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SUMMARY

A FORTRAN code has been developed for the UNIVAC-1108 digital com-
puter to unfold lithium-drifted gefmafnium semiconductor spectrometer
pdlyenergetic gamma photon experimental distributions. It Was speci-
fically designed to analyze the combination continuous and monoenergetic
gamma rad1at1on field of radioisotope volumetrlc sources, The code
generates the detector system response matrix function and applies it

to the monoenergetic spectfal components discretely and to the continu-
uin iteratively. It corrects for system drift, source decay, background,
andxdetection efficiency. Results are presented iri digital form for dif-
ferential and integrated photon number and energy distributions, and

exposure dose.
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1. INTRODUCTION

This report presents a description Qf and the user requirements for, code

CUGEL - - - a digital computer code to unfold semiconductor spéc_trq?

meter polyenergetic gamma photon experimental distributions developed

for the JET PROPULSION LABORATORY under Contract No. 952706. Code CUGE_L,-
written in the FORTRAN V language for the JPL UNIVAC-1108 digital computer, '

- i1s a very much modified and redesigned version of code CUPED which was

developed under contracts NAS5-10133 and NAS5-10337 for NASA- Goddard
Space Flight Center(l-4? . The é}éperimental dis_tributioné which the code
has been specifically developed to analyze, are those recorded by the gef—
manium (lithium-drifted) - - - Ge(Li) - - - semiconductor detector coupled
t;) a multichannel pulse-height arfalyzer and exposed to the continuous and

line energy photons emitted by fadioisotope volumetric -sources .

The code can either réad or generate the detector system reéponse ﬂmction |
matrix and apply it to unfold the pulse;height analyzei‘ distributions to deterQ
mine differential and integrated photon number and energy distributions, énd
exposure dose. The responselrr'iatrix generation procedure relies on the

spectra of standard radioisotopes such as CleS' Ce139, HgZO3, Sr85, Csl37,
‘Nbgs, Mn54, Zn65 and CoGO. The standard spectra are normalized witﬁ res-
pect to photopeak pulse-height and area, and their photopeaks subtracted

to obtain normalized Compton continua. The responsle matrix vectors are
determined at each energy by interpolating the normalized continua aﬁd com-

"p‘utin‘g the associated Gaussian photopeaks. The thus interpolated vectors

are redistributed in pulse-height to correspond to the detector system
energy response and to satisfy the requirements of the spectra to be
unfolded. Quadratic interpolation of the normalized continua is car-

ried out by a specif_ically developed ‘Method of Parts', described in

this report.




Code CUGEL applies the response function either iteratively or discretely

depending on whether the unknown 1is either a continuous spectrum, a com-

plex spectrum consisting of a limited number of photopeaks or a s pectrum'

‘consirsting' of a continuum-plus-photopeaks. The code determines the de-

tector incident photon lines in the unknown spectra by photopeak analysis.
The corresponding photopeak associated Compton continua are determihed by
an interpolation of the standard Compton continua. The thus determined
photopeak-plus-continuum spe'ctra are then subtracted to leave, ideally ,b
either a contir.luous’or zero residual spectrum. Continuous and residual
spectra are iteratively unfolded according to the matrix inversion tech}lique
of Scéfield(s_g) , to determine detector-incident continuous photon spectra.

The total incident gamma photon spectrum is determined as the sum of the

line and continuous components.

The code corrects for partial photon energy deposition in the Ge(Li) detector
through the application of the response function matrix. It corrects for the

number of photon interactions in the detector crystal and for absorptions by

the crystal cladding materials, interposed absorbers such as aluminum and

the air medium between the source and the detector active region. In addi- ‘
tion, it corrects for primary source decay, pulse-height drift and natural

background.
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2. " . CODE DESCRIPTION I R

2.1 ~ INTRODUCTION

Code CUGEL is written in the FORTRAN V compiler language for the JPL
“UNIVAC-1108 digital computer. It was designed to run under the Exé-

cutive 8 monitor system at the Jet Propulsion Laboratory. Input-data .
are read from car'd—to-tape - - - TAPE S5, digital output is written on
tape for print out - - - TAPE 6. The code calls only standard library -
subroutines, such as transcendental functioné . rAlthough CUGEL is
designed for the UNIVAC-I 108 it may be readily adapted to CDC and IBM

machines, II; has a total word size requirement of less ~ than 65000.

The code consists of a main control program and thirty subprograms.
A subprogram glossary is given in Appendix I, in alphabetic name orde_r,

and a code FORTRAN punch card deck listing in Appendix II. Appendix III

- consists of a sample input card deck listing and Appendix IV of a program

output listing corresponding to the input given in Appendix III: the exe-
cution time for the sample data was approximately 70 seconds with com-

pile and loading time being approximately 45 seconds.

'The iogic and function of the main program, referred to as MAIN, .and its »l
s_ubprograms are discussed in Section 2.2, in some detail. Those sub- -
programs not discussed are considered as being adequately described in
either Appendix I or references (1) thrOugH (4). The user is also re-

ferred to these same references for the theoretical bases of the precursor
code, CUPED. The constants required by the code are explained in Section
2.3. Referen’ce to this Section will allow the user to make changes as
necessary, in for example, the relationship of such as the detector system

_photopeak resolution function. The general logic of code CUGEL is discussed




in Section 3.1, _ The code input is detailed in Section 3.2, and the outputb is .

defined in Section 3.3. FORTRAN names and variables are shown capitalized |

in what follows, with ‘zero’ and ‘oh' thus: 0, 4.
2.2 CODE LOGIC
2.2.1 MAIN PROGRAM

The main program was designed to execute data input and output opera-

. tions, many of them under initially input option signals, and provide the

control connectivity for the hierarchy of thirty subprograms presented in

Figure 1, Figure 2 shows a simplified flow diagram of the maih program;

the called subprograms are:

RESFUN  GANE . DEC . DISCRT
SZLN DECAY GEgMTR = DETECT

Subprogram RESFUN is called by MAIN to generate and return the detector
system response matrix and the associated vectors relating pulse-height

" to photon energy; photopeak-area-~to-total-spectrum-area ratios (experi-
mental phbtofractions , for code check purposes); and sta-ndard spectra
photopeak mean pulse-height and resolution. Under control of an input
optionAsignal, thé response matrix and its assoclated vectors may be read
as a card deck, instead of generated. For the analysis of many sets of
unkﬁown spectra one response matrix may be applicable, and thus the main
program includes an option to bypass either the calling of RESFUN or the
input of a matrix card deck. For similar reaéons an option is provided to

call RESFUN to generate a response matrix based on previously input stan-

~ dard spectra.
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Inpht options allow either the execution of MAIN to continue, return to start

“or call EXIT, after the calling of RESFUN. Thus, for example, the code may - --

be run only for the purpose of generating a response matrix.

Unknown spectra may be input to the code in uninterrupted blocks of up to
20 spectra through the éal_ling of subprogram DEC by MAIN. If pulse-height
analyzer background subtracted counts are recorded in a complement mode,
1i.e. as positive numbers, the code convefts them to true negative numbers
in subpfogram DEC. A count greater than 9 x 105 is 'a,ssumed to be in the

-complerrient mode.

MAIN is coded to subtract background spectra from source-plus-back-
ground spectra under an input option control signal. This allows the

subtraction or addition, of a fraction or multiple of a backgrou,nd spec-

stored background spectrum, and of course the addition of similar spectra

if this is the requirement of the user.

The energy correspondence of an unknown spectrum to the response
(1,2,9,10)

i
E
trum. It further allows the continued reuse, as desired, of a previous'ly

function matrix is matched throv.igh MAIN calling subprogram GANE
- Subprogram GANE returns the unkns vn spectrum to the main program-
after normalization to pulse~height analyzer true zero pulse-height

and gain changing such that channel width corresponds to that of the

response matrix.

. ‘ Additional automated ‘modification of an unknown spectrum may be op-

tionally carried out by the code, namely:

_ (8) the counts in the first n 'dead' channels of the spectrum may
: be replaced with either the count stored in channel n + 1 or

determined by a straight line function of specified slope; and/or .

o
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(b) the counts between specified 11m‘1t1n<j channels may be replaced’
by counts determined by a straight line function of specified slope.

Item (a) allows the user to make judgments with respect to the first few

percent of the spectrum which is often either suspect or electronically dis-
torted. Item (b) allows the removal of a known spurious peak, etc. in order

to allow more meaningful subsequent analysis to be carried out.

At this point in the main program on both the first and sﬁbsequent loops,
the response matrix is stored, and an unknown pulse-height analyzer spec-
trum is ready for analysis and conversion to a photon number spectru;n.
According to an input option signal the code is instructed that the unknown
spectrum is either a pure continuum or'a specified number of monoenergetic.
spectra "super-imposed" on a continuous spectrum. If the input option in-
dicates the presence of superimposed monoenergetic spectra and if either
their line energies and/or photopeak tail dhannel limits are input, MAIN
calls subprogram DISCRT prior to calling subprogram S@LN to carry out

 iterative unfolding of the continuum. In the event that neither the energies

or channel limits of the unknown spectrum peaks‘are input they may op- -
tiorially be ‘'searched-for' from channel MS to MX in subprogram FIND, which .
is called by_ DISCRT.

Subprograrﬁ DISCRT is called by MAIN to analyze the photopeaks indicated
byA fhe input options for thé monoenergetic components of the unknown
spectrum. Gaussian distributions may be fitted to each'bhotopeak and the
associated Compton continua determined by DISCRT calling subprogram
RESFUN and the corfesponding line photon numbers calculated. In this
manner the monoenergetic spectral components may be calculated in |
turn énd subtracted, i.e. stripped, from the unknown spectrum to leave a

residual continuum spectrum. The residual spectrum is returned to MAIN




. for subsequent analysis and unfolding, The monoenergetic photon numbers

thus obtained are added to the residual photon number spectrum determined -

- later by unfolding, to give the total photon number corresponding to the

input pulse-height analyzer spectrum. If the photopeak is distributed over

less than 6 channels a Gaussian function will not be fitted.A In this last

event the peak pulse-height and area will be obtained by moments a_nd~c'.han-

nel summation analysis, respectively.

Before calling subprogram S@LN the code tests certain input options, M(I),

to determine specific requirements, e.g.

(a) is unknown spectrum to be corrected for detection efficiency
by célling subprogram DETECT priof to gain changing, (eg.

frqm 200 to 30 channels) and before unfolding or after?; or
(b) is unknown spectrum to be actually unfolded?

Item (a) allows the user to make decisions with respect to efficie‘ncy

correction effects and accuracies. Item (b) allows the user to make

decisions with respect to such as the significance of actually carrying

out the unfolding procedure on a low energy spectrum such as that of
Pm147 ' }

in Section 3,2, The called subprograms RESFUN, DISCRT, DETECT,

. The above options and all others, are defined in more detail
SN and GE@MTIR are discussed further in Subsections 2.2.2 through
2.2.7. '

At this point'in the main program on both the first and subsequent loops,
unknown spectra are considered as prepared for unfolding, and thus, they.
and the response matrix are communicated to subprogram S@LN. This
subprégram is called by MA..{ to 'c.ontrol the iterative unfblding process
according to the Scofield method(z & 'G)and to apply efficiency correc-
tions. It returns the corrected photon number spectrum to the main program.

N R : -
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The main program calls subprogram DECAY to determine the primary source
decay factor. Subprogram DECAY returns a correction factor by which the
number spectrum is later multiplied. The _callihg of subprogram DECAY may
be o‘ptionaily-bypassed . in which case a multiplying factor of unity is

assumed.

Subprocgram GE@MTIR is called by the main program to apply the decay
correction factor, carry out geometrical corrections, compute differential

and integral photon number and energy distributions, and exposure dose.

Subprogram GE@MTIR returns the final results to the main program for
output, after which the code loops back along'_either paths 1,2, or 3,

as shown in Figure 2. The code loops back along path 1 primarily to
read new data pertaining either to the response matrix or to the Vc.ontrol
options or both. The code loops back along path 2 to read new data
pertaining either to the unknown source or if the maximum number (20) of
allowable passes along path 3 -have been equaled; the second reason

is dictated by either code DIMENSION or computer finite capacity.

The code loops back along path 3 to read a new unknown spectrum
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2.2.2 RESPONSE FUNCTION MATRIX

V ~ 2.2,2.1 Response Matrix Generation

" The detector system response function matrix is generated under the

~ control of subprogfam RESFUN. The subprograms called by RESFUN are

namely:

SPNGRM POGELI BS  XPL@T |
ADPEAK GANE - TE TA  VECTMX

The main program supplies RESFUN with control parameters, and varia-
standard radioisotopes. The number of such spectra is equal to NSTAND,
where NSTAND = 9. This card deck is preceded by bné parameter card
containing information regarding the number of spectra in the deck (NST_AND)
and the number of channels in the "inpu't.standards (NXLIM). The single
parameter card is followed by a ‘card set of NSTAND spectra. Each spec-~
trum is preceded by oné barameter card and is input in orfder of energy as-
cendance. The pérameter card for each spectrum contains the source
idenfity, data regarding peak approximate locations and the deviation of
the spec_:frum frbm true zero pulse-height, i.e. the + norfnalizing spec-

trum shift required;  further details are referred to Section 3.

The standard source spectra allowed by the code mus.t be monoenergetic

e.g.

Cd109 Cel39. Hg203' Cr51

Mn54 Nb95 Sr85 Cs137

S 22 o
Zn6 and Na ~ are allowed if Sr85 has been input; Zn65 is preferred to Naz_2

because of the 0.51 MeV photopeak intensity relative to the high energy

photopeak. 9
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The code as presently designed also allows the inclusion of Co60 and 'hand'

prepared monoenergetic spectra of higher energies, e.q. the sample data
in this report includes a hand modified spectrum of Thzz8
According to an input option and after the first call, "calling.of RESFUN |

by MAIN allows the by-passing of input of standard spectra. This allows
the code to generate a response matrix based on already stored and norma—

lized standard spectra. Similarly subprogram DISCRT calls RESFUN to

'determine Compton continua based on already stored current standard

spectra, N ' , ' .

After spectral data is input to RESFUN, counts in the complement mode
are converted to their true negétive value. The spectra are shifted to
true-zero pulse-height by the calling of subprogram GANE. Their order
of input is established prior to the calling of subprogram SPN@RM for

spectral normalization.

Subprogram SPNQ@RM is called by subprogram RESFUN to normalize the
single-photopeak and Zr165 standard spectra with respect to photopeak

area and pulse-height; photopeaks and source-characteristic X-ray peaks

'are subtracted. The multipeak spectrum of Co60 is normaiized in RESFUN

after the return from SPN@RM. The residual spectra determined by SPNZRM

(and RESFUN in the case of 006 ) con51st of Compton continua character-

istic of the primary photon energy. X-ray peaks are optionally subtracted
where they are not representative of the primary photon energy but rather of
the radioisotépe source. The 0'.51 MeV component photopeaks and their
Compton continua are subtracted for the same reason. Figure 3 shows

a typical set of spectral continua in the energy domain 0.166 MeV to
2.615 MeV, normalized by subprogrém SPN@RM as described in Section
2.2.2.2., |

-10-




Subprogram SPN@RM returns the normalized differential standard Compton
distributions to subprogram RESFUN. The energy ordered normalized
continua are interpolated quadra‘tically with respect to the energy axis

| of the desired response function matrix through Asubprogram RESFUN calling
subprogram POGELI. The result of this interpolation consists of N(corres-
ponding to the requifed. matrix size) Compton eontinuum vectors normalized

to unit photopeak area and pulse-height, Subprogram DISCRT similarly

required number of channels and at the specific energies corresponding to

photopeak analysis.

_ 'calls RESFUN to obtavir; interpolated normalized Compton continua over a
Unit area and mean pulse-helght Gaussian photopeaks are added to the
interpolated differential Compton continua to give N (matrix 31ze) complete
_ spectra< (r_natrix vectors). The peaks are computed through RESEUN calling
subprogram ADPEAK. The Gaussian photon energy dependent standard
deviation ¢ (E), is determined by interpolation of those values obtained

'by the earlier photopeak fitting. Subprogram ADPEAK computes a Gaussian

photopeak histogram in accord with the methods described for Equation (4)

in Section 2.2.2.3 of this report. The N determined unit size differential

.vs‘pvectra are redistributed linearly in pulse-height as a function of photon
energy. The redistribution is Vobtainved th‘rdugh RESFUN calling subpregram
GANE. 7

At this point in the Subprogram RESFUN execution, a response function
maﬁ‘ix has been determined. This matrix and its corresponding vectors

for pulse-height photon energy and photofraction are returned to the- main
-program. Flgure 4 com_peres the photofractions of the response matrix
vectors as determined by RESFUN with actual values separately determined

for the standard source experimental spectra.

C-11-
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2,2.2.2 Spectrum Normalization

Subprogram SPN@RM normalizes the standard spectra input to RESFUN,

It begins exe.cution by carrying out necessary inifializations. "SPN@RM
célls subprogram PKFUN to carry out a Gaussian fit to the speciral photo-
peaks. Subprogram PKFUN estimates the necessary initial values of_the
peak function parameters: étraight—linefbase slope andvintercepi:, Gaussian
photopeak standard deviation, area and mean pulse-height. Subprogram
PKFUN returns the parameters of the fitted and subtracted photopeaks

and the residual spectra to subprogram SPNQ’RM. Subprogram PKFUN

calls subprogram STDFT3 to carry oﬁf_; the non-linear regression of'the

peak function. The peak function is obtained by STDFT3 calling sub-
program FUN3Z, '

Subpfogram SPN@RM uses the determined photopeak pulse&ieight and area
parameters to normalize the continua of the standard spéctra. A subtraction
of the charactéristic X-rayb peaks is carried out in the case of those spectra
where they occur. The 0.51 MeV photopeak and continuum of Sr85, if it has"
been input, is employed to subtract the 0.51 MeV speétrum contribution

of Zn65 . This operation requires both count and pulse—height gain nor-

malization, the gain normalization being carried out through the calling

of subprogram GANE.

The residual Compton continua are gain normalized to a photopeak pulse-
height of N@RM (e.g. = 200) channels by the calling of subprogram GANE

and count normalized to unit photopeak areca by a division operation.

~12-
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.The resulting residual normalized continua are checked for negative count

values, which are replaced by zero, and returned to the calling subprogram

- RESFUN. The fitted photopeak parameters are also returned to subprogram

RESFUN.

The two-component spectrum of 0060 is normalized in RESFUN, althéugh
the photopeaks are subtracted under the control of SPN@RM. The normali-
zation is actually carried out on the 1.33 MeV contribution only, the 1.17

MeV contribution being diécarded. The 1.33 MeV continuum is obtained

~ as the residual remaining in the input Co60 continuum after subtraction

of the 1.17 MeV continuum. The 1.17 MeV continuum is obtained by an
extrapolation in subprogram POGELI based on the thfee highest energy
standard normalized continua (e.q. Csl37, Mn54 and Zn65). The 1.33
MeV residual continua so found is then normalized and included as a mem-
ber 6f the previously determiﬁed set of standards. Figure 3 shows an
example 1.33 MeV continuum and Figure 4 the photofraction determined by

the code.:
2.2.2.3 Photopeak Fitting

Subprogram SPN¢ZRM calls PKFUN, which in turn calls STDFT3 , to fit the

_ photopeaks of the standard source spectra with a.'Gaussian-plus-straight-.

‘line-base' function. Under options discussed in Section 2,2 .4., subpro-

gram DISCRT calls STDFT3 to fit the photopeaks in the unknown spectrum
with the same function. As presently coded PKFUN requires that only the

standard source energy and the approximate peak location be specified by

SPN@RM.,

Initial estimates of the photopeak function parameters, which are regression
fitted in STDFT3, are determined in PKFUN. The mean pulse-height para-

meter B (1) is estimated from the channel of maximum count in the vicinity

- -13-




of the specified approximate channel location of the peék. The standard

deviation parameter 'B(Z)' , of theGaussian,is‘_obtained from the expression

B (2) =¢ (B (1)/E) , channels, _ (1)
where ’ ‘ . _
| o  =0.001536 exp (0.395 * E), MeV, | (2)
and | . A
E = photon energy corresponding to specific photopeak,
MeV.

Figure 5 compares the above expression for g with the regression fitted
values obtained for the JPL standard spectra. The area parameter of the

Gaussian B (3), is initially estimated from the expression

"B (3)=H *B (2) *2.35, counts, - - : (3)
where_ ' |

H  =count above straight-line-~-base in channel of maximum .
count i.e, in channel B (1),

2.35 = a Gaussian ‘constant relafing standard deviation to
width at half of maximum peak height.

The photopeak base is taken as the straight line between the counts in the

channels defined by[B (1) ﬂ: 6.0 *B (2), rounded up or doWn to integelj] .

Subprogram STDFT3 is called twice by'PKF_;UNAto fit the photopeaks of the
standard source spectra. On _the first call the Gaussian is fitted over the
channel range defined by B (1) + -6.0 * B (2), but since Ge(Li) photopeaks
are quite assymetrical in comparison to those measured in NaI(Ty) spectro-
metry, the parameters determined on the first call are used as initial es-
timates for a second call. On the second call the photopeak is fitted with
the Gaussian function from channel N1 to channel B (1) +6.0 *B (2). N1

is taken as the lowest count channel satisfying, N (0.8H) = N1 < B (1), where

-14-
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N(0.8H) defines the channel < B (1) containing > 80% of the count in channel B (1).

In this manner the photopeak is systematically fitted with a Gaussian over the re-
latively symmetrically upper twoﬂhirds of its extent. Appendix V shows sample

residual counts for a number of the s»tan,d'ard spectra after subtraction of the fitted

Gaussian, The value of the count H, in the integer-B '(l) channel is indicated .

The residual can be seen to relatively consistent, especially in view of the limited

B2 B2 BB .

number of photopeak channels over which the measurements were made.

Subprogram STDFT3 carries out the non-linear regression of the photopeak:

function, The logic of this subprogram is very similar to that of subprogram
STDFIT, described in reference (4). The theoretical logic of STDFIT is
giveﬁ in Appendix VI; it is directly reproduced from reference (2) and is gener--
ally applicable to STDFT3. There are two major differénces between the STDFIT
and STDFT3 codes, the former is designed for a single Géussian Whereas
STDFT3 is designed for n-Gaussians, although it is presently only 'DIMEN-
SIONED!® for two. The second. major difference is that whereas STDFIT calls

- FUNUS to compute the photopeak function f(xi) to be fitted to the photopeak-

counts y(xi) , STDFT3 calls FUNZ ‘to determine P(Xi) , a histogram, where

%, 1s the mid-channel pulse-height and

i
E . xi+0.5 ‘ ’
F (xi) = [ " f (v) dv, | (4) |
E ) X - 0.5 | , o
~ f(v)av, (5)
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where

v = pulse-height variable of 1htegfation for channel xi;
- m= number of subdivisions' of channel X,

Thé above approach is necessary for Ge-(Li) photopeaks because of the su-
perior resolution as compared to Nal(T4). A comparison of experimental and

fitted photopeak distributions are given in Appendix VI.

2.2,2.,4 Compton Continuum Interpolation

Subprogram POGELI quadratically interpolates or extrapolates normalizéd

Compton continua. It is called by RESFUN for response matrix vector
gené;ation purposes and multipeak standard spectrum analeis; Actual
quadratic interpolation is performed by function subprogram TE, For
energies between zero and that of the lowest energy input stan_dérd, the
interpolation is necessarily linear. The linear interpolation assumes,

reasonably, that at zero energy the chann'el counts are also zero.

Although the interpolation is quadratic, the redistribution of the standards
before and after interpolation is sﬁch that the method de_véloped here is
referred to as 6ne of 'parts’. While code CUPED uses the 'method-of-
three-parts'’ (1) . CUGEL uses the ‘method—of-twé—parts'. ‘This‘ method di-
vides'the continuum into two characteristic regions: A) zéro energy to
Compton edge, and B) Compton edge to photopeak mean pulse-height.

The mutual boundary of each region is overlapped for continuity rea Sélfis .

The dashed curves in Figure 3 indicates the regional boundaries.

The ma'jo.r difference between the CUGEL and CUPED methods is in the
handling of the backscatter peak, which is smaller but sharper in Ge(Li)
than its counterpart in NaI(T1). In code CUGEL, the backscatter peaks
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are subtracted from the main continﬁum, normalized and iﬁterpolated se-
parately. The subtraction ‘is done in subprogram FITLIN w:hich 1s called
by' subprogram BS. The normalization is carried out in BS with respeét to i
the standard of lowest energy; the interpolation is carried out in BBS. |
Where backscatter peaks are merge‘d with the Compton edge, as in the .
case of Hg203, a backscatter peak is interpolated and subtracted in sub-
program BS to leave an unmasked Compton edge. Figure 6 shows the
backscatter and Compton edge peak pulse—héight as a function of bhoton
en'ergy. The merged-region is clearly seen in this figure to be defined as

0.24 < E < 0.34, MeV.

Prior to interpolation (or extra polation) the continuum regions A and B are

aligned such that the regional boundaries on which the Compton edges _

 lie are at the same pulse-~height, Alignment is carried out with respect

to the continuum of highest energy for the set of three sténdardé in the
quadratic, by the calling of subprogram GANE. The two interpolated
components, A and B, are unali‘gned by gain changirig to obtain the de-
sired continuum. . The pulse-height axis direction of region B is reversed

for convenience during the whole operation, i.e. zero pulse-height is

‘taken at the photopeak mean pulse-height. An empirically modified form

of the Compton angular~energy ‘relati'onshilp is used to aid in _a\itofhat_ically

locating the Compton edges and backscatter peaks .‘

POGELI returns the interpolated Compton continuum to the calling program,

. RESFUN. Figure 3 shows example Compton continua as determined by

CUGEL; they can be seen to compare well with the normalized continua
from which they were determined. The photofractions of Figure 4 also

substantiate the interpolated continua.

‘
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2.2.,3 Analysis of Monoenergetic Spectral Contributions

Subprogram DISCRT is called by MAIN éccording to an input option toA
analyze photopeaks and their associated Compton continua, in complex
spectral distributions.. Subprogram DISCRT will fit a 'single or double
Gaussian-plus-straight-line'function to the photopeaks of a multipeak '
sbectrum. It will subtract the fitted photopeaks and their associated
continua to leave a residual continuous spectrum. In the case of no

continuous component in the complex spectrum, the residual will, ideally,

have zero intensity.

The code CUGEL user may optionally input either the enérgy of the photopeaks
to '-be fitted in DISCRT, the photopeak fitting limits (channel numbers), request
the code to search for peaks or alternately combine these three options. In

the event thét the energies of only certain peaks are known théy may be input,

while the remainder may be defined by fitting limits. The choice of energy

order of monoenergetic peak énalysis and spectral stripping is left to the useér;

the code permits a mixed order to be chosen.

In addition to fitting and éubtracting’ the monoenergetic components of an
unknown spectrum, DISCRT determines their corresponding efficiency-~
corrected détec_tér—incident photon number. The thus determined photon
number may be, optionally, either added to the continuous photon humiber
determined by later unfolding‘ or diverted for separate output. In'this: way
the separated radiations can be studied, e.g. bremsstrahlung analyses’
may be carried out even fhough the subject source also emits'monoener-

getic photons.

Subprogram DISCRT begins execﬁtion by determining whether the photopeak
fitting limits have been input to MAIN by the user or whether they are to
be calculated. In the event that they are to be calculated, DISCRT begins

execution by estimating their channel locations based on the peak input
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energies. It first establishes the approximate channel region of the photo-
peak. It then a.scertains it more accurately for the approximated channel
region by calling subprogram VECTMX to establish the channel of maximum
count, The ﬁtting limits are determined as a function of the photon energy
dependent standard deviation. In the event that neither peak limits nor '
energies are input, DISCRT calls subprogram FIND to search for photopeaks.
A check is made to ensure that all the limits determined are within the spec-

trum and that their domains do not overlap each other.

Subroutine PIND searches for peaks from channel MS to MX, excepting
those channel regions where limits have been input". It will not examine A

' spectral regions where the count is < G. The logic of FIND consists .

of testing the count y in channel i agamst the count in channels i-1

and i +.1, between channels N1 and N2, where N2 = N1 +1II; II =4 was

found to work satisfactorily for all spectra tested. A peak is assumed if
1/2 ' - 1/2 |

* * . - 3
YN1+T YNl <Yi>YN2+T YNZ : Nl <i< N2, (6)

where

T =6 to 10 and G =100.0, were found to work satlsfactorlly for all
spectra tested. '

With the fitting limits established a single or double Gaussian di‘strik")u—
tion is regression fitted to each photcpeak in turn providing the number
of channels in the peak is greater than six. Actual photopeak function
, fitﬁng is carried out by the calling of subprogram PKFUN. In the case
of double or merged peaks, subprogram GUESS3 is called to estirnate

initial values of the Gaussian parameters. GUESS3 estimating is carried

out using the general logic described in Section 2.2.2.3 for PKPUN.'_

~Inthe event that vthe photopeak is distributed over six or less channels,

. the area 'and mean pulse-height are det‘ermined from the counts in excess

-19-




|

of a straight line joining the counts in the limit channels and from the first

@ - moment of rotation, respectively.

The Compton continuum associated with each photopeak is determined by

DiSCRT calling subbrogram RESFUN, which returns an interpolated contin_uum,‘
' normalized with respect to a photopeak of unit area and pulse-height (NZRM

channels). The continuum is then scaled and gain changed according to

'the determined peak area and pulse-height.

Gain changind is carried out through DISCRT calling subprogram GANE.

The photopeak and Compton continuum are then subtracted from the un-
: known spectrum for each monoenergetic spectral component in turn to

finally leave a continuous residual spectrum.. iIf no continuous céntri¥

bution was present in the annown, then ideally a zero spectrum will

result.

Prior to returning the residual continua to MAIN for iterative unfolding,
DISCRT determines the photon numbér corresponding to each monoener-
getic spectral component. This is done by computing the photofracfion,‘
. P(E), the detector interaction efficiency, €(E), and the attenuation term
for air and other material interposed between the source and deteActor,

k(E). The photon number is then determined from the relationship:

Photopeak Area (or Counté)
P(E). n(E) ‘

N (E) = {7)

where

- 7E) = «(E) - k(E). o

. | R B -20-
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‘ The corrections noted are carried out by subprogram DISCRT calling sub--
program DETECT. N(E) is returned to MAIN to be optionally either added -
" to the iteratively unfolded continuum numbér spectrum or to be output

separately.

2.2.4 Spectral Unfolding

The reduction of pulse-height analyzer continuous spectra to photon number

spectra and the épplicétion of efficiency corrections are carried out under

the control of subprogram SZLN calléd by the main program. Subprogram:

SPLN begins execution by carrying out certain initializations after which
it calls subprogram RESMAT to unfold the pulse—hei‘ght analyzer spectra

d (2,5,6) . The number spectra returned

vaccording to the Scofield metho
h by subprogram RESMAT are corrected for efficiency by S@LN calling DETECT.

The thus corrected number spectra are returned to MAIN. The remainde_f of

this section describes the lbgic of the unfolding subprogram RESMAT and

of the éfﬁciency vector subprograin DETECT, AIRABS and ALUM.

Subprogram RESMAT unfolds the pulse-height analyzer spectra by solving

the matrix equation (in matrix notation)

i

PeRT | | | @

‘where Band N are the m-dimensional vectors of the PHA spectrum and _i:he

efficiency uncorrected photon number spectrum, respectively, and }; is

the ‘m x m square response function matrix. Equation (8) is formally solved

:
:

-21-

[t




as

-1

i

R = % | S O

~ where ﬁ is non-singular and E—l is its inverse. Subprogram RESMAT e_xé-

5,6
cutes equation (9) iteratively according to the Scofield method( ‘ ). Figure

7 éhows a. flow diagram of the iterative algorithm coded in subprogram

RESMAT. Further details are referred to references (1-8).

The efficiency corrected photon number spectrum N, is determined from
(2) ' ' '

equation (9), as

R - (10)

3

N =

where ;'is a diagonal efficiency matrix accounting for interaction efficiency
and photon attenuation by detector cladding, air-and aluminum interposed
between the source and the detector active region, Subprogram S@LN c;alls

subprogram DETECT which in turn calls function subprograms EFFIC2, AIRABS

‘and ALUM, to determine 5. S@LN then executes equation (10) and returns the

determined photon number spectrum to MAIN.'Pigure 8 shows an example spec-

" trum before (P) and after (N) unfolding.

Subprogram EFFIC2 determines the interaction efficiency for the right'—

cylindrical Ge(Li) detector exposed to an axially located source of photons' ’

2,12)
of energy E, as( ‘"
‘ 1 o ~u(E)x '
¢ (E,n) = (1 -e. Yd O , (1)
detector
where
u(E) = total linear attenuation ccefficient of Ge(Li) for photons of

(13-17)
energy E° (excluding coherent scattering), '
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X = photon vect_or path length in the detector prior to interaction ;

=
n

source-to-detector distance,

Q

the solid angle subtended at the source by the detector,

4 (2,18)
Equation (11) may be rewritten in a form more suitable for solution, as '

o

1 : v
¢ (E,x) =f [1"6 u(E)Hseca]sinada+ .
. : (12) -
0 . .
AV
+[g2[ 1-e B (B) (R coseca-r sec oz)] sih ad a
A 1
fxl sinado +[°‘2 sin @ d «
° R
where
=t n-l Rx
o) = '8 r+H
_4R
-1 X
0y = tan .
- - 4 H = cylindrical length of Ge(Li) detector active region
Rx = cylindrical radius of Ge(Li) detector active region

The geometry for equation '(12) is given in Figure 9.

In practice the source will have finite dimensions, but as long as they

are relatively small, equation (12) is valid. The interaction efficiency
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for small line and disc sources relative to a point source may be estimated
from reference (17). Equation (12) is evaluated by a numerical integration, .
which is carried out by subprogram SIMPSN, which calls function FC to deter-

mine the integrand. The photon flux incident_oh the crystal is corrected for
. v

air and aluminum absorption. This correction, multiplied by Eduation»(l—Z) ,

yields the diagonal efficiency-matrix N 88 T — I —

My =€y Dexplorp, (B)) - exp (-t pgpyy, (E) )
j_‘.—.j:l,z.,"',m, » - (13)
where

p (E) = total linear attenuation coefficient of the material (air

and aluminum per subscripts) interposed between source ‘

. 3- y
and detector for photons of energy Ei,(l-» 17)

4 " = thickness of the aluminum absorber material interposed

between source and Ge(Li) detector , active region |
m = matrix size.
In accord with input option signal m(19) +0, the interactions efficiency

given by Equations (12) and (13) may be bypassed and instead obtaine
(19) :

from an empirical relationship as
, - _-1.3 : '
e () = 0.441 E 1 3% p(m) | Q)

The agreement between this equation and equation is seen in Figure 10,
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2.2.5 Analysis of Unfolded Spectra

Subprogram GE@MTR is called by MAIN to carry out a final analysis on
the unfolded photon number spectra. The spectra are corrected for pri-
mary source decay and converted by GE¢MTR_£0 differential photon Anumber
flux at the detector per unit time, Nx'(E) . (coded as PHI), as |
N (E 2 | |
Nx (B) = ;ﬁ'&l , v/cm” sec (15)

where -
Rx = Ge(Li) crystal radius, cm.

The differential energy flux incident on the crystal per unit time, IX(E) ‘.

~ (codes as ENXTAL), is determined as ’

Ix (E) = Nx (E) - E, MeV/cm2 seg ' | ’(16)

The energy integrated exposure dose rate at the crystal, D, (coded as

DOSDET), is determined as

D= fenergny(E) E“airv(g) Kdgl, roentgens/hours an

where.

(E)

' ; . . 2
Uair energy mass absorption coefficient of air, cm” /gm

conversion constant

~
it

7 '
3600/5.24 x 10-, (roentgens-second-gm air)/
MeV-hour

The integration in equation (17) is carried out numerically by GE@MTR,

as




kaa‘ s ";j

m

i=1

D= AZ\I(Ei) Ei Hair

() K AE,

(18)

The energy integrated photon number and photon energy flux at the cryStal

Is determined by integrating N (E) and: I (E)over E, (coded as SUMNUM

and SUMENY); the units are y/cmz—sec and MeV/cm -sec. The following -

tabulated data are also determined by subprogram GE(ZMTR for output by

_the calling main program:

FORTRAN NAME

(AT THE CRYSTAL)

AVENGY

PHNUBE

ENBENY .

PHENBE

DOXBEX

(AT THE SOURCE)

DOSCYL

EQUAL TO

IN(E) -EAE
IN(E) - AE

IN(E) - AF
N
B

IN(E) -E-AF

Eﬁmax

Z_)N(E) AF

D/N

DOSBEX

G

DEFINITION & UNITS

avei‘age energy; MeV

integrated photon number

flux per beta source strength,
(-y/cmz-seC)/B/sec)/MeV;
(Nﬁ defined below)*

integrated energy flux per
beta maximum energy, (MeV/
cm?-sec)/MeV; (E Jefined
below)* pma

integrated energy flux per beta
source strength, (MeV/cm?

-sec)/(B/sec)*

dose rate per beta source

strength, (r/hr)/(8/sec);
(D defined in equation }13)) .*

dose rate per beta source
strength, (r/hr)/(8/sec); (G
defined below)* '

*Beta, N_ and E
BA Bmax
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are used in this section because of earlier bremsstrahlmg

.~ analyses; gamma (5/) may bé the'.v:-s_ub_stituted meaning where it applies.



- DOSCYL
——= dose rate per beta source
Source Volume.
strength per cm¥ of source

volume, = DOSCYL/cm3 .

E_- = o maximum beta (or choéen y) energy in MeV

= EBMAX of card@ of report section 3.2%*

1 A o __ :
N = number of source emitted betas or y's per
’ B , , A unit time :

v = (SBETA of card @ of report section 3.2)
3 _ N +3,7x1010 %%

and : | . (19)

G = Q)/Q= 1/2(1 - r/(rz +‘R2 1/2)

<

where

Q = solid-angle subtended by the crystal at the source

geometric center, -
0 = total solid-angle at the source = 4 g steradian -

r = source to crystal distance.

Subprogram GE@MTR returns all of the above data to the main program for

output.,

~ % if not meéningful to code user, then input as, EBMAX = 1.0

** jf not meaningful to code user, then input as, SBETA =1.,0/(3.7 x 1010)'.
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2.3 ' Code Constants

In this section the origin and meaning of _éertain constants coded: into

A ' CUGEL, are discussed, The discussion is carried through in alphabetic

order of subprograms, except for General Discussion and MAIN which

are presented first. Certain subprograms require no discussion.

General Discussions: Certain constant values appear periodically through-

out CUGEL. The values 2.35482, 2354.82, 0,3989423:and 1,065 are
(20

Gau551an or normal distribution constants ). The values 60 (mmutes/hr

and seconds/mm) and 1440 (minutes/day) are clock time conversion con-
stants. Other values are either obvious (e.g. ¢ = 3.14159265) or constants

unique to the code logic except as explained below,

MAIN: Certain constants required by CUGEL subprograms are coded in
MAIN and communicated by C@EMME@N/CNSTNT/. The constant TKLUM

is the thicknéss of aluminum absorber in fronf"of the Ge(Li) detector; it
is presently coded as 0.9 cm fdr subprogram ALUM--. The constants T 20 =
20.0, T 50 =50.0and T 01 = .0001 are used by the code if input (&N,
HI‘T_MAX, EPS) left blank; this is discussed in Section 3.2. The constant

'T 1293 = 0.,001293 is the density of air coded for subprogram AIRABS.

The constants T 90 = 900000. and T100 = 1000000. are used by subprograms
DEC and RESFUN for checkmg for spectral counts in the complement

mode The constants associated w1th UT at statement numbers 40 to 47

are explained in Section 3.2, The constant 3.7 E + 10 at statement

nuinber 128 + 1 is the conversion factor for Curies to disintegrations/
second, IFIFTY = 56, is.the'maximum number of photopeaks allowed -

in the unknown spectrum. TEN and IF@UR = 10. and 4 are T and G of

equation (6). T06 = 10—6, is the integrétion criterion for function SIMPSN.“

N@RM = 200, is continuum pulse-height normalizing constant for RESFUN.
NLI = 800 and NLIMIT = 400 are related to allowed vector dimensions.
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" the X DATA Statement.

EPFIC_@_: The ‘total (less coherent scattering) linear attenuation coefficients
-1 -

for Ge(Li) incm ° are stored in the R DATA Statement;('ls) the corresponding

energies are stored in the X DATA Statement. Ge(Li) density was taken as’

5.32 gm/cc. -

ALUM: The total linear attenuation coefficients of aluminum in cm-l, are

..(18)

stored in the R DATA Statement; the corresponding energies are stored in

FITLIN: The constants 5, .5, and 12.0 are associated with the fitting of a
straight line base under the backscatter peak based on the six channels on |

either side of the defined peak region.

AIRABS: The mass absorption coefficients of air are given in the A DATA

13 . .
statement in cmz/gm.( ) The coeffic1ents_inc1ude coherent scattering; the

corresponding energies are stored in the X DATA statement. They are multi-

plied by the density of air (T 1293) in gm/cc to give output units in cm—l.

DOSE: The energy mass absorption coefficients for air are given as R in the

13)

DATA statement in cmz/gm.( They are .based at ZOOC and a fractional weight

composition of-

Nitrogen : 0.755
OXygen - 0.232

Argon 0.013

- The energies corresponding to R are given the X DATA statement.

GE@MRT: The constant defined as C@NST has been already discussed for-
Equation (17). '

-29-




-
—

. are general empirical values associated w1th analyzing of the JPL Co

STDFT3: The cohstant EPS = .00001 (at statement 100 - 3), is the fitting

criterion for the photopeak non-lineariegression. The constant NI = 10

 is a stopping criterion for non-linear regression in the event of a non-

‘convergence.

’D'ISCR'IE The product of the constants 1.2 and 0.00128 has been defined
. as 0.001536 in -Equation. (2); the constant 0.395 has also .been defined in

Equation (2).

DECAY: The constant 1440 = the number of minutes in 24 hours.

_ SIMPSN: TMAX = 2048 is the maximum allowable number of integration iricrements.

RESFUN: 'The constants 0.75 0.85, 0.80, 0.85, 178./200. and 105./200
60
standard spectrum supphed, they may. be mterpreted as fraction of photopeak

pulse-height.

BS: -The equation expressed by Statement 61, is for smoothening the standard
spectrum in the region below the backscatter peak, when E > 0.34 Mev; the
constants were derived from the JPL standard. spectra. The equation expressed

by Statement 62 + 1 allows the backscatter peak to be normalized with respect

. to the lowest input standard even though the backscatter peak may be merged

with the Compton edge; the constants were derived from the JPL standard
spectra. The constants 0.875 and 1.16 at Statement 70 + 4 and 70 + 5 were

derived from the JPL standard spectra to define the backscatter peak region for

~analysis in the Compton edge merging region, 0.24 to 0.34 Mev.
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3. CODE OPERATING INFORMATION
3.1 GENERAL

o Code CUGEL is written in a generalized FORTRAN-V for the UNIVAC-1108.
It may be readily run on other computers with sufficient éore size; i.e.,
~ the present version requires ~ 50K words. There are no Sense Switch or
; 'Spécial tape requirements. .Input formats afe standard FORTRAN-IV or v,
-as given in any UNIVAC, IBM, or CDC FORTRAN manual; the code has

been designed with a view to ease of translation for use on other computers.

’Ati\'l'ely, at the beginning of MAIN (statement 2602 + 5 and + 6), A code listing
3 _ is given in Appendix II.

Pigure 11 shows a general arrangement for the data input cards. Input cardv

details, order, formats, restrictions and location are given in Section 3.2.

Card numbers are encircled and defined in the order in which théy are read

z ' B by the code. A sample input listing is presented in Appendix III.

' ~Thé code CUGEL input data card deqk consists of twelve (12) types of cards,
referred to as Card @ , Card @ . etc. If the type requires more than a

single card, the reference is made to Card SetO. Card @ is a single card,

input only once. Cards @ @ and @ are single cards input at least
once. Card set @ ( @ or @ ) is input at least once in order to define
the response matrix. If the user only wishes to generate a response matrix
but not to apply it to any data, then no further input is required. If the

. matrix is to be applied to analyze unknown spectra, furt.her input is required

to define the spectral data and the required analysis.
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Card set @ consists of two cards which must be input to define parameters
which are common to all PHA spectra in the PHA spectral data set (card set

@), e.g., source size, counting time, source strength, etc. Card set @

) ~must be input to define parameters unique to each PHA spectrum in the PHA

- spectral data set, e.g., zero shift required, subtract background or not,

source-to-detector distance, energy calibration data, etc. Card and

card sets () through @ are optional. Card set @ consists of the un-.

-known PHA-Spectrav to be analyzed and their PHA—background-spectra-.- The

code will analyze spectra of up to 400 channels, although up to 1000 channels

may be input and code gain-changed to 400 for analys1s .

The optional cards are as follows: Card ' i's-a‘ singlé card to allow the user
to study the iterative unfolding convergence, i.e., intermediate unfolding

data is outpnt. Card set i. allows the user to replace undesirable peaks,

“prominences or spurious spectral counts with a straight-line shape. Card

- set @ also allows the user to load initial spectral channels with a straight-

line shape. Card set allows the user to input the energy of photopeaks

to be analyzed. Card set @ allows the user to input the channel region of

photopeaks to be analyzed. The inpnt of both card set @and @ allows
the user to give the energy of certain peaks and the channel region of others.
Card set @ allows the user to input energy as well as channel domain for
peaks, in which case the code will 'use the input energy as opposed to the
code determined energy for such as efficienoy calculations. This last is

useful in applications where a prior knowledge indicates that the energy

- which the code would determme might not be precise.

The input of channel number values must be as recorded by the pulse-height
analyzer. The code will chénge the input values in accord with requested
shifts or gain changes. In Section 3.2, 'rounded-up’ refers to the 'next

highest integer value', i.e., 3.7 rounded-up is 4. The input order of card
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sets @ . @ ‘ @ . @ . and @ must correspond to the spect.ra

of card set @ .

The code output is reviewed in Section 3.3. Appendix IV is a sample output
listing. It corresponds to sample input of Appendix III. Debug, type outpnt
may be optained by input of M(8) = 8 on card @ . The user is cautioned

with respect to profusion of output under this op'tion,- ~ ~a tria‘l using sam-

ple data is recommended first.




|

3.2 Card Input Details

Card (;) (one cafd; once only)

M@

M@

M (4)

M (5)

M (6)

M (7)
M (8)

"hd(Q)

NAME COLUMN
SET . 1-10
Card (:) ‘(single card)
CASE 2-72

. (column 1 for
printer control)

.Carg (:g) (single card) (See Figures 2 andl2for additional M(I) details)
M (1)

1-3

- 4-6

10-12

13-15

16-18

19-21

22-24

25-27

FORMAT
F10.5

I3

13

I3
13
I3

I3

I3
13

I3

'DESCRIPTION , PURPOSE OR USE

Total number of spectra to be

unfolded by a code run (see index

KK in Figure 2)

User's problem description
(alphanumeric)

Signal for routing after response
matrix generation »

> 0 CALL EXIT

= 0 Continue

< 0 Return to READ card@,

= 0, use existing response matrix
+ 0, generate new response matrix
using existing standard spectra

If £ 0, read card (iterative

-unfolding output signal)

If # 0, read card set @ (replace
peak with straight line and/or
"fill-in" initial NFILL channels)

If ¥+ 0, by-pass RESMAT (unfolding)

in subprogram SGLN (See Figure 12)

If ¥ 0, add photopeak contributions
to iteratively unfolded continuous
photon number spectrum

_If # 0, DISCRT called for mono-

energetic contribution analysis.

Intermediate output (for de-
bugging) if £ 0

If + 0, the monoenergetic .
contributions determined by -:7 -,
DISCRT are converted to photon® -
flux, and output but they aré..

not added to the unfolded:flu

. -




| NAME
- ‘:”M'(IO)
@E‘ o
1

M (11)

M (13)
M (14)

(e

- M (15)

M (16)

M (17)
M (18)

M (19)

ELIMIT

M (12)

COLUMN

- 28-30

- 31-33

34-36

37-39
40-42

43-45
46-48

49-51
52-54

55-57

then mput as = 7

Card , (single card; last 5 variables may be blank)

1-10

FORMAT

I3

13

13

13 -
I3

13

I3

13

13

I3

F10.5
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DESCRIPTION, PURPOSE OR USE

If ¢ '0, subprograms DETECT and
S@LN are bypassed in MAIN.
(See Figure 2)

If + 0, the unknown spectrum
is corrected for interaction
efficiency before pulse-height

gain change reduction (See

Figure 2)

If = 0, call GANE before iterative
unfolding (See Figure 2)

“If 0, by—pass S@LN (See Flgure 2)
If # 0 by-pass DETECT (efflclency)

in subprogram S@LN (See Figure 12)

CIf £ 0, assume efficiency vector ele-
‘ments = unity in subprogram SZLN (See

Figure 12)

"If 20, do not correct for.source

decay, i.e., assume decay
factor = 1.0

If # 0, output the PHA spectrum -

If + 0, bypass final result com-
putations, i.e., bypass GEQMTB

If 40. Equation (14) used instead

- of equation (13).

NOTE: The choice of non-zero values required for M (I) is arb1tfary, however,
actual subscript index values will aid in identity, e.g., if M (7) 0
Options M(19) to M(24) are spare.

The energy of the upper edge of
the response matrix highest
channel (MeV); should corres-
pond to unknown spectra to
be analyzed. e.g. if unknown
400 channel spectrum has 2.615
MeV calibrating peak in channel 380,
then BLIMIT (400/380)*2.615
=2, 753 MeV



 NAME ~~ COLUMN FORMAT DESCRIPTION, PURPOSE OR USE

g1sg - 11-20 _ F10.5 Loop limit; number of sets of
' ~ source data (card sets @ through.
, except , before loopback
- to READ card @

- GMM : 21-30 F10.5 If < 0 READ a response matrix

(card set 5B ),
= 0 use already computed
matrix.
> 0 generate new matrix;
call RESFUN. Choice
of values are arbitrary,
e.g. -1. and +1.

@N 31-40 : F10.5 The size of the response matrix,
: . ~i.e. number of channels; also
the ‘size of final flux spectra,
< 40.0. :

HITMAX 41-50 F10.5 The maximum number of un-
' folding iterations; an even
number such as 50.0 unless
" iterating output per M (3)
required. < 100.0.

EPS | 51-60 | f‘10.5 | Convergence tolerance at

which iteration will cease.

v e.g. .0001. _

"RX . 61-66 F6.4 Radius of Ge(Li) active re--
- : ' - gion (cm).

H | 67-72 F6.4 Cylindrical length of Ge(Li)

~active reglon (cm).

NOTE RX and H set equal to 1.63 and 3 1, respectlvely in two statements
following read statement (in MAIN), if other values to be input, remove
these statements, :

Also,

Card (:)

Card 5 refers to a deck of cards of which two kinds are allowable,
namely: or

Card set @ to be input, if MM > 0 (read by subprogram RESFUN
to generate a response matrix). _
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NAME = COLUMN - FORMAT DESCRIPTION , PURPOSE OR USE

Card Set to be input if ¢MM <0 (response matrix 1nput to program
. MAIN). .

Neither set to be input if MM =0, i.e. a correct response matrix is
~assumed as existing in storage.

Card Set @ (Standard source spectra and associated parameters)

Card @ -1 (single card) (See F1gure 4)

NSTAND 1-5 Is - The number of standard source
: '  spectra. :
NXLIM - . 6-10 15 ~ Number of channels in each

standard spectrum. -

NADD 11-15 15 The number of standard spectra with
: energy, STDEN (J, 1) 1.33 MeV

Card Set @ - 2.1 (Single card preceding each spectrum) (See Appendix III)

ALABEL (1), : A .
BLABEL (1) 2-6 2A3 Standard source identity; user
' : choice e.g. CS137, '

STDEN (J, 1) 11-20 ~ F10.5 Energy corresponding to standard
: ‘ source spectrum photopeak (MeV)
(highest energy if two peaks, -
e.g, 1.33 for Cob0 and 1.114 for

STDEN (J, 2) 21-30 F10.5 . Energy corresponding to standard -
‘ ' : source spectrum photopeak (MeV)

(lowest energy if two peaks, e.qg.

1.17 for Co%0 and 0.511 for Znb69),

] SHIFT (1) - 31-40 F10.5 = The channel location (+) of the
‘ o : _ » standard spectrum true zero

‘ ' ' pulse-height. The code carries
out a shift correction. '

' MENS] 4]1-45 I5 Approximate mean pulse-height
o ' of standard source spectrum
: o ' photopeak corresponding to STDEN
' - (J, 1) (channel)

- ' 'MSQS 46-50 - I5 : - Atomic number corresponding to
_ - standard source spectrum (e. g

-k | 60 for 0050 and 203 for Hg20
Eg- | o - | -37-
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DESCRIPTION , PURPOSE OR USE

Replace region from channel MSX]

to MFXJ with straight line, e.g. use :
for removal of 0.073 MeV ngus :

" X-ray (channel).

Replace region from channel MSXJ
to MFXJ with straight line, e.g. use
for removal of 0.073 MeV Hg203
X-ray (channel) .

Replace initial ENCS + 1 (channel).

~Card Set @ - 2.2 (NXLIM/10 (rounded-up) cards); {See Appendix III)

- NAME COLUMN FORMAT
MSX] | 51-55 IS
MFX] 56-60 15
MENGS 61-65 15
R(1,1) 1-7 F7.1
R(2,1) 8-14 F7.1
R (10, 1) 63-70 F7.1
R (11, 1) 1-7 F7.1
R (NXLIM, 1) - | - F7.1

NOTE: Repeat Card @ - 2.1 and Card Set @

The count in the first channel
of the first input standard spectrum.

‘The count in the second channel

of the first input standard spectrum..

The count in the tenth channel

Vof the first input standard spectrum.

The count in the eleventh
channel of the first input

standard spectrum.

The count in the MXLIMth

- channel of the first input

standard spectrum,

- 2.2 for each standard

source spectrum i.e. NSTAND times; the lowest energy standard
must be input first and the remainder must be in energy ascendmg

‘order (with respect to STDEN (], 1)).
Card Set @ (Response matrix)

R (1, 1) 1-11 ~ Ell.4
R (1, 2) 12-22 Ell.4
~-38-

Card Set 6B) -1 ((@N x @N/5) Cards); (R(J, D, 1=1, @N), T =1, @N)

Response Matrix Element 1, 1

L n n ] " 1 . 2



' NAME

COLUMN

R (1, 3) 23-33
R (1, 4) 34-44
"R (1, 5) 45;-55
R (1, 6) 1-11
' - (second card)
R (PN @N) 45-55
NOTE:

FORMAT

Ell.4
Ell.4
E11.4
El1l.4

Ell.4

'DESCRIPTION, PURPCSE OR USE

Response Matrix Element 1, 3
1" [T " " 1 . 4 \

1,5
1,6

ON, @N

The first @N elements input. represent the lowest energy matrlx

vector spectrum (analogous to a PHA spectrum); 51m11arly, the

second @N elements, etc.

) unity. ,
Card @ -2 (single c':ard)-'
NSTAND 1-10
K : 11-20

Card Set @ -3 (NSTAND cards)

110
10

The sum over each vector must =

Number of cards in 5B -3.

Index of first non-zero increment
in response matrix.

(Photopeak calibration energies, pulse-heights and standard deviatlons
e.g. from a previous RESFUN output.)

STDEN (1,1) 1-10

PARAV (1,1) 11-20
PARAS (1,1) 21-30
STDEN 1-10
(NSTAND, 1)

PARAV 11-20
(NSTAND, 1)

PARAS . 21-30

(NSTAND, 1)

F10.5
F10.5

F10.5

F10.5

F10.5

F10.5
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First calibration energy (MeV).

First calibration photopeak
pulse-height (channels) .

First calibration photopeak
Gaussian standard dev1at10n
(channels) .

NSTAND calibration energy (MeV).

NSTAND calibration photopeak
pulse-height (channels).

NSTAND calibration photopeak
Gaussian standard deviation
(channels),
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NAME =~ COLUMN

FORMAT
Card §:2 (two cards)
First Card:
BTAG, BTAGA  2-6 Ad, A2
SBETA 11-20 F10.5
EBMALX 21-30 F10.5
CYLDIA 31-40 F10.5
TH 41-50 F10.5
. - ,
RUNS 51-60 F10.5.
CHANLS  61-66  F6.0
ur . 67-72 ~ P6.0
Second Card:
M222 1-5 IS
M66 o 6-10 ' I5

- with a Gaussian for which only -

card set@ ), z 20 M22

DESCRIPTION, PURPOSE OR USE

~ Unknown source identity
-(alphanumeric)

Unknown source strength

(Curies); see page 27 footnote.

Unknown source maximum or
reference energy (MeV) (see
page 27 footnote).

Unknown source cylindrical
diameter (cm).

- Unknown sdurce half-life

(optional units; see UT this card).

Number of spectra per unknown
source data set, < 20.0.

Number of channels in unknown

- spectrum = 400, If > 400, use

CHANLS = 400 and refer to MNX
(See next card)

Multlplier for TH
UT = 0.0; TH in years
= 1.0; TH in seconds
.60.0; TH in minutes
24,0; TH in hours
= 365.0; TH in days

(Values other than these will .

" cause output of error flag

followed by CALL EXIT)

The number of peaks to be fitted
with a Gaussian for which channel

- limits must be input (per card

set ) > 20-M66; See card

set () note.

The number of peaks to be fitted

the energy is to be input (per

........




COLUMN ~ FORMAT DESCRIPTION, PURPOSE OR USE

11-15 : 15 . The number of channels,. in
each unknown spectrum, which
are to be loaded with zero counts-
(beginning at channel 1).

16-20 I5 - Unknown spectra of MNX channels
‘ may be input to code

21-25 15 Same as MNX, except that it
. refers to background spectra.

26-30 : IS5 - If + 0, smooth spectra before
analysis; use 1.0 or 2.0 for
_ single or double smoothing
pass by subprogram GANE.

MS 31-35 IS Subroutine FIND will "search"

S | 3 ‘ for peaks from channel MS to MX.
. MX- 35-40 15 . Subroutine FIND will "search"
o S for peaks from channel MS to MX.

NOTE: BTAG/BTAGA, SBETA and EBMAX may be 'blank', 1.0 and 1.0 respectively,-
" . if not known prior to analysis. Actual values are used only for nor-
malizing in subprogram GE@MTIR prior to output of analysis results;
see page 27 footnote.

Card Set Q

. "Number of cards in set @ "= RUNS. Input of card I =1 detailed below,
cards 2 to RUNS similar. Card order must correspond to related pulse-~height .
analyzer unknown spectra, I > 20.0.

: | If number of channels in the unknown spectrum is > 400 theﬁ specify the value as
‘MNX and input CHANLS = 400 (see last card).

posr () -  1-10 F10.5 Distance from‘-unkhown:source
: to front face of Ge(Li) active
region (cm).

DELT (1) .. 11-20 F10.5 Live time counting duration for
: ' unknown spectrum (minutes).
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MN (1)
MN (2)
MN (3)

NIX (1)

.Card . (one card input if M (3) + 0)

NAME COLUMN " FORMAT DESCRIPTION , PURPOSE OR USE~
TM1 (D) 21-30 F10.5 - Time duration from reference
- time to start of counting (days).
TTZ (1) 31-40 'F10.5 - Pulse-height analyzer channel
: - location of true zero pulse-
height (channels).
BK (I) 41-50 F10.5 BK (I) times a background spec-
' trum may be subtracted from the
unknown spectrum (if BK (I)
_ negative, then is added).
BNBK (1) "~ 51-60 F10.5 ‘Background spectrum signal:

< 0 subtract previously stored
background
= 0 no background
. > 0 read and subtract backgroud
Background spectra are read
following unknown spectra with
which they are associated.

This card may contain up to 18 integer numbers' to define the interating
or unfolding loop at which intermediate output is desired. > eighteen
indices may be input. The card format is 1814,

Example:
1-4 14 Iterating loop index e.g. 3
5-8 14 - L . e.g. 5
9-12 14 neoow e.g. 9

will caUse subprogram RESMAT to output on iterating loops 3, 5 and 9.
Card Set (:) (RUNS cards (rounded-up) to be input if M (4) % 0)

1-5 15 "~ Replace a peak (or other
prominence in spectrum 1 of
card set @ with a straight line’
from channel N1X (1) to N2X (1);
the count rate in M1X (1) and
N2X (1) are used to determine the
slope and intercept of a straight
line replacement.
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. NAME. ' COLUMN FORMAT DESCRIPTION, PURPOSE OR USE
N2X (1) 6-10 15 See above,
NFILL (1) 11-15 IS Replace in unknown spectrum 1
: o ' . of card set ., channels 1

to (NFILL (1) -1) with'a straight
~ line of slope VAL (1) based on
the count in channel NFILL (1).

VAL (1) 16-25 © F10.5  Same as above.

N1X (2) 26-30 5 ~ Same as N1X.(1) only for second

: | o . spectrum,
N2X (2) . 31-35 15  Same as N2X (1) only for second

o o ' ' spectrum, .
NFILL (2) = 36-40 IS Same as NFILL (1) only for
- ' . ' second spectrum,
VAL (2) 41-50 ~ F10.5 Same as VAL (1) only for second

' : - -~ spectrum., :
N1X (RUNS) - 15 Same as N1X (1); for spectrum RUNS.
N2X (RUNS) - | " . I5 | Same as N2X (1); for spectrum RUNS,
NFILL (RUNS) - - 15 Same as NFILL (1); for spectrum
| . B N ~ RUNS, |
VAL (RUNS) - ‘ | F10.5 Same as VAL (1); for spectrum RUNS.

NOI‘E: VAL (9) would be the fourth and last field of fifth card for RUNS = 9;
the number of cards (= 10) depends on RUNS.

Card Set @(1 to 4 cards input if M6 # 0)

This card set is input only when M6 ¢ 0. It must consist of M6/5
(rounded-up) cards corresponding_to the number of unknown energy-
specified peaks in the card set spectra. Each card contains

> 5 photopeak photon energies corresponding to the unknown complex-
plus-continuous spectrum to be analyzed. From one to 20(= M222)
photopeaks may be energy specified per spectrum i.e. a maximum

of 4 cards per spectrum. )

EU (1) 1-10 F10.5 Energy of the first energy
a : specified photopeak in card
~set 12 spectra (MeV).
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NAME COLUMN FORMAT DESCRIPTION, PURPOSE OR USE

EU (2) 11-20 F10.5 Energy of the second energy-
. . specified photopeak in card
_ : set 12 spectra (MeV).

EU (3) 21-30 F10.5 | . Similar to above.

EU (M6) - F10.5 Similar to above.

NOTE: The first photopeak in each spectrum is that of lowest energy with the
g remainder being in energy ascending order. The user is cautioned that
peak channels may also be input instead or in addition, per card set

‘_ if M22 $ 0; M22 + M6 » 20.
| Card Set @ (l*RUNS to 7* RUNS cards input if M22 # 0) (See Figure 12).

This card set is input only when M22 ¢ 0. ‘It must consist of (M22/3
(rounded-up) cards corresponding to the number of unknown channel-
limit specified spectral photopeaks in card set 12 . Each card
contains information for » 3 photopeaks. The information advises the
code of whether peak is a single peak or is instead one of a pair, of
the upper and lower fitting limits (channels) and of the energy if it

is not known. ‘

N7 (1) - 1-4 14 ' Signal for first channel-limit- -
' specified peak of set
spectra:
=1, if a single peak
= 2, if one of two peaks
in a pa1r

NSS (1) 5-8 14 Channel number defmmg
. fitting limit on low energy
side of first channel-limit-speci-
fied peak, i.e. fit peak from
channel NSS (1) to NFNN (1).

NFNN (1) 9-12 _ 14 Channel number defining fitting
limit on high energy side of
- first channel-limit-specified
peak, i.e. fit peak from channel
NSS (1) to NFNN (1).

EU (1) 13-20 F8.4 Energy of first specified peak
(Mev).
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‘NAME _COLUMN - FORMAT DESCRIPTION,, PURPOSE OR USE
N7 (2) 21-24 14 Similar to NJ (1).
T EU (3) 53-60  F8.4 ' Similar to EU (1).
N7 (4) 1-4 | 14 Similar to NJ (1).
EU (M22) - F8.4  Similar to EU (1).

- 'NOTE: The user is cautioned that peak energy data may also be input instead

or in addition, per card set {0) if M66 & 0; M222 + M66 » 20. If
- M66 = 0 and M222 ¢ 0 then photopeaks data may be input in any

evergy order; if M66 + 0 and M222 % 0 then input is expected in
energy ascending order. Where data is.. input for double peaks
NJ (I) and NJ (I +1) =2 and 0, respectively, then energy ascend-

" ing order is expected if (Iand I.+ 1) =2 and 3, is given:

NJ (2) NSS (2) NFNN (2) EU (2) NT(3) NSS(3) NFNN (3) EUQ)
2 46 - 0.501 0 7 66 0.575

This _specifies'that the code shall carry out a double peak analysis
between channels 46 and 66, that peak energies are 0,.501-and 0.575
MeV and that the peaks are approximately 7 channels apart. The code

. analysis will determine the actual separation distance and thus 7 is

given only as an estimate.

, 'Card' Set @

The number of cards in this set = (CHANLS * RUNS/10,0 + the number
of background cards if any)*, The cards will contain the unknown
source spectra to be unfolded. The number of spectra which may be
input is limited by the DIMENSION (20) = RUNS. The spectra, corres-
ponding to card sets 6 and 7 , may be stacked together. A back-
ground spectrum, if input, must directly follow the unknown spectrum
from which it is to be subtracted. Twenty unknown spectra, each
followed by a background spectrum, are regarded as twenty spectra
from the standpoint of 20 being the maximum number. Each spectrum
contains CHANLS (or MNX) channels and background spectra must
correspond*. Each card contains 10 channels of information. Thus,
the following is typical of card set @ as read by subprogram DEC:
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NAME  COLUMN FORMAT - DESCRIPTION, PURPOSE OR USE
S (1) : 1-7 F7.1 Pulse-height analyzer count in
channel 1. i
. 8(2) 8-13 - F7.1 Pulse-height analyzer count in
’ : channel 2.
S(3) . 15-20 - F7.1 Pulse-height analyzer count in -
channel 3.
S (10) 64-70 F7.1 Pulse-height analyzer count in
: , ~ channel 10. .
S (11) 1-7 F7.1 " Pulse-height analyzer count in
channel 11. -
S (CHANLS) * - F7.1 Pulse-height analyzer count in

channel CHANLS.*
(last card in spectrum)

*For input purposes, if MNX > CHANLS then replace CHANLS above

with MNX for unknown and MBX for backgrounds, i.e. CUGEL will
read spectra up to 1024 channels in size (per MNX and MBX) but will
immediately reduce them to CHANLS = 400, by DEC calling GANE.
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3.3 CODE OUTPUT ' -

Throughout .the discussion in this section, reference to Appendix IV,
Sample Code Output Listing, is necessary and understood. Thdse
outputs which are clearly defined by format héadings are either not

discussed or are mentioned only briefly. Output pages are referred = -

. to through the encircled leiters A, B, C, etc.

A.  The values on this page are output by MAIN, and are as input
~ on card sets (1) to (&) , with the exception of EM(=EN/ELIMIT),

-B. The values on this page are oﬁtput by RESFUN,and correspond

to those standard source spectral parameters input on card sets @

-1 and -2. Indicated channel numbers are those values after shifting

with respect‘to true zero channel has been carried out. -

C. " The values on this and following similar pages are the standard
source spectral counts corrected for input in the complement mode and
true zero channel. This output byRESFUNcorresponds to card set @

-3 input.

D. The results of the Gaussian function régression analysis by

STDFT3 for the standard spvectra photopeaks are output on these two;'pages
'by} SPN¢RM. The output is for the two photopeak energies STDEN (I,1)
and STDEN (I,2) and is otherwise self—expla}natory.

. E . .The outbﬁt.on this and the following similar”pages, by RESFUN,

consists of the Compton continua of the standard source spectra nor-

malized with respect'to unit photopeak area and pulse-height. The intearal

normalized count for the continuum and photofraction are also output.
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F. This page presents the response matrix generated byRESFUNand
output by MAIN. It corresponds to that input which would be required

for card set 1. '

G. This page presents the energies {MeV), pulse-heights (channels)

and photofractions corresponding to the generated response matrix, at -

incrément midpoints, as determined byRESFUNand output by MAIN. The

-photofractions correspond to the folid curve in Pigufe 4, Standard spectra |

photopeak stavndard' déviations in channels for unit pulse-height are also

output,

H. The output on this page, by MAIN, corresponds to the input speci-
fied for card séts @ and @ ‘ excepting that the units in some cases are

modified before output and are as indicated.

I. Optional output by MAIN giving the indices for which unfolding

iteration output has been requested by input of card ‘ .

K. The output on this page by MAIN corresponds to the (first) spectrum
to be analyzed and as input on card set @ . Background spectrum sub-

traction and complement mode correction is carried out before output.

L. Output of spectrum before entry to DISCRT.

M. The out[_Jut on this page by DISCRT is self-explanatory and refers

to the fitting of an monoenergetic spec_tral component of the unknown spectrum..
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N. The output gives the PHA spectrum after stripping of photopeaks and
associated continua by SINGLE; gain parameters for subsequent unfolding
are also output. The opt1onally subtracted discrete peak photon number flux:

at the detector is also gwen

- 0. The output on this page by MAIN corresponds to the unknown

spectrum after gain changing and before unfolding analysis.

P. The output on this page by RESMAT is that requested by input of card

‘ It consists of the gainchanged unknown spectrum normalized to unit

integral ccunt' output at loop IT, corresponding to that requested (per MN),
of the determined photon number spectrum (PHI) and the 1terated input spec-
trum (PP); the iterated spectrum and the iteration convergence loop (IT),
normahzmg 1ntegral count (SU) ; the final value of the iteratlon arresting
cntenon term (TERM x Pearson's Chi Square) and the rate of convergence

or fitting differences, durmg unfoldmg (Ay )

Q. The output on this page by_ DETECT is self-explanatory and consists of
the components of the diagonal efficiency matrix, n, defined by Equation (13)

of Section 2.2.4.

R.  The optional output on this page by MAIN, consists of the efficiency

corrected and unfolded spectrum after post-normalization.

S. The optional output on this p.age, by MAIN, is self-explanatory and .

consists of NX(E) and IX(E) , as already discussed in Section 2,2.5.

T. Th'e'output on this page, by MAIN, is self-explanatory and consists
of SUMNUM, SUMENY, D (Equation 14), AVENGY, etc., in order of, &nd

as already d_iscussed in, Section 2.2.5.

-49-




D &0 @3 @ Ewi e R

4, SUMMARY AND CONCLUSIONS -

A FORTRAN-V, UNIVAC 1108 package code -~~~ CUGEL, has been developed |

for the rapid analysis of complex gamma photon spectra. The code is readily

| applicable to the analysis of Ge(Li) semiconductor detecfor complex~continuous

spectra. The response matrix generating portion of the code is suitable for
use as a separate entity for problems in spectral analysis such as are fre-

quently encountered in the various fields of gamma spectrometry.

The code employs an iterative unfolding method which has been used success-
' ' 5,6 '
fully by its authors: N. E. scofield ** )aqd R. Gold, ()

- ’ . (8
(1-4, 18) and others.( ) While this method is necessarily approximate be-

by the present author '

caus{e of the iterative technique used, it is moét suitablé where continuous
spectra are involved. It is suggested that degree of accuracy be the sub-
ject of future work, wherein the iterative method results would be compared .
with results obtained by cher methods. Th'ebest value of the mafr_ix size
consistent with non-oscillatory good results and computer efficiency would
be of interest here. The present cbntract did. not allow for detail studies

during the development of code CUGEL.

It is prbposed that the response matrix generating portion of the code be made
more versatile by studying the use of additional standard sources. A-detailed

debugging_bf the code in energy range 1.4 to 3.0 MeV was not possible be-

cause of the lack of standard spectra in this range.

It is proposed that standard' spectra generated by the Monte Carlo technique’
be considered for energieAs. in.the range 3.0 to 10.0 MeV. NUS has developed
such an NaI(T4) scintillation detector code --- NUGAM-3 --- for NASA/GSFC
under contract NASS-11781. N'UGAM—3 considers the crystal cladding and
associated photomultiplier. A Gé(Li) code version may be efficiently adapted

from NUGAM-3.
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oo . Tt is concluded that the developed code CUGEL is an operable and useful
p ' addition to the field or gamma photon spectrometry. It allows the semi-
automatic geheration of Ge(Li) detector system response function matrices,

spectral unfolding process and final analysis of unknown complex-continuous

. spectra to be carried out in a single computer run; i.e., without human

“interfacing. It is very suited for modification to on-line applicatibns .

}
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Figure 10
PHOTOPEAK EFFICIENCY (P*€ ) AS A FUNCTION OF PHOTON ENERGY
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| ~ APPENDX I.
' ‘_AGLOSSARY OF PROGRAMS FOR CODE CUGEL
. ..’ (In alphabetical order, except for MAIN)

. NUMBER . = NAME. "FUNCTION or USE
1 _ . " MAIN : Input, outpuf. and linking of

subprograms.

2 'ADPEAK _ " Adds photopeaks to interpolated
B - : Compton continua.
B ., 3 B AiRABS - - Computes-air atienuation

ST o : : factor. '

4 » ALUM Computes Ge(Li) detector

R S aluminum absorber attenuation
factors.
5 R © - BBS -  Interpolates normalized

*  backscatter peaks.

6 BS | Normalizes and subtracts
‘ ' _ ' - backscatter peaks.

S A " "_'FDEC-_ , ' Reads pulse-height analyzer
o T - _spectra; checks for PHA-com-
plemented counts.

- 8 A DECAY Computes source decay
: : correction factor.

9 -  DETECT Controls computation of
‘ o Detector total efficiency.

10 ' . DISCRT A | Determines monoenergetic
' o : ~ spectral contribution in
unknown spectra.

11 . .D@SE Converts gamma photon flux
o _ to exposure dose.

-68-

(F)
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NUMBER ..  NAME FUNCTION or USE
12 " EFFIC2 Computes elements of de-
tector interaction efficiency
vector. ' (F)
13 ' FC ' Ge(Li) interaction efficiency: :
function. S (F)
14 ~ FIND Determines location of
photopeaks in unknown
spectra.
15 FITLIN o Determines continuum base

for backscatter and photopeaks.

16 FUN2Z . Photopeak fitting function, par-
tial derivatives and Chi-square
term for STDFTS,

17. GANE ' Gain changing program; also
spectral shifting and smoothing.

18 GEgMTR . . Computes geometry factors,

' : integrates number and energy
spectra and calculates nor-.
malized dose data for final
code results.

19 : GUESS3 Provides initial estimates of the -
’ ' photopeak function parameter
for non-linear regression analysis
in subprogram STDFT3, for double
peaks. '

20 PKFUN Control program for photopeak -
; ‘ fitting and subtraction. -

£33 €

21 POGELI Interpolates normalized
Compton continua by the
method of parts.

22 RESFUN Control program for response
' matrix generation,

-69-




NUMBER

23

24
25

26

27

28

29

30

31

NAME

RESMAT

SIMPSN

S@ZLN

"~ SPN@RM

STDFT3

-TA

TE

VECTMX

XPL@T

FUNCTION or USE

Pulse-height analyzer spectrum
unfolding according to the
Scofield algorithm.

Simpson's rule integrai:ing
program for function FC. (F)

Control program for unfolding
and detector efficiency correction.

Orders and normalizes standard
spectra for response matrix inter-.
polation.

Non-linear regression analysis
of standard spectra photopeaks.

Binary table searching program.

n~degree Lagrangian interpolation
program. _ (F)

Determines the index and value
of the maximum valued element
in a vector of elements.

Plots spectral distributions.
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APPENDIX III

SAMPLE INPUT CARD DECK LISTING
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STANDARD SOURCE SPECTRA

CE139 SOURCE

763 785. TES. TeS, 785. 785 785 78S, 785, kLT

785 85, 7€S. T 7es. 785, 785, 785 785, 785, 785,
ry 788 78S, T€S. 785, ) 783, 785, 78S, k411 78S5. 785,
& 785, 785, 78S, 785, 785. 785, 783, . Ta5. 78%5. TRS.
: 785. 783, 78%. - res. 7e5. T83, 783, TeS. 785, 78S,
785, 785, 785, 785 . 785 785, 785, 78%. TAS. 785
785, 78S, . Tes, res. 785. 785, 785, 783, 785, 785,
785 185, res. 785, 78S 785 785 785, 785, 785,
785. 785, res, Tes. LCED 785. 78%. 785, 785, 790.
7536 a3, 780, 785, a03, 779, 795. 785 703, 125,
1 779, Tes, 839, ASS, 822. 829, a0s, 816 aL7. a3,
1 863. a6s. £30. 838, 77, 866, ant. R40e . 894, a1,
889 856, ess. acz. 7¢3. 845, 863, 8eS. B23. 769,
7084 Tes. 7. £7S. 687, C 799, 595, 546 487, a9cC,
52, 479, 435, - 11, 389, C 813, 370, as7. 402, 361,
409, 392. Jed. | 361 T ate. 395, a24, aca. 37a. 316,
E 330. 39e. 337, 3ea. sta. 415, 3481, 388, 323. 3368,
3 350 353, 4C0. 391. 316 362, 359 341, 406, 3664
g’ a2t 385, 352 a01. 432, _sa9, 408, 458, 87, 375,
3 365 399, 35€. 438, 4264 489, 453, 548, 494, 486, .
Sa9e . 868, 56Se se2. 599, 686, . 729, 817e 889, 1007, . .
1314. 1138, 1255, 1365, 1862, 1830, 1490, 1480, 1466, 1852, -
1330 1373, 1282, 1227. 1125, 1125, 1119, 961 1021, 961,
459, 877, es6. 868, 266, 833, 795. 776 739. 147,
798 793, fla,, 823.. 807, 858, 828, “770. 807. a3n.
433. 812, 9364 ac2e 872, 829, 827, 743, 819, ACSa
7826 799, 787. 727. 822, 740, 730. 765 752 713,
767« (3209 666, &Sl A8S. 613, 665, 637, 593, £30,
557. 615, ola. 548, 599, 541, 555, S13e 542 -5384
SA9. 878, 11, - 557 570, et2, 491, 530, " 693 563,
403e - 6724 23a, 557, 568 566, 572 582 573, T 571,
t 592 567, 6559, 515, 584, 6764 556, 611 625. © ela.
612 57a, 6. 637, 578, 656, 610, T 683e 596. 633,
631 . 616, 745, 627, 685, 632, 721, Ti8. 694, 725,
o 73a, 778. 733. 769, 807 879 1082, 1375, 2217,
3749. 65136, 11275 17899, 25589, 33366, 37917, 43357, 37755, 32225.
24146, 16654, 10329, 5766 2847, 1238, Sta. 1564 726 8.
8 -17. 7. -4. - C. =2¢ - -12e 6. 1.
-2 =1 2. -Te ‘14, 1a, 14, ~10. 9e 11,
Oe . - 0, (8 0, 0. 0. 0. . le

STYTANDARD SOURCE SPECTARA

HG2C3 SOURCE-

274 - 27%a, 274, 274, 274, 274, 274, 274, 274, 278,

274 274, 2748, 274, 274, 274, 274, 274, 274, 274,
274, 274, 2744 274, 274, 274, 274, 274, - 278, 274,
274, 274, 274, 2748, 274, 274, . 27a. 274 274, 274,
27a. 27a, 278, 274, 274, 274, 2746, 274, 274, 274,
274, 274, 274, 274, 27, 274 © 274 274, 274.
274, 274. 274, 2748 274, 274, 274, 274, 274,
274, 274, 274, 274, 274, 274, 27 4. 274, 274,
2740 274, 274, 274, 274, 274, 274, 274, 274,
c 274 274, 274, 274, 274, 274, 27a. 274, 274, 274,
274 274, 274, 274, 274, T 27a, 274, 274, 274, 278, N
274 278, FALY 274, 274, 276, 274, 274, 274, 274, )
27a. 274, 274, 274, 274, 274, 274, 272, 274, 2744 B
274 2%, 338. 217 227, 271, 269, 2Sie 319, Jia, :
3 - 224 268, 297, 256, -388, 238, 253, 269 235. 269,
308. 331, ER A Y 3a6. 292, 284, 276, JiGe 372 341
328. 281 222, 329 419, 292, 3R0. 3a3. 37C. 333
130, 339, 420 419, 439, 363, at7. 463, ssta 47Ca
S0a. 555, 555, Sa0e 559 587, 527 562 489 464
504, S36. 4S8, 8960, 433, 428, 445, 467, 353. 287.
280 Alde 302. 2¢€3, 2€3, 256, 217, 207 223, 21?2
228 228, 1524 257. 156, 21 6. 215, 239. 197, 183,
165 185, 193, 2Q0. 188. 165, 167, 176 183, 187
186 96, 148. 139 121 131, 145, 147, 163, 1474
137« 11a, 157 103, Lao. 142, 115, 109, 1264 86
184, 948, 11l 111. 92, 93 8S. -3 B 72 78.
93 . SSe Bl 59, - 113e . 69 57 9be B2,
49 1. T4 46 . 86 54, qa, 194, 68, 86 e
93. S1. als 106 &3, 664 B4, 63e 7S5 524
G6e 49 2. 48a 67 b4, 99 85e 93. - S5
J2e Ta. \-1.2 70 9% 824 57, Ba. 7. ale
Tle 55 66 &7 az. 83, .7, 53. 100, TSe
73 10 66 53 62, 97 B4, 53e Q3. 59,
49 S8, 60e 77 ez, e 61 ' 9s5. A3, 92
9. A2, 55 4%, as, 135, a2. 73. 4. 2. . .
T2. S8, F3. 26 65, ‘82w Gl T8 Ba,. LLYY .
58 134 Sl TA. 81 Ta. ‘90, A A8, T5e -
Q4. 122, 129 154 315, 996, 1950, 1958 6245, 7493,
7127 49%a, 2€448, 1090 358, 7 A9, Geo a, 21
=19« -28. [ nNa 34, 9 1. 17 14, 1
ooy
«}
-=f N
-
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19t 3.
1913,
1913,
1956
18A2,.
1355,
1326
1699,
1787,
1815,
1740,
165C,
1743,
2750,
2253,
I15L0.
1652,
1o43.
1531,
1534,
1337,
1608,
1654,
1745,
t 845,
1957,
1309,

789,

606,

515

)9,

313,

216,

195,

154,

187,

168,

2¢ 3.

266,
7597,

6150,
L3 BT
6150
6020,
5893,
56649,
St22.
5553,
4482,
5312,
av92.
6950,
S5.92,
40643,
39486,
4517,
33348,
alba,
4059,
4154,
41062,
4332,
4642,
4598,
5436,
5992,
6867,
4518,
2280,
2037,
15748,
1225
TGde
551
483
529.
52,
1224,

43.

1Ce

IIIIII' llllll allll.

III

SHN8S SUURCE

1913,
1913,
1913,
1883,
1813,
1783,
1819,
17545,
182¢,
1807,
1T,
1647,
1757,
2645,
1922,
16ta.
1548,
16848,
16Ca,
1511«
1759,
1704,
1719,
1757,
1958,
<1972
1302,
TR2.
639
468,
397,
2%7.

278.

197,
20Se
172,
2CN.
218.
296
1165,

C€S137 SOURCE

€150,
6180,
615N,
6035,
€972,
Sa79,.
5575,
53G6.
sa7a,
£278,
59
6538,
4982,
4503,
4RT79,
4538,
4280
4108,
anpa,
4155,
4297,
8326
4413,
a9T7.
549¢&,.
5724
€alle
4138.
2566,
1993,
1587,
577«
$A9,
593
KL 3.
S26.
499,
3San,

16

18

1913,
1913,
1913,
16845,
1782,
1717,
1681,
1647,
1702,
180C.
1725,
1¢35,
1769

2679,

1891,
1796,
1566,
1560,
1556«
1€33.
16%6a
1639
1581,
1738
1958,
1928,
1137

818G,

623, .

454,
427,
T 283
207 .
208
203,
181,
198,
178«
327.
102«

€150,
€15,
e1sn,
6113,
S9%8,
S540C,
STT6,
54¢3.
5326,
S175,
127, 1%
63¢£4,
4098,
4748,
4714,
w427,
42€5,
4QSl,
4C 1S,
4116,
A3,
4450,
4592,
5767,
S54A1,
5939,
6457,
3etn,
2614,
20026
1215,
935,
138,
542,
544,
S28,
ac7,
23224,
20,
12,

STANDARD SOURCE SPECTIA

1913,
1913.
1913
t816.
170¢,
1794,
1699,
1727,
170Cs
1792,
1718,
1727,
1874,
2572,
1859,
1592,
1518,
1657,
1493,
157C,
1561,
1567,
1619,
1812,
1893,
1996,
1068.
799,
632,
523,
470,
2€3.
190,
17Se
179
174,
1864
227,

3at,.

=2

STANDARD SOURCE SPECTRA

6150,
615G
6150,
5882,
5069,
54964
56C6.
5478,
S247,
5143,
6746,
5996,
4830,
aT19,.
4779,
4453,
4292,
al177,.
4139,
LR R LT}
8265,
ad2hH,
8694,
57197
5571,
6053,
6428
3438,
2462,
1957,
1367
975
65Be
€24,
S48
821
aca,
72927,
19
t8e

1913,
1913,
1913,
1920
1785,
1776,
1656,
1796
1704,
1785.
171C.
1727,
19¢6.
2479,
1799,
168Ce
122S.
1554,
1556
i4at.
1553,
1555,
1¢43.
1829.
1922
19s¢.
1018,
812
632,
507,
174,
239.
224,
198
1€2.
176.
188,
196,
S2a.
13.

6159%,
615G
€15C.
S2ES .
57248,
8529,
562
5369,
5275
2208,
Ta423.
5997
4754,
4680,
4569,
4428,
4245,
An32,
4035,
L3 -1y
4203,
44C2,.

4781, -

538t.
€653
€189,
6285,
3225,
2305,
1853,
1385,
e76.
€55,
523,
545,
518.
491,
755¢2.
tDe
10

1913,
1913,
1913,
191te
1794,
1671,
1787,
1691,
1598,
1777,
1703,
1612,
1909,
2410,
1856
1601
1577
16873,
1563.
1403,
1536,
15548,
1687,
1789%
1943,
189C,

$98e .

738,
605
518«
383,
242,
243,
183,
221,
195,
207,
200,
1737,
-5,

8150,
615G,
6150,
S59t1,
5688,
5635,
5635,
5364,
3192,
526%.
7946,
5561
4762
2725,
46664
4416,
092,
ANS5S,
3968,
al2t,
4252,
4508,
4818,
5255,
5695,
6336
6209
30482,
2323,
1928,
1354,
841,
665,
533,
543,
Sto,
488,
28766
18,
Se

1913,
1913,
1924,
1824,
188%.
1733,
1769,
1729,
1790,
1770,
1695,
1816,
1993,
2268,
1804,
1617,
15682,
1555
1605,
1557
1519,
1643,
1722,
1868,
1990,
1810,
933,
186,
613
503,
327.
255,
218,
216
184,
172
193,
224,
T5%57.
1e

6159
6159,
6157,
59Tt
S5A9%.
5512
5524,
S543fa
S1a1.
52524
8292,
5412,
4601
4761,
4573,
8266
4299
4159,
4010,
4150,
4093,
4329
4884,
52260
558Se
6C2te
6163,
3Cen,
2284,
1811,
1369,
887,
567
552
543,
S13.
486,
3302,
148,
13,
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1913,
t913.
2034,
18404
1860,
1779
1679,
1684,
1590,
1762,
1688
1698,
2138,
23c6.
1670,
1674,
1574,
t519.
1632,
1522,
1537,
1636.
1735,
18104
1982,
1812,
891,
680.
605,
460,
282,
233,
194,
2164
170,
166
169,
217,
21759,
Be

1913,
1913,
1888,
1883,
1741,
1817,
1680
1679,
1819,
1755
16504
1773
22460
2153,
1655,
1651,
1642
1631,
1520,
1494,
1563,
1€15.
1710,
1810.
1936,
1678,
824,
7204
589,
aT74a,
320,
263,
214,
172,
193,
199,
t70,
214,
31361,
-Se

615G
61504
6150,
5886,
5787,
543a,
54664
5328
5181,
550 9«
7665,
5232,
4749,
4653,
4438,
4469,
4108
4129,

CED

4189,
41689,
4573,
4877,
5369,
S744,
6355,
5618,
2770,
2233.
1628,
1148,
746,
598,
484,
534,
807,
486,
19.
20,
2%,

1913,
1913,
1961,
1867,
1853,
1729,
1810,
1759
18224
1748,
1636,
1771,
2417,
20724
1534,
1567,
1646,
1598,
1543,
1753
1690,
1633,
1647,
185C.
1961,
1556
830,
694,
537,
asa,
298,
225.
208,
165,
211,
192
1684
239.
22583
1.

615C.
. 6150,
6271,
5946
5862
5498,
5532.
5342,
6148,
5518
7438,
S5Caz,.
4682,
4643,
4493,
4383,
~412¢.

421C. -

4133,
4256,
4814,
4623,
499a,
534t.
5751
6347,
5337,
2788,
2198
1696
1123,
T2
S16e
520,
S$32.
508,
5484
3re
15.
1s
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STANDARO SOURCE SPECTIA

nNSe SOURCE

3438, 3438. 3438, 3438, 3a38. . 3a3g. 3438, 3438, 3438, 3436,
3438, 3a3a. 3438, 3438, 3a38. 3438, 3438, 3436. 3438, 3a38.
3438, 3438, 3438, 3422, 3500, 34844 3256 3500 3428, 3434,
3405 3424, 3370, a388. 3320, 35304 35926 363e. 3831, 3391, -
3317, 3328. 3328, 3438, 3277, 3230. 31853, 3221, 3293, 3254,
32784 3268, 3322, 3093, 3317, 3254, 3€95. 3221, 3140, 3073,
3179. 3212, 3194, 3074, 3c86. 3000 2983, 3083, 3066, 2947,
2917, LYY 2913, 2813, 2951, 2967, 2903, 2981, 2951, 2857,
29c3, 299c . 3130, 2006. 3109, 3253 3351, 3783, a31s, 265R,
4553, 4z23t. 4pC2. 386t 1562 3578, 3475, 3158, 3193, 2974,
2763, 2842, 2611, 2665. 2612, 2557. 2618, 24a1, 2882, 2s1r,
2581, 2494, 2432, 25¢7. 2¢16. 2629, 2533, 2401, 2686, 2521,
2515 2591., 2225, 2519, . 2565, 2519, 2857, 2506, 2887, 2362,
2317, 2356, - 2311, 2an1. 2816, 2338, 2370, 2228, - 2305, 2305,
2169, 2283, 2274, 2382, . 2278, 2272« 2194, 2125, 2232. 2213,
2161e " 2234, 2116, 22N8. 2Ca3. 2204. . 2173, 21148, 2007, 2129,
2249, 2237. 2152, 2192, 2085, 2078. 2083, 2r76, 2111, 2131,
2259, 2215. 2¢21. 21620 2164, 2116, 2194, 2073, 2116, 2221,
2152. 2060, 215%. 2203, 2122, 2151 21904 2149, 2154, 2171,
2202, 22%9. 2145, 2i1t. 2125, 1953. ' 2129. 21ps, . 2117, 2182,
2133, 2235. 22ac. 2256, 2195, 2190, 2219, 2224, 2261, 2320,
22481, 2257, 2299, 2313, 2233, 23224 z22a. 2307, 2293, 2764,
2258, 2357, 2379, 2396, 2320, 231C. 231t. 2341, 2428, 2453,
2374, 2475, 2474, 2003, 2553, 2534, 2897, 2625. 2493, 2550,
2537, 2¢39. 26650 246C. 2454, 2619 277a. 2722, 27414 2828,
T 2755, 296C. 28s3. 2925, 2694, 3612 30ag. 2971, 3655, 3155,
3124, 32%. 3255, 3294, . 3353, 3332. 3203, 3352, 3832, 3sh2.
I559. 3469 3511, 3619 3546. 3775. 3674, 3710, 3860, 3821.
Ir7a. 1877, 3876, 371%. 3719. 3573, 3397. 3071, 2586, T 2296,
2330, 1894, 1875 1780, 1737, 1638 t6lle 1594, 1516 1522«
1409, 1563, 1365, 1382, 1302, 1291. . 12316, 1231, 1185, 1186
1154, 1660 1035, 1030, 1714, 963 9C1. 913, 784, 8CS.
736, a9V e 640, 626, %29 5348 5544 547, 463, 463,
3338, 38T, 366, L3713, 13, 3aC. 3Ina. 295. 292. 252,
2764 - 319, 223, 297, 28R, 249, 282, 2ac, 264, 256«
286, 256 278, 244, 271, 2550 235, 268, 230. 255.
236 304, 272 294, 296 3G1e 350, 368. 353. 332.
ala. 524, ess. 4929, 28042, 46336, 15927, 1082, 2¢. a.
1. -2 9 -2 Q. 8 1. 8. a, 7.
1. 1e -2. e G 8 6 -1, C. te

STANDARD SOURCE SPECTIA

ZNG6S SOURCFE

1751, 1751, 1721, 1751, 1751, 1751, 1751, 1751, 1751, 1751,
1751, 1751 1751, 1751, 1751, 1751, 1751, - 1751, 1751, 1751,
1751, 1751, . 1791, 1751, 1751, 1779, 1913, 1867, 1904,
1730, 1ASC o 1917, 17e7. 1721 17848 1751 1730, 1783, 18RC,
19a0. 1682, 1748, 1742, 1721, teals IPLEN 17138, 1583, 1720,
1028, 1664, 1874, 1557, 1€a1. 1365, 1574, 1867, 1636, 1527,
1750, . 1686% 16%2. 1595, 1534, 15946 ¢ 15R2,. 1551, 'lb‘z- taqe,

2 1751, 1ast. 2693, 22430 2030, 19a39. 1943, 1781, 1705, 1813,

3 1535, 1879, 1505, 1536, 13aa, 1377, 1286, 1217, 1312, tera.
1267, 1288, 1783, 1237, 1245, 1224, 1315, 1282, 1273, t1s,
12764 1265+ . 1259, 1288, 12¢3, 12506, 1279, 1269, 1242, tiun
1265. - 1192, 1185, 1170, 1o, 1192, 1256, 1160, 11ea, 1ear.
1159, 11064 1825, 987, 1rse, 10384 1617, 912, s72, s,
973. 9‘18. G28. 920. Ga3, . Qlle a3, Bag, QA63. Dagz,
w21, 956, ac2. 951, 931, 959, 331, A8l, 892, LY
ars. arz. nea, ana. aas. 923, 858, 9c0. ASd. YN
903, an3. ais. 8360 ar3. 9 7. 852, 857, ast.
9174 259, AE6. Be3. c2n, 1823, | 31ea, 2704, 1065, 336,
A57e 93S. £eR, 899 ARS8, 838. BAG, 898, A58, ATl
asA,. AgR. qsr. 857, LY #e9. 858, 836 883, anr,
as3. AT1. o1s, ar7. 917, Suae 9a2, aos. 922, es3.
218, 936, . esn. 93a, 915, 925, 8B4, 974, 266, ant.
915, 953, 934, 975, ade, s27. °37, can, 969, ona,
933, Q4S.  SSée oca, 272, 1050 959, 1310, 9az, 1069,
©96, 1021, 1818y ine1, $65, 10435, 1632, 1631, " 1032, 108e,
135v. 997. 1719, 10aa, 1a77. 1057, 1233, 1135, 1291, 1120,
1106 . 1is6. 1134, 1150, 1122, 1114, 1180, 11068, 1193, 1227
1178 1207, 1227, 1236, 127¢s 1205, 1373, 1298. 1293, 1381,
133%. 1466 1342 1437 13%2. 1404 1399, 1533, 1669, 1472,
1550, 1511, 1214, 1574, 1533, 1667, 1590, 1679, 1718, 1694,
1753, 1776 1974, 1857, 1929%. 1863« 1929, 1R5R, 1800, 1837
1755, 1794, 1542, 1495, 11226 - 1018. Qa9, BC9, AT9, ﬂ.a:
Rba. 817, Te3. 172, 743, 7ia. 693, 702, 638, 643,
LY. 1Y f22. 2 36, 555, 567 539, 533, 07, 432, 436
396, 377, 3e3. 313, 12, 288. 228, 250, 22a. 197
19S5, 140, 165 182, $137. 129, 133 136, 1CSe 125,
110, 135. 1. 126, 127, 135, aa, 107, 119, 106
137 1325, 1226 128. 168, 129« 147, 1224 154, l&b.l
166, 236, ave, 3519, 16651 12643. itie. 2¢. 2. J:

1e a. 2. 3. 0. —te -a, 1. 7. 1o

~106-




STANDARD SOURCE SPECTA

€060 SOURCE

12673, 12673, 12673, 12673, 12673, 12673, 12673, 12673 12673, ~ 12673, ’ -
12673, 12673, 12673, 12673, 12673, 12673, 12673, 126723, 12673. 12673,
12673, 12673, 12673, 12673, 1267 3. 12863, 13206. 13086, 12836, 12577, .

12453, 12466, 12228. 12179, t20€9,. 11998, 12069 1217 11710, 11621. R .
113 ;1518. 11329, 11€C 88, 11C07, 10838, 10603, 106 -"us 10430, 10491,
15198, ¢ 259 1C0aA, 9999, 10227, 10329, 10202 106.5. 10811, 108624
[REEETY L3724, 15301, 15307, 14343, t3292. 12225 11399, 10696, 1fLo8.
BTT5e iana, 9GS6. 1770, 87264 8554, 8375 80 6s 886G, A236a
82135 A3T7S. 8259 8215, AO26. 8058B. BC22. Bla6. 8099, 8052
ac 35, T957. 7910, 7BE3. 7751, T60T. 7458, T469, Tal1,. 7351,
7318, 7353, 7270 72953 T126. 701 9. 6982, 6936, 6991, 6979,
6rag, 6976 LU 6689, 66640 68260 6627 6546, 6641, . 66084,
6237 66R3e  ° 6€13. 6622, £849, 6567, 6583 6585 65464 68124
6502, T 6592 6456, 5466. 65600 6816, 6543, A528. 6463, 6452,
LLY-TH 645648, £3¢%1. 6478, 64872, 5508, 6301 6516 6564, 5898,
5807, €33N, 6355« 6586 £622, 6362, 5378, 5556 64887, 654936
6279, €575 e5C¢Ce 5499, 6812, 6374, SARB, 659C. 6595, 6583, o .
64734 6513, 6473 63864 6©500. 6530, 662t e 65675 56504 65244 .
6580, 6862 6610, 67584 €€38. 6648, 6608 6742, 6718, 6639 . S .
6660, 6713a ET 240 6835, cHaa, 1T X-T% 6872 6358 5949, 7065, )
7137. T0aS, 6959 7002, 6971, 74506, 7107, 7150. Tial.e 7038,
7 TE93. 71424 7141, 7146, 7283, 7252 “T187. 740Ce Taana, 7STR.
Ta04. 1601, Teaa. 7611, 7552, 7827, 7620 1687, 7833. T857.
" 7768, 79554 7815, 8CN6e eCT8. 3169, 8293, A503. 8565, 8349,
3 - B3R, 4589, 8é21. 8492, 2178, 87480 8877, as73e 9030, 9243
U174, 9246, 9243, 9406, 9721 9672, 9%13. QAY3e Q8A2. 13117
10174, 10560, 10285, 10505, 19630, 10807, 13967, 116132, 11224, 11460,
11343, 11607, 11730, 11965, 11938, 12010 11767. . 11512, 108C9e 9828
8821, 8439, 83C8s . BL&8, 7935 7858 7708 78684 78754 7736
T8¢ 3. 7708, Taa7, 7812, T571. 7615 75048. 7484, 7280, 7422,
7394, 7508, 7303, 72715, TC T8, 793%. 6966 TOS57e T107. 69C0e
6979, 7129, 7207, 7173, 7235 72424 7178, 7399, 7232 7353,
7181, 7324, 6857, 5982. 4958, 43734 40674 3926, 3778. 3€34.
3618, 3836, 3422, 3393. | 3462, 3391 3Sn7.e 4720, 26371 74800,
22532, 3c78. 21068, 2¢01, 1951, 18204 16984 T 1817, 1482. - 13563,
1228, | 10as, 1¢43, 912, 89C, 815, 743, 633, 611, SBa.
506 529, ELR N 469, 462, ala, 446, 460, 435, 443,
865, 453, L2142 2481, 481, 062, 4T - 538, 506, 488,
67, [-x4-2% S6e, 3429, 3067S. $7738, 11347, SC1. 83. . 3a.
33. 15, 3C. 3. t4. 25, 30 284 26 te

STANDARD SOURCE SPECTIA

TH228 SOURCE

I163. 3169, a2, 3120, 3100, 3280, 3067, 3c2¢C,. 3ccc,
2997, 297s. 2655, 2049, 29223, 2930, 2885, 28sc, 235,
2820.  279S. arec. 2769, 2750, 2735, 2729, 2650, 2675,
2660, 26an, 2625, 2615. 2690, 2590, 2575 2545, 2538,
2520, 250¢C, 2a9¢, 2889, 2560, 24885, 2663,  28z%. 2e10. 2467,
2390, 239C, 2360, 2350, 213480, 2323, 2315. 2300, 2285. 2280,
2265, 2255, 22ac. 2235, 2220, 2295, 2195, 2180, 2175, 2167,
2150« 2140, 2135. 2129, 2115, 2129 2095, 2r85, 2rad. 2078,
. 2055, 2045, 2080, 2035, 2025, 2¢29. 2815, 2905, 2¢E0.
1968, 1ser. 1975, 1965, 1960 1955, 1950, 1945, 194C,
193¢, 1925, 1920, 1915, 1235, 100, 1895, t97c. 1885,
1875, 1e1s. 1873, 1€65, 1866, - 185S. 1AS50. 1a6s, 184,
1835, 1830, 142¢. 1828, (815, 18i0. LECS, 180¢,
) 1689, 1758, 180S. 1881, 1785, 1715 1971, 1asc.
1829, 1856 - 1917, 1766, 1784, 15R8, 17200 1827, 1794,
9 17ac, 1735, 1788. ° 18%1. 1768, 1800, 1AL 5. 1A10. 1815, . -
1786, 1850, 1789, 1789, 1778, 1859, 1781, : 1852, 1776,
- 1859, 1843, 18%1. 1827, 1916, 1740, 1881, 1932, te16. -
1857, 1876, 1878 1831, 1793 1650, 1890, 1884, 17514,
1775, 1829, 17pR. 1857, 1838, 1933, 1863, tu29. 1AS58. 1847,
1917 1868, 1883, 1922, 1760 1618, 1793, 17:9. 1698, 1668,
1723, 1725, 2113, 1348, 1752, 1729, . 1733, 1703 1717, 1834,
2656. 1823, 1681, 1721 1685, 165G 1602, 1772, 17¢S.
iT14, 1723, 1732, 1741, 1750, 1759, 1765, 1786. 1795,
1804, 1813, ta22. 1831, 1860, 1389,° 1R58. 1667 1876, 1885,
1493, 1962, 1911 1929, 1929, 1938, 1987, 19560 1965 1974,
1953, 1992, 2%, 2010, 2919, 20248, 2037, 2046, 2C5S. 2c6a.
2073, 2082, 2rs1. 21700 21009, 2119, 2127, 2136, 2185, 2156,
2163, 2172, 2181, 2199, 2199 2208, 2217, 22264 2235, 2288,
2252, 22¢t. 2276, 22744 2284, 2297, 2176, 2315, 2324, 2333,
213a2, 23st. L2360, 2369, 2378, 2387, 23964 2405, 2814, 2423,
2549, 2596, 28230, 2602, 261¢C. 2576, 2546, 2655 2698, 2737,
2757, 2925, 28er. 2827, 2952, 2898, 2979, 2915, 3056, 37686,
3225, 3123, 3379, 3233, 3431, 3623, 3572, 3676, 3750, 3708,
3322 aans. aGt6. 3929, 2921, 3735, 28485, 2311. 2037, 1971,
1961, 1881, 17460 1621, 1568, 1561 1557, 1805, 1216, 1159,
3. 827, sa0. 592, 515, 392, 361, 339, 297, 289, .
324, 237, 278, 221, 284, 291, 331, 541, 23a5, 18725,
§173. 85 57 Ite 34, 23, 32, 27. a5, 14,

31. 19 22. 19 17. 16. 15 Q. LD le
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NORMALLZED CONTINUUM OF STANDARD SPECTRA

CEL139 SOURCE

O eaS534457E~-02
©ea4530457E-02
CoeA5INASTE-T2
0:4534457E-02
Da8534A57€E-02
Cea539487€-02
Qed530487€-02
0e45344STE-N2
0,4534457E-232
3+45344S7E-02
0+4496003E-C2
083435391802
0.4744347E~02
C.896R464E-02
3e493305TE-C2
0.4270857E~02
e2304204E-72
Ze211C TAQE-N2
Coe200446BE-C 2
0420378%6E-02
Ce2291824€E-02
Co2097525€E-02
€ o27952(9E-02
CL3I092897E-C2
©e3390581E-02
2 4368R266E-02
A 3905983E-02
0,429363TE-32
206581321E-02
0s4563108E-02
0,8247069E-232
263524824E-92
0,3049272€-92
Qa3NO73V9FE~C2
D ¢32BCOQO0E-2
De3I340SCAE-D2
DeI6CCSHLTE~L2
Je3955342E-22
Oe4233431E-12

ENERGY=

Oeaf344STE-O2
0s4538857E-02
QeaS53a457E~02
Oea534457F-02
0oa538a57E-F2
S344S7E-02
Cea534457E-02
0. 4%34A5TE-92
Cea4S348S7E-02
0445344 STE-02
0aa6l 1 789E-02
0e8ATI129E-02
0,494 1694E-02
0e.489543CE~-02
F.4892771€-02
0,328C5156-02
0,2253854€-02
0.23842918-R2
Ce2203090F~-D2
6,2286413E-02
Ce2177353E-02
€.2557C €3E-C2
B,2854T74TE-P2
4,31524316-62
0,2450119E-92
0,3747€037-92
Cea0A5486E-02
Cea3a317TAF~02
f.5rAT189E-02
Os4a75277€-22
0e8711226F-02
Ca330£837E-92
Je31655¢9E-02
NeIIYH2TAE~-22
£.3207583E-02
04330 2296F=72
0e360 60 26E-02
Ca37659E2F-02
944355691E-02

0.a8344575-02
NatS348857E-02
0ea534457E-02
NeaS3IMASTE-N2
Ce8334457E~02
5.4534a57E-02
04534857612
08538283602
9.4534457E-02
0.4534457E~02
Daa591342E-02
0.4991516F=C2
044952993£-02
045071320E-02
04426979402
G426822481E-02
0.2268588E-02
0.,2395550F-02
C.2238457E-232
0.195€472E-02
0.23687275-02
2.2616600E-02
0.2914294E-92
0,3211969E-C2
0.3539657E-C2
2.38073e1E-02
C.a105024E-C2
G.84C2T12E-02
0.0959124€-02
%s8514966E5-02
4e37858175-02
¢ 3517122602
0433336386-92
0,3382830E-C2
C.33049416-C2
0,35737535~-02
Ce3TAE361E-C2
0.3%10813E~
0.4867014E-C2

0e3457265E-n02 0.1561723E~02 2,0
D0 CeC Neh
Gl Ja 0.0
INTEGRAL . = C4T7511S95E €O

PHOTUFRACTIAON =

)

Ce8TIUE2F w0

Qe 3660 MEV

0e4538457E-02
De8534457E~-N2
fea534457E~02
0,4534453E-02
$3445TE-02
534457E8-02
Cea534457E-22
OeAS344STE-D2
Dsa534487€~02
0e4534457E-02
Oea541155E-02
0+4778638E~02
0+4931588E-J2
0e49061680E-02
0,42524 T7E~G2
0e268T569E-02
0+2202023F-02
94209 428€~02
Je2094791E-02
De2053202E-22
I+ 2521 JSLE=-D2
042676134€-22
042973822€-22

D43271596E-02-

0.3S69134E-02
d. 386587RE-D2
342164562E-02
0.,4462250E-02
Jea5Ca352¢E-02
%.424366LE~02
Ny 3624521E-02
FeI21P7TIVE=-22
Y.3182498E-32
0. 3198631E-D2
Y4 335340CE-D2
0.3541933E~-02
Je 3545461E-02
TedIF3012E-22
J44719215E-02
0.0

J.0

0.0

NOHMAL I ZED CONTINUUM OF STANDARD SPECTRA

HG2C3 SOURCE

241411760€~01 .
2.1411760E~01
Y1414 11755E~C1
841411755€~91
0e1411755€E-01
detar1?S5€E~C1
2.1411785E-01
241021755671
Te1411755E=-A)
0.14117S5E-D)
0 ta11755E-51
0¢latl755€E-C1
fe18117SSE~CL
2e1411755€-01
Col1606T2TE-C1
2 e1S76668E-01
€o1687742E-21
Cel161RT24E-01
241783491E-21
£.2450301E-C}
Ge2499292E-1
2.1517889E~C1
Jell0a9a5F-c1
297 74263E-2
2e9503338E-02
7952966812
Ze5796038F-22
J.3063232€-02
Ce3515683E-C2
Le5%808856E-02
34395307)E-1 2
3.8138422E-02
CadC721CAE-C2
348252047E-02
7435583C1E-C2
Ced 14881622
NedF36633E~02
Ce2337683E-C2
0+4275669E-52
Se62( 7559E=-12
Sel.

(%)

INTEGRAL =
PHOTOFRACT ION =

Cela)176CF-01
Nata11760E~91
Set41 1 TERE~CL
Delal17SSE~N]
Cal411TS5E~01
“eld4117S5E~01
Qo381 17SKRE~D
041R11755E~21
Be14117555~01
De18117SS5E~01
De1811755E~01
Del811755F~01

.Cel811755E-1

Ze1a11755E~01
Ae138R1135-01
o139 1E-O1L
0e1479116E-71
0.1831CSEE-01
£ e181CaC2F=C1
fe2a3657235-01
Ce2374G65E-G1
Je 1477129601
Co 1¢A4553E-01
0,9579528€-02
A 6315268E-02
Ae66396115-02
Ce6061260E-02
fea313838E-02
€.4192635E-02
2. 43301286-02
£.34730508-02
Ce8594391E-02
0e320809SE-02
0.2585131E-n2
0,36351176-02
ve3922101€-02
0e4310617E-92
Ce27613C3E-C2
04820 1908F=02
DeS5418032E-02
fe0

2.7

ENERGY=

0s1981176%E-01
Ce14811760E-CH

"Ce1411785E-021

041411755€-01
0.14117S5E-51
0+14117556-01
04184117552-01
Ce1a127556-1
Cel8117S55E-21
0e1411755F
fel411755E=-1
0e18117556-01
Ce1a11758E-"1
Cel1811755€-01
0.1468972E-31
A, 1329499541
Cel185292¢2E-N1
0e17aa8a3E-31
Sel61355aE-C1
De255A737€-01
C.21343265-C1
ne1323650
elNar32
2413450815-01
5s7227581E-C2
Ce534515)E-02
€e53788575-02
04829555LE-92
Ce8065688E-C2
0.37399595-02
Ce31E8127F
Qe2528772
CeIFIIAYLE~O2
484575282-02
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193,
234,
112,
60
46,
25.
24,
260
20.
25.
20,
25.
14,
25.
13,
25.
1S
21,
10,
4.
3.
9.
2.
Oe

4923,
2170,
1252
818e
563
499,
alle
356,
287
237,
199,
273,
. 189
1686
291,
218
113,
684
Sl
36.
23.

a3.

164
3te
234
2r
160
20
1e.

fe

aatha
2051,

1330

T7.
5A9.
467,

Ta3l.
EELN
A2
248,
239,
219,
189,
190,
232.
258,
1°7.

Ce

4165e
1968,
1167,
T65.
S78a
457«
67C.
A3S5.
278.
243,
2C2e
199,
227,
190,
193,
234,
112,

2Se

25,
164
28,
t3.
25,
15
21,
1Ce
B

3.
¢t

Ce




EFFICIENCY FACTORS ' . L
: INDEX ENERGY atr ABSORBER CRYSTAL TOTAL
. tmEV) ATTENUATION ATTENUATION EFFICIENCY EFF1CIENCY
' 0.24481€ CO 0.99327€ 00 0.762%7% 00 - 0.83176€ 00 a.6M27€ 0
PHOTON NUMAER : = 0.4192742E %a
" PHOTOFRACTION 2 f.35030628 O0

OISCRETE PHOTOPEAK FITTING DATA

LOCAT ION ENERGY - PUL SE ~ME 1GHT STANDARD DEVIATION, APEA ) .
CHANNEL TO CHANNEL (MEV) (CHANNELS) {CHANNEL S? {COUNTS/TINE)
35 37 J42445061E- 34 . 043550000E 02 €’ CTe95107FCCE €3

"EFFICIENCY FACTORS

35 . . .
-, . . . .
. INDEX . ENERGY T are ABSQRBER CRYSTAL TOTAL
= . (MEV]) . ATTENUATION ATTENUATION EFFICIENCY EFFICIENCY
2 €SP 8RBE 70 0. 99A65E DO Je8267IE €9 0465423€ 20 “0e539CRE " .

L]

. PHOTON NUMBER €326 663E A
. - - E ’ *PHOTOF RACT fON = C.13341715 €2

DISCRETL PHOTORPEAK FITTING DAYTA

) ) .
E LOCATION ENERGY © TPULSE~HZIGHT "SYANDA?O_' DEVIAT ION AQEA
g . .. CHANNEL FO CHANNEL {%EV) " { CHARNEL S) . (CHANNEL S (COUNTS/ZTIHE §
. ASs -2 ’ £4%5898838F ¢ 0.855(000E 22 Cot 0e2385003€ 3
l | |
l- -117-




EFFICIENCY FACYORS

N ) INDEX - ENFRGY AIR o ABSORBER CRYSTAL TOYAL

(EV) ATTENUATION ATTENUAT (ON EFFICIENCY . EFFICIENCY
‘3 CoBb16a3E AT 0.99672E 07 |0+ 82983E 00 064623 00 Ne5343CE €O B

0.3988118E T4
6,.128C698E 0C

- : R T - PHOTON NUMSER
Lo - PHOTOFRACTION

DISCRETE PHOTOPEAK FITTING DATA

LOCATION ’ ENERGY T PULSE~HEIGMT . STANDARD DEV IATION AREA

CHANMEL TD CHANNEL tuevy (CHANNELSY . © . (CHANNELS) {COUNTS/TIME )
39 LT 0.6164308€ Ou °  0.8950002€ 02 : c.0 co © 0e2739000E 03

EFFICIENCY FACTONS

TNDEX I ENERGY AlLR AUSORBER CRYSTAL | TOTAL

{MEV) ATTENUATION ATTENUATION EFFICIENCY EFFICIENCY -
K ) ) - v e,
4 G 14686€ O1 0aSITBAE 0O GeBBA3LIE 25 2+49653E €O 0e4IBISE £O .

- T PHOTON - NUMBER

Ca3968964F (S

PHOTOFRACTION . = e6653218F-C1
. . ) . : . : _ OISCRETE PHOTOPEAK FITTING DATA
l}; L(x‘!(UN N ENEQGY . PULSE~-HEIGHT ' STANDARD nEVlATlﬂN ’ Art A
1 . CHANNEL TO CHANNEL (MeVY (CHANNEL S} (CHANNELS) . (COUNTS/TIME)
212 T ass “e1455612€ 01 . 0.2127933¢ 23 © et . T fer1570C0%E 0a 4

-]ls'-




GAIN PARAMETENS APTER CALL DISCRYT IN MAIN

©eO 40D 4G0.0300 400000  Co0
0. L a. 0. 2. 0 o o, 0. 0.
0. 0. 0. 0. 2. n.. 0. o. o 0. N
Ce Ce 0. Oe O. Sat3y, 3083, AT3I9, a23t. 3973,

3652s 3439. 3111, 291%. 2792, 2638, 2455, 2055, 1937, 1856,

1887, 1773. 1565, 1%£34. 1ada. 1311 1190. 1136, 1215, 1056.

1104, 1208. 1173, [TT-N 763, 779, 731, 760, 655, 658, . . .

696, ©615. 602, S80.  610. S€3, S25. 482, S12. _ S0S. ’ . . -

463, 492, 6e3, 418, 492, 859, 393, 433, aDl. 3914 . - . - - RN -
356, 398, 396, 3se.  364a. Ja6e 325 353, 374, 343, : : o

397,  301. 302, 267, 285, 291 265« 295, 268, 273,

‘2784 263. 222, 274, . 269, 222, 292 227, 241. 215.

252, 233, 2€7. 200. 201. 185, 200.- 168, 196s 176.
178, 148, 158, 152 140, 1e2. 1330 127, 167. 130.
152, 137, 217.  21C. i, 147, t44.’ 130, te3, t22.
160, 207, 189, 115 t13. 196, 964 108, 108, 146,
169 1CR. 121, 1ee  tite 102 108, 97, 984 96
9. Bl 7 127 93, 77 9S. 125, Ba.
- 79 V6. toz. 73 9T a3, 79.  118. s,
109, a7, 27. 28, 3a. 57 aa, as,. 664
.. 53, 56 76e Sa, 55, Sde 384 46
37. av. 2. 544 a7, sa, a1, 32, 35,
a3, 82. = 6&7. 3, 38. 39, 36, 38. 25. -
33 25, an. 28, 34, 2¢, 23, 19. 24, : . . Pq
29. 79. 68, 23, 3. 26, age 43, ‘30. 26.
22. 18. \7. 27, 160 28, 254 16, 23. 204
22, 23, © 26 19 1e. 23. 59, M. 204 25,
17 - 16e 22. 23. 160 25, 10, 23, 27 29,
16 - 21. 23, 28. 22, 210 19, 20, 23, 25. R
21, 23. 22. 17, 24, 10, 2a, 16, 14, 14,
16, 154 13. 19, 15 13 9% 29, 10, 25,
15, 13. 18 164 164 264 264 ta, 19. 130
15. 23. 18, 19 224 18, 13, 17, 2. 25
29, 17,0 19, 20, 20. 13. 21, 17, 20. 15.
- 21, 17 1S. 13, 15 2te 18, 17, 19, *© 21,
16 23, 21. 23, . 2. 22, 19 9 7. 10,
T 124 1ce - 19 17 6. 6o 15 4.
Se 8. 7. a. 64 e Se £ 3. 3.
6o te 1. Q. . 1. &, 6e XS 98,
53, 0. 2. te 0 Oe % 0. te 2.
1. 2. Ve 2. 3. 3. 0. 1e Co - o
SUBTRACTED DISCRETE PEAK PHOTUN NUMBER SLUX
INDEX ENERGY NUMBER FLUX
tHEY) (PHOTONS /CNe R 2-SEC) .
1 J.2445961E OC ¢.E373487E ©9
2 0.5338808¢ no - 0.6511977€ no
L} 046168398 €1 0.7964801E CO
- - 0e146S612E 01 0e7926548E 01 . .
-t
-
Lot
[0
INPUT SPECTPUM GAIN CHANGED TU 4% CHANKELS
A GAIN CHANGE RATID = 4£%2.(D0U0/  40,30902
3es 2en ©e2387011E 75 ".2683916E 05 041409902E =5

~ ﬂoﬂbZQibﬂE £4 9e45630239E {4 N, A8T7SABTE 04 1.36161T7E QA D.2684473E D4
©Ne25353C1E O08& $e201346RE 04 0.1536749E G4 301522A471E Q4 0.1339965F e
FeloB2197F 14 TeG6ASIGAE D3 Ne9238124E 03 49233558 03 0.51768206F €3

2.2660003€E 3 G+ 19TIIIIE 03 G.218GR00E C3 2,385030UE D53 0.1530PCNE C3
“rA L TOCUOYE 3 Pol1867°00CE "3 J,191C7ALE 23 541869000E Q3 04178COCNE E!
5.9300CCLE 72 04a571003€ G2 2.12%0000E 43 145900003 92 Je130COGOE &

5¢4430889E 23 2.48524€35 13 0,273CC00E O3 Ae395CII0E I3 04212CCCOE 33 @ o

-119-. ' ’ . . - ' ,;' .




@«
re

g

(<N

2.0 - 0.0
0.23T77E-01 0.1892€-91
244160E-02 D41 TSE~02
Ve1830E=02 Oyl T784E~02
INTERMEDIATE IYERATING
045 2.0
0e2377E-01 041893E~01
0.a160E-02 0 ,4L75E~02
Cel650E~G2 041744E-02
INTERMEDIATE ITERATING
O.1894E 00 041930 00
CeB832E-D2 N ,79A2E-02
Do1440E-02 0,1260E-02
0.3330E-33 0,26926-03
ENYERMEDLATE [YERATING
6.0 3.0
DeS31CE~21 0,4015E~01
046923E-02 € 850 BE-02
0e3047E-02 0,4909E-02
INTERMEDIATE ITERATING
0.2696E 00 0,2829E 00
. 0e2207E-01 0,1795€E-01
Qed341E-02 C a1CTE-02
0+3439E-02 0,3275E-02
INTERMEDIATE ITERATING
0.0 2.0
VeS724E-31 C,4153E-0C1
NeTO9E=02 N 1062E-01
De7941E-03 0,1536E-02
INTERMEDIATE ITERATING
0e271SE 00 C.2866E 0C
0e2S8TE~C1 042107E-01
043476E-02 N.32406-02
0.2031E-C2 ¢ ,2818E~02
INTERMEOIATE ITERATING
[ 0.0
2.0957E-01 0, 1265601
0¢105TE-D1 31717601
042620E-73 Je6¢72E-03

_INTERMEDIATE [TERAVING

Ne2624E CO 0.2783E IC
Qe2473E-01 0,21136-01
* Ca3A3GE~C2 0.3537E-02
Ve2631E-C2 0, 2669F-C2

_INTERMEDIATE ITERATENG

N0 0.0

Ge48OLE-T1 Lo2742E~CH
CelIB9E~Q01 " ,2286E-01
Cel332E-03 C,2631E-2)
INVERMEDIATYE [TERATING

0+26340E CO 0.,2304F 0OC,

0e2272E-91 NL1925E-01
QeA290E=-02 Le3955E-92
Da2562E=02 24260 9E-52
ENTERMEOTATE FTERATING
3.0 [ Y]

NeSL2IE-IT De2696E-71
Tel13ME~O1 (e2372E-01
NeTISIE-CE Ie1T62E-D3
INTERMEDIATE ITERATING
0.2643E 20 9,2812E 00
Be2227E-71 NetASSE~-UL
240325€-02 2,89R26-062
Ve2518E~02 0425RSE~02
INTERMEDIATE [TERATING
2.0 Dep

V.6828E-01 Ne32126-01
Fe7613E-2 Ne23SBE-O1
De9S0BE-DS5 De2566E-08
INTERMEDIATE ITEDATING
Ye25T2E 00 B,2736E OO0
0.2371E-71 0.1869€-01
Vea520E-02 0.4243F-02
Ce2885E-12 $42%40E-02
INTERMEDEATE [TERATING
9.0 e

0e6012E-31 ~e3032E-91
F.S158E~C2 £ e2170E-21
6o1329E~05 1,3912E-CS

TINTERMEDIATE [TERATING

%e2565E CU " e2736E 9%
De2429F A1 £, 19SRE-N]
UsaAS3IE=02 1.4233FE-02
" Te2437E-L2 Yl.2512E-02
ITERATED SPECTYRUM
0e2571E 00 7,2764E 02
Ze281TE-OL L I963E-O1
N e8423E~02 7.4226E-G2
D028 34E-02 € 4253CE-02

ITSULTERM

S NORMALEZED INPUT SPECTRUM

0422026 0D 0.2518E 99 0.1322% 00
Cola13Z~01 0e14285-91 H.1256E-01
0.2560E-C2 0.3704E-02 0.1988E-02
0.IVFIE-02 0.1744E-02 Ds1594E-02
QUTPUT (T, MN, AND PMI(])) 1
0.2252E 00 0.2518E 00 0.1322E JQ
04141 3E-91 0.1628E-01 0.1256E-01
0¢2560E~02 0.3704E-32 9.198BF-02
AL TILE-D2 Co1744E~02 0,1394E-02
OUTPUT (TT, MN, AND PR(I)) 1
0e2411E 00 C.1SIIE JI 0.6768E-01
©.5598E-02 0.4816E-C2 0,3965E-02
0+10426-02 0.99S7E-03 0.8008E-03
0e2203E-03 0+ 1677E-03 0.1167E-03
OUTPUT (IT. MN, AND PHME{S)) 3
0e1245€ 00 C.3647E G 0,22526 00
0.2595E-01 0.3321F-91 A,3314E-N
0.2662E-02 0.8141E-02 Je1747E-02
DeTOS2E-C2 Co1CABE-T1 0e1566E-01
QUYPUT (1T, MN, AND PP(T}) 3
0427075 00 C0.24S1E T 0e12867E 00
0.14C8E-01 0.123TE-31 0.1072€-01
0 e3601E~72 0a3365E-02 0438 30E~02
0e3148E-02 0e2606E-32 0.1942E-02
OUTPUT (1T, MN, AND PHI(L)) -3
0.A397E-01 C+3713E 90 Q.2340E 0O
9¢2866E=-1 0e3I9SAE-O01 0.4334E-01
041709E-C2 C«G170E=~02 0.7143E-03
042463E-02 CoS50S0E-02 De1128E-01
DUTPUT (1T, MNhe AND PP({))} s
0e2569E 30 0.2Sa0E 03 2.13378 €O
0e1656E~01 0o1533E-21 0el1258E-01
025)3E-C2 0e2914E-22 N,22305-02
042798E-H2 0.2318E-02 Ce1T747E-02
OUTPUT 1T, 4N, AND PHI(I}) 7
C.BATAE~01 CeIGITE 09 0,2327E 0D
0s37TOGE-0]1 0,3228E-31 0,8523E-0)
CW1907E~02 Ce1892F-91 0¢5181£-03
0a1NISE~02 C.294CE-22 0.9629E-02
OLYPUT (1T, MN, AND PP(1)) 7
742392E I0 0.2496E 2) 0.1303E Gd
0e1780E=D1 Ce163SE-T1 0e1379E-01
©42277E~02 0+2994E-32 0.2{28E-02
€ 42688E-02 0,22106=-22 0,1675E-92
DUTPUT (1T. MNe AND PHI(L)) 9
0¢5536E~G1 04 37T42E 09 0+23B84E 00
De1164E~C1 042517601 343390E-01
Qe24335~02 2421 7CF=-01  3.4686E~03
f,4658E~P3 0,18576-02 0.83263-02
OUTPUT (TIT+ MN, AND PP(1)} 9
N42367E 00 2.2526E 08 041324 0
O16N2E~AL 0415286-01 Qe1318E=91
0 42265E~02 De3314E-02 Ge2004E-22
0+2636E~N2 0.2156E-02 Je1641E-02
OUTPUT (1T, MN, AND PHILE)) 19
©.5189E<21 €. 3730E 00 0.23828 02
Je1C26E~01 002351E~91 1.32302-01
N L2749E-G2 04282€E~01 0.4647E-03
©.3165E-03 041502602 0485765-02

OUFPUT (ETs ¥Ny, AND PP{I}) 10 .

042364 09 0.2537E 00 0.1337E 0)
041532601 Gels66E-I1 Nel2 75E-01
0+2299E-02 G+3845E-02 Ge1971E-02
0.2623E-C2 Ce2139F-02 041630E-02
CUTPUT (1T, MN, AND PHI(1)) 15
043932601 2436535 07 0422368 09
€o3607E~02 0+2552E=01 0e36IBE-I]
7480R6E~02 Co2R851F=01 DeS5281E-03
Ds8B31E-06 C.5706E-03 Co738DE-D2
OUTPUT (1T, MN, AND PP(I1)) 15
0.2251€ 2C C.257%6E 3) Ce13226 )0
2.1438E-A1 04 138CE-I Ce1237E-D1
0,2487E-N2 2 ¢3608E-02 041912E-02
0 .2595E=02 0,21194E~02 (+16055-02
OUTPUT (1T, MNe AND PHI(L)) 20
0.36926-71 €.3740E 0D D+2291E 00
04720 2E~C2 C<278CE~01 244127€-01
9 4152E-12 0.2838F~01 1.6447E-03
Co7O0RE-25 9¢232TE~03 NeTBOTE-02
OUTPUT (1T, MN, AND POA([)}) 20
Ne22106 (" Ge2514E 03 De131S58 €I
0,1504E-01 F 1437601 0,12455-01
0,2623E-02 0.371SE~02 041912E-22
0.2589F-12 € .2779E~02 0.1597€-02

2.2223F 22 0.2516F GO0 0.1329% )0
Ce1524E=C1 CelaSIE~QI 9e12Z54E-V1
06268SE~02 C437.14E~02 0.1914E-0C2
0 ,258BF-C2 622078602 2¢1596E~02

23 0.10€6424F 06 Q42222112£-02

FITTING DIFFERENCES

Dl 0+219477dE OC
CeS79426BE~22 143370269€-02

0.8092E-01
0 ¢9960E~02
0e2494€-02
0e8T21E-03
1
0.8092E-01
0.9960E-02
0s2494E-02
0.8721E-03
1
0.3834E-01
0.3183E-02
0.7472E-03
0+.5708E-04
3
O 1462E 00
0.,2808€E-C1
0.3633E-02
0+ 1024F-01
3
047733E-01
0.8340€E-02
0+3639E-02
0.1639€-02
5
C+1520E 00
0,3578E-01
0.2128E-02
0eB1USE~02
s
0.8249E-01
049218E-02
0.2579€-02
0.9221E-N3
7
Ce1493E 00
0.3827E-C1
5.2185E-02
6.7392E-02
7
9. 7T946E~C1
0.1083€-01
0.2287E-C2
€e8734£-03
9
G, 1549€ 0O
©.3386E-01
0e.2623E-02
C.7099E-02
9
0.8039€-01
0. 1C51E-01
Ge2191€E-02
0,8317€-03
19
C.1559€ 00
€+3210€E-C1
0.2987E-02
0.7022€-02
10 .
0eB8171E-C1
L 1C27E-01
Ce2177E-F 2
0.87B6E-03
15
£.1391E CC
¢e3325€-61
Ce5566E-C2
N+6B83E-D2
15
€.8220E-01
0.9628€-C2
fL.2256€-C2
5.873%E-03
20
0,1372E 00
€.3997E-01
£eB289E-C2
N.6862E-C2
20
Ae8332E-01
Ce97atE-C2
0.2388E-02
0.8722€-63

©e 8047E-01
CeP80SE-C2
0.2824F-02
CeBT21E-O03

0.5320€-01
0.9081€-02
Ds1866E-02
0042208-03

0eS5I26E-01
0«90BL1E-02
CelB66E-02
Ce8220E-03

0s2487E-01
0.2739€-02
0+6345€-03
0.2274E-04

Ce9344E-01
0s2481E-01
OetBTHE~C2
0.6866E-02

0e5172E-01
0.7423E-02
04359E-02
Nedas3E-03

0«9438E-01
043722E-01
0.5248E-C3
C+63B4E-02

0.E521E~01
0s8052€-02
0e2577E-C2
Ca8258E-03

0+9014€E-CY
Ded284E-O1
Ce3537E-C3
0a53C2E-02

74522%€-01
De9a?3E~C2
Q.2268£-02
Ded227€-03

{0.9S6BE-C1

C+3838£-01
B.2879€~C3
0.6288€-02

€eS185E-01
0,9707€~02
0.2136E-02
N.a221E-C3

0.9768E-01)
0+3590F~N1
0.2165€-C3
0+6286E-02

0.5281F~01
Ne9SSTE-L2
0¢2098E-02
0+4220E-03

0.879SE~C1
Ge3IIQE-C1
Da13376-C3
De628BRE-02

C.5503E-01
NeBBTTIF-02
J.2013€-C2
Cea220E-03

0sBLOSE-C]
G+3811€-01
Ce9a1BE-a
Deb234E-N2

0e5302€-01
Q«ABSBE-T2
0e1039E-C2
Ced22(E-C3

De5277E-CHL
CeBBISE~02
0419R4E-02
Cea220E-02

.
®L,4664737E-01 J4143235CE 97 0.1088815E-31
0.21434Q4E-C2 %,1138382E-02 0+.5513856€E-03

Je85348B2E-N3 20431925 1E-03 C.8616261E-63 N444052155-03 0. 3583436E-23

Je2%380S7E-C3 Ce163CHAIE-03

De1BS4403E~Ca CallICTOS0E~04 2,8236815E=-05

-120-

9.9875442E-04 J¢577773IVE~08 J43293669E-04

0.4197€-01
0eB65S9E-02
0.2044€-02
0.1210E-02

NeA197E~OL
0.86%9€-02
De20a4g~-02
Cal21CE-02

Ve1825E-01

0e2408€-02

0«S5771E-03
O+453S5E-04

0o 7974€-01
0.2583£-01
©42697E-02
043225€-01

04+4010E-01
0 .6936€E-02
Ce37215E-02
0.121CE~02

0:8276E~01
0.4109€-01
0.9959€-03
0.32256-01

Ced340E-C1
0.7520€~02
De2710E-02

NDel210E-02

0.7925€-01
0+4907E-01
0e6104aE-03
0e3225E-01

O ANBIE-CY
0 e8942E-02
0+2394€~-02
Ge1210€-02

0.B85408-01
Ce8454€-01
Ced608E-03
0e3225€-C1

Ce399)E-01
N e930CE-D2
0s2250E-02
O«1210E-02

0.68983E-01
Uad147E-01
0e4175€-03
0.3228€E-01

GaaCABE~O1L
0¢9219E-D2
Ce2216E-02
Oes1210E-C2

0e9012E~C1
0+3514E-01
0+3100E-03
032256-01

0+4306E-01
D4B642E-02
0.2125E-C2
Ce1210€-02

0sR3IGAE-C1
0+3708E-01
D.2633E-C2
0+3225€-012

0a184E-01
0e85106E-02
0e2099€-02
Cel1212E-02

Cs8155E-C1
CeB8519€-62
Ne20Q4€-02
0.1210€E-02

0.3391E~01
Cea873E~02
Nyt 73ISE~02
N45332E-03

0s3391E-01
OvA6T73E~-C2
0.17356-02
0,5532€-¢2

Oel138rE-D]
0e1B5RE-02
Oed911E-0]
fel9T77E-08

0 +,6976E-0L
0.66626-02
©.2023€£~02
Cel548E-01

0e3164E-01
0. A997E~-02
0.43716E~-C2
0,5533E-013

CeT7S4TE-O1
0.676SE-C2
0.5264F=F3
0e1548€-01

0.34R9E-01
0,42976-02
Da268N03E-062
0,55326-C3

0.7249E-01
0,75C2F-€2
n,21556-¢3
Ne1548E~01

N e3303E-01
N44968E-C2
0e,2506E~-C2
0 +5532E-03

Lo 7878E-01
Ce6198E-C2
Oe ICH6E-C3
Ce1588E~1(1

0+3166E~C1
0 .SS5E9E-C2
0e2372E-02
0.5532E-23

0.8437E-CY
CeN202E-C2
Pe7797E~-NA
A .1548E-01

Ce3188F-01
DeSTO?E-C2
Re2133E-C2
NeS53326~C 3

Ce9ST9E-C
te18583E-C2
Ne19SBE~Ca
De354RE=-0)

0e3835E-01¢

O-S_’i“lF-CZ
De2242E-C2
Ge5%32c-03

€2QN59E-Ct
Ne?393F-03
Ne5S9NE-CS
Nal1568F=C1

Ne3IISGE-DI
Ce5502E~02
ReR216F-C2
M eSSI2F-C3

fe3374E-C1
Ce5432F-C2
0,42211F-02
0e5532E-C3

Ce270SE-01
0e4854F-02
Ne1435€-02
et 219E-03

0«270SE-01
NeABSAE-N2
Oel435F=02
Cet219€E-03

Cel06IE~RL
0.1653€-02
£.4069E-03
Cea177E-05

0e5640E-01L
0«B86LE-D2
CelABAE-02
0 e3557E~02

Ce2525F-01
fea7826-02
Ce38631F-02
Cq1219F-03

0e608LE~OL
Ce1CASE~C]
0a2692E~23
0 W3557F~02

0 e2833E~01L
C.4026E~02
C42R68F~02
Cel1219E-N3

0.5585E~C1
€s1486F~01
CeT11IF-00
P35S TE-%2

Co27CIE-C1
Ce.a6145-02
F.261BF-02
De1219€E-N3

eS8 3I9E-01
Cel54CE-OY
Ce2IFME-04
€ ¢3557E-02

Ce2520€-C1
CeS158E~62
Ca25C6E-02
Cet219E-0Y

Co62K6E-0C1
Cel1asnF=-Ay
Na1254€-04
€ o3ISSTE~02

Co2502€E-01
P 4S2ALE-N2
Ce2874E-32
€e1219F=-03

047933E-01
€ 29192E-02
f+88855-n6

€ o3ISS57E-C2

CL2710E~DL
Ce5274E~22
Ce28NNE-02
Ce1219F-n3

C.7531€-C1
Co€882E-02
CL.6Q30F-07
N 23ISSTF=C2

Ce27323FE-01
CeS51195=02
0 2379FE-n2
Cal1219E-073

fe2716E-11
CeSCK2F-02
Ce2376F=-n2
Cel219F-r)




EEERYETY

o

EPFICIENCY FACYORS

INDEX ENERIGY - AlR - "ASSORBER CRYSTAL TOTAL

(nEV) ATTENUATION ATTENUATION EFFICIENCY EFFICIENCY
1 0.34437€-01 0.93765€ 00 0.15704E 00 0.99872E 00 0415495 00
2 0.10331€ 00 0.99366E 00 0.680t1€ 00 0.,97668€ €O 0.660N2F 0N
3 0s17219E a0 Ce994€2E 00 0473860E 00 °  0,91306E 00 0.6684CE €O
a 0e24106E 02 0499524E 00 Ce 761485 00 . 0.83S10E 00 0.63289E 00
s 0e30990E 0D D.59567E 00 2. 730908 090 0.77223F 30 0e6COMPF €8
Y 0e37881€ 00 0.99598E 00 0473550 09 0.73306E 00 .  0.580B0E OC
T 0.44T69E 00 0.99624F 00 C.B80746E 0O 0.70255€ 0C ‘0.56515€ 00
[ €e51656E 00 0.99646E 00 C.B1761E 00 0.677T11E 60 = 0oSS16SE €O
~ 9. ... 0e58544€ O 0499664 00 0.82630¢ 00 0.65528€ 00 2453964F 0O
10 0+65431E 20 0.99680E 00 04333872 09 0.63575E 00 0452844 00
1" 0e72319E 00 0.99655E 00 © G+B84053E 00 D.61779€ 30 0+51768E 00
“12 0.79206E 03 . 0.997C7E 39 . 2.84650E €0 Le62161E 00  045078CE 00
13 0.36094€ €3 C.99718E 00 0e85247E 0O 9.58828E 00 2.5CC GBE fO
14 0.92981F 6N 0+99728€ 00 C. 85732 00 0.57S18E 06 0.49178E CN
R 15 0.99869€ 00 0e99737E 00 0.461S3E 00 0456241E €O 0.4R327E OO
16 0.10676€E 01 0.99745E OF ©.86538E 00 0,55037 10 C.aTSATE 0O
17 0411364E 01 0.99753E 00 CeB86906E €O 0.53900€ ¢0 0.,46727F ON
18 0.12053€ 01 C.S9T60E 20 0.872576 00 0.52B36E 0O 0.459935 On
19 f.12742€ OL 0.99767E 00 0.875912 00 0.51886E 20 0.453a4E CO
i 20 C.13431€ 01 0e99713E NO 6.879092 20 NeS1056E 00 0.447B1E €O
4 21 O.14119€E 01 0.59779E 0o 048820098 060 0.50255€ 90 0,442232€ A0
22 f.1480BE 01 0.99785E 00 0.83491E 30 D.49489€ 00 0.43699¢ fr
23 0.15897€ 21 0.597908 00 0.8d732E €0 0.4A799€ 00 0,4320%E 00
2 0416186E 01 0.997988 nC L. B889S3E CO 0.481S1E 09 . 0.42T48E .CO
.- 25 0.168T4E €1 €.59748E o0 0.BI168E GO 3.47527€ oOC 0.,42293E PO
26 nL17563E 01 ©.99803E 00 0.893756 00 Ce86930E 0O D.4186CE CC
' 27 0e18252€ M1 ©.99807E 20 G.89574Z 00 3486359E 70O 0.81445¢ fo
i 26 OelBISLE 01 C.99810E 00 C.89T66E 00 A,45817E €0 FLALOSCE Ay
-~ 29" Ce19629E 1 0499814 09 0.899506 00 0.45305F 00 0.4C 6765 O
3¢ C.20318€ 91 €+99918E 00 ©e901122 59 0.44855 0¢C 0.4 387 00 .
3 0421007E 01 0.99821 00 0.902548 90 N.saABIE DO 0,80L56E 00
32 0e21696E 01 €.99824F 03 0+92301E ce C.38080E OC €.3977a€ 60
33 0.22336E 01 f,09328E 00 0490526E 0C 2.43T10F 00 . 04398C1F On
3a ©.23073E 01 049983CE N0 £.906572 00 0.43353E 00 0.39236€ €¢
35 Cs23762E ™ T Ce99833E 00 DeFOTBAE OO D.43009F DO Qe 389ACE 0O
: 36 0e244S1E 01 0+99336E 0OC 0,909CBE €O 0.42678E 00 0.38735E &0
! N 37 ©e25139E 01} ‘Nea 99839 00 091028 920 De42364E CO C.l85”1F (0
- 38 C.25828E £} ©e99841E 0N 0.91145¢ ¢¢C 0.42070€ 00 0.382R8F 00
39 0.26517 01 0,99843E 00 0+ 912595 00 n.41787E 20 04368C78E €0
. .0 0.27206€ 01 0.99845€ 0O 0.913692 00 DsALSISE €O €. 37R7IE €1
OIFFERFNTIAL FLUX AT ITERATION NUMBER = 23 . .
e 0e? . it e BeD 0.58288E 04 0.63145E 35 0.81037€ CS
. 3,25555€ 05 C.15487E £5  0.15341E 05 0.17918E 0S5 0.14937€ ¢5
Co11691E (5 £,593086E 08 0,13aS7E 08 C4592C1E 08  £,92311€ Sa
© 9491382 04 Ce91256E 04  C.3EA1SE 04  N,12625E 33  Ce13B74E Cs . .
Q. 1UAG1E (4  DWSIATOE. 04  0,9TE73E 03  0,7039 0.17568E 03 : .
B e2288TE CA | C421358E .02 N HAIG9’E 02 04893605 QeB6HSEE~C2 . R
0.16235E 3  C.50036E N0  C.99336E C) 6,4a577€ 02  0.21279E Ca -
0.18BB7E C4 Co17407E C4  0.8G8a1E 08  0,43361E 04  V.I10C1TE Oa :
. SINGLE SPECTRUM AC CHANNELS :
: : Ce f. 23476, 26849, 14199 .8629. ° 5680, 4476, 3616, 2884,
2538, 2018, 1527, 1522, 1339, 1062 968, 023, - 498, . s1e,
A YT 445, 273, 36S5. 212. 2664 199, 218, 185, 153,
176, 7186, © 191. 186s © 170 -93. S48 -+ 129 - 59, BT




NUMBER "AND ENERGY SPECTRUM AT THE CRYSYAL

INCREMENT ENERGY NUMSER FLUX ENERGY FLUX
. {mEV) (PHOTONS/CMS $2-SEC ) (MEV/CHes2~SEC).
1 PR TRYY 0e0 Qe
2 Q418331 - ) Q.0 . G0
3 017219 0+ 11638564E O1 0.2004027E 00
4 de24106 De3260876E 92 - 0+ 3039497E OI
s 0e3)99%e 048194021E Ot 042539633€ 01
[ 0.37481 CeS122632E M 0.1932958E C1
T JetaTES 04 3C923C7E O} 0s1384386E 01
8 0e51656 0432629tSE O 0e16685498€ 01t
14 Oe58504 €a38?7058F 01 0.2094140E 01t
10 0,65411 0.2682470F J1 Qe 19S1468E 01
-1 C.72319 . Ce2374355€ N . 0«1717102€ O1
12 Oa79206 04118579aF 0Ot 0+9392222€ 00
3 0.86794 0426B6S64E 0O 0+2313306E OO0
1e Q.92981 : 041182099k 01 O« 1C099130E 01!
15 V2998069 O 1843223E 0} 0.,18458031E 01
e 1.06756 6,1824¢€64E N1 041947940E 01
17 lel3C40 04.1822163E €1 0«22TOTT0E Ot
18 1420531 Ca1773426E€ 01 7¢2137329€ 01
19 127419 042527994£E-01¢ ‘0e3212213E~0L
22 1.348306 0,2770238E O 043720597E J0
21 1e41196 . Os21T4669E N Ue3070893F CO
22 1.480A1 . 0.1027729E ¢1 C+1521872€ 0%
23 . 10549069 Cy16G383C0E 0O 0s3003755F ©0
24 1.61856 Cu1405691E 21 042275196E 1
25 1.63744 C.3507323€E-C1 0+5919223F-21
206 175631 G»a861951E €O 0.80)12202€ 00
27 t.A2518 NyB3264582E-02 0e7783648E~02 .
28 1.A9406 0y 1297759F-721 0.2458252€-01
29 1.96294 R 796286E-03 04 3525092E-03
3 - 2.03181 Ce13329536-15 : 342708248 2E-05
31 2410C69 Co3281778E~00 04 6809958E~0C4
3z - 2416956 Ce Q99T ATHE~ A Je2167SBL1E~DI
33 2.23843 0. 196293%E-03 o 744393889E-13
3a 2430731 0,89C10C4E-GC2 0.2053737E-01
35 T 2437618 Ne024B816€ CY I+ 1009597F N1
36 2484506 Ge3771341E CO . 0e¢9221153E ¢0
37 2451394 Cu3475731E CO 2.8737762E N0
38 2.58281 B 78391 2E N 0.a633327E N
32 2¢6516A8 0.8658083E 20 ' 242295852 01
40 2.72056 0,2¢0NCTI9E 00 J+5441338E €D

— .
4
INTEGRATED RESULTS AT SOURCE AND CRYSTAL
ENERGY INTEGRATED PHNTON {BREMSS,) VALUES AT THME CRYSTAL
= .
" PHOTON NUMBER (PHOTONS/CM##2-SEC) = )eS993245E 02
PHOTON ENERGY (MEV/CMe®2-55C) = €.4281345E €2
PHOTGN DOUSE  (QOENTGENS/HOURD = C.7778591E-04
AVERAGE ENERGY (MEV) = 0.7143617€ Ju
5/ B PHOTON NUMBER / SOURCE EMITTED BETA NUMBER (PHOTINS/CYe*2-SEC)/(BETA/SEC) = C+1619796E-08
: : PHOTON ENFRGY / SOURCE EMITTED BETA ENERGY { (MEV/CMFP®2-SECY/MEV) S 8414372256 (2
Jr PHOTUN ENERGY / SOURCE EMITTED PETA NUMBER (MEV/CM#%2-SEC)/(BETA/SEC) = 0. 11571208-C8
PHITUN DUSE 7/ SOURCE EMITTED BETA NUMBER (R/KR)/(HETA/SEC) 3 0,21023226-14
PHOTON OOSE /7 SOURCE FMITTED AETA NUMBER OER SOURCE VOLUME ({(P/HR)/(DETA/SEC))/CM3) = 0,26T6T6CF-14
AT THE SOURCE CYL INDEX
PHOTON DOSE  / SOURCE EMITTED RETA NUMBER (R/HR)/(BETA/SEC)H = 3.32472016-11
PHOTON DOSE /7 SOURCE EMITTED BETA NUNMBER PER SOURCE VOLUME (({R/HR)/(AETA/SECH)/CMEs3) = 0,4138e65€-11
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APPENDIX V

- PHOTOPEAK AND BACKSCATTER PEAK DISTRIBUTIONS _
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APPENDIX V

-Photopeak and Backscatter Peak Distributions

- Figures V-1 through V-8 give the residual spectral count distributions ir the
‘photopeak region after Systematic fitting and subtraction of the Gaussian
function. The residuals are approximately zero at channels greé-ter than

- the Gaussian mean pulse height. For Ce139 and H9203 the residuals below
mean pulse height are as expected-, i.e., the Compton tail appears regular

- . in shape. The Compton tail of the other standards exhibits peak assymetry,
~perhaps associated with Ge(L‘i) electron-hole trapping. A more detailed
| -analysis was not possibie within the economic constraints of the preseht

"work .

Figures V-9 throudh-V-l? (generated by subroutine XPLOT) give the generally -
very good agreement between the fitted Gaussian function (zeros'i.e., 0)
.and the experimental ph_otopeaks (ex's i.e., x): the .asterisks-indicate X and o
superimposed. In these fi‘gﬁres the true photopeak channel is obtained by

“"adding the figure specified-number to plot channels (at bottom of figure).

- ‘Figure V-18 shows the normalized backscatter peak distributions, with respect
_..to.unit pulse height (200.channels) and photopeak area. . These peaks weré _
obtained after fitting a straight line base through counts on both sides of
the peak region (see FITLIN describti’on in Section 2.2.2.4). All peaks ex-

139 139
: e

hibit a regu1a>r shape pattern with the exception of Ce : C continuum

- <—--»co_unt-s-»w-ere»-statiscally---poor and-thus vt—his.-may:-account -in.part for spurious

.. ..region between channels 10 and 20 in Figure V-18. Figure V-19 présé_nt§ the

-backscatter peak height as a function of energy. The behaviour is seen to

be satisfactorily regular.
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Add 335 to Channel 1
Figure V-9

Ce139 E - 166 MeV

X0

%0

X0

Add 354 to Channel 1

Figdr-e”\/;]d‘

12037 =279 MeV
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17 WOx
1717 - .0
|2 74 +OX
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9%/ - .
135/ .
102/ .
45/ .
21/ .
16/ .
16/ 3
tes .
16/ -®
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e/ .®
11/ 0%
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. Add 378 to Channel 1
<. Figure V-11
885, E = 514 MeV

" Add 366 to Channel 1
o ~Figure V-12
2¢ 37, £ =76616 MeV
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e - -. Add 368 to Channel 1
Figure V-13
% is7 177 «0x Mn54, E = .835 MeV )
. 27 Vs «OX
. 37 v/ “aOR
47 17/ «OX
3 S/ 18/ 0 X
&7 29/ S o X
17 88/ .
Y ) 87 135/ .
. Qs SV . -
187 19/ . -
117 167 '®
s 127 16/ .
3 13/ 167 -
3 ) 167 16/ .
Add 378 to Channel 1
o ; Figure V-14
. l: lrs 0K ) 65 )
o o '2n°°, E=1.114 MeV
w2 AR/ «O % . B )
S/ I8/ 0 X .
3 ! &7 4V/ . ] X
° g 17 135/ .
. LYAR Y 1.Y4 -
*: Qs 23/ . .
107 16/ .*
. 117 1s&/7 -t
ﬁ - 127 16/ ot
~Add 379 to Channel 1
Figure V-15
o o 0680 £'=1:333 MeV
. 27 11/ «OX
, 3 17 +0X
o -7 12, 0 X
1 S/ 23 . o x
&8s 197 .
- ~Ts 1357
4, 397 -X0
B Q. | & 74 . -
30/ 167 .®
[ VS Y4 .®
_ ] 127 147 .*
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17 68/

Y7

37 S8/
NYZR 174
TSy 66/
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- &/ 135/

s W27
87 S/

L.
Qs &1/ .

107 A6/

VAN TV
27 21/
3 22/

L ot 267

5/ S8/
6/ 135/
N VAN Y24
s 21/
97 19/
107 1%/

- "Add 171 to Channel 1
S Figure V-16
. Zn%5, E=051MeV

. ox )

" Add 334 to Channel 1

- Figure V-17
Co%0, E = 1.173 MeV

ox

ox

-0 X L.
x0
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APPENDIX VI

REPRODUCTION OF APPENDIX II OF REFERENCE (2 ):

PHOTOPEAK FUNCTION FITTING

Note: The Following Are Approximately Equivalent in This
Appendix: D : :

CUBED, readas CUGEL
 STDFIT, read as  STDFT3

GUESS, - rea-d as PKFUN

PHOFRA, readas RESFUN

~137-



*  APPENDIX II

* | PHOTOPEAK FUNCTION FITTING

The puléejhéight analyzer spectral photopeak counts, y(xi),

are fitted to the Gaussian-plus-straight-line non-linear

1functidn N
. . o 2 -
. _{x.-p)) -
, o —1 7
L) = £ SP3® Tl
- fx) = X, ;,p) = ’ + 1
B 7P = - Py*; ¥ Pg (1)
, . : . p_ .
2
where.
Py = photopeak mean pulse-height.
P, = photopeak standard deviation.
" p3 = photopeak area.
pé_' = .slope of thtopeak'assumed straight-1line base.
' . Pg = intercept'of‘photpeak assumed straight-line bése.
‘G =. 0.3989423, a Gaussian constant.
"‘i'i = ﬁ,_£+l} .....,'n;.f and n are input to codé CUBED.
j-_ = l, 2, .;;.., m; m=5'in equation (1) and in code CUBED;

The partial derivatives of equation (1), with respect to the

parameters, p., are determined as

Pj . \
. X; - L
i = af = f(x)" ._1___2_pi
Pr 0P} R R
SR o 2 ; (2)
¢ o|-af L ( SRS B TS ¥
P, \ 3P, P, Py |
. 1 /
- -138-




=R E3

. : PO \ I
ax )
e v
Py APz i /P3
fp = d‘ f \l = xi
f (2)
PR -5 25 B |
ps éps gl
Qhere 4

*
vf(xg- = f(xg - PyX; " P

~Equations - (1) and (2) are coded in subprogrem FUNUS. Equation

(1) is fitted to the experimental data, (x , y ), according to
_ i i - (34)
the. iterative least-squares method of differential correction = ;

it is coded in subprogram STDFIT. .This method, as it is applied

in code CUBED, is outlined as follows:

A set of non-linear residual equations are defined and after

some manipulation expressed as first linear approximations. An’

initial estimate of values of the fitting function parameters is

- ~employed for the first approximation (iteratioh). The linearized
..approximation residual eqﬁaticnsvare,minimized by the method;of
least-squares such as to generate a set of normal equations which

e—e—a¥e-din turn solved to determine-the .coefficients. These dif-

ferential correction coefficients are applied additively to the

~current (1n1t1a1 on first iteration) parameter wvalues to obtain

the values for the next (second third, etc.) 1teratlon. This is
repeated untll the sum of the squares of the residuals (between

function and experimental values) differ by less then some preas-

. signed value, as determined for consecutive iterations.

The set of non-linear residual equations are defined'as;
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.. where

_ a set of residual equations, linear in p ,

A!

~—The-set of non-linear residual- equations are defined as:

"g_‘Ri_ = £y pj(k)) -y (x;) | . }(’3)_

s "which mayAbeArewritten as -

R ¢ 3 I . (k>) _ ' " - J
-_-31 = f (xi t pjw + q j_) Yy (Xi)_ » (4?

(o)

P = initially estimated value of j

th

th parameter.’

Py o= value of j parameter for iteration k.
-k = iteration index
q}k?_ #_fpi(k) - pj,.differential correction coefficient

;.(ideally»equal to zero).
‘Expanding equation (4) by means of Taylor's theorem for a function
~of several variables, it may be seen that
D f

o p.i(k)

j i

()
9

~
i

o m
®) oy )+ Y
PR

= f + & i
1 TR ° -

o
N

neglected higher order terms in Py

~ ‘Thus equatioanS) canwbgnexpressed as:

: R o f - _
R, =r, + q. : (6)
-1 i ng 9 ( ap} (k))i

J
- Minimizing as

.
ro®

=L

2 . u(pj(k))

(7)
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“““Phe -normal. equations may be written as:

- and solved for the differential correction coeffiéients qj

i

o \ ] i . )
f f y £ f q,+...+H\ { f q + Zf r, =0
( plpl) R (hf Py P 2) 2 (Zﬂ plpmi m p,i

1/ £ f Sqf f q,+...+ f f q + ;yf r =20 - (8)
A R R R AT

i
o

, . o | ;.
—
v f f i oot YE f q -+ f r,
(Ldp pl) (Lp pz} 92 me Prfi ™ mel -
(k).

Iterating is continued with the iteration parameter values

determined as

(k+1)  _ (k)

. (k) - o 9)
3 3 J S o (.)

until the arresting criterion employed is satisfied. Iterating

~1g arrested when -

=) _ ) .
o) = ¢
where
~e'. =" dn"assigned tolérénte“value;“é““=“I0f5 in code“CUBED
_k;§pppxogramASTDFIT.
n
TN STy g e TR MR W)
. Fa{
'"W(xi)="5et of statistical weights; =((y (xi)r% -2 in

code CUBED subprogram STDFIT.
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In general, subprogram STDFIT ceased fitting equation (1) at

k=5. Subprogram GUESS communicates the pj(o) to subprogram'
STDFIT semi-automatically, i.e., it requires,é.and n, the

lower and upper fitting indices to be input to subprogram -

PHOFRA (ehcoded'as_NSJ and NFNJ). Equation (8) is solved

according to the'conventional:Gauss—Jordan pivoting method(35).

E'. '...'.‘J.-a' [v N 'u.f!
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