 _1.74582E_00 7.01820E-01 _9.00859€-01
43 1.40619E 00 1.79737€ 00 1.81453F 00 1.78020F 00 7.18530E-01 9.18413E-01
44 1.43889E 00 1.83167E 00 1L.84881F 00 -1.81453F 00 7.35240F-01 - 9.35941E-01
45 1.47159€ 00 1.86593F 00 1.88304E 00 1.84881F 00 7.51950E-01, 9,53444F-01
%6 1.50430€ 00 1.90014F 00 1.91722€ 00 1.88304F 00 7.68660E-01 9.70924F-01
47 1.53700E 00 1.93430E 00 1.95136F 00 1.91722E 00 7.85370E-01 9.88381F-01
48 1.56970E_00 1.96842F 00 - 1,98547E 00 1,95136E 00 8.02080€-01 1.00582E 00
49 1.60240E 00 3.00250F 00  2.01953F 00 1.98547E 00 B.18790F-01 1.02323€ 00
50 . 1.63511F OC 2.03654E 00 ~2.05355E 00 2.01953E 00 8.35500F-01 1.04063E 00
51 1.66781E 00 2.07055F_0C__ 2.0R754E_00 2.05355E 00 8.52210E-21 1.05800F 00
52 1.7CC51F 00 2.10452F 0C  2.12149F 00 2.08754F 00 8.68920E-01 1.07536€ 00
53 1.73321f 00 2.13846F D0 2.155&41F 00 2.12149E 00 8.85630F-01 1.09270F 00
54 1.76591F 0C 2.17236E CO__ 2.18930F 00 _2.15541E_00 9.02240F-01 1.11003€E 00
55 1.79862€ OC 2.20624F 00  2.27316t 0C 2.18930F 00 9.19050E-01 1.12733€ 00
56 1.83132€ 00 2.24C08F 00 2.25699FE 00 2.22316E 00 9.35760E-01 1.14463F 00
57 1.86402F 00 2.27389F 00 2.29079F 00 2.25699E 00 ©.52470F~0}) 1.16191F 00

1.R9672F 0G

2.30768E Q0

2.32456F 00

2.29079F 00

9,.4A91R80F-01

1.17917€ 00



59 1.92942E 00 2.34144F 00  2.35831E 00 2.32456E 00 9,85890E-01 1.19642C 00
60 1.96213E 00 2.37517F 00 2.39203€ 00 2.35831FE 00 1.00260F 00 . 1.21366E 00
61 1.9S483E 0C 2.40888F 00  2.42573F 00 2.39203E 00 1.01931F . 00 1.23088E 00
62 2.02753F 00 2.4425TE 00  2.45940E 00 2.42S73E 00 1.03602€ 00 1.24809€ 00
63 2.06023F 00 2.47623F 00 2.49305E 00 2.45940F 00 1.05273E_00 1.26530€ 00
64 2.C9794F 00 2.50987€ 00 2.52669E 00 2.%49306F 00 1.06944F 00 1.28249€ 00
65 2.12564E 00 2.564349E 00 2.56029€ 00 2.52668E 00 .1.0861'5E 00 1.29966€ 00
66 2.15834E_00 2.57709F QC _ 2,59388F 00 _2.56029F 00 _1,10286F 00 ___ 1.31693E 00_
67 2.19104E 00 2.61067E 00 2.62745€ 00 2.59389E 00 1.1195T7€ 00 1.33399€ 00
68 2.22374E 00 2.64423E 00 2.66100E 00 2.62745F 00 1.13628E 00 1.35114E 00
69 2.25644E 00 2.677T77E 00  2.69453E 00 2.66100E 00 1.15299F 00 1.36828€. 00
70 Z<ZR9TSE 00 Z.7I1Z29F 00 7.72805FE 00 2.69453F 00 T.T6970F 00 T.38541E 00
7 2.32185F 00 2.74480E 00  2.76155C 00 2.72805E 00 1.18641F 00 1.40253E 00
T2 2.35455F 00 2.77829F 00  2.79503F 00 2.76155E 00 1.20312E 00 1.41964E 00
T Z.3BTZSF N = . 7 S79503F . ? ~AI6T4E
74 2+41996E 00 2.864522E 00 2.86194F 00 2.82849E 00 1.23654E 00 1.45384E 00
75 2.45266E 00 2.87866E 00  2.89538F 00 2.86194E 00 1.25325€ 00 1.47093E 00
77 2.51806E 00 2.94550€ oq 2.96220E 00 2.92880F 00 1.28667E 00 1.50508E 00
78 2.55076E .00 2.97890E 2.99559E 00 2.96220F 00 1.30238F 00 1.52215F 00"
'“7v“"“—7“5FxK7F—UU———“"z‘Urzsz‘Uo"“z"U2Ev7E‘U0‘—2—vv55vF—Tnr‘————jfzznvqr‘bn——"“I“SZWZTF“UU‘
80 2.61617F 00 3.04566E 00 .3.06234E 00 3.02897FE 00 1.33680€ 00 1.55626€ 00
81 2.6488TE 00 3.07902E 00 2,09569E 00 3.06234EF 00 1.35351F 00 1.57330E 00
822,585 TE U0 I.ITZ36F 00 3. T2903F 00 3. 09559F 00 T.37022F 00 T.50034E 00
83 2.71428E 00 3.14570E 00 3.16236F 00 3.12903F 00 1.38693E 00 1.60738F 00
84 2.74698E 00 3,17902€ 00 3.19568F 00 3.16236E 00 1.40364E 00 1.62440E 00
g5 7. TTI68E 00 3. 21233F 00 3.22898F 00 3.19568EF 00 T.42035€ 00 1.64143E 00
86 2.81238€ 00 3.24563F.00 3.26228F 00 3.22898E 00 1.43706E 00 1.65844E 00
a7 2.84508E 00 3.27893E 00 3.29557E 00 3.26228E 00 1.45377E 00 1.67545EF 00 .
wE 7. BTTT8E 00 IIT22TF 00 3.3288%F 00 3.29557F 00 Y.4TC4RE 00 Y.69246E 00
89 2.91049E 00 3,34547€ 00 3.36210F 00 3.32884E 00 1.48719€ 00 . 1.70946E 00
90 2.94319€ 00 3.37873E 00 3.39536F 00 3.36211F 00 1.50390F 00 1.72645€ 00
5T Z.97589E 00 3.41198F 00  3.42860F 00 3,39536F 00 1.52061€ 00 1. 74344 00
92 3.00859E 00 3.44522E 00 3.46184F 00 3.42860F 00 1.53732€ 00 1.76043€ 00
.93 3.04130E 00 3.47846E 00 3.49507F 00 3.46184E 00 1.55403E 00 1.77741E 00
g% 3. 07400E 00 3.51168E 00  3.52829F 00 3.49507TF 00 T.570T4E 00 T.79%38E 00
95 3.10670E 00 3.54489E 00 3.56149E 00 3,52829F-00 1.58745E 00 1.81135E 00
96 3.13940E 00 3.57R10F 00 3.59470F 00 3.56149E 00 1.60416E 00 1.82832€ 00"
g7 I.I7ZI0E 00 T.6IT29F 00  3.62789F 00 3.59470F 00 Y.62087F 00 . 845729F 00
98 3.20481E 00 3.64648E 00 3.66107€ 00 3.62789F 00 1.63758E 00 1.86224E 00
99 3.23751E 00 3.67766E 00 3.69425€ 00 3.66107E 00 1.65429€ 00 1.87920€ 00
TOO 3.270Z1E 00 3.TT0B4F 00 3.72742E 00 3.69425E 00 1.67100€ 00 1.89615E 00
101 3.30291E 00 3,744C1E -00 3.76058F 00 3.72T42E 00 1.68771E 00 1.91310E 00
102 3.33561E 00 3.77716E OC 3.79374E 00 3.76058E 00 1.70442€ 00 1.93004E 00
103 3.36832E 00 ~3.81031E 00 3.82689F 00 3.79374E 00 1.72TL3E 00 1.94698E 00
104 3.40102E 00 3.84346E 00 3.86003E 00 3.82689F 00 1.73784E 00 1.96392F 00
105 3.43372E 00 3.87660E 00 3.89316E 00 3.86003E 00 . 1.75455€ 00 1.98085E 00
106 3.46642E 00 3.90973€ 00  3.92629F 00 3.89316€ 00 1.77126E 00 1.997T78E 00
‘107 3.49913E 00 3.964285E. 00  3.95941FE 00 3.92629E 00 1.78797E 00 2.01470FE 00
108 3.53183E 00 3.97597€ 00 3.99253E°00 3.95941F.00 1.80468E 00 2.03163E 00
109 3.56453F 00 %.00908E 00  4.02564E 00 3.99253E 00 1.82139€ 00 7.04855E 00
110 3.59723E 00 4.04219E 00 4.05874E 00 4.02564E 00 1.83810E 00 2.06546E 00
111 3.62994E 00 4.07529E. 00° 4.09184E 00 4.05874E 00 1.85481E 00 2.08238E 00
13 ¥ 3.66264E 00 %.10838F 00 4.12493F 00 4.09184E.00 1.87152€ 00 2.09929E 00
113 3.69534E 00 4.14147F 00 4.15801FE 00 4.12493E 00 1.88823E 00 2.11619F 00
114 3.72804E. 00 - 4.17456FE 00 4.19110E 00 4.15802E 00 1.90494E 00 2.13310€ 00
115 IT6074E 00 Z.70763F 00 4.22417E 00 4.19110F 00 T.92165E 00 5. 15000E 00
116 3.79344E 00 4,24071E 00 %.25724E 00 4.22417€ 00 1.93836E 00 2.16690E 00
117 3.82615E 00 4.27378E 00 . 4.29031F 00 4.25724E 00 1.95507E. 00 2.18380E 00
118 3.85R85E 00 4.30684E 00 4.32337E 00~ 4.29031E 00 1.97178E 00 2.20069E 00
119 . 3.8915%€ 00 4.33989E 00. 4.35642E 00. 4.32337€ 00 1.98849E 00 2.21758E 00
120 3.92425F 00 4,37295E 00 4.3B947€ 00 4.35642E 00 2.00520F 00 2.23447€ 00
121 3.95696E 00 %.40600F 00  §.42252F 00 4.38947€ 00 2.02191F 00 2.25136E 00
122 3.98966E 00 ‘4.43904F 00 4.45555E 00 4.42252€ 00 2.03862F 00 .2.26824E 00
123 4.02236E 00 4,.47208E 00 4.48859E 00 4.45556F 00 2.05533€ 00 2.28512€ 00
124 %.05506E 00 4.50511€ 00 4.52163€ 00 4.4RB859F 00 2.07204€ 00 2.30200E 00
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60

7. ITERAT Subroutine Input (KIND

1, NERR = 1)

Iterative Solution of Detection System

- ERROR

1 PHOTON ENERGY W VECTOR X1 VECTOR
(MC SQ UNITS) ' '

T .0.47161 9.2567E 02 5.2380E 00 1.0000E 00
8 0.51541 8.,6166E 02 5.0536E 00 1.,0000E 00
9 0.55803 8.1045E 02 4,9012F 00 1.0000E 00
10 0.59968 ~T.8578E 02 4.8260F 00 -1.0000E 00
11 0.64053 T.6228E 02 4.7533F 00 1.0000€E 00
12 0.68068 7.5020F 02 4.,7155E 00 1.0000F 0C
13 0.72025 T7.2354E 02 4,6309F 00 1.0000E 00
14 0.75931 7.0073E 02 4.5573E Q0 1.0000E 00O
15 0.79792 6.8590€ 02 4.,5089F 00 1.0000E 00
16 0.83613 6.6419E 02 4.4369E 00 1.0000€ 00
17 0.87398 6.5794E 02 4.4160E 0O 1.0000E 0O
18 0.91152 6.5028E 02 4,3902E 0O 1.0000& 00
19 0.94878 6.4352E 02 4.3673€ 00 1.0000E 00
20 0.98578 6.1827E 02 4,280RE 0O 1.0000E 00O
21 1.02254 S.7338F 02 4.1224F 00 1.0000E 00
22 1.05910 5.4690E 02 4.0261E 0O 1.0000E 00
23 1.09545 5«3427E 02 3.9794E 00 1.0000€ 00
24 1.13163 5.2332F 02 3.9384F 00 1.0000E 0O
25 1.16764 5.0583E 02 3.8720F .CO 1.0000E 00
26 1.20350 5.0304E 02 -3.8613E 00 1.0000E 00
27 1.23921 4,9517E 02 3.8310E 00 1.0000E 00
28 1.27480 4,9381E 02 3.8257¢ 00 1.0000E 00
29 1.31026 5.0350E 02 3.8631E 00 1.0000E 00
30 1.34561 4,9282E 02 3.8390E 00 1.0000E 00
31 1.380R85 4.8673E 02 3.8303F 00 1.0000E 00
32 1.41599 4.8042E 02 3.8235E 00 1.0000E 00
33 1.45103 4.8025E 02 3.8439E 00 1.0000E 00
34 1.48599 4.7100E 02 3.8305E 0O 1.0000E 00
35 1.52086 4.6497E 02 3.8323E 00 1.0000E 00
36 1..55566 "4.6183E 02 3.8483F 00 1.0000E OO
37 1.59038 4.5957E 02 3.8703F 00 1.0000E 00
38 1.62504 4.5725E 02 - 3.8944E 0O "1.0000E 00
39 1.65962 4.4910F 02 3.8955E 00 1.0000E 00
40 1.69414 4.4652E 02 3.922TE 00 1.0000E 00
41 1.72861 H.5244E 02 3.9896E 00 1.0000€ 990
42 1.76302 4.4693E 02 4.0084E 0O 1.0000E 00
473 1.79737 4,4698E 02 4.0540F 00 1.0000E 00
44 1.83167 4.4383E Q2 4.0873E 00 1.000CE 00
45 1.86593  4,4869E 02 4.1597E 00 1.0000E 00
46 1.90014 4.5178E 02 4.2265F 0O 1.0000E 00
47 1.93430 - 4.,5519E 02 4.2975E 00 1.0000F 00O
48 " 1.96842 4.4323E 02 4.,2972F 00 1.0000E 00
49 2.00250 4.2394E 02 4.2601E 00 1.0000E 00
50 2.03655 4.2310E 02 4.3153F Q0 1.0000E. 00
51 2.07055 4.,1447TE 02  4.3321E 00 1.0000E 0O
52 2.10452 4,1474E 02 4,3965F 00 1.000CE 00
53 2.13846 4,1133E 02 4.4432E 00 1.0000E 00




54 2.17236 4.1576E 02  4.5342E 00 1.0000E 00
55 2.20624 4.1747E 02 4.6128E 00 1.0000E 00
56 2.24008 4.1424E 02 _4.6658E 00 1.0000E 00
57 2.27389 4.1142E 02 4.7224E 00 1.0000E 00
58 2.30768 4.146TF 02 4.8155€ 00 1.0000E 00
59 2.34144 4.2166E 02 4.9330F 00 1.0000E 00
60 2.37517 4.2641E 02 5.0397€ 00 1.0000E 00
61 2.40888 4.2091E 02 5.0872E 00 1.0000E 00
62 2.44257 4.1558E 02 5.1360E 00 1.0000E 00
63 2.47623 4.2995E 02 5.3079E 00 1.0000€ 00
64 2.50987 4.2681E 02 5.3734E 00 1.0000E 00
65 254349 0 4.2287E 02 . 5.4342F 00 . 1.0000E 00
66 2.57709 4.3169E 02 5.5782E 00 1.0000€ 00
67 2.61067 4.3377TE 02 5.6803E 00 1.0000E 00
68 2.64423 4.3759E 02 5.7951EF 00 1.0000E 00
69 2.67TT7 4.3800E 02 5.BB84E 00 T.0000F 00
79 2.71130 4.3949E 02 5.9896E 00 1.0000E 00
71 2.74480 4.4661F 02 6.1302E 00 1.0000€ 00
72 TZ.77829 4 G298E 02 6. 1973E 00 I.0000E 00
73 2.81177 4.4465F 02 6.3012€ 00 1.0000€ 00
74 2.84522 4.4619E 02 6.4044E 00 1.0000E 00
75 2.87865 4.%4253F 02 6.4696F 00 T.0000E 00
76 2.91209 4.3613E 02 6.5132E 00 1.0000E 00 .
77 2.94550 4.5135E 02 6.7175€ 00 1.0000F 00
78 2.97890 4.4991E 02 6.7975E 00 VO000F 00
79 3.01229 4.4135E 02 6.8217F 00 1.0000E 00
80 3.04566 4.4183E 02 6.9138F 00 1.0000E 00
8T 3.07902 4.5231F 02 7.0051TF 00 T.0000F 00
82 3.11236 4,4281E 02 7.0958E 00 1.0000F 00
23 3.14570 4.4294E 02 7.1828E 00 1.0000E 00
8% 3.17902 %.3629E 02 7.2131E 00 T.0000E 00
85 3.21233 4.3460F 02 7.2825€ 00 1.0000E 00
86 3.24564 4.2593E 02 7.2914E 00 1.0000E 00
87 3.27893 4.2465E 02 7.3617E 00 1.0000€ 00
88 3.31221 4.2143E 02 7.4142F 00 1.0000€ 00
89 3.34548 4.2240E 02 7.5032F 00 1.0000E 00
90 3.37873 %.0615F 02 7.4364F 00 1.0000E 00
91 3.41198 4.0496E 02 7.5045E 00 1.0000E 00
92 3.44522 4.0558E 02 7.5898F 00 1.0000E 00
93 3.47846 3.9143E 02 “7.5353€ 00 [.0000E 00
94 3.51168 3.9343E 02 7.6351E 00 1.0000E 00
95 - 3.54489 3.9242F 02 7.7071F 00 1.0000E 00
96 3.57810 3.9039F 02 7.7T08E 00 1.0000E 00
97 3.61130 3.8125E 02 7.7647F QO 1.0000E 00
98 3.64448 3.7667E 02 7.8053€ 00 1.0000E 00
59 3.67765 3. 7046E 02 7.8308€ 00 T.0000F 00
100 3.71084 . 3.6439E 02 7.8593E 00 1.0000E 00
101 3. 74401 3.5287E 02 7.8301F 00 1.0000E 00
102 3.77716 3.4678E 02 7.8623F 00 1.0000€ 00
103 3.81032 3.4796F 02 7.9816E 00 1.0000E 00
104 3.84346 3.4258E 02 8.0309E 00 1.0000E 00
105 3.87660 3.3119€ 02 B.0123E 00 1.0000E 00
106 3.90973 3.3664E 02 8.2032F 00 1.0000E 00
107 3.94285 3.3171E 02 8.2754F 00 1.0000E 00
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3,97597

1.06000€"

108 3.3216E 02 8.4236E 00 00
109 4,00908 3.3310E 02 8.5884E 00 1.0000E 00
110 4,04219 3.2956E 02 8.7069F 0O 1.0000E 00
111 4.07529 3.2668E 02 8.8454E 00 1.0000£ 00
112 4,10838 3.2014E 02 8.9453FE 00 . 1.0000F 0O
113 4.14147 3.4442E 02 9.4911E 00 - 1.0000E 00
114 4.17456 3.2829E 02 9.4911E 00 1.0000F 00
115 4.20763 3.3873€E 02 9.8895E 00 1.0000E 00
116 4.24071 3.3825E 02 1.0154E Ol - 1.0000F 00
117 4,27378 3.47T75E 02 1.0596F 01 - 1.0000E 00
118 4.30684 3.5119E 02 1.0977E 01 1.0000E 00
119 4.33990 3.5803€ 02 1.1447E O1 1.0000& 00
120 4.,37295 3.7528E 02 1.2126E 01 1.0000E 00
121 4.40600 3.6536E 02 1.2404F 01 1.0000E 00
122 443904 3.9468E 02 1.3390E Ol 1.0000E 00
123 4,47208 3.9961E 02 1.4020E 01 1.0000E 0O
124 4.50511 4.2584E 02 1.5087€ 01 '1.0000E 00
Arresting Criterion Satisfied on Iteration Number 13
BOUND = 2.1328E 04 NORM 1.8417E 04

1 X __WPRIME R NORM

7 1.0117€ 03 9.2154E 02 4.1221F 00 "1.6991E 01

8 9.2945E 02 8.5945€ 02 2.2092E 00 2.1872€ 01

9 8.2507€E 02 8.1524E 02 -4,7896F 00 4.4812E 01
10 9.1470E 02 7.8786E 02 =2.0767E 00 4.,9124€ 01
11 9.8100E 02- T.6333E 02 .=1.0520E CO 5.0231E 01
12~ 1.1970€E 03 T.4272E 02 " T.4861FE 00 1.0627£ 02
13 1.1898E 03 7.1611E 02 T.4290F 00 1.6146E 02
14 1.1866E 03 6.9406E 02 6.6743E 00 2.0601F 02
15 1.2887€ 03 6.7627E 02 9.6328F 00 2.9880E 02
16 1.2202€ 03 6.5852E 02 5.6704E 00 3.3095E 02
17 1.44228 03 6.4670E 02 1.1238E 01 4.5T724E 02
18 -1.7071E 03 6.3148E 02 1.8802E 01 8.1074E 02
19 2.1430E 03 6.1073E 02 3.2789F 01 1.8858E 03
20 2.0657€ 03 S.TT7TT4E 02 4.0537€ 01 3.5290E 03
21 1.2930E 03 S.4410E 02 2.9274E 01 4.3860E 03
22 9.7588E 02 5.2702E 02 1.9882E 01 4.7813E 03
23 9.1493E 02 S.1674E 02 1.7536E 01 5.0888E 03
24 8.6731E 02 5.0800E 02 1.5317E 01 5.3234E 03
25 6.9089E 02 5.0034E 02 5.4912F 00 5.3536E 03
26 7.3893F 02 4.9653E 02 6.5129E 00 5.3960£ 03
27 6.9843E 02 4,9259E 02 2.5786E 00 5.4026E 03
28 7.5635E 02 4.9018E 02 3.6292E 00 5.4158E 03
29 1.0670E 03 4.8782E 02 1.5688E 01  5.6619E 03
30 9.6961E 02 4.8098E 02 1.1844€ 01 5.8022E 03
31 9.5917E 02 4.7592E 02 1.0817E O} 5.9192€ 03
32 9.3458E 02 4.7133E 02 . 9.0908F 00 6.0018E 03
33 1.0495E 03 4.6745E 02 1.2800E 01 6.1657E 03
34 - 9.4988E 02 4.6228E 02 8.7163F 09 6.,2417E 03
35 9.1098E 02 4.5864E 02 6.3271E 00 6.2817E 03
36 9.2882€ 02 4.5583E 02 6.0037E 00 6.3177€ 03



42

4.2312E 02

37 9.6439E 02 4.,5320E 02 . 6.3667F 00 - 6.3583E 03
38 9.9900E 02 4.5052E 02 6.7346E 00 6.4036FE 03
39 8.8550E 02 4,47T6E 02 1.3359E 00° 6.4054F 03
40 8.8788E 02 4,4667E 02 -1,5283E-01 6.4054E 03
41 "1.1077€ 03 4.4616E 02 '6.2788E 00 6.4448F 03
1.0429€ 03 4.4386E 02 3.0703E 00 6.4543E 03

43 1.1216E 03 4.4265E 02 4.3330F 00 6.4730E 03
4t 1.1105€ 03 4.4116E 02 2.6765E 00 6.4802E 03
45 1.3516F 03 , 4.4031E 02 8.3816E 00 6.5504E 03
46 1.6041E 03 4.3770E 02 1.4075€ 01 6.7486E 03
47 1.9695FE 03 4.3297€ 02 2.2221€ 01 '7.2423€E 03
43 1.6688E 03 . 4.24T6E 02 1.8472€ 01 7.5836E 03
49 1.1080E 03 4.1867E 02 - 5.2700E 00 7.6113E 03
50 1.1484E 03 4,1721€° 02 5.8848F 00 7.6459E 03
s1 9.5267E 02 4.1558E 02 ~1.1094E 00 7.6472€ 03
52 9:9077E 02 4,1577E 02 -1.0283E 00 7.6482E 03
53 9.2428E 02 4.1500€ 02 -4.6768E 00 7.6701E 03
54 1.0663E 03 4.1716E 02 -1.3982E 00 7.6721F 03
55 1.1473E 03 4.1766E 02 -1.9800E-01 . 7.6721E 03
56 - 1.0735€E 03 4.1793E 02 -3.6948E 00 7.6857€ 03
57 1.0005€ 03 4.1913E 02 -7.7078E 00 7.7452E 03
58 ____1,0939E 03 ___4.2135E 02 _=6.6814F 00 _ __7.7898E 03
59 1.3322E 03 4.2352E 02 -1.8525E 00 7.7932E 03
60 1.5447€ 03 4.2459E 02 1.8184E 00 7.7965E 03
61 1.3599€ 03 4.2464E 02 -3.7307E 00 7.8104E 03
62 1-.1707€ 03 4.2633E 02 -1.0749€ 01 7.9260E 03
63 1.7154E 03 4,2988E 02 6.9824E-02 7.9260E 03
64 1.6025E 03 4.3057E 02 -3.7561E 00 7.9401€ 03
65 T.4361E 03 4.3247€ 02 =9.%979E 00 8.0322€ 03
66 1.7972€ 03 4.3608E 02 -4.3867E 00 8.0515E 03
67 1.9056E 03 4.3826E 02 -4.4897€ 00 8.0716E 03
68 Z.1Z18E 03 4.5046E 02 —2.87T48E 00 #.0799EF 03
69 2.1747€ 03 4.4206E 02 -4,0540F 00 . 8.0963F 03
70 2.2877F€ 03 4.4401E 02 -4.,5154F 00. 8.1167E 03
7T 2.8055€ 03 4. 4604F 02 5. T520E-01 8.1170E 03
72 2.6624E 03 4.4578E 02 -2.8054E 00 . '8.1249E 03
73 2.8659E 03 4.4686E 02 -2.2109€ 00 . 8.1298EF 03
75 3.T023E 03 4.4745EF 02 -1.2600F 00 B.1314E 03
75 2.9542€ 03 4.4733E 02 -4.7981E 00 8.1544F 03
76 . 2.5645E 03 4.4857E 02 -1.2436E 01 8.3090E 03
T7 3.8548E 03 4.5268E 02 -T.3237€ 00 8.3108E 03
78 4.0362€ 03 4.5100E 02 -1.0906E 00 8.3120E 03
79 3.5197€ 03 4.4880E 02 -7.4482E 00 8.3674E 03
80 3. 7620 03 4.4967E 02 —7.8398EF 00 8.4289t 03
. 81 4.0692€ 03 4.,5009E 02 -7.7759E 00 8.4894E 03
82 4.4806E 03 4.4969E 02 -6.8806F 00 8.5367E 03
83 5.0061F 03 4J4792E 02 =4.9785E 00 8.5615E 03
84 4,7991€ 03 4.4410F 02 ~-7.8083F 00 8.6224E 03
85 5.1835E 03 4.4158E 02  -6.9807E 00 8.6T12E 03
A% 4. TI26E 03 4.3766F 02 -T.1729E 01~ 8.8087E 03
a7 5.0904E 03 4.3627E 02 -1.1612€E 01 8.9436E 03
88 5.3196F 03 4.3369E 02 -1.2259€E Ol 9.0939E 03
89 6.3379E 03 4.3053€ 02 -8.1384E 00 9.1601E 03
90 4.8833E 03 -1.6973E 01 9.4482E 03

63
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4.2218E

91 5.2849E 03 02 -1.7221E 01 9.7447F 03
92 6.1692E 03 4,2011E 02 -1.4539F 01 9.95%61E 03
93 4.8690E 03 4.,1469E 02 -2.3256E 01 1.0497E 04
94 5.7273E 03 4,1511FE 02 -2.1673E 01 1.0967E 04
95 6.4618F 03 4,1271E 02 -2.0295F 01 1.1379E 04
96 T.3566E 03 4,0780E 02 -1.7413E 01 1.1682FE 04
a7 7.0304E 03 3.9947FE 02 -1.8216E 01 1.2014E 04
98 7.5048E 03 3.9245E 02 -1.5779E 01 1.2263E 04
99 T.7216E 03 3.,8357E 02 -1.3103E 01 1.2434E 04
L0O 7.9529E 03 3.7366E 02 -9.2715¢ 00 1.2520E 04
{01 6.7831E 03. 3.6253E 02 -9.6633E 00 1.2614E 04
102 6.3T81€E 03 3.5559€ 02 -B8.8083E 00 1.2691E 04
103 T.4249E 03 3.5020E 02 -2.2310€E 00 1.2696F 04
104 T.1662€E 03 3.4084E 02 1.7407E 00O 1.2699E 04
105 5.3932F 03 3.3212E 02 -9.3140E~01 1.2700€E 04
106 6.6552F 03 3.2983E 02 6.8120E 00 1,2746E 04
107 5.9377E 03 3,.2313E 02 8.5762E 00 1.2820E 064
108 6.1048F 03 3.1898¢E 02 1.3184F 01 1.2994E 04
109 6.3383E 03 3.1431E 02 1.8792FE 01 1.3347F 04
110 5.5619E 03 3.0884E 02 2.0725EF 01 1.3776E 04
111 4.7426E 03 3.0608E 02 2.0604F 01 1.4201E 04
112 3.,3390€ 03 3.0646E 02 1.3679F 01 1.4388FE 04
113 6.6222E 03 3.1238E 02 3.2040€ 01 1.5415E 04
114 3.5264E 03 3.0788E 02 2.0410F 01 1.5831E 04
115 4.,1643E C3 3.1428E 02 2.4445E 01 1.6429E 04
116 32.3868E 03 3.1975€E 02 1.8495E 01 1.67T71E 04
117 3.7272E 03 3.2918E 02 1.8575E 01 1.7116E 04
118 3.3564E 03 3.3926E 02 1.1934E O1 1. 7258E 04
119 3.3344E 03 3.5269E 02 5.3413€E 00 1. 7287E 04
120 4,7069E 03 3.6889E 02 6.3921€ 00 1.7328E 04
121 3.1072FE 03 3.8387E 02 -1.8509% 01 1.7670E 04
122 T.2126E 03 4,07T79E 02 -1.3104E 01 1.7842F 04
123 1.3032E C4 4,2360E 02 —2.3989E 01 1.8417E 04
124 1.4807E 05 4.,2584E 02 0.0 1.8417E 04
8. Error Matrix (Upper Corner)
MATRIX ELEPEMIS
144 1 8 9 10 11 12 13 14
0.47161 C.51541 0.55€03 0459568 0.64053 V.68068 0.72025 0. 75931
7 Qu76122E-G2 Q.27SE1E-C2 0410307E-02 0061864E-03 0444183E-0U3 D0.34548E-03 0e2E40LE-03 0,23SELE~03

0.0

0.£4059E-02

0.17680E-02

0.82438€E-03

0.49806E-03

0035235E~-03

0e27439E-03

Ue 22542E-03

S
10
11

0.0
0.0
0.0

0s0
0.0
Ooa

Ge39062E~02
[ 1]
Je 0

Qe 13564E-02
0029295E-02
0.0

0,676B1E-03
0411299602
0.22683E-02

0.41113€-03
0e56€25E-03
0.931£4E-03

0e28S88E-03
0e34€ET7E-03
0048057E-03

0.224E6E-03
062442 TE~03
Ce25173E-03

12
13
14

0.0
0.0
0.0

" 0.0
CGeC
Q0

0,0
0.0
0.0

Ge 0
0.0
0.0

0.0
Co0
o.o

0417995E-02
0.0
0.0

Oe?1956E-03
Oela516E-02
o.o

0e 41427€-03
Qe €6137E~03
Qe 12020E-G2

15
16

Ge0
.0

0.0
Q.0

. Qa0
.0e0C

o.o
0.0

Ce0
0.0

Ue0
00

0.0
0.0

C.0

Qe 0




4, NERR = 3)

9. COMPSCAT Printout (KIND =

10/9/69 ATSR, 37 WATT, SNELL BLOCK, UNFOLD ERROR VECTOR

MEV/CH =0.01671 PI*R(0)%%2 = 2.49452E-25 NI{E) = 7.000€ 23
LIVE TIME = 1.03170F 03 SEC.
CHAN. TNPUT ELECTRON G WADJ
VECTOR ENERGY, MEV MATR IX
7 0.926E 03 0.11697 0.10000E 01 0.15966E 02
8 0.862E 03 0.13368 C.10000E 01 0.14862E 02
9 0.810E 03 0.15039 0.10000E 01 0.13979E 02
10 0.786E 03 0.16710 0.10000E 01 -0.13553E 02
11 0.762E 03 c.18381 0.1C000E 01 0.13148BE 02
12 0.750E 03 0.20052 0.10000E 01 0.12939t 02
13 0.724E 03 0.21723 0.10000E 01 0.12480E 02
14 0.701E 03 1 0.23394 0.10000FE 01 0.12086E 02
15 0.686E 03 0.25065 0.10C00E 01 0.11830E 02
16 0.664E 03 0.26736 0.10000F 01 0.11456E 02
17 0.658E 03 0.28407 0.10000F 01 0.11348F 02
18 0.650E 03 0.30078 0.10000E 01 0.11216F 02
19 0.644E 03 0.31749 0.10000E 01 0.11099E 02
20 0.618E 03 0.32420 0.10000€ 01 0.10664E 02
21 0.573E 03 C.35091 0.10000E 01 0.98897E 01
22 0.547E 03 0.36762 0.10000E 01 0.94329E 01
23 0.534E 03 0.38433 0.10000E O1 0.92151E 01
24 -0.523E 03 0.40104 0.10000E 01 0.90262E 01
25 0.506E 03 0.41775 0.10000E 01 0.87246E 01
26 0.503FE 03 0.43446 0.10000E 01 0.86764E 01
27 - 0.495€E 03 0.45117 0.10000E 01 0.85407E 01
28 0.494F 03 0.46788 0.10000E O1 0.85172E 01
29 0.504E 03 0.48459 0.10000& 01 0.86844F 01
30 0.493E 03 0.50130 0.99112f 00 0.85763E 01
31 0.487F 03 0.51801 0.98332E 00 0.85375E 01
32 0.480E 03 0.53472 0.97402E 00 0.85073E 01
33 0,480E 03 0.55143 0.96335E 00 0.85985€ 01
34 0.471E 03 0.56814 0.95143F 00 0.85385£ 01
35 0.465E 03 0.58485 0.93839E 00 0.85464E 01
36 O0.462E 03 0.60156 0.92433E 00 0.86177E 01
37 0.460E 03 D.61827 0.90937€ 00 0.87166F 01
38 0.457E 03 0.63498 0.89361F 00 0.88256F 01
39 0.449€E 03 0.65169 0.87715€. 00 0.88309F 01
40 0.447E 03 0.66840 0.86008E 00 0.89545E 01
41 0.452E 03 0.68511 0.84250E 00 0.92626E 01
42 0.447E 03 0.70182 0.82448E 00 0.93498F 01
43 0.447E 03 0.71853 0.80610E 0O 0.95640F 01
44 0.444E 03 0.73524 0.78745E 00 0.97215€E 01
45 0.449E 03 0.75195 0.76859F 00 0.10069E 02
. 46 0.452FE 03 0.,76866 0.74959E 00 0.10395F 02
47 0.455E 03 0.78537 0.73052€ 00 0.10747E 02
48 0.443E 03 0.80208 0.71143E 00 0.10746E 02
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0.81879

0.10561E 02

49 0.424E 03 0.69238E 00
50 . 0.423E 03 0.83550 0.67342E 00 0.10837E 02
51 0.414E 03 0.85221 0.65460E 00 0.10921F 02
52 0.415E 03 0.86892 0.63596E 00 0.11248E 02
53 0.411F 03 0.88563 0.61754E 00 0.11489E .02
54 0.416E 03 0.90234 - 0.59938E 00 0.11964E 02
55 0.417E 03 0.91905 0.58152E 00 - 0.12382E 02
56 0.414FE 03 0.93576 0.56399E 00 " 0.12668E 02
57 0.411FE 03 0.95247 0.54681E 00 . 0.12977€ 02
58 0.415€ 03 ___ _0.96918: __0.53000E 00  ____0.13495€ 02
59 0.422E 03 0.98589 . 0.51360E 00 0.14160F ‘02
60 0.426E.03 . 1.00260 10.49761E 00 0.14780F 02
61 0.421E°03 1.01931 0.48206E 00 0.15060E 02
62 0.416F 03 T1.03602 0. 46696E 00 0.15350F 02
63 0.430€ 03 1.05273 0.45231E 00 0.16395E 02
64 0.427E 03 1.06944 0.43814E 00 0.16802F 02
65 0.423EF 03 1.08615 0.42443€ 00 O0.I7184E 02
66 0.432E 03 1.10286 0.41121E 00 0.18107€ 02
67 0.434E 03 1.11957 0.39846E 00 0.18776E. 02
68 0.438E 03 I.13678 0.3B8620E 00 - 0.19543F 02
69 0.438E 03 1.15299 0.37441E 00 0.20177E 02
70 0.439€ 03 1.16970 0.36310E 00 0.20877€ 02
7T  0.%47E D3 1. 18641 0.35225E 00 0.21B68E 02
72 0.443E 03 1.20312 0.34186E 00 0.22350€F 02
73 0.445E 03 1.21983 0.33193E 00 0.23105E 02
T4 0.446E 03 T.2365% 0.32243EF 00 0.23868E 02
75 0.443E 03 1.25325 0.31337E 00 0.24357E 02
76 - 0.436E 03 1.26996 . 0.30472€ 00 0.2468TF 02
77 U.251E 03 1.28667 0.29546E 00 0.26259E 02
78 0.450E 03 1.30338 0.28860E 00 0.26889E 02
79 0.441E 03 1.32009 0.28110E 00 0.27080E 02
BO U.%42E 03 [.33680 0. ZT396E - 00 TU.2TBI6E 02
81 0.442€ 03 1.35351 0.26T16E 00 0.28556E 02
82 0.443E 03 1.37022 . 0..26066E 00 0.29301E 02
83 0.443FE 03 1.38693 0.2544TE 00 0.30023F 02
84 0.436E 03 1.4036% 0.24855E 00 0.30277E 02
85 0.435FE 03 1 1.42035 0.24289E 00 0.30862E 02
86 0.426E 03 I.%43706 0.23746E 00 0.30938F 02
87 0.425€E 03 1.45377 0.23225€E 00 0.31537€ 02
88 0.421E 03 1.47048 0.22723€ 00 0.31989E 02
B9 0.422F 03 I.48719 0.22238E 00 0.32762E 02
90 0.406E 03 1.50390 0.21769E .00 0.32180E 02
91 0.405E 03 1.52061 0.21313E 00 0.32773E 02
92 0.406E 03 2T.53732 0.20868E 00 0.33522E 02
93 0.391E 03 71.55403 0.20432E 00 0.33042E 02
94. 0.393E 03 1.57074 0.20004E 00 0.33923E 02
95 - 0.392E 03 [.58745 0.19581E 00 0.34566E 02
96 . 0.390E 03 1.60416 0.19162E 00 . 0.35140E 02
97 0.381€ 03 ©1.62087 0.18743E 00 0.35084F 02
98  0.377E 03 "T1.63758 0.18325E 00 0.35452E 02
99 0.370E 03 - 1.65429 0.17906E 00 0.35684E 02
100, 0.364E 03 "1.67100 0.17485E 00 0.35945E 02 -
10T 0.353F 03 T.68771 0.17059E 00 0.35678E 02
102 0.347€ 03 1.70442 0.16627E 00 0.35972E 02



0.37072F 02

103 C©.348E 03 1.72113 C.16189E 00
104 0.343E 03 1.73784 0.15744E 00 0.37532E 02
105 0.331E 03 1.75455 0.15291F 00 0.37359F 02
106 0.337E 03 . 1.77126 0.14828E 00

0.39159F 02

o - 0 o /B . 5 .« 398
108 (0.332E 03 1.80468 0.13875E 00 0.41291E 02
109 0.333FE 03 1.82139 0.13385E 0O 0.42923E 02
110 0.330F 03 1.83810 0.12885E 00 0.44115E 02
111 C.327E 03 1.85481 0.12376E 00 0.45530E 02
112 0.320F 03 1.87152 0.11858E 00 0.46565E 02
II3 0.344F 03 1.88823 0.11333F 00 0.52420F 02
114 (0.328E 03 1.9C0494 0.10802F 00 "0.52420E 02
115 0.339E 03 1.92165 0.10265% 00 0.56913E 02
116 0.338EF 03 1.93836 0.97242E-01 0.59996E 02
117 0.348€ 03 1.95507 0.91807E-01 0.65332E 02
118 0.351E 03 1.97178 0.86389E-01 - 0.70117€ 02
119 0.358E 03 1.98849 0.80982€-01 0.76255E 02
120 0.375E 03 2.00520 0.75651€£-01 0.85562E 02
121 0.365E 03 2.02191 0.70387F-01 0.89530E 02
122 0.395t 03 2.03862 0.65246E-01 0.10434F 03
123 0.400€ 03 2.05533 0.60254E-01 0.11439E 03
124 0.426E 03 2.07204 0+55449E-01 0.13246E 03
10. ITERAT Subroutine Input (KIND = 4, NERR = 3)
Iterative Solution of Detection System
1 PHOTON ENERGY W VECTOR ERROR X1 VECTOR
{MC SQ UNITS) ]
7 0.47161 1.5966F 01 1.1843E-01 1.0000€ 00
8 0.51541 1.4862E 01 1.1426E-01 1.0000E 00
9 0.55803 1.3979E 01 1.1082€-01 1.0000€ 00
10 0.59968 1.3553E 01 1.0912€E-0C1 1.0000E 00
11 0.64053 1.3148E 01 1.0747£-01 1.0000€ 00
12 0.68068 1.2939€ 01 1.0662E-01 1.0000E O0.
13 0.72025. 1.2480E 01 1.0471E-01 1.0000E 00
14 0.75931 1.2086E 01 1.0304E-01 1.0000E 0O
15 0.79792 1.1830E 01 1.0195€-01 1.0000E 00
16 0.83613 1.1456E 01 1.0032E-01 1.0000E 00
17 0.87398 1.1348FE 01 9,9847€E-02 1.0000E 00
18 0.91152 1.1216E 01 9.9264E-02 1.0000E 00
19 0.94878 1.1099E 01 9.8746E-02 1.0000& 0O
20 0.98578 1.0664E 01 9.6790E-02 1.0000E 00
21 1.02254 9.8897E 00 9.3210£-02 1.0000E 0O
22 1.05910 9.4329E 00 9.1032E-02 1.0000E 00
23 1.09545 9.2151F 00 8.9975E-02 1.0000E 00
24 1.13163 9,0262E 00 8.9048E-02 1.0000F 0O
25 1.16764 8.7246E 00 8.7547£-02 1.0000€ 00
26 1.20350 8.6764E 00 8.7305E-02 1.0000E 00
27 1.23921. 8.5407E 00 8.6620E-02 1.0000E 00
28 1.27480 8.5172E 00 8.6501E-02 1.0000E 0O
29 1.31026 8.6844EFE 00 8.7345E-02 1.0000E 00
30 1.34561 8.5763E 00 1.0000€ 0O

8.7577TE-02
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00

8.8073E-02

31 1.38085 8.5375E 1.0000E 0O
32 1.41599 8.5073E 00 8.8756E-Q2 1.0000E 00
33 1.45103 " 8.5985E 00 9.0219E-02 1.0000E 00
34 1.48599 8.5385€ 00 9.1030E-02 1.0000E 00
35 . 1.52086 " B.5464E 00 9.2338E-02 1.,0000E 00
36 "1.55566 8.6177E 00 9.,4132E-02 1.0000& 00
37 1.59038 8.7166E 00 9.6228E-02 1.0000€ 00
38 1.62504 -8.8256E 00 9.8535€£-02 1.0000E 00
39 1.65962 8.8309E 00 1.0042€-01 1.0000E 00.
40 1.69414 8.9545E 00 1.0312€-01 1.0000E 00
41 1.72861 9.2626E 00 1.0707E-01 1.0000E 00
42 1.76302 9.3498F 00 1.0992E-01 1. 0000E 0O
43 1.79737 3,5640E 00 1.1371E-01 1.0000E 00
44 1.83167 9.7215E 00 1.1736E-01 1.0000E 00
45 1.86593 1.0069E 01 1.2237€E-01 1.0000& 00
46 1.90014 1.0395E 01 1.2749F-01 1.0000F 00
47 1.93430 1.0747E 01 1.3301E-01 1.0000& 00
48 1.96842 1.0746E .01 1.3657€E-01 1.0000¢& .00
49 2.00250 1.0561E 01 . 1.3912€-01 1.0000E 00
50 2.03655 1.0837E 01 1.4489E-01 1.0000E 00
51 2.07055 1.0921E 01 1.4963E-01 1.0000E 00
52 2.10452 1.1248E 01 1.5631E-01 1.0000E 00
53 2.13846 1.1489E 01 1.6268E-01 1.0000E 00
54 2.17236 1.1964E 01 1.7104E-01 1.0000E 0O
55 2.20624 1.2382E 01 1.7935E-01 1.0000E 00
56 2.24008 1.2668E 01 1.8705E-01 1.0000E 00
57 2.27389 1.2977E 01 1.9527E-01 1.0000E 0O
58 2.30768 1.3495E 01 2.0544E-01 1.0C00E- 00
59 2.34144 1.4160F 01 2.1716E-01 1.0000& 00
60 2.37517 1.4780E 01 2.2899E-01 1.0000E 00
61 2.40888 1.5060E 01 2.3861E-01 " 1.0000E 0O
62 2.44257 1.5350F£ 01 2.4869E-01 1.0000E 00
63 2.47623 1.6395F 01 2.6533€-01 1.0000E 00
64 2.50987 1.6802E 01 2.7730£-01 1.0000E 00 .
65 2.54349 1.7184F 01 . 28949F-0" 1.0000E 00..
66 2.57709 1.8107€ 01 3.0671E-01 1.0000E 00
67 2.61067 1.8776E 01 3.2232E-01 1.0000E 00
68 2.64423 1.9543E 01 3.3928E-01 1.0000E 00
69 2.6TTTT 2.0177E O1 3.5559E-01 1.06000E 00
70 2.71130 2.0877€E 01 3.7298E-01 1.0000E 0O
71 2.74480 2.1868E 01 3.9348E-01 . 1.0000E 0O
T2 2.77829 2.2350E 01 4.0988E-01 1.0000E OO
73 2.81177 2.3105E 01 4.2923€£-01 1.0000€ 0O
74 2.84522 2.3868E 01 4.4910E-01 1.0000€ 00
75" 2.878658 2.4357E8 01 4.668B0E-01 1.0000E 00
76 2.91209 2.4687TE 01 4.8329E-01 1.0000€ 00
17 2.94550 2.6259E 01 5.1232E-01 1.0000€ 00
78 Z2.97890 2.6889E O1° 5.3255E-01 T.0000E 00
79 3.01229 2.7080F 01 5.4869E~01 1.0000€& 00
80 3.04566 2.7816E 01 5.7059E-01 1.0000E 00
81 3.07902 2.8556F 01 5.9286E-01 1.0000F 00
R2 3.11236 2.9301F O1 6.1550E-01 1.0000E 00
83 3.14570 3.0023E 01 6.3820E-01 1.0000E 0O
84 3.17302 3.0277E 01 5.5617TE-D1 1.0CO0E 00



'3,0862F

6.7793E-01

85 3.21233 01" 1.0000E 00
i 86 3.24564 3.0938E 01 6.9426E-01 1.0000E 00
87 3.278G3 3.1537E 01 T.1669E-01 1.0000E OO
88 3.,31221: 3.1989E 01 7T.3775€E-01 -1.0000E 00
89 3.34548 3.2762F 01 T.6288E-01 1.0000E 00
90 3.37873 3.2180F 01 T.7238E-01 1.0000E 00
91 3.41198 3,2773E 01 T.9613E-01 1.0000E 00
92 3.44522 3.3522€E 01 8.2234E-01 1.0000F 00
93 3.47846 - 3.3042E C1 8.3385E-01 1.0000F 30
94 3.51168 3.3923E 01 B.6297E-01 1.0000E 0O
95 3.54489 3.4566E 01 3.8994E-01 1. 0000 0O
96 3.57810 3.5140F O1 9.1694E-01 1.0000F 00
97 3.61130 3.5084E 01 9.3667TE-01 1.0000E 00
98 3. 64448 3.5452E 01 9.6303E-01 1.0000E 00
29 3.67766 3.5684F 01 9.8RT9E-01 1.0000F 00
100 . 3.71084 '3.5945E 01 1.0163E 00 1.0000E 00
101 3.74401 3.5678E 01 1.0378E 00 1.0000E 00
102 3.77716. 3,5972E 01 1.0691E 00 1.0000E 0C
103 3.81032 3,7072E 01 1.1147E 00 1.0000E 0O
104 3.84346 3.7532E 01 1.1534€ 00 1.0000€ 0O
105 3.87660 3.7359E 01 1.1848E 00 1.0000E 00
106 3.90973 3.9159E 01 1.2509€E 0OC 1.0000E 00
107 3.94285 3.9852E 01 1.3033F 00 1.0000E 00
108 3.97597. 4,1291t O1 1.3727E 00 1.0000€E 00
109 , 4.00908 4,2923F 01 1.4508E 00 1.0000E 00
110 - 4.04219 4.4115E 01 1.5278€ 00 1.0000E 00
111 4.07529 4,5530E 01 1.6160F 00 1.0000E 00
112 4.10838 4.6565E 01 1.7056E 00 1.0000€ 00
113 4.14147 5.2420E 01 1.8936E 0O 1.0000€& 0O
114 4.17456 5.2420F 01 1.9867E 00 1.0000€E 00
115 4,20763 5.6913E 01 2.1782E 00 1.0000& 0O
116 4.,24071 5.9996E 01 2.3609t 00 1.0000E 00
117 4.27378 6.5332¢ 01 2.6095%E 0C 1.0000E 0O
118 4.30684 7.0117€E 01 2.8729E 00 1.0000E 00
119 4.,33990 7.6255E 01 3.1961€ 00 1.0000E 00
120 4.37295 B8.5562¢& 01 3.6241E 00 1.0000€ 00
121 4.40600 8.9530E 01 3.9844E 0O 1.0000E 00
122 4.43904 1.0434E 02 4.6402E 00 1.0000E 00
123 4.47208 1.1439E 02 5.2611E 00 1.0000E 00
124 4.50511 1.3246E°02 6.1521FE 00 1.0000€ 00
Arresting Criterion Satisfied on Iteration Number 11
BOUND = 7.9015E 02 NORM 7.7811E 02
1 X WPRIME R NORM
7 1.3212E 02 1.5399€ 01 5.6683E-01 3.2129€E-01
8 1.2129€ 02 1.4761E 01 1.0044E-01 2.3138E-01
9 1.0643E 02 1.4404F 01 -4.,2521E-01 5.1218€-01
10 1.1782E (€2 " 1.4163E Q1 -6.0939F-01 B.8353£-01
11 1.2322E 02 '1.3986F 01 " -8.3773E-01 1.5853E 00
12 - 1.4069E 02 1.3874E 01 -9,.,3442E-01

2.4585E 00



70

02

00

2.0343%

13 1.3310E 1.3701E 01 -1.2218E.00 3.9511F

14 1.2680E 02 1.3565E 01 -1.4790E 00 6.1385E 00
15 1.3035E 02 1.3458F 01 =1.6272F 00 8.7862E 00
16 1.1681E 02 1.3386E 01 -1.9300E 00 .1.2511E 01
17 1.2958E 02 1.3313E 01 -1.9651E 00 1.6373E 01
18 1.3941F 02 1.3244E O1. -2.0284E 00 2.0487E 01
19 1.5148E 02 1.3172E 01 —2.0725E 00 - 2.4782E 01
20 1.2326E 02 1.3088E 01 -2.4245€ 00O 3.0660E 01
21 6.9677E 01 1.3016E 01 -3.,1265E 00 4.0435E 01
22 5.0438E 01 1.2972E 01 -3.5395%5E 00 5.2964E 01
23 4.,566CE 01 1.2934€ 01 -3.7190€ 0O 6.6794E 01
24 4.,1799E 01 1.2911F 01 -3.8848E 00 8.1886F 01
25 3.3362E 01 1.2885E 0Ol -4.1601E 00 9.9193E 01
26 3.4955€ 01 1.2862E 01 -4.,1855E 00 1.1671E 02
27 3,2798€E 01 1.2846E 01 -4,3052F 00 1.3525E 02
28 3.4759E .01 1.2833E 01 -4.3156E 0O 1.5387E 02
29 " 4.5506E 01 . 1.2830E 01 -4.,1453EF 00 1.7105E- 02
30 4,3542F 01 1.2818E 01 -4.2414E 00 1.8904E 02
31 4,.,4588E 01 1.2818E 01 -4.2803F 00 2.0736E 02
32 4.5869E 01 1.2820€ 01 -4.3125€E 00 2.2596E 02
33 5.4047FE O1 1.2825¢ 01 -4,2267E 00 2.4383E 02
34 5.3182E 01 1.2834E 01 -4.2958E 00. 2.6228F 02
35 " 5.6159E 01 1.2850E 01 -4.3039E 0O 2.8080F 02
36 6.3446E 01 1.2871E 01 -4.,2528E 0O - 2.9889E 02
37 T.3461E 01 1.2897E 01 -4.1801F ‘00 " 3.1636E 02
38 8.5508E 01 1.2927E 01 -4.1018€ 00O 3.3319E 02
39 B8.7976E 01 1.2964E 01 -4.,1328E 00 3.5027€ 02
40 1.0244E 02 1.3007E 01 -4.0526E 0O 3.666%9E 02
41 1.4435€ 02 1.3060E 01 -3.7974E 00 3.8111€ 02
42 1.5901€ 02 1.3118€ 01 -3.7686E 00 3.9531E 02
43 -1.9844F 02 1.3185E 01 -3.6207E 00 4,0842E 02
G4 2.3126E 02 1.3259E 01 -3.5376E 00 4.2094E 02
45 3.2255€E 02 1.3343E 01 -3.2744E 00 4,3166E 02
46 4.3433E 02 1.3437€ 01 -3.0412E 00 4.4001E 02
47 -5.9383E 02 1.3532¢ 01 ~-2.7843E 00 4.4866E 02
48 5.8216E 02 1.3631€ 01 -2.8848E 00 4.5698F 02
49’ 4.,7571E 02 1.3743E 01 -3.1820E 00 4.6711E 02
50 5.8577TE 02 1.3880E 01 -3.0432E 00 4.T637E 02
51 5.9855E 02 1.4030E 01 -3.1090F 00 4.8603E 02
52 7.4900E 02 1.4202€ 01 -2.9539E 00 4. 94T6E 02
53 8.5514F 02 1.4391E 01 -2.9029E 00 5.0319E 02
54 1.1705E 03 1.4604E 01 -2.6399t 00 5.1016E 02
55 1.4996E 03 1.4832E 01 -2.4500€ 00 5.1616E 02
56 1.7016E 03 1.5079E 01 —-2.4106E 0OC 5.2197E 02
57 1.9288E 03 1.5356E 01 -2.3787E 00 5.2763E 02
58 - 2.5010% 03 1.5669F 01 ~2.1740E 00 5.3235€ 02
59 3.5219E 03 1.6009E 01 . -1.8485F 00 5.3577TE 02
60 4,7084%F 03 1.6360E 01 -1.5797E 00 5.3827E 02
61 4.9553E 03 1.6718E 01 -1.6581€ 00 5S.4101E 02
62 5.1TZ36E 03 T.7131E OI -1.780%E 0O 5.4419E 02
63 £.2626E 03 1.7618E 01 —1.2227FE 00 5.4568F 02
64 9,.0084E 03 1.8063E 01 -1.2612E 00 5.4727E 02
65 G.4624F 13 T.8567F 01 —-1.3830E OO0 5.4918E 02
66 L.3070E 04 1.9158E 01, -1.0514F 00 5.5029E 02
67 1.55564F 04 1.9736E 01 -9.5950E-01 5:.5121E 02
68 1.BI76E 0O& 01 =-8.0020t-01 5.5185E 02



69 2.1896E 04 2.,0953E 01 -7.7615E-01 5.5245F 02
70 2.5395E 04 2.1606E 01 ~7.2916E£-01 5.5298E 02
71 3.3227FE 04 2.22928 .01 —-4,2419E-01 5.5316E 02 .
12 3.4994E 04 2.2878E 01 -5.2808E-01 5.5344F 02
73 4.0693E 04 2.3549E 01 -4.4363E-01 5:.5364E 02
T4 4. 7339 04 2.4206E OI -3.377T2E-01 5.5375E 02
75 4,9375E 04 2.4822F 01 -4.6439E-01 5.5397E 02
16 4,7350E C4 2.5535E 01 -8.4830E-01 5.5469E 02
T7 7.0%8B7E 04 Z2.6499F O1 -2, 4030E-01 5.5475E 02
78 7.8535E. 04 2.7059E 01 -1.7039E-01 5.547TTE 02
A 7.4989F 04 2.7559E 01 -4,7894E-01 5.5500E 02
7O B.3780E 04 Z.8305F OI —4.8859E-01 5.5524F 02
81 9.4103E 04 2.9035E 01 -4,7939E-01 5.554TE 02
82 1.0691E .05 '2.9720E 01 -4,1922E-01 5.5565F 02
83 T.Z2277E 05 3.0300% OI -2.7707TE-01 5.55712F 02
84 1.2455E 05 3.0687E 01 ~-4.1002E-01 5.5589E 02
85 ‘1.3866E 05 3.1179¢ 01 -3,1679E-01 5.5599E 02
B6 T1.3403E 05 - 3.,1520E O1 -5.8252E~-01 5.5633% 02
87 1.4794E 05 " 3.2104E 01 ~-5.6665E-01 5.5665E 02
88 1.5881E 05 3.2583E 01 -5.9386E-01 5.5701E 02
89 1.898%5E 05 3.3011E 01 -2.4979E-01 5.57T07E 02
90 1.5999E 05 3.2958E 01 =~7.7786E-01 5.5767E 02
91 1.7520E 05 3.3562E 01 ~-7.8922E-01 5.5830€ 02
YA 2.0426E 05 3.4070F 01 -5.4758E-01 5.5860E 02
Q3 1.7339E 05 3.4198E 01 -1.1556E 00 5.5993E 02
94 2.007T4E 05 3.5008E 01 -1.0852E 00 5.6111E 02
95 2.2486E 05 3.5575E 01 -1.0083E Q0 56213E 02
96 2.5399E 05 3.,5920E 01 -7.7972E-01 5.6273E 02
97 2.4909€ 05 3.5917E 01 -8.3279E-01 5.6343E 02
9R 2.666IE 05 3.6081IE 01 -6.2B51E-01 5.6382E 02
Q9 - 2.T7T07E 05 3.6067E 01 -3.8295E-01 S.6397TE 02
100 2.8840E 05 3.5953E 01 ~-7.8583E-03 5.6397E 02
101 2.5T42% 05 3.5693E 01 -1.4816E-02 5.6397E 02
102 2.4811E 05 3.5915E 01 5.7053E-02 5.6397E 02
103 2.8481E 05 3.6376E 01 6.9609E-01 5.6446E 02
104 2.8094F 05 3.6424F 01} 1. 1080E 0O 5.6568F 02
105 2.2573E 05 3.6562E 01 7.9663E-01 5.6632E 02
106 2.7259E 05 3.7546E 01 1.6133€ 00 5.6892€ 02
107 2.5232E 05 3.8089E Cl 1.7623E 00 5.7203E 02
108 2.6338E 05 3.,9035E 01 2.2566E 00 5.7712E 02
109 2.7801F 05 4.,0026E 01 2.8970F 00 5.8551E 02
110 2.5654E 05 4,1025E 01 3.0898E 00C 5.9506E 02
111 2.3275E 05 4,2487E 01 3.0430E 0O 6.0432€ 02
112 1.8103F€ 05 4.4534F 01 - 2.0303E 00 6.0844F 02
113 3.3440FE C5 4.7648E 01 4., 7723E 00 6.3121& 02
114 2.0859E 05 4.9502E 01 2.9177E 00 6.3973E 02
115 2.5474E 05 5.3264E 01 3.6497E OC 6.5305E 02
116 2.32046E 05 5. 7279t 01 2. T172E 0O 6.6043E 02
117 2.7040E 0S5 6.2477E 01 2.8558E €O 6.6859E 02
118 2.7TC89E 05 6.8419E 01 1.698CE 00 6.7147E 02
119 2.9763E 05 7.5819E 01 4.3552E-01 T h.T166E 02
120 4.4120F 05 8.4844E 01 7.1753E-01 6.7217E 02
121 3.5350E 05 9.4784F 01 -5.2534F 00 6.9977F 02
122 8.1453E 05 1.0868E 02 -4,3469E 00 T.1867TE 02
123 1.5901E 06 1.2210E 02 -7.7102€ 0O 7.7811E 02
124 1.6015E 07 1.3246E .02 1.5259E-05 7.7811E 02

71



ITERAT Subroutine Input (KIND = 3, NERR = 3)

Iterative Solution of Detection System

PHOTON ENERGY W VECTOR ERROR ., X1 VECTOR
(MC S@ UNTTS) .

7 0.47161 8.9724E 02 5.2380F 00 1.0000E 00

8 0.51541 8.3327€ 02 5.0536E 00 1.0000E 00
g 0.55803 7.8209FE 07 4.9012F 00 1.0000F 00
10 0.59968 7.5746E .02 4.,8260FE 00 1.0000E 00
11 0.64053 7.3399E 02 4,7533F 00 1.0000E 00
17 0.68068 7.219%EF 02 %, T7IS5E 0O 1. 0000F 00
13 0.72025 6.9531F 02 4,6309E 00 1.0000€ 00
14 0.75931 6.7253E 02 4,5573E 00 1.0000E 00
15 0. 79792 " 6.5772E 02 ~%4.5088F 00  1.0000F 00
16 0.83613 6.3604E 02 4,4369F 00 1.0000F 00
17 0.87398 6.2981E 02 4.4160F 00 1.0000E 00
18 U0.911I57 6.221I8F 02 %.3902F 00 1.0000F 00
19 0.94878 6.1544F 02 4.3673E 00 1.0000E 00
20 0.98578 5.9021E 02 4,2808E .00 1.0000E 00
71 1.0225% 5.4534E 07 4. 17275F 00 1.0000F 00
22 1.05910 5.1888F 02 4.0261F 00 1.0000E 00
23 1.09545 5.0626E 02 3,9794F 0O 1.0000F 00
2% 1.13163 4.9533F 072 T, 9384F 00 T.0000F 00
25 1.16764 4,7785E 02 3,8720F 00 1.0000E 00
26 1.20350. 4,7508E 02 3.8613F 00 1.0000F 00
27 1.23921 4. 6722E 02 I.B8310F 00 T.0000F 00
28 1.27480 4.6586F 02 3,8257F 00 1.0000E 0O
29 1.31026 4,7556E 02 3,8631F 0O 1.0000E 00
3D 1.34561 4, 6489F 02 3. 8390F 00 T.0000F 00
31 1.38085 4,5880F 02 3.8303F 00 1.0000E 00
32 1.41599 4,5249E 02 3,8235E 00 1.0000€ 00
33 1.425103 4, 5232F 02 3. 8440F 00 1.0000E 00
34 1.48599 4.4307F 02 3.8305E 00 1.0000E 00
35 1.52086 4.3703E 02 ~ 3.8323F 00 1.0000€ 00
36 1.55566 4,3389F 02 3.8%482F 00 1.0000E 00
37 1.52038 4.3162E 02 3.8703F 00 '1.0000E 00
38 1.62504 4,2929E 02 3.8944F 00 1.0000E 00
39 1.65962 4.2113€ 02 3.8956EF 00 1.0000E 00
40 1.69414 4,1853F€ 02 3.9227F 00 1.0000E 00
41 1.72861 4.2443E 02 3,9896F 00 1.0000€ 00
%7 I.76302 % . 1890F 02 %.00B&F 00 1.0000€ 00
43 1.79737 4,1893F 02 4,0540E 00 1.0000€ 00
44 1.83167. 4,1575E 02 4.,0873E 00 1.0000E 00
45 [.86593 4, 2058F 02 4, 1597F 00 1.0000E 00
46 1.90014 4.,2364E 02 4,2266E 00 1.0000€ 00
47 1.93430 4,2702E 02 4,2975E 00 1.0000E 00
48 1.96842 4.1502F 02 4.7297T2FE 00 1.0000€ 00
49 2.00250 3.9569F 02 4,2601E 00 1.0000EF 00
50 2.03655 3,9480F 02 4.3153F 00 1.0000E 00
51 2.07055 3.8613F 02 %4.3321F 00 1.0000€E 00
52 2.10452 3.8634F 02 4,3965F 00 1.0000E 00
53 2.13846 3.8288E 02 4,4432E 00 1.0000E 00



5% 2. 17236, I.BT25F 02 4.5342F 00 I.0000E 00
55 2.20624 3.8890E 02 ° 4.6128E 00 1.0000E 00
56 2.24008 3,8560F 02 4.6658E 00 1.0000E 00
57 2.27389 3.8271E 02 4. 7224€ 00 1.0000E 00
58 2.30768 . 3.8588E 02 4.8156F 00 1.0000€ 00
59 2.34144 3,9279€ 02 . 4.9329F 00 1.0000E 00
60 2.37517 3.9T45E 02 5.0397€ 00 1.0000E 00
61 2.40888 3.9186E 02 5.0872E 00 1.0000E 00
62 2.44257 3.8644E 02 5.1360F 00 1.0000€ 00
63 2.47623 4.0071E 02  5.3079E 00 T.0000E 00 .
64 2.50987 3.9746E 02 . 5.3734E 00 1.0000E 00
65 ______2.54349 ___ _3.,9341F 02 _  5.4342E 00._. _1.0000E 00
66 2.57709 4,0211E 02 5.5781E 00 1.0000E 00
67 2.61067 4,0406E 02 5.6803F 00 1.0000E 00
68 2.64423 4.0775E 02 5.7951F 00 1.0000E. 00
69 2.67T17 4.0802E 02 5.8884E 00 1.0000€ 00 -
70 2.71130 4,0936E 02 5.9896E 00 1.0000E 00
71 2.74480 4.1632E 02 6.1302F 00 1.0000€ 00
T2 7.77829 4.1253E 02 6.1973E 00 1.0000E 00
73 2.81177 4.1402F 02 6.3012E 00 1.0000E 00
74 2.84522 4.1538E 02 6.4044E 00 1.0000E 00
75 2.87866 4. 1153E 02 6.4696F 00 1.0000€ 00
76 '2.91209 4,0493E 02 6.5132E- 00 1.0000€ 00
77 2.94550 4.1994E 02 6.7175€ 00 1.0000E .00
78 2.97890 4.1827E 02 6.7975E 00 1.0000E 00
79 3.01229 4.0947E 02 6.8217E 00 1.0000E 00
80 3.04566 4.0971E 02 6.9138F 00 1.0000E 00
Bl 3.07902 4.0992E 02 7.0051E. 00 1.0000E 00
82 3,11236 4.1015E 02 . 7.0958F 00 1.0000E Q0
83 3.14570 4.0999E 02 7.1827F 00 1.0000E 00
84 3.17902 %.0303E 02 7.2131F 00 1.0000€ 00
85 3.21233 4.0101E 02 7.2825F 00 1.0000€ 00
86 - 3.24564 3.9200E 02 7.2914E 00 1.0000E 00
87 3,.27893 3.9036E 02 7.3617TE 00 1.0000€ 00
88 3.31221 3.8676E 02 7.4142F 00 1.0000E 00
89 3.34548 3.8722E 02 7.5032E 00 1.0000€ 00
90 3.37873 3.7064F 02 7.4364E 00  1.0000E 00
91 3.41198 3.6900F 02 7.5045E 00 1.0000E 00
92 3.44522 3.6914E 02 7.5898E 00 1.0000E€ 00
93 3.47846 3,5448F 02 7.5353€ 00 1.0000€ 00
94 3.51168- 3.5594E 02 - - T.6350E 00 1.0000E 00
95 3.54489 3.5435E 02 7.7071E 00 . . 1.0000E 00
36 3.57810 3.5171€ 02 7.7708F 00 1.0000E 00
97 3,61130 3.4192E 02 7.7646E 00 1.0000€ 00
98 3.64448 3.3664E 02 7.8053E 00 1.0000E_ 00
99 3.67766 3.2969E 02 7.8308E 00 1.0000€ 00
100 3.71084 3,2282E 02 -  T7.8593E 00 1.0000E 00
101 3.74401 3.1045€ 02 7.8301E 00 1.0000E_ 00
102 T3.77716 3.0344F 02 7.8623E 00 1.0000€ 00
103 32,81032 3.0363F 02 . 7.9816F 00 1.0000E 00
104 3,84346 2.9719F 02 8.0309E 00 1.0000E 00
105 3.87660 2.8465E 02. "8.0124E 00 1.0000€ 00
106 3.90973 2.8886E 02 "8.2032€ 00 1.0000€ 00
107 3.94285 2.8258E 02 8.2754E 00 1.0000E .00
108 3.97597 2.8156F 02 . B8.4236FE 00 . 1.D000E 00
109 - 4.00908 2.8089E 02 00, - ;- 1.0000E 00

. 8.5884F
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110 4.,04219. 2.7559E 02 8. TO68E 00 1.0000€ 00
111 4,07529 2.7077€E 02 8.8453E 00 1.0000E 00
112 4.10838 2.6208F 02 8.9453E 00 1.0000E 00
113 4.14147 2.8398E 02 9.4911E 00 1.0000E 00
114 4.17456 2.6519E 02 9,4911E QO 1.0000€ 00
11% 4.,20763 2.7264E 02 9.8895E 00 1.0000E 00
116 4.,264071 2.6878E 02 "~ 1.0154E O1 1.0000E 00
117 4.27378 2.7443E 02 1.0596E 01 1.0000E 00
118 4.30684 2.7344F 02 1.0977€ 01 1.0000E 00
119 4+.33990 2.7515E 02 . l.1447F 01 1.0000E 00
Arresting Criterion Satisfied on Iteration Number 11
BOUND = 1.7710E 04 NORM = 1.6660E 04
I X WPRIME R NORM
7 1.0042E 03 "B.B780F 02 9,.4412E 00 8.9136E 01
8 9,.2897TE 02 B.Z2657E 02. 6.7029E 00 1.3406E 02
9 8.3816E 02 7.8287€ 02 -T7.8394E-01 1.3468E. 02
10 9.2184F 02 7.5518€E 02 2.2810E 00 1.3988FE 02
IL 9.8660E 02 T<30Z21IF 02 3. 7793E 00 1.5416E% 02
12 1.1849FE 03 7.0874E 02 1.3199F 01 3.2838€ 02
13 1.1764E 03 6.8249E 02 1.2822E 01 4,9279E 02
T4 T.1744E 03 6.60U54E 02 I.1992t Ol 6.3660E 02
15 1.2658E 03 6.4256E 02 1.5162E 01 8.6648E 02
16 1.2112E 03 6.2461E 02 1.1432E 01 9.9716E 02
I7 1.4093E 03 6.1200E 02 1.7807F O1 I.3143E 03
18 1.6366E 03 5.9621E 02 2.5973E 01 1.9838E 03
19 1.9858E 03 5.7563E 02 3.9810E 01 3.5737¢€ 03
20 1.8826E 03 5.4514F 02 4.5070FE O1 5.6049E 03
21 1.2169E 03 5.1512E 02 3.0219E 01 6.5181E 03
22 - 9.4348E 02 4,9939E 02 1.9491F 01 6.8981E 03
273 88,8983 02 4,8970E 02 1.6565E 01 T.1724E 03
24 B.4999F 02 4.8135E 02 1.3983E 01 7.3680E 03
25 6.9651F 02 4,7401€ 02 3.8430F 00 7.3827€ 03
256 T.4292F C2 4. 7014E 02 4.9%412F 0OC 7.4072E 03
27 7.1013E 02 4.6617E 02 1.0486E 00 7.4083E 03
28 7.6649E 02 4.6358F 02 2.2815F 00 T.4135€ 03
29 1.0459E 03 4.6095E 02 T.4606E OI T.6268E 03
30 9.6108E 02 4.,5446F 02 1.0432E O1 7.7356E 03
31 9.5429E 02 4.4951E 02 9.2932E 00 7.8220E 03
32 9.3461F 02 4.4504E 02 T.4482E 00 7.8774F 03
33 1.0390€ 03 4.,4120E 02 1.1121€ 01 8.0011E 03
34 9.523CE 02 4,3625E 02 - 6.8179E 00 R.0476F 03
35 9.2018€ 02 4.3267E 02 4.3572F 00 2,0666E 03
36 ©.3951E 02 4,2986E 02 4.0276E 00 8.0828E 03
37 9.,7491E 02 4.2723E 02 4.3918F 00 8.1021E 03
38 1.0094F 03 4.2454F 02 4,7485E OO0 8.1246E 03
39 9.0962E 02 4,2182E 02 -6.8750E-01 ‘8.1251E 03
40 9.1588E Q2 4.2062F 02 -2.0923E 00 "8.1295€ 03
. a1 [.1I207E 03 4,1995EF 02 “4.4836FE 00 8., 1496E 03
42 1.0659E 03 4.1761E 02 1.2864F 00 8.1512€ 03
.43 1.1424E 03 4.1627€E 02 2.6594F 00 8.1583EF 03
44 "1.1365E 03 4.1467TE 02 1.0771E 900 8.1595E 03



45 1.3600F 03 4.1364E 02 6.9380E 00 8.2076E 03
46 1.5881F 03 4,1099E 02 °  '1.2652F 01 8.3677E 03
5T I.9055E 03  4.0645EF 02 ~2.0573F 01 8.7909€E 03
48 1.6355F 03 3,9890F 02 1.6124E 01 9.0509E 03
49 1,1327€ 03 3.9329E 02  2.3984E 00 9.0567E 03
50 T.1725F 03 3.9188F 02 2.9170E 00 9.0652E 03
51 9,9447E 02 3.9033E 02 -4,2041E 00 9.0828F 03
52 1.0341F 03 3.9048E 02 -4.1421E QO 9.1000E 03
53 9,7599€ 02 3.9068E 02  -T.BO4TE 00 9.1609E 03
54 1.1144E 03 3.,9177E 02 -4.5186E 00 9.1813E 03
55 1.1952F 03  3.9223E 02 -3.3320E 00 9.1924E 03
56 1.1305€ 03 3.9248F 02 —6.RB35E 00 9.2398F 03
57 1.0666E 03 3.9361E ‘02 -1.0899€ 01 9,3586E 03
58 1.16208 03 3.9572E_02 __ _. -9.8372F 00 9.4554F 03
59 1.3942F 03 3.9776E 02 -4.9736E 00 9.4801F 03
60 1.5987F 03 3.9878F 02  -1.3308E 00 9.4819E 03
61 1.4315F 03~ 3,9884E 02 -6.9841F 00 9.5306F 03
62 1.2586E 03 4.0045E 02 -1.4007€ 01 9.7268E 03
63 1.7849F 03 4.0382E 02 -3.1062E 0C © 9.7365€ 03
64 1.6860E 03 4.0448F 02 -7.0200F 00 9.7858E 03
65 1.5371F 03 4.0628E 02 -1.2867E€ 01 9.9513€ 03
66 1.8926E 03 4.0969F 02 -7.5818F 00 1.0009E 04
67 2.0067E 03 . 4.1171E 02 -7.6533E 00 1.0067E 04
68 2.2232€ 03 4.1375E 02 -6.0005F 00 - 1.,0103E 04
69 2.2856F 03 4.1518E 02 -T7.1641E 00 1.0155E 04
70 2.4058E 03 4.1695E 02 —7.5901E 00 1.0212E 04
71 2.9059€ 03 4.1875E 02  —2.4324E 00 1.0218F 04
72 2.7848E. 03 4.,1839F 02 ~5.8630E 00 1.0253€ 04
73 2.9906E 03 4.1927€ 02 -5.2458F 00 1,0280€ 04
T4 3.2276F 03 4,1965E 02 . -4.2729E 00 1.0298€ 04
75 3.1034€ 03 4,1935F 02 -7.8213E 00 1.0360E 04
76 2.7499E 03 4.2031€ 02 -1.5380F 01 _1.0596E 04
77 3.9996E 03 4,2396E 02  <4.0168E 00 1.0612E 04
78 4.,1834E 03 4,2202F 02  =3.7520€ 00 1.0626E 04
79 . 3.7104F 03 4,1958E 02 =1.0111€ 01 1.0729E 04
RO 3.9644E 03 4,2002F 02 -1.0307E 01 1.0835E 04
81 4.,2801E 03 4.1993E 02 -1.0013F 01 1.0935E 04
82 4.6940€ 03 4.1900E 02 -8.8547E 00 1.1013E 04
83 5.2087€ 03 4.1669E 02 -6.7004E 00 1.1058E 04
84 5.0248F 03 4.1237€ .02 -9.3430E 00 1.1146E 04
85 5.4044E 03 4.,0925E 02 —R.2444E 00 1.1214E 04
86 4.9673F 03 4.0475€ 02 -1.2753€ 01 1.1376E 04
87 5.3501E 03 4.0261E 02 -1.2254€ 01 1.1526E 04
88 5.5861E 03 3.9926E 02 -1.2505E 01 1.1683F 04
89 6.5671F 03 ~3.9528E 02 -7.9624F 00 1.1746E 04
90 5.1659E 03 3.8719E 02 -1.6553F 01 1.2020€ 04
91 5.5733E 03 3,8534E 02 -1.6335F 01 1.2287E 04
92 "6 .4415E 03 3.8228F 02 —1.3143E 01 1.2460E 04
93 5.1789€ 03 3.7592F .02. = -2.1435€ 01 1.2919E 04
94 6.0405€ 03 3.7520E 02 -1.9261€ 01 1.3290E 04
95 6.7678E 03 3.7161E 02 =1.7259E 01 1.3588E 04
96 7.6329¢ 03 3.654TE 02 -1.3764E 01 1.3777€ 04
97 7.2989E 03 3.,5598E 02 -1.4056E 01 1,3975E 04
98 7.7435F 03 T3.47TTT7E 02 —-1.1126F 01 1.4099€ 04
99 7.9285F 03 3.3775€ 02  -8.0627E 00 1.4164E 04
100 '8.1188F 03 3,2680F 02° —3.9795F 00 1.4180E 04

75



76

101
102
103

6.9516F

6.534CE
T7.5289E

03
03
03

Be14T4E
3.0682E
3.0047E

02
02
02

-4.2869E
-3.3784E

- 3.1553E

00

00
a0

1.4198¢€
1.4209¢
1.4219E

04

04

04

104
105
106

T.2466E
5.4801E
6.6840E

03
03
03

2.9034F
2.8093E
2. T795E

02
02
02

6.8481E
3.7217€
1.0908E

00
00
01

1.4266E
1.428CE
1.4399E

04
04
04

107
108
109

5.9492E

6.07T73E
6.2752E

03
03
03

2,7081E.

2.6634E
2.6162E

02
02
02

1.1772¢
1.5215E
1.9270F

01
01
01

1.4538E

1.4769E

1.5141F

04
04
04

110
11l
112

5.5021E
4,6901E
3.3001E

03
03
03

2.5636F

2.5404F

2.5513E

02
02
02

1.9231E
1.6729¢F

6.9542E.

01
01
00

1.5510E
1.5790E
1.5839¢

04
04
04

113
114
115

6.6689E
3.7140F
4.7510E

03
03
03

2.6210¢E
2.5887¢
2.66T1E

02
02
02

2.1884E
6.3181E
S.9338F

01
00
00

1.6318¢
1.6357E
1.6393E

04

04
04

116
117

118

4.5283E
6.8375¢E
1.2579E

03
03
C4

2.7308F
2.8248F
2.8702E

02
02
02

-4,2969E
-8.0493¢
-1.3578E

no
00

|

1.6411F
1.6476F
1.6660E

04
04
04

119

9.1687E

04

2.7515E

02

2.4414E-

12. FEND Program Input (COMPSCAT Punchout)

04

10/9/69 ATSR, 37 WATT, SNELL BLBCK, UNFBLDED RAW DAYA
.01671

7149
D,52567E
0.72354F
0.564352E
0.50583F
0,48673F
0,45987€
0,44698F
0.42394E
0.41747F
0,42091€
0,43377F
0.44465E
0.44135F
0.,43460F

0,40496F

0.38125E
0.34796F
0.33310F
0.33873F
0.10147€
0.11898F
0,214309F
0.59089F
0.95917¢
0.96439¢
0.112464F
0.11080F
0,114738
0.13590F
0.19054€

0,286509F -

0,38197F
0.51835F
01.52849F

0.70304E

0.74249F
0,53383F
0.41643F

106
03
03

03

03
02

0%

0a

0.86166F
0.7n073¢
0.61827¢
0.50304F
0.48042F
0.45725SE
0.44383F

0.4231nE

0.41424F
0.41558¢F

0,43759€°

0.44619F

" 0.,44183F
0.,42593F

0.4n558F
0.37667F
0,34258F
0.32956F
0.33825F
0,929458F
0.11866°F
0,20657F
0.,73893¢c
0.93458¢
0.99900F

"0,11105F

0.11484¢
0.10735F

0,11707F 0
0.21218F

0,.34023F
0.37620F
0.47126E
0.61692¢
0.75048¢c

0.71662¢

0,55619¢F

0.33868F

03
03
03
03

1031.70

0.81045€:

N.68590E

‘0.87338¢

0.49517¢
0.48025F
0.44910F
0.44869E
0.41447¢
0.41142F
0.42995E
0.43800F

0.44253EF°

0.44231F
0.42465E
0.39143E
0.37046F
0.33119E
0.32668F
0.,34775E
0.82507¢
0.12887¢
0.12930F
0.69843E

0.40495€

0.88550F
0.13516F
0.95267E
0.10005E
0.17154€
0.21747¢
0.29542¢F
0.40697F
0.50904€
0.48690F
0.77216E
0.53932E
0.47426F
0.37272¢F

03
03
03
03

03"

03
03
03
03
03
03

03

03
03
03
03
03
03
03
03
04
04

03

04
03
04
03

04

04
04
04
04

04

04
04
04
0.4
04

1

n,78578¢:
0,66419¢!
0.54690%:
0,49384€:
0.47100%:

0.,44652g

0,45178%
0.41474%
0.41467=

0,42684¢5"

0,43949¢c’
0,43613=
0,44281%:
0,42143¢c:
0.39343%:
0,35439¢<:
0,33664%:
0,32014¢%:
0.35119=:
0,91470¢!
0.12202¢:
0.97588¢

0,75635¢:
0.94988F"
0.88788¢%
0,156044c
0.9%077¢:

0.,15025¢:
0,22877¢
0,25645¢%!
nN.,44806¢%:
0.53196¢"
0,57273z
0.79529¢:
0.65552¢:
0.,33390¢€:
D.,33564%

0,10939¢:

03
03
03

0.76228%
0.65794%

0.53497%

0.5036p05%!
0.46497%!
0,452447%)
0.455(9%!
0.41133%8
0.421663!

©0,42287%

0.44561%
0.45138%!
0.44294%
0,42240%

"0.39242%)

D,35287%
0.3319¢5
0.344425]
0.358933!
0.98100%!

©0.144223)

0.914983
0.1n690%|
0.91098%!
0.11097%
0.196952!

0.92492821.

0.13392%1
0,143845]
0,28055%3!
0,38548%
D.500842!
0.6339931
0.545(821
0.67834%
0.59397%
0.652923!

- 0,33344%)

1.6660E

- 0,75020E¢

0,65028E
0.,52332€!

0,49282¢:

0,46183E:

0,44323E! (

0.41576¢!
0,42641%
0,43169¢:

.0,44298%5!

0,44991¢&:
0,43629€E
0,40615E:
0,39039E!
0,34678%"
0,33216¢5"
0,328298:
0,375285!
0,11970C!

- 0.17071%

0,86731¢!
0,96961F
0.92882E"

- 0,10429€!
- 0,16688E'
- 0,10663%:

0,15447E
0,17972¢

- 0,26624E:

0.40362%:

L 0,47991E
. 0,48833%;
1 0,73566EF"
. 0,63781E:
£ 0,51048E"

0,35264¢%°

- 0,47069F%°

03

03
03

04

03 ..

03
03

04



13. FEND Printout

10/9/69 ATSR, 37 WATT, SNELL BLOCK, UNFOLDED RAW DATA

77

MEV/CH = 0,01571

N(E) = 7,000E 23

PI(ROI(RO) = 2.49452E-25

LIVE TIME = 1031.70 SEC.

INTEGRATION CONSYANY =

l. T4616E-0L

COEFFICEIENT ERROR
1.54826920 0} 1.41253100 00

~1.7093211D 00 3.42262390-01

AEIGHTED SUM OF SQUARED DEVIATIONS = 3,502040-01

‘CHAN. PHOTON ENERGY PHI LOG PHI EVALUATION RESTOUAL
—_—— (MCSQ UNITS)
106. 3.909729 6.65520E 03 8.80315 8.79971 ~3,4444E-03
107. 3.942854 5.93770E 03 8.68908 8.74309 5.4011€-02
_._lLos. 3.975972 6.10480E 03 8.71683 8.68648 -3,0351E-02
109. 4.009084 - 6.33830E 03 8.75437 8.62988 ~1.2449E-01
110. 4.062192 5.56190€ 03 8.62370 8.57329 =5,0407E-02
111, 4.075292 4. 759260€ 03 B.46434 8,51671 5.2370€-02
112. 4,108384 3,33900E 03 .8.11343 8.46014 3,4672E-01
113. 4.141475 6.62220€ 03 8.79818 8.40358 .~3.9460E-01
L%, 4.174559 3.52640€ 03 8.16803 8,34703 1, 7900E-01
115, 4,207635 4,16430E 03 8.33430 8.29049 ~4.3810€-02
116. 4.240708 3.38680E 03 8.12764 8.23396 1.0632E-01
117, 4.273775 3.72720€ 03 8,.22361  8.17744 .~4,5975E-02
118, 4.306838 3.35640F 03 8.11862 8.12092 2.2981€-03
119, 4.339895 3.33440€ 03 8.11205 8.06442 -4, 7631€-02
VI{1) = 5.82856E 01
VI(61) = 1.67002€-12
—— INTEGRATION LIMITS FOR V = 4,32354, 20.75835
N ELECTRON PHOTON ELECTRON PHOTON W-ADJIN) WP(N) VIN)  ¢/-  ERROR
ENERGY - _ENERGY E RGY
(MCSQ UNITS) (MCSQ UNITS) (NEV) (MEV)
1 0,22891 0.47161 0.11697 0.24098 8,9726 T769E~
8 0.26152 0.515641 0.13368 0.26336 8.61660€ 02 8.33270E 02 2.83902D0 Ol ~3,9569E-02
9 0.29432 0.55803 0.15039 0.28514 8.10450E 02 7.82094€ 02 2.83564D 01 =3.9376€-02
10 0.32702 0.59968 0.16710 0.30642 7.85780E 02 . T.57456E Q2 2,83236D 01 -=3.9186€E~-02
11 0.35972 0.64053 0.18381 0.32729 7.62280E 02 7.33988€ 02 2.829190 Ot -3.8998€-02
12 0.39243 0.68068 0.20052 0.34781 7.50200€ 02 7.21939€ 02 2.82612D 01 ~3.88126-02
13 0.42513 0.72025 0.21723 0.36803 7.23540€E 02 6.95308E 02 2.82317D 01 =3.8643E-02
14 0.45783 0.75931 0.23396 0.38799 7.00730€ 02 6.72527E 02 2.82033D O1 -3.8469E-02
15 0.49053 0.79791 0.25065 0.40772 6.85900E 02 6.5T724€ 02 2.817620 01 ~348306E~-02
16 0.52323 0.83613 0.26736 0.642724 6.64190E 02 6.36060E_ Q2 _2.815020 0} -3.8158E-02
17 0.55594 0.87398 0.28607 0.44658 6.57940E 02 6.29814E 02 2.81254D O1 -3.7991E-02
18 0.58854 0.91152 0.30078 0.46577 6.50280E 02 6.22173€ 02 2.810200 01 =34 7853E-02
19 0.62134 0.94878 0.31749 0.48480 6.43520€E 02 6,15440E 02 2.80798D 01 -3, 1720E-02
20 0.65404 0.98578 0.33420 0.50371 6.18270E 02 5.90211€ 02 2.805900 01 -3, T589E-02
21 0.68674 1.0225¢4 0.35091 0.52250 5.73380E 02 5.45340E 02 2.80396D 01 -3.7466E-02
22 0.71945 1.05910 0.36762 0.54117 5446900 02 5.18878E 02 2.80215p 01 -3.7347€-02
23 0.75215 1.09545 0.38433 0.55975 5.342T0€ 02 $.06265E 02 2.80049D 01 -3.7232€-02
24 0.78485 1.13163 0.40104 0.57824 5.23320E 02 4,.95330E 02 2.79899D 01 ~3.T7181E-02
25 0.81755 1.16764 0.41775 0.59664 5.05830E 02 4,7785%E 02 2.79763D0 01 ~3.7060E-02
26T TTTTOUBS02ZE T T T 17203507 77T ULR3466 T T TT0S6YW9ET T T B5L03040E 027~~~ %TTSCTSE 02~~~ 279543000~~~ =376995E=02"
27 0.88296 © 1.23921 0.45117 0.63321 4.95170E 02 4.67216E 02 2.795400 01 -3.6916E-02
28 0.91566 1.27480 0,46788 0.65139 4.93810€ 02 4.65865E 02 2.79453D 01 -3.6861E-02
29 0.94836 1.31026 0.48459 0.66951 5.03500E 02 4.75562€ 02 2.79383D 01 -3.6833E-02
30’ 0.98106 1.34561 0.50130 0.68757 4.92820€- 02 4,64887E 02 2.79331D0 01 .  -3.6798E-02
31 1,01377 1.38085 0.51801 0.70558 4.86730€ 02 4.58800E 02 2.79297D 01. ~-3.6785E-02
32 1.04667 1.41599 0.53472 0.72354 4.80420E 02 4.52492€ 02 © 2792810 01 -3.6783E-02
33 1.07917 1,45103 0.55143 0.74144 4.80250E 02 4.52321E 02 2.792850 01 -3,6805E-02
34 1.11187 1.48599 0.56814 0.75931 4.T1000€ 02 4,43069E 02 2.793090 01 -3.68356-02
1 1.T4457 1.52086 - 0.58485 0.77713 4.64970€E 02 4.37035€ 02 2.79353D 01 -3.6894E-02
36 1.17728 1.55566 0.60156 0.79491 4.61830E 02 4,33888E 02 2.794180 01 -3.6963E-02
37 1.20998 1.59038 0,61827 0.81265 4.59570€ 02 4.31619€ 02 2.7950%0 01 —3. T048E-02
38 1.24268 1.62503 0.63498 0.83035 4.57250€ 02 4.29288E 02 2.796150 01 -3.7163E-02
39 1.27538 1.65962 0.65169 0.84803 4.49100€ 02 4.21125€ 02 2.79747D o1 -3.7290E-02
40 . 1.30808 . 1.69414 0. 66840 0.86567 4.46520E 02 4.18529E 02 2.799030 01 -3, 7450E-02
41 1.34079 1.72861 0.68511 0,.88328 4.52440E 02 4.24431E 02 2.80084D 01} ~3,7619€E-02
42 1.37349 1.76302 . 0.70182 0.90086 4.46930€ 02 4,18901E 02 2.80291D 01 -3, 7824E-02 .
43 1.40619 1.79737 0.71853 0.91841 4.496980F 02 4.18927€ 02 2,80523D 01 ~3.8065E~02 .
%% 1.43889 1.83167 0.73524 0.93594 4.43830E 02 4,15751€ 02 2.807830 O1 -3.8320€-02
45 1.47159 1.86593 0. 75195 0.95344 4.,48690E 02 4.20583E 02 2.810710 O1 -3.8615E-02
46 1.50430 1.9001¢4 0.76866 0.97092 4.51780€ 02 4.23641E 02 ©2.813880 01 ~3.8941E-02
&7 1.53700 1.93430 0.78537 0.98838 4.55190E 02 . 4,27016€ 02 2.817360 01 ~3.,9292€-02 .
48 1.56970 1.96842 0.80208 1.00582 4.43230E 02 4.15019€ 02 2.82114D 01 ~3.9695E-02
49 1.60240 2.00250 0.81879 1.02323 4.23940E 02 3.95687E 02 2.825250 01 -4.0129E-02
50 1.63501 2.03656 0.83550 1.04063 4,23100E 02 3.94803E 02. 2.829690 Ol ~-%.0605E-02
sl 1.66781 2.07055 0.85221 1.05800 4.14470E 02 3.86125E 02 2.83447D O} ~4,1125€-02
52 1.70051 2.10452 0.86892 1.07536 4,16T40E 02 3.86344E 02 2.839620 01 ~4.1688E-02
53 1.73321 2.13846 - 0.88563 1.09270 4.11330E€ 02 3.82878€ 02 2.84514D 01  -4.2303€E-02
54 1.76591 2.17236 0.90234% 1.11003 4.15760E. 02 3.87249€ 02 2.85104D 01 -4.2977€-02
55 1.79862 2.20624 0.91905 1.12733 4.17470E 02 3.88896E 02 2. 857350 01 ~4,3702E-02
56 1.83132 2.24008 0.93576 1.14463 4.16260E 02 - 3.85599E 02 2.86407D 01 ~4.6485E-02
57 1.86402 2.27389 . 0.95247 1.16191 4.11420E 02 3.82708E 02 2.871230 01.  —4.5317€E-02
58 1.89672 2.30768 0.96918 1.17917 5,14670E 02 3.8588lE 02 2.87884D0 01 ~4.6234E-02




78

59 1.92942 2.34104 0. 98589 1.19642 4.21660F 02 3r9219lE 02 2.886920 01 ~4.7218€-02
60 1.96213 2.37517 1.00260 1.21366 4.26410E 02 3.97455E 02 2.895490 01 ~4.8278E-02
61 1.99483 2.40888 1,0193% 1.23088 4.20910€ 02 3.91864E_02 2.90457D 0L —6.9414€-02.
2 2.02753 2.44257 1.03602 1.24809 4.15580E 02 3.86433€E 02 2.914180 01 -5.0641E-02
63 2.06023 2.47623 1.05273. 1.26530 4.29950€E 02 4.00707€ 02 24924340 01 -%.1952€E~-02
64 2,09294 2.50987 ~1.06944% 1,28249_ 4.26810E_02 3.97459€ 02 2.935080_01 ~5.3369E-02
65 2.12564 2.564349 1.08615 1.29966 4.22870E 02 3.93406E 02 2.946430 01 -5.4878&—_02—
66 2.15834 2.57709 1:10286 1.31683 4.31690E 02 4.02106E 02 2.958400 O1 -5.6503E-02
67 2.19104 2.610867 1.11957 1.33399 4.33770E_02 4.04059€_02 2.97104D 01 ~5.8253E-02
68 2.22374 2.64423 1.13628 1.35114 4.37590F 02 4.07746€ 02 2.98436D 01 -6.0125€-~02
69 2.25644 2.67777 1.15299 1.36828 4.38000€ -02 4.08016E 02 2.998410 01 -6.2127€-02
70 2.28915 2.71129 1.16970 1.38541 4.39490E_02 4.09358€ 02 "3.01321D0 ot -6.4274E-02
T 2.32185 2. 74480 1.18641 1.40253 4.46610E 02 4.16322E 02 3.028810 Ot -6.6588E-02
T2 2.35455 2.71829 1.20312 1.41964 4.42980E 02 4,12527€ 02 3.04%24D 01 -6.9053E-02
73 2.38725 2.81176 1.21983 1.43674 4.44650E 02 ‘4.1402%E 02 3.06255D0 01 ~T.1696£-02
T4 2.41996 2.84522° 1.23654 1.45384 4.46190E 02 4.15382E 02 3.080780 01 -7.4540€-02
75 2.45256 2.87866 1.25325 1.47093 4.42530€ 02 4.11530E 02 3.09997D 01 -7.7583E-02
76 2.48536 2.91209 1. 26996 1,48801 4.36130E 02 4.04928E 02 3.120190 01 -8.0835€-02
17 2.51836 . 2294550 128667 1.50508 4.51350E 02 4,19935€ 02 3.141470 01 -8.4342E-02
18 2.,55076 2.97890 1.30338 1.52215 4.49910E 02 4.18271€E 02 3.163900 01 -B.8079E-02
_19 2.58347 3.01229 1.32009 1.53921 4041350 02 4.09475€ 02 3.18751D0 01 -9.2104E-02
80 2.61617 3.04566 1.33680 1.55626 4.41830E 02 4,097106€ 02 3.212400 01 -9,6420E-02
81 2.64887 3.07902 1.35351 1.57330 4.42310E 02 4.,0992¢E 02 3.238620 01 -1.010%€E~01
82 - 2.68157 +3.11236 1.37022 1.59034% 4.42810E 02 4.10147E 02 3.266270 01 ~-1.0602E-01
83 2.71428 3.14570 1.38693 1.60738 4.42940E 02 4,09985€E 02 3.295420 01 -1.1136E-01
84 2.74698 3,17902 1.40364 1.62440 4.36290E 02 4.0302BE 02 3.326160 01 -1.1710€E-01
85 2.77958 3.21233 1.42035 1.64143 4.34600E 02 4.01014E 02 3.358610 01 -1.2326E-01
86 2.81238 3.24563 1.43706 1.65844 4.25930€ 02 . 3.92001E 02 3.392870 01 -1.2990E-01
87 2.84508 3.27893 1. 45377 1.67545 %.24650E 02 3.9035%€ 02 3.42905D0 01 -1.3704E-01
88 2.87718 3.31221 1.470648 1.69246 4.21430E 02 3.86757TE 02 3.46730D 01 ~1.4473€E-01
89 2.91049 3.34547 1.48719: 1.70946 4.22400€ 02 3.87322E 02 3.507750 01 -1.5301€-01
90 2.94319 3.37873 1.50390 "1.72645 4.06150E 02 3,7064%E 02 3.55056D0 01 -1.6194E-01
-91 2.,97589 3.41198 1.52061 1.74344 4,04960E 02 3.69001E 02 3.595900 01 =1l..7158E-0)
92 3.003859%9 3.%4522 T1.53732 T1.76023 %.055] . - k =T. JIE=
93 3.04130 3.47846 1.55403 1L.77761 3,.91430€ 02 3.54480€ 02 3,694960 01 -1.9325€-01
9% 3.07400 3.51168 1-.57076 1.79438 3.93430£ 02 3.55939E 02 3.74911D Ol -2.0542€-01
95 3.10670 3.54489 1. 58745 1.81135 3.92420€ 02 3.543%3€E 02 3.806660 O1 -2.1860€E-01
96 3.13940 3.57810 1. 60416, }.’82832 3.90390€E 02 3.51710€ .02 3.867950 01 . =2e3287TE-0!
91 _3.17210 3.61129 _ 1.62087 1.84529 . __ 3.81250E 02 _____3.41917€ 02 3.933230 OL___ -2.4838E-0l
98 3.20481 3.64448 1.63758 1.86224 3. 76670 02 3.36641E 02 4,002880 01 -2.6520€E-01
99 3,23751 3.6T7686 1.65429 1.87920 3.70460E 02 3.29687€E 02 4.,07730D 01 -2.8350E-01
100 3.27021 3.71084 1,67100 1.89615 3.64390€ 02 3.22820E 02 4.15694D0_01 -3.0342E-01
101 3.30291 3,74401 1.68771 1.91310 3.52870F 02 3.10447E 02 44242290 01 -3.2%12E-01
102 3.33561 3.7T7716 1. 70442 1.93004 3.46780€ 02 3.03440€ 02 4.333940 01 -3.4881€-01
103 3.36832 3.81031 1.72113 1.94698 3.47960E 02 3.03635F 02 4.432540 01 =3, 7469E-01
1064 3.40102 .3.84346 1.73784% 1.96392 3.42580€ 02 2.97191€ 02 4.538830 01 -4.0303E-01
105 3.43372 3.B7660 L. 75455 1.98085 3.31190€E 02 2.84653€ 02 4,653670 01 -4.3409€E-01
106 3.46642 3.90973 1.771286 1.99778 3.36640E 02 2.88853E 02 4,77806D. .01 -4.681TE-01
107 3.49913 3.94285 1.78797 2.01470 3.31710€E 02 2.82578€ 02 4.91316D 01 -5.0566E-01
108 3.53183 3.97597 1.80468 2.03163 3.32160€ 02 2.81557€E 02 5.060300 O1 -5.4686E-01
109 3.56453 4.00908 1.82139 '2.04855 3.33100E 02 2.,80889€ 02 5.22108D 01 =5.9242E-01
110 3.59723 4.04219 1.83810 2.06546 3,29560E 02 2.75586E 02 5.397390 01 -6.,4273€E-01
111 © 3.62994 4.07529 1.85481 2.08238 3.26680€ 02 2.70765€ 02 5.591470 01 -6.9852€E-01
112 3.66256 4.10838 1. 87152 2.09929 © 3,20140E 02 2.62080€ 02 5.806020 01 ~T7.6038E-01
113 3.69534 4.14147 1.88823 2.11619 3.44420€ 02 2.83975E 02 6.04434D 01 -B8.2920€-01
114 3.72804 4.17456 1.90494 2413310 3.28290E 02 2.65185€E 02 6.310450 O1 -9.0578E-01
115 3.76074 4.20763 1.92165 ~2.15000 3.38730€ 02 2.72635E 02 6.609350 01 ~-9.9141€-01
116 3.79344 4,24071 1.93836 2.16690 3.38250E 02 2.68TT1E 02 6.947340 01 -1.0870€ 00
1z 3.82615 4.,273178 1.95507 2.18380 3.47750E 02 ‘2. T4426E 02 7.332410 01 -1.1944E 00
118 3.85885 4.30684% 1.97178 2.20069 3.51190F 02 2.13441€ 02 7.774890 01 --1.3149E 00
119 3.89155 4.33989 1.98849 2.21758 3.58030E 02 2.75146E 02 8.28842D O1 -1.4505€ 0Q.
14. COMPLOT Program Input (COMPSCAT Punchout)
3 ATSR, SL=S5, UNFOLDED WP: VECTBR AND ERIBR! VECTBR;, 1T, 114
7145 11 0,01671 43. .64885 o
0.10042E 04 0.92897F 03 0.83816F 03 0.921B4E! 03 0.98660%81 03 0,11849E( 04
0.,11764E8 04 0.11744F 04 0.12658E 04 0,12112€1 04 0,1400331 04 0,16366E! 04,
0.19858E 04 0,18B26F 04 0.12169F 04 0,943482 03 0.89983%1 03 0,84999E: 03
0.59654E 03 0,74292¢ 03 0.710138 03 0,75649€ 03 0,104689% 04- 0,96108E 03
0.95420F 03 0.93464F 03 0.10390F 04 0,95230€: 03 0,9204{8%1 03 0,93951E! 0%
0.97491F 03 0,10094F 04 0,.90962F 03 0,915885: 03 0,11207% 04 0,10659E! 04
0.11424F 04 0,11365F 04 0,43600F 04 0,15884F 04 0,19065%t 04 0,16365E: 04
0,113276 04 0.1172%F 04 0.99447F 03 0,103445: 04 0,9759921 03 0,11144E! 04
0,11952F 04 0.11308F 04 0.10666F 04 0,11620F 04- 0,13942%1 04 0,15987E' 04
0.14315€ 04 0,12584F 04 0.17B49E 04 0,168608 04 0.153712) 04 0,189265: 04
0,20067€ 04 0.22232F 04 0.22856F 04 0,24058E: 04 0,29089%1 04 0,27848E! 04
0,29904E 04 0,32276F 04 0.31034E 04 0,274995: 04 0,39996% 04 0,41834E! 04
0.37104E 04 0.39644F 04 0.42B01F 04 0,45940F' 04 0,52087%2 04 0,50248E: 04
0.54044F 04 0.49673F 04 0.53501E 04 0,55864F 04 0.6559121 04 0,51659E1 04
0.55733E 04 0.64418¢ 04 0.51789F 04 0,60405E 04 0,675¥98%1 04 0,76329% 04
0.72989€ 04 0,7743%c 04 0.79285FE 04 0,B11B88E' 04 0,695{621 04 0,553408! 04
0,75280F 04 0,72466F 04 0.54801F 04 0,668405 04 0,59492%1 04- 0,60773E 04
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0,62752E 04 04 0.46901F 04 0,33008F: 04 0,65689% 04 0,37140E 04
0,47540F 04 0,4528%¢ 04 0.68375E 04 0,12579E: 05 0,91587%| 05
0.13242F 03 0.12129F 0% 0.10643F 03 0.117828 03 0,12322%1 03 0,140609E! 03"
0.13340F 03 0,12680F 03 0.13035F 03 0,11684F' 03 0,12968%1 03 0,13944E: 083
0,15148F 03 0,12324F 03 0.69677F 02 0,50438E: 02 0,4556031 02 0,41799E! 02
0,33362F 02 0.34958F 02 0.32798¢ 02 0,34789€ 02 0,455065| 02 0,483542€! 02.
0,44588F 02 0,45869F 02 0.54047E 02 0,53182E1 02 0,5616921 02 0,63446E! 02
0.73461F 02 0.85508F 02 0.87976E 02 0,10244€: 03 0,144%86€ 03.0,15901€! 03
0,19844F 02 0,23124F 03 0.32255F 03 0.43433¢8° 03 0.59383%1 03 0,582165! 03
0,47571F 03 0,58577F 03 0.59855€ 03 0,74900€: 03 0.8554421 03 0,11705E! 04
0.,14996E 04 0.17016F 04 0.19288F 04 0,25010E: 04 0.352{9%I1 04 0,47084E! 04
0.49553F 04 0.51294F 04 0.82626F 04 0,90084E: 04 0.946842!04 0,13070Ei 08
0,155648 05 0,19174F 05 0.218968 05 0,2539588 05 0,33227%51 05 0,34994Ei 05
0,40693F 05 0.47339F 05 0.49375E- 05 0,47350€: 05 0,7n587%1 05 0,78535€! 05
0.74989F 05 0.8378pF 0S 0.94103F 05 0.10694F: 06 0,12297%1 06 0,12455E! 06
0,183864F 06 0.13403F 06 0.14794F 06 0,15884% 06 0,18%86%1 06 0,15999E! 06
0.17520E 06 0.20426F 06 0.17339E 06 0,20074€ 06 0,22486%1 06 0,25399E 06
0,24909F 06 0.26664F 06 0.27707E 06 0,28B40F 06 0,25742%1 06 0,24811E) 06
0,28484F 06 0.28094F 06 0.22573E 06 0,272596° 06 0,25282%1 06 0,26338E: 06
0.27801E 06 0,25654F 06 0.23275B- 06 0,181036: 06 0,33440%) 06 0,20859E! 06
0.25474F 06 0.23046F 06 0.27040F 06 0,27089c 06 0,2978381 06- 0,44120E! 06
15. DOSE Printout
ATSR, 37 WATT, SNELL BLOCK, UNFOLDED WP VECTOR, ITER. 11
MEV/CHAN, = 0,016710 SCALE FACTOR FOR P(EO) = 0.64885
N(E) = 7.0 23 ECECTRON REST MASS UNITS = 0.510976
CHAN. ELEC TRON ELECTRON PHOTON PHOTON PLEOD) INPUT PHI(EC)
ENERGY ENERGY ENERGY ENERGY PHI(EOD) /PLEO) EOU EOL
TMEV) TNC SQ THEV) MC SO TMC SQ TMC S0
UNITS) UNITS) UNTTS), UNTTS)
7 1.170€-01 2.289€-01 2,410E-01 4. T16E-01 2,008E-01 1.004E 03 5.000E 03 4.937€-01 4.492€E-01
g 1.337€-01 Z.616E-01 Z.634E-01 B,I54€E-01 Z.044E-01 9.290€ 02 4.546€ 03 5.369E-01 4.937E-01
9 1.504E-01 2.963€-01 2.851€-01 5.580£-01 2.077€-01 8.382F 02 4.035€ 03 S.790E-01 5.369€-01
10 1.671E-01 3.270E-01 . 3.064E-01 5.997€-01 © 2,109€-01 9.218E 02 4,371E 03 6.202E-01 5.790E-01
11 1.838E-01 3.597€-01 3.273E-01 6.405€-01 2.140E-01 9.866E 02 4,610 03 6.607€-01 §.202E-01
12 2.005E-01 3,924E-01 3.478E-01 6.80TE-01 2.170E-01 1.185€ 03 S5.461E 03 7.005E-01 6.607E-01
13 2,172€-01 __ _ 4.251E-01 3.680E-01 7.203E-01 2.199E-01 1.176€ 03 5.351E 03 7.398E-01 7.005E-01
16T TT20399EC01 %.578E-01 3.8B0E-01 7.5936-01 2.226E-01 T.174E 03 §.275E 03 T7.787E-01 7.398E-01
15 2.506€-01 4.905E-01 4,077E-01 7.979E-01 2.253€-01 1.266€ 03 5.618F 03 8.171€-01 7.787€E-01
16 2.674E-01 _5.2326-01 4.272E-01 8.361E-01 2.279€-01 1.211€ 03 5.314F 03 8.551E-01 8,171E-01
TTOLT T T ZU84ESolTT T T 5U859F-01 4.466E-01 8, T40E-01 2.305€6-01 1.409€ 03 6. T15E 03 §.928E-01 8.551€-01
18 3.008E-01 5.886E-01 4,658E-01 9.115E-01 2.329€E-01 © 1.637€ 03 7.026E 03 9.302€-01 8.928E-01
19 3.175€-01 6.213F-01 4.84BE-01 9.488E-01 2.353E-01 1.986E 03 8.439€ 03 9,673E~01 9.302E-01
20 3.342E-01 “T6.5%0E-01 S.037E-01 9.858€E-01 2.376E-01 1.883E 03 7.922E 03 1.004E 00 9.6T3E-01
21 3.509€-01 6.867E-01 5.225€E-01 1.023E 00 2.399€-01 1.217€ 03 5.073F 03 1.041E 00 1.004E 00
22 3.676E-01 7.194£-01 5.412E-01 . 1.059E 00 2.421E-01 = 9.435€ 02 3.897E 03 1.077E 00 1.061E 00
23 3. B43E-O1 7.521€-01 5.598E-01 1.095E 00 Z.462E-01 B8.898E 02 3.644E 03 T.114E 00 1.077€ 00
24 4.010€-01 7.849E-01 5.782E-01 1.132E 00 2.463E-01 8.500€ Q2 3.451E 03 1.150€ 00 1.114€ 00
25 4.177€-01 8.176€-01 5.966E-01 1.16BE 00 2.483E-01 6.965E 02 _2.805E 03 1.186E 00 1.150€ 00
26 %.345€-01 8.503E-01 6.150E-01 1.203€ 00 2.503E-01 7.%429€ 02 2.968€ 03 1.221€ 00 T.186€ 00
27 4.512€-01 8.830E-01 6.332€-01 1.239€E 00 2.522€-01 7.101€ 02 2.816€ 03 1.257E 00 1.221€ 00
28 4.6T9E-01 9.157E-01 6.514E-01 1.27SE 00 2.540E-01 7.665€ 02 3.017€ 03 1.293E 00 1.257€ 00
29 %, 846E-01 9.%B4E-01 6.695€-01 1.310€ 00 2.558E-01 1.046E 03 %.088BE 03 1.328E 00 1.293€ 00
30 §.013E-01 9.811E-01 6,876E-01 1.346€ 00 2.576E-01 9.611€ 02 3.731€ 03 1.363E 00 1.328E 00
31 5.180E-01 1.014E 00 7.056E-01 1.381E 00 2.593E-01 9.543E 02 3.680E 03 1.398E 00 1.363E 00
32 5.341E-01 1.046F 00 7.235E-01 T.416€ 00 Z.609€-01 9.346E 02 3.5082€ 03 1.434E 00 1.398E 00
33 5.514E-01 1.079€ 00 7.414E-01 1.451€ 00 2.625€-01 1.039€ 03 3.958E 03 1.469E 00 1.434E 00
34 5.681E-01 1.112F 00 7.593E~01 1.486E 00 2.641E-01 9.523E 02 3.606E 03 1.503E 00 1.469€ 00
35 5,848E-01 1.145€ 00 T.TTIE-OL T.521€ 00 Z.656E-01 9.202€ 02 3.465E 03 1.538¢ 00 1.503E 00
36 6.016E-01 1.177€ 00 7.949E-01 1.556E 00 2.6T0E-01 9.395€ 02 3,518€ 03 1.573€ 00 1.538E 00
37 6.183€-01 1.210E 00 8.126E~01 1.590€ 00 2.684E-01 9.749E 02 3.632€ 03 1.608E 00 1.573E 00
38 6.350€-01 1.243€ 00 B.304E~-01 1.625€ 00 2.698E-01 1.009€ 03 3.T742E 03 1.642€ 00 T.608E 00
39 6.517€-01 1.275€ 00 8.480E-01 1.660E 00 - 2.711E-01 9.096E 02 3.355E 03 1.677E 00 1.642€ 00
40 6.684E-01 1.308E 00 8.657E-01 1.694E 00 2.724E-01 9.159E 02 3.363E 03 1.711E 00 1.677€_00
Y 6.851E-0L 1.341E 00 8.833E-01 1.729€ 00 Z.T36E-01 T.121E 03 4.097E 03 T.746E 00 1.711€ 00
42 7.018E-01 1.373E 00 9.009€-01 1.763E .00 2.74TE-01 1.066E 03 ©3.880€ 03 1.780E 00 1.746E 00
43 7.185E-01 1.406E 00 9.184E-01 1.797€ 00 2.759E-01 1.142E 03 4.141E 03 1.815E 00 1.780E 00
4% T.352€-01 1.439€ 00 9.359E-01 1.832¢ 00 2. TT0E-01 1.137E€ 03 %.104€ 03 1.849E 00 1.815€ 00
45 7.519€6-01 1.472E 00 9,534E-01 1.866E 00" 2.780E-01 1.360€ 03 4,892 03 1.883E 00 1.849€ 00
46 7.687E-01 1.504E 00 9.709E-01 1.900E 00 2.790E-01 1.588E 03 5.693E 03 1.917E 00 1.883€ 00
47 T.854€-01 1.537€ 00 9.884E-01 1.934E 00 Z.799E-01 T.506E 03 6.807E 03 1.951E 00 1.917€ 00
48 8.021€-01 1.5T0E 00 1.006E 00 1.968E 00 2.808E-01 1.637€ 03 5.82TE 03 1.985E 00 1.951E 00
49 8.188E-01 1.602E 00 1,023E_ 00 2.003€ 00 2.817€-01 1.133€ 03 4.021E 03 2.020€ 00 1.985E 00
50 8.3556-01 1.635E 00 1.041E 00 2.037€ 00 2.825E-01 1.173E 03 %.150E 03 2.054€ 00 2.020E 00
s1 8.522€-01 1.66BE 00 1.058€ 00 2.071E 00 2.833E-01 9.945E 02 3.511E 03 2.088€ 00 2.054E 00
52 8.689E-01 1.701€ 00 1.075€ 00 2.105€ 00 2.840E-01 1.034€ 03 3.641€ 03 2.121E 00 2.088E 00
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53 8.856E-01 1.733¢ 00 T.093E 00 7. 138E Z.84TE0L  9.760F 3.155€ 00 T 121E 00
54 9.023£-01 1.766E 00 1.110€ 00 2.172€ - 2.853E-01 1.114E 2.189€ 00 2.155€ 00
55 9.190E-01__ .1.799E 00 1.127E,00. .. 2,206€ .2,859E-01 1.195€ 2. 0
56 9.358E-01 1.831€ 00 1.145€ 00 2,240F 2.8656-01 1.131E ~554E 00300
57 9.5256-01 1.865E 00 1.162E 00 2.274E 2.870E-01 1.067E 2.291E 00 2.257€
58 9.692E-01 1.897E 00 1.179€ .00 2.308€ 2.875€-01 1.162€ 2.325E 00 2.291€
59 9.859€-01 1.925E 00 1.196E 00 2.341€ 2.879€-01 1.394E 2.358€ 00 2.325¢
60  1.003€ 00 1.962€ 00 1.214€ 00 2.375€ 2.883E-01 1.599€ 2.392€ 00 2.358E
61 _ 1.019E 00 1.995E 00 1.231€ 00 2.409€ 2.886E-01 1.432€ 2.426€ 00 2.392€
62 1.036E 00 2.028F 00 1.248E 00 2.%43E 2.889E-01 1.256€ 2.459€ 00 2.426E
63 1.053E 00 2.060€ 00 1.265€ 00 2.4T6E 2.892€-01 1.785€ 2.493E 00 2.459€
64 1.069E 00 2.093€ 00 1.262€ 00 2.510€ 2.894E-01 1.686E 2.527€ 00 " 2,493
65 1.086€ 00~ 2.126€ 00 . 1.300E 00 2.5643¢ 2.896E-01 1.537¢ 2.560E 00 2.527¢
66  1.103€ 00 2.158E 00 1.317€ 00 2.577€ 2.897€-01 1.893F 2.594E 00 ° 2.560F
67 1.120E 00 2.191€ 00 1.334E_00 2.611E 2.898E-01 2.007E " 2.627€ 00 2.594€
68 1.136€ 00 2.224E 00 1.351€ 00 2. 644E 2.895E-01 2.223€ 2.661€ 00 2.627€
69  1.153E 00 2.256E 00 1.368€ 00 2.678E 2.899E-01 2.286€ 2.695€ 00 2.661E
70 1.170€ 00 2.289E 00 " 1.385€ 00 2.710€ 2.8986-01 2.408E 2.728€ 00 2.695€
71 1.186E 00 2,322 00 1.403E 00 2.T45E 2.896€-01 2.308€ =2.762€ 00 2.728E
72 1.203E 00 2.355€ 00 1.420E 00 2.778€ 2.897E-01 2.785€ 2.795€ 00 2.762€
73 1.220€ 00 2.387E 00 1.437E 00 2.812€ 2.895€-01 2.991€ 2.828€ 00 2.795€
T4 1.237€ 00 2.420E 00 1.454E 00 2.845€ 2.8936-01 3.228€ 2.862E 00 2.828€
75 1.253E 00 2.453E 00 1.471E 00 2.879€ 2.891E-01 - 3,103E 2.895€ 00 2.862€
76 1.270€ 00 2.485€ 00 1.488E 00 2.912€ 2.888E-01 2.750€ 2.929€ 00 2.895€
77 1.287E 00 2.518€ 00 1.505€ 00 2.946E 2.8856-01 4.000E 2.962€ 00 2.929€
78 1.303E 00 . 2.551E 00 1.522€ 00 2.979€ 2.881€-01 4.183€ 2.996E 00 2.962€
79 1.320E 00 ‘2.583EF 00 1,539 00 3.012€ 2.87TE-01 3.710E 3.029€ 00 2.996€
80 1.337€ 00 2.616€ 00 1.556€ 00 3. 046E 7.873E-01 3.964€ 3.062€ 00 3.029€
81  1.354€ 00 2.649E 00 1.5T3E 00 3.079E _2.868E-01 4.280E 3.096€ 00 3.062€
82 1.370E 00 2.682E_00 1.590E 00 3.112€ 2.8626-01 4.694E 3.129€ 00 . 3.096E
83 1.387E 00 2.714€ 00 1.607E 00 3. 146€ 2.8576-01 5.200€ 3.162€ 00 3.129€
84  1.404€ 00 2.747E 00 1.624E 00 3.179€ 2.851€-01 5.025E 3.196€ 00 3.162€
85___1.4206 00 _2.780E 00 1:641€ 00 3.212€ 2.844E-01 53404E 3.229€ 00 3.196E
86 1.437€ 00 3.812€ 00 1.658E 00 3. 266E 2.837E-01 4 96TE 3.262€700 3.229€
87 1.454E 00 . 2.845E 00 1.675€ 00 3.279¢ 2.830E-01 5.350F 3.296€ 00 3.262E
88 __ 1.470E 00 2.878E 00 1.692E 00 3.312€ 2.822€-01 5.586E _1.979€ 04 __ _3.329E 00 3.296E 00
89 1.487€ 00 2.910E 00 1.709€ 00 3.345€ 2.814E-01 6.567E 3.362€ 00 3.329€
90 1.504E 00 2.943E 00 1.726€ 00 3.379€ 2.806€-01 S.166E 3.395€ 00, 3.362€
91 1.521E 00 2.976E_00 1.743€ 00 3.412E 2.797E-01 5.573E 3.429€ 00 3.395¢
927 1.537€ 00 3.009€ 00 1.760E 00 3.44S5E 2.788E-01 6.442E 3.462E 00 3,429€
93 1.554E 00 3.041E 00 1.777€ 00 3.478€ 2.778E-01 5.179€ 3.495E 00 . 3.462E
94 __1.571E 00 3.074E_00 1.794€ 00. _ 3,512F 2.768E-01 6.041E 3.528E 00 ' 3.49S€
95 1.587€ 00 3.107E 00 1.B11E 00 3.545E T2.757E-01 6.768E 3.561€°00 3.528€
96 1.604E 00 3.139€ 00 1.828E 00 3.578€ 2.746E-01 7.633€ 3.595€ 00 3.561€
97 1.621E 00 3.172F 00 1.845€.00 3.611E 2.735E201 _ T.299€ 3.628€ 00 3.595€
98 1.638E 00 3.205€ 00 1.862€ 00 30644 2.723E-01 © T.T44E T3.661€ 00 3.628E
99 1.654E 00 3.238E 00 1.879E 00 3.678E 2.711€-01 7.929¢ ‘3.694€ 00 3.661E
100 1.671E 00 3.270E 00 1.896E 00 . 3.T11E 2.698E-01 8.119€ 3.727E 00 3.694E
101 1.688E 00 3.303¢ 00 1.913€ 00 3.744E 2.686E-01 6.952€ 3.761E 00 3.727€
102 1.704€ 00 3,336 00 1.930F 00 3.777€ 2.672E-01 6.534€ 3.796€ 00 3.761E
103 1.721E 00 3.368F 00 1.947E 00 3, 8106 2.658E-01 7.529E 3.827€ 00 3.794E
104 1.738€ 00 3.401E 00 1.964€ 00 3.843E 2.644E-01 T.24TE T3.860E 00 3.827€
105  1.755€ 00 3.434€ 00 1.981E 00°  3.877€ 2.630E-01 5.480€ 3.893E 00 3.860€
106 1.771E 00 3.466E 00 1.998€_00 3.910€ 2.615€-01 . 6.684E 3,926E 00 3.893F
1077 1.788E 00 3.499E 00 2.0156 00 - 3.943E 2.599E-01 5.949€ 3.959€ 00 3.926€
108 1.805E 00 35326 00 2.032E 00 3.976E 2.584E-01 6.077€ 3.993€ 00 3.959€
109 1.821€ 00 3.565€ 00 2.049€ 00 4.009€ 2.567€-01 . 6.27SE 4.026E 00 3.993F
110 1.838E 00 3.597€ 00 2.065€ 00 4.042€E 2.551E-01 5.502€ 4.059E 00 4.026F
111 1.855E 00 3.630E 00 2.082E 00 . 4,07SE 2.534€-01 4.690F 4.092€ 00 4.059€
112 1.872€ 00 3.663E 00 2,099 00 4.108E 2.517€-01"  3.300F 4.125€ 00 4.092F
113 1.888E 00 .  3.695€ 00 2.116E 00 4. 141E 2.6996-01  6.669E 4. 158E 00 4.125€
114 1.905€ 00- 3.7T28E 00 2.133€ 00 4.175€ 2.481E-01 3.714€ 4,191 00 4.158€
£ 2.4626-01 4, 751E 4.224E 00 4.191€
116 1.938E 00 - 3.793E 00 2.167€- 00  &.241E 2.443€-01 4.528E 4.257€ 00 4.2264€
117 1.955E 00 3.826E 00°  2.184E 00 4.274E 2.4246-01 - 6.838E - 4.290E 00 4.257E
118 1.972€ 00 3.859€ 00 2.201E 00 4,307E 2.504€-01 1.258€ 4.323F 00 4.290F 00
INDEX ELECTRON (PHI({EO)/P(EO))*C(EI,EOD) WIMCEI)
ENERGY J{NLET)*SQMCY) . *E1
{MEV) = WIM(EI)
1 0.0 0.0 0.0
2 1.170E-01 9.61774E-21 1.12499E-21
3 1.337E-01 8.77876E-21, 1.17354€E-21
4 1.504E-01 8.18368E-21 1.23074E-21
5 1.671E-01 T.81365E-21 1.30566E-21
6 1.838E-01 T.48297E-21 1.37544E-21
7 2.005E-01 7.20187E-21 1.44412E-21
-8 2.172E-01 6.86001€E-21 1.49020E-21
9 2.339E-01 6.,57821E-21 1.53891E-21
10 2.506E-01 6.34910E-21 1.59140E-21
11 2.6T74E-01 6.12176E-21 1.63671E-21
12 2.841E-01 5.96266E-21 1.69381E-21
13 3.008E-01 5. T6759E-21 1. 73477E-21
14 3.175E-01 5.51780E-21 1.75184E-21



3.342E-01

5.15359E-21

1.72233€E-21

4. T9843E- 21
4.61384E-21
4.50008E-21

1.68382E-21
1.69614E-21
1.72951E-21

4,40289E-21
4.31821E-21

- 44,27301E-21

1.76573E-21
1.80393E~-21
1.85645E-21

—s T HTAESOT T

4.22661E-21
4.19573E-21
4.16489€-21

T4,09167E-21

4.03585€E-21
3,98531E-21

1.90692E-21
1.96310E-21
2.01826E-21

2.051156-21
2.,09061E-21

. 213102E-21

SETGE=OL

3.94210E-21"
3.88717E-21
3.84722E-21

2. 17379E-21
2.20846E-21
2.25005€E-21

3.81547E-21
3.78566E-21
3,75564E-21

2.29523E-21
2.34056E-21
2.38476E-21

3.72523€E-21
3.7T1069E~-21
3.70147€E-21

2.42769E-21
2.48022€-21
2.53591£-21

3.67557€E-21

3.65979E-21 -

3.64151E-21

2.57959€E-21
2.62967E-21
2.6T738E-21

3.62907e-21 .
3.60034E-21
3.55301E-21

2.72888E-21
2.76T43E-21

2.79043E-21

3.47581E-21

3.41818E-21

3,40243E-21

2.78788E-21
2.79877E-21
2.842T73E~-21

3.38538E-21

3,38512E-21

3.38542E-21

2.88505€E-21
2.94140E-21
2.99823€-21

3.39428E-21
3.39720E-21
3.39797E-21

3.06279€E-21
3.12219€-21
3,17968E-21

3.40735€E-21
3.42630E-=21
3.44463E-21

3.24540E-21
3.32070E-21
3.39603E-21

3.45287E-21
3.45193E-21
3.46594E-21

3.46185E-21
3.51859E-21

3.59077€-21

3,49709E-21
3.50200E-21
3.51791E=21 .

3.68149E-21

- 3,74518E-21

3.82097E-21

3.54940E-21
3.56749E-21

. 3.58565E-21

3.91449E-21
3.99405E-21
4.07430E-21

3.59811€E-21
3.61363E-21
3.62950E-21

4.14858E-21
4.,22686E-21

4.30607E-21

15
i6 3. 509€-01
17 3.676E-01
18 3.843E-01
19 4.010E-01
20 4,17TE-01
21 4.,345E-01
22 4.512€E-01
23 4.6T79E-01
24 4.846E-01
Ze
26 5.180E-01
27 5.34T7E-01
1o
29 5.681E-01
30 5.848E-01
31 6.016E-01
32 6.183E-01
33 6.350E-01
34 T 6.51TE-01
. 35 6.684E-01 -
36 6.851E-01
37 7.018E-01
38 7.185E-01
39 7.352€E-01
40 .~ T.519e-01
41 7.687E-01
42 7.854E-01
43 8.021E-01
44 8.188E-01
45  8.355E-01 .
%6 8.522E-01
47 8.689E-01
48 8.856E-01
49 9,.023E-01
50 9.190€-01
51 9.358E-01
52 9.525€6-01
53 9.692E-01
54  9,859E-01
55 1.003€ 00
56 1.019€ 00
57 1.036E 00
58 1.053E 00
59 1.069€ 00
60 1.086F 00
61 1.103E 00
62 1.120€ 00
63 1.136E_00
64 1.153E 00
65 1.170E 00
66 1.186€ 00
67 1.203E 00
68 1.220E 00

3.62447E-21
3.63130E-21

4.36067E-21
4.4295TE-21

81



82

69 1.237€ 00 3.63338E-21 4 .49282E-21
T0 1.253E 00 3.62873E-21 4,547TT70E-21
71 1.270E 00 3.63614E-21  4.,61TT6E-21
‘T2 1.287E 00 3.66945E-21 4.,72137E-21
73 1.303E 00 3.64853E-21 4.75541E-21
T4 1.320E 00 3.62249E-21 4.,78201€E-21
15 1.337€ 00 3.,62419E-21 4.84481E-21
76 1.354E 0O 3.62059E~21 4,90050E-21
77 1.370E 00 3.60843E-21 4.94434E-21
78 1.387E 00 - 3.58239F-21 4,96852E-21
79 1.404E 00 3.,53628E-21 4.,96366E-21
80 1.420€ 00 3.50142E-21 4,97324E-21
81 1.437€ 00 3.45240E-21 4,96130E-21
82 1.454E 00 '3.42604E-21 4.9806TE-21
83 1.470E 00 3.38703E-~-21 4.,98056E-21
84 1.487E 0O 3.,34092E-21 4.96858E-21
85 1.504E 00 3,.,25312€E-21 4.89236€E-21
86 1.521E 00 3,22631E-21 4,90595E-21
87 1.537E 00 3,18656E~-21 4.,89876E-21
88 1,554E 00 3.1[233Ef21 4 .,83665E-21
89 1.571E 00 3.09358E-21 "4,.85920E-21
90 1.587E 00 3,04434E-21 4,83273E-21
91 1.604E 00 2.96762E-21 4,76054E-21
92 1.621E 00 2.854T70E-21 4,62709E-21
93 1.638E 00 2.75261E~-21 4,50761FE~21 -
94 1.654E 00 2.62953E-21 4.35000E-21
95 1.671E 00 2.49382€E-21 4.,16716E-21
96 1.688E 00 .2434342E-21 3,95501E-21
97 1.704E 00 2.23257E-21 3.80523E-21
98 1.721E 00 2.13440€E-21 3.67358E-21
99 1.738E 00 . 1.99220E-21 3.,46213E~-21
100 1.755E 00 1.85274E-21 3,25072€E-21
101 -1.T7T1E 00 1.77622E-21 3.14614E-21
102 1.788E_00 1.64929E-21 2.94888E-21
103 1.805E 00 1.54422E-21 2.78682E-21
104 1.821E 0O 1.42851E-21 2.6018T7E-21
105 1.838E 00 1.29787€£-21 2.38561E-21
106 1.855E 0O 1.18879€-21 2.20499€E-21
107 1.872E 00 1.10492E-21 2.06788E-21
108 1.888E 00 1.07196E-21 2.02411€E-21
109 1.905E - 00 9,07T7T79E-22 1.72926E-21
110 1.922E 0O B.46585E-22 1.62684F-21.
111 1.938E 00 T«42906E-22 1.44002E-21
112 1.955E 00 6.4145TE-22 1.25409E-21
113 1.,972F 00 4,42883E-22 8.73268E-22




APPROX. VALUE OF INTEGRAL FROM ZERD TO- 1.97178 {N = 3,M =.2)
IS '5.84249D-21 +/- -4.61326E-25

L ABSCISSA FUNCTION VALUE . DERIVATIVE
1 1.18380&E-02 1.14469D-22 9.08786D-21
2 6.18415E-02 5.68893D-22 9.08786D-21
3 1.49651E-01 1.23373D-21 3.95322D-21
4 2.71694E-01 1.653920D0-21 3.06439D-21
5 4,22974E-01 1.82289D-21 - 2.T1453D-21
6 5.97300E-01. 2.28374D-21 | .2+ 70840D-21
T ~T.87534E-01 2.78324D-21 6.11718D-22"
8 . 9.85889E-01 - :3,39286D-21 4.,22340D-21
9 1.18424E 00 . 4.28920D-21 . 4.00401D-21
10 ° 1.37448E 00 " 4,94645D-21 2.03535D-21
11 1.54880E 00 4.87105D-21 ~1.18349D-21
12 1.70008E 00 .3.84778D0-21 -8.42097D-21
13 1.82213€E 00 2.58257D-21 =~ -1.200490-20
14 1.90994E 00 .1.73400D-21 - -1.18876D-20
15- 1.95994E 00 1.10653D0-21 -1.69586D0-20 -
DOSE = 1,75933F 03 +/- -1.38917E-01 MEV/GM.-SEC.

1. 01464E-01 +/= —8.01164E-06 RADS/HR.
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