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ABSTRACT.

A FORTRAN computer program incorporating a second
difference peak search was developed to calculate
nuclide abundances from gamma ray spectra on magnetic
tape without applying iterative fitting techniques.
Peak areas are obtained by summing counts above a
statistically justified cubic or linear equation back-
ground, and confidence limits are determined for all
analytical results,
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INTRODUCTION

Quantitative analytical interpretation of multichannel spectra
involves extensive calculations which become tedious and costly
when performed manually on a routine basis. A number of computer
programs have been written for data reduction of high resolution
spectra. These programsl”“ normally search for significant peaks,
resclve overlapping peaks if possible, calculate the net counting
rate for each peak, and identify the isotopes present. The differ-
ent needs of each author and the complexity of the codes make
effective use of another's program difficult. At Savannah River,
this work has been done by the program GELI with peak search SPAN,
written by R. A. Priest® in 1968,

The FORTRAN computer program described in this report is
intended for routine analytical calculations of 40%6-channel gamma
ray spectra. It was written by modifying and supplementing
GELT, and by replacing the SPAN first derivative peak search with
SPANZ, a much more sensitive and quicker second difference peak
search. This program has the special advantages of:

e Effective detection of overlapping peaks without time-
consuming iterative curve fitting.

e More accurate area calculation by improved background deter-
mination for single peaks.

¢ Use of peak search data in evaluation of analytical resuilts.

e A statistical analysis of all analytical results including
"less than" estimates for nondetected isotopes.

e Comment codes which identify in detail the results of all
tests.



SUMMARY

The existing computer program for routine analysis of high-
resolution gamma ray spectra has been substantially modified, a
new peak search subroutine has been written, and computer runtime
has been decreased by more than 50%. Nuclide abundances are
determined by summing counts above background in a region of the
spectrum defined for each peak by empirical equations relating
energy and full width at half maximum to channel numbers. Back-
grounds are approximated using either a linear or cubic equation,
depending on statistical justification. Confidence limits are
reported for all analysis results including 'less than' estimates
for nondetected nuclides. Peak search data are reviewed, and
peaks which may interfere are listed for each nuclide.

The peak search applies five tests in its evaluation of the
second difference curve to locate significant peaks, and accurately
determines the peak energy from a linear channel-energy relation
by fitting a Gaussian curve to the spectral data. Areas of suf-
ficiently separated single peaks are calculated by summing counts
above background, and an error analysis is provided. Five edit
options control the amount of printed detail obtained from the
peak search routine. These options vary from no printout at all to
the extremely detailed output which includes a graph of the spec-
trum. Comment codes generated during the search cross reference
overlapping peaks and identify all test failures.



DISCUSSION

The computer program described here consists of two
parts: the main program GELIZ, and the peak search subroutine
SPAN2, CGELI2 calculates all analytical results; SPAN2 performs
peak searches on the input spectra and supplies information such
as peak energies, areas, and full width at half maximum (FWHM) for
user evaluation of the GELI2 analytical results. The only quanti-
tative data from SPAN2 used by GELI2 are peak locations needed for
the energy-channel calibration. The GELI2 and SPAN2 routines will,
therefore, be discussed separately, as will the subroutine BKGND,
which is called by both GELI2Z and SPAN2 to calculate backgrounds
under peaks. Examples of the program are used in the Appendix to
illustrate proper form and arrangement of input data cards.

GELIZ

The computer program (as shown in the GELI2 Flow Diagram of
Figure 1) first calls subroutine READIT to read nuclide input
information such as energy, intensity, efficiency, ete. This
information is organized by the user into sets, each containing
data for up to 100 nuclides of interest, Selected nuclides are
then designated for analysis by identifying the set. A maximum
of five nuclide sets is permitted by the DEFINE FILE statements.
The CALL NINIT(IDF) statement identifies the set of nuclides (IDF)
to be considecred and supplies all interference information needed
later in the interference calculations. After reading sample
input data from cards, the 4096-channel gamma ray spectrum is
read into common storage from magnetic tape for use by both GELI2
and SPAN2. A peak search is performed on each spectrum. No
option has been provided to bypass the peak search because this
information is necessary to evaluate effectively the analytical
results. '
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The calibration option must be used on the first spectrum to
relate channel numbers to energies. The channel numbers and
associated energies for up to 25 peaks may be input on cards for
this calibration. The minimum input data required for the cali-
bration are the channel numbers for the four default energies
(74.7, 661.6, 1173.2, and 1332.5 keV) supplied by the BLOCK DATA
portion of the program. If accurate values for the channel numbers
are not available, estimated channel numbers may be input, and
precise values may be obtained from the spectral data by using the
option to call subroutine LOCATE which examines the stored results
of SPAN2 and locates the single peaks nearest to and within 15
channels of the estimated channels. If a peak is not found, the
estimated channel number is used in the calibration.

After the channel numbers are corrected for any nonlinearity
of the analog-to-digital converter, a linear least squares fit is
performed on the data. The resulting equation which relates
channels to energies is used by both GELI2 and SPANZ for all sub-
sequent channel-to-energy calculations.

Since the abundance of a given nuclide is proportional to its
peak area, the accuracy of the analysis is directly dependent upon
the accuracy of the peak area determination and is especially
critical for small peaks. Calculation of the peak center and FWHM
from the data for small peaks may also be unreliable. For this
reason the peak center and FWHM are determined from appropriate
equations in the GELI2 routine as follows.

The peak center is determined for area calculations in GELI2
from the known gamma ray energy using the energy-to-channel cali-
bration equation and recorrecting for analog-to-digital converter
nonlinearity. The FWHM 1s then calculated from the empirical
equation FWHM=FWHMT + .001 (peak channel number), where FWHMT is
an input estimate of the FWHM in the first guadrant of the spec-
trum. The gross area of the peak is obtained by summing the counts
in each channel from (peak center -~ AFAC*FWHM) to (peak center +
AFAC*FWHM) . AFAC is a numerical constant (presently equal to
1.5) that controls the number of channels in the area summation.
The background under the peak is described by a cubic equation
fitted to the spectral data by subroutine BKGND. The background
area is obtained by summing the background counts over the defined
channel range. Any nuclide interference corrections are then made
and the net peak area defined as

NET AREA = GROSS AREA - (BKGND AREA + INTERFERENCE AREA)



The data are then statistically evaluated at the 95% confi-
dence level using the principles discussed by Currie.® The
detection level is determined by comparing the net peak area with
the net area above which the observed signal may reliably be
recognized as detected (L) and with the level at which the meas-
urement precision becomes satisfactory for quantitative determi-
nation (L;). Lg, Lg, and the variance of the net area o” are
defined by the following equations when considering radioactivity.

LC = 2.33/GROSS AREA - NET AREA
GROSS AREA - NET AREA %
Lq = 50{} + [l + 15E } }

02 = 2 GROSS AREA - NET AREA

Table I summarizes the statistical evaluation. Note that
for these calculations, interferences are considered simply as
part of the background.

TABLE 1
Summary of Statistical Data Evaluation

Net Peak Aread

<Lc >Lc and <Lg 2Lg
Detection Level Reported Not Detected Qualitative Quantitative
Confidence Limits Reported Upper Limit Only: Upper and Lower Limits:
Peak Area + 1.6450 Peak Area * 1,960

a. Le¢ = net area above which the observed signal may be reliably recognized as
detected. Lq = level at which area measurement precision becomes satisfactory
for quantitive determination. o = standard deviation of net peak area.

- 10 -



After the GELI2 routine has examined the peak search data of
SPAN2 to identify all peaks in the vicinity of the peak of interest,
the analytical results in terms of area are converted to the desired
units using the appropriate equation of Table II; the variables used
are identified in Table III. The input variable ICALC identifies
the calculation option and will be discussed in the section on the
use of the GELI2 program.

TABLE II

Peak Area Conversion Expressigns

ICALC Expression Defining ABUND1 or ABUN in GELI2 Units

0 DEFAULTS TO 1

. AREA*DIL*100 dom
CT*EFF(IEFF) *XIN*EXP(~(.693°DT) JHL*1440)) P

2 AREA*100*1056 n
CPMMG*WT*CT*EFF (1EFF) *XIN*EXP (- (. 693%DT)/ (HL*1440)) PP

5 AREA*100*HL*1440*WTMOL*10® o
CT*EFF (IEFF) *XIN* ,693*XSECT*FLUX*10-2%%6 . 02* 1029 *ABIS0*.01 PP

*WT*EXP (- (. 693*DT) / (HL*1440)
2y
4 AREA*100*HL*1440*WTMOL*10 neutron/cn?

CT*EFF (IEFF) *XIN*® . 603*XSECT *ELMASS ABIS07 . 01%6.02%1027
*EXP (- (.693*DT) / (HL*1440)

- 11 -




TABLE 111

Identification of Variables

Variable
or Constant Identification Units
ABISO (Ratio of Isotope abundances)*100 None
ABUN Uncertainty of ABUNDI1 Table II
ABUND] Nuclide abundance or integrated

flux Table 11
AREA Net peak area or its uncertainty counts
CPMMG Nuclide specific activity dpm/mg
cT Counting time minutes
DIL Dilution factor None
DT Decay time minutes
EFF (IEFF) Efficiency counts/photon
ELMASS Element mass mg
FLUX Integrated flux neutron/cm?
HL Half. life days
ICALC Input variable specifying

calculation option None
IEFF Input variable specifying

efficiency option None
WT Sample weight mg
WIMOL Molecular weight g/mol
XIN Intensity*100 photon/dis-

integration
- XSECT Cross section barns



The analysis results for the nuclide of interest are printed
out in the form shown in Figure 2. In this output the "background"
includes any nuclide interference corrections made, the "channel
number' indicates the center channel for the area summation, and
the "peaks from peak search" lists all peaks which occur within
(2.0* SEPFAC*FWHM) channels of the calculated center channel.
SEPFAC is a numerical constant (presently equal to 2.0) which
defines peak separation requirements. The program then reads the
next nuclide and repeats the calculations until all nuclides of
the set are considered. Control is then returned to subroutine
SPANZ by the CALL POINT statement for calculation of the peak
energies for the peak search data. After the peak search data are
edited (Figure 3), GELI2 begins calculations on the next spectrum.

243AF§13TCS 6000 SAMPLE, TAPE NALOTL, FILE 1

SAMPLE WEIGHT Call MILLIGRAMS TILLUTION FACTOR D610F 01 COUNTING TIME G6e 67 MINUTES DECAY TIME 083 MINUTES
FLUX  Da0 NEUTRON/CHM*CH ID NUMBER 1&01 FILE NUMBER 1 EFFICIENCY OPT 1 CALIB DPT & CALCULATION OPT i
CALIBRATIONY CHANKREL NQe EQUALS ~98e% CHANNELS + 30687 CHANNELS PER KEV

ENERGIES CHANNEL

Tée 7 I31a 86
661e6 193043
1173.2 3501 eb
13325 3991e &

NUCLIDE HALF GAMM& 2 GAMMA  COUNT ING CROSS GROSS BKGND NUCLIDE DETECT ELEMENT CONF CHAN PELKS FROM
LIFE ENERGY INTENSe EFFs SECTION COWNTS  COUNTS LEVEL ABUNDANCE LINITS NG, PEAK SEARCH
LCAYS KEV PHO/DIS CT/PHOTON NS UNITS = CPM

AM242 Z2490DE 08 T4aT 15426 TeTIE=02 Oult 229094 €456 AM243 Quay Do 4265 06 +/= Du275F 0% 135 135, 7,

COB0  1492E 03 1173,2 1C0.00 1«(OE 00 et €T8B5. 594ls CO4D QUAN 0s929E 0% +/- DaVI3E 22 3302 35)2.3,

0060 1492E 03 1332,5 100,00 LeQ0E QG Qu @ 56436a 21754 C08) QUAN DeB8lSE 0% #/= DGTI12E B2 3992 3332,5.

5137 Gat Bblat 85,00 Ge ITE-U3 08§ 115360« 12107« C35137 QUAN 04194€ 07 #/= D.132E 05 1931 1322.2,

YB169 Ol 63 1 45 €O lanCE 00 GO 72160 72160 YBLL3F NOT DET: LESS THAN J,208E )3 99 8843y 93.5

YB16% Cal 1098 18400 JaCEE 00 Cu 0 92792 92192s YB1HT NOT DET: LESS THAN 0.59LE 33 242 Zllab e 22440

22T, Tr 268 4

YBl49 Ual 130.5 il.,00 1.00E Q0 040 358564 35856 YB169 NOT DET: LESS THAN 0.601E 03 kbl ] 276:3r 334D

¥8ls% .0 177.2 22400 1entCE D3 Dol 31631e 31631s YB169 NOT DET: LESS THAN D,282E n3 448 NINE

YAle9 0.0 19840 35460 1e0CE O0 Dol 34313, 31764s YBlo9 QuaL 0109 D& #/= 0.2186E O3 511 534y 0

FIGURE 2. Typical GELI2 Analysis Output



PEAK ANALYSIS FILE 1

WINOOW = 5, TOLERANCE = 3 SEPFAC = 24000 AFAC = 14530
COUNTS ENERGY NET PEAK AREA REL $TD DEVIATION  fULL WIDTH COMMENT
PEAK ( CHANNEL, ) AT PEM LKEV) (ZOUNTS) OF AREA IN PERCENT AT WALF MAX CODE
19.8 22794 36497 %:2
“le% ZT50s &4y 006 [N}
6542 1841 51e88 D)
B8e Q 28524 59,34 20 0095
9345 3186, 6ls 14 2042000
13547 3450 50 T4e99 LTS
21l 0 T400, 95, 87 0.0
22440 11033, 103,94 2043232
227Te 1 1271 e 105415 2n, 0000
264e4 40 46s 117,18 Nal
27643 2273 121,10 03
324e( 1388 140420 41, 0000
347406 1349 144y 26 5040334
53440 1361. 205492 )
54Te0 241% 205.77 0.0
567.0 1265 214431 143200
5750 1304, 218492 —— 0, 0567
a02a? 3547, 22800 0s 1263076E 05 0.0
23 N 1017 243,14 - ——— 41.2270
6550 988, 24511 — Lt 504 0649
753a7 3172 21T 38 Ou 1276543E 05 Le338 942
B54e 8 . BlYe 31064t ELLE “vaw )
87040 92% 3543 — - ]
88642 1428 320.T1 ——— ——— 2.0
S26e 7 1001. 333,95 Da1256918E D4 156142 De 0
114%.0 T00. 405 29 - — 50s1152
114740 T01le )50 W - 52.1152
115241 69Cy 407,51 ——— 41,0000
124640 Te 438,26 41,000
L2544 0 756, 440488 50,1246
143840 50 5040, 93 —— 41,0000
1441 8% 472 501490 ——— ———— 5Dsl%38
1497 §- 466a 520448 [ M) 529,396 0.0
1621.0 37t 560s 61 —— 5041628
16240 337a S60.59 —— 53,5528
L628a0 36¢a 362490 -_— —_—— 41, 0nen
17545 588 804413 0 1689273E 0% 8, 89% Jad
1929 2 LABUZe 681,37 041029372 06 Ce34l e N
20364C 299 £95: 84 - —— 50, 2042
2€424G 321. 697482 ——— ——— 11,80 41,300
20 R4e 33% T114 50 50, 2086
208640 295, ThZ 15 £1,3%%0
2232.0 327, 759469 50,2236
2234410 e, 760,95 41,0000
23000 332, T0le 82 m——— 413470
230200 30% T8Za b8 m—— 50, 2390
23419 4T, 795547 Co 491 1031E 03 [ 1Y.]
239344 323, 81211 m—— 53,2399
23990 379, 814 06 4l. 0000
2551 o0 3B4e 863454 50.2558
2558.C 395, 845,82 41, DOOD
26T4eC “22e 903, 57 41,0000
2683,0 423 905,50 53. 25T
274690 489 $34ebed 41, 0000
277640 406 936476 61,2749
IN38e Y 336 1022402 41. 0000
Iébel 328 1024: 62 5043038
1061 o0 3149, 10294 59 5343067
IC69C 351, A32.1) 43, 0020
341940 178 1has 02 SDe3425
2504 177 1147497 1258 4Ly 3230
340 Te § 198 1150488 l4alb 41, 0000
344540 1874 1154448 m———— —— 5342437
3502 3 68224 1173412 Ceblélae g 05 10, 82 0
355600 ('Y 1200, 64 ——— —— 5Pe3802
3602ZeR) ¥ 1205460 - 11480 4143300
36560 1Y 122218 -—-- S0 3663
366340 15 12254 46 12498 4142070
37000 bre 1237451 ——— 50y 3 TOM
34t S7e 1238,81 11.8% 41,000
3841 .0 39, 128344 — 5043844
3ehdeu 3. 12844 42 By 26 41, 000D
387640 37. 1294e B4 17 462 61,3000
318790 41, 1285,82 ———- -— 50,3876
39925 Sobls 1332, 81 0. 5352264E N5 11480 0.0

FIGURE 3. Typical Peak Search Output



SPAN2

Subroutine SPAN2 is called by GELI2 to perform peak searches
on spectral data in common storage. This routine uses a second
difference method to find peaks, and locates the peak centers

~precisely by fitting a Gaussian curve to the spectral data. Peak
shapes are thoroughly evaluated by applying tests to the second
difference curve, thus making it possible to distinguish single
peaks from Compton edges and multiple peaks. Peak areas are
calculated for single peaks if no interfering peaks are present.
The relative standard deviations of the peak areas are also deter-
mined. A comment code is generated which identifies all test
failures, classifies peaks, and c¢ross references overlapping
peaks, Five editing options are available to vary the amount and
detail of the printout.

Some general aspects of the peak search are discussed before
describing the details of the SPAN2 routine. Consider first the
shape of the second derivative of a Gaussian curve (Figure 4).
The second derivative is characterized by a minimum value at the
peak center, zero at the peak's two inflection points, and maxima
near the peak's two tail regions. The distance between the two
zero values gives a measure of the Gaussian peak width. A peak
finding procedure employing the second derivative method searches
the second derivative curve for the characteristic maximum-minimum-
maximum shape and applies appropriate tests to confirm or reject
possible peaks. '

To adapt this concept to the discrete data of a gamma ray
spectrum, the second derivative must be approximated. This is
done using the second difference function Sj, which is evaluated
at channel i, and defined by

S3 = Nj_1 - 2Nj + Nji+1

where N is the number of counts in the subscripted channel. If

the second difference as described above is calculated and graphed
as in Figure 5 for a real peak, a noise-like signal results which
does not resemble the second derivative of a Gaussian curve because
of statistical fluctuations of the data.

- 15 -
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FIGURE 5. Second Differences for a Real Peak

The nciselike nature of this second difference curve, however,
can be reduced by repetitive averaging of neighboring channels, as
illustrated in Figure 6. Since only relative values are necessdary
to establish the shape of the curve, the averages are not norma-
lized. The number of channels used in each average is called the
window and is usually 3, 5, or 7. A window of 3 channels is very
sensitive to narrow peaks, whereas a window of 7 channels is more
sensitive to wider peaks. Mariscotti® has shown that peak search
characteristics are optimum with a window equal to 0.6 FWHM and

- 17 -



Second Difference 4 | -3 6 5 | -7 |- 4 1-3 3
1st Average® 1 7 B 4 | -3 | -4 0 |4 2
2nd Average 15 (16 | 19 9 | -3 | -7 0 6 |15
3rd Average 50 |44 |25 | -1 |-1¢ |1 |2

4th Average 119 |68 | 14 |-12 |10

5th Average 201 ] 70 | 12

a. Averages are not normalized.

FIGURE 6. Smoothing Second Difference by Averaging

five averaging steps. The smoothed second difference curve gives
an excellent approximation to the second derivative, as shown in
Figure 5. ’

The second difference followed by the averaging steps can be
calculated from the spectral data in one orthogonal-polynomial
type operation using the following equation if the weighting
coefficients Cj are known:

j=last
S; = CoNj + 21 Cj(Ni_j *+ Nisj)
J:

Cj is a function of the window and the number of averaging steps,
and N represents the number of counts in the subscripted channel.
The subscript j has a minimum value of one for the summation, and
a maximum value dependent upen the window and number of averaging
steps. Weighting coefficients for five averaging steps with
windows of 3, 5, 7, and 9 are given in Table IV. Since each term
in the above equation is independent of the others, the standard
deviation of the second difference, evaluated at channel i, is
given by

, j=last . 5
J:

- 18 -



TABLE IV

Weighting Coefficients for Calculating
Smoothed Second Difference

Weighting Coefficients Cj for Averaging 5 Times
Window of 3 Window of 5 Window of 7 Window of 9

i
0 -12 -32 -62 -102
1 -9 -29 -59 -99
2 0 -20 -50 -90
3 +5 -5 -35 -75
4 +6 46 -14 -54
5 +3 +13 +3 -27
6 +1 +16 +16 -4
7 +15 +25 +15
8 +10 +30 +30
9 +6 +3] +4]
10 ‘ +3 +28 . +48
11 ‘ +1 +21 +51
12 +15 +50
13 ' +10 +45
14 +6 +36
15 +3 +28
16 +1 +21
17 , +15
18 +10
19 ' . +6
20 +3
21 +1

- 19 -



For practical application in the computer program a simpler
expression for the standard deviation of the second difference is
used which requires the assumption that all values of N be replaced
by N;. The approximated value of the standard deviation is then

) j=last . L
Fi approx = {?o Nj + ;EI Cj(Ny + Ni%
Jz
j=last X
- 2 3
- {(co + 252212 Cj)Ni}

The term (Cg + 2 §:C§),‘evaluated for five averaging steps using

windows of 3, 5, 7, and 9 has the values 448, 5220, 27342, and
95034, respectively. The approximate expression for F; 1s very
nearly equal to the correct value for small peaks on large back-
grounds. For large peaks the approximate value exceeds the correct
value, but the difference is small compared to the magnitude of the
second difference at the peak center.

The peak finding portion of SPANZ was written using a
procedure similar to that of Mariscotti” because this procedure
provides an excellent test of peak shape with a tolerance control,
and because optimum smoothing parameters have been defined for
this method.

This peak search begins by calculating the smoothed second
difference and its standard deviation at each channel in the spec-
trum as shown in Figure 7. (Since data for neighboring channels
are required in these calculations, S{ and Fj cannot be calculated
for the 1 + 2.5(WINDOW- 1) channels at each end of the spectrum.)
The data are evaluated and significant channels identified by
comparing the second difference values with their standard devi-
ations and with zero for each channel. A channel Il is identified
(Figure 7) each time the second difference becomes greater than
its standard deviation; an 12, when it becomes less than its
standard deviation; an I3, when it becomes less than zero; and an
15 when it becomes greater than zero. When a channel I5 is
identified, 2ll minimum values of the second difference between
I3 and IS5 are located, since each could possibly indicate a peak.
The most negative minimum identifies the main peak and is called
I4. 1In the case of two overlapping peaks, the second difference.
has two minima as shown in Figure 8.

- 20 -
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Five tests applied to the five significant channels for each
main peak distinguish real peaks from Compton edges, statistical
noise, etc. Test zero requires that channels I1-I5 be in numeri-
cally increasing order. Test one checks the significance of the
second difference and requires that its absolute value be more
than twice its standard deviation at channel I4. Test two
defines acceptable peak widths and requires (I5-I3) to be within
the range of 2 to 27 channels. Tests three and four require the
number of channels between Il and I2 and between I2 and I3 to be
within a specified tolerance 1limit of those expected for a Gaussian
peak of the same width. With the third and fourth tests, peaks
can be distinguished from Compton edges because the left maximum
is small or absent for an edge. The peak finding procedure can be
made very selective by narrowing the acceptable range of test two
and decreasing the tolerance limit.

The precise location of all single peaks is determined by
fitting a Gaussian curve to the spectral data using the following
technique. A Gaussian curve has the equation

2
y = AEB(X - )

where A is the height of the curve above background at the mean
4, and B is a constant dependent on the width of the Gaussian
curve and equal to (4 In.5)/FWHM?. Taking logarithms and
rearranging gives the quadratic equation

InY = [InA + Bu®] + X[-2Bu] + X*[8]

The expressions in the three brackets are numerically evaluated by
performing a quadratic least squares fit of InY and X, where Y
represents the counts in channel X. By defining R = {-2Bu] and

S = [B], the mean for the Gaussian curve and, thus, the center for
the peak are given by

- R
H = 33

The peak search subroutine SPANZ is outlined in Figure 9,
All input data are in common storage with either the calling pro-
gram GELI2 or the BLOCK DATA. The window, tolerance, SEPFAC
(the factor which determinés acceptable peak separations} and,
AFAC (the factor which determines the number of channels included
in area summations) are defined in BLOCK DATA and can easily be
changed. The window can assume only the values 3, 5, and 7 unless
additional definitions of Si and Fi for the new window values are
included in SPANZ. The tolerance can assume any integer value.
SEPFAC and AFAC should not be changed from their respective values
of 2.0 and 1.5 without considering the indirect relationship
between them,
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The variables must be properly initialized because of a dual
indexing system used to conserve computer storage space. The
storage location for the input spectrum TFN(I) is dimensioned 4096
so that this index correlates with channel numbers. The second
difference and its standard deviation, however, each have storage
locations dimensioned 300. A new index is established for these
each time a new channel Il is found such that the spectrum index
(I} is related to the second difference index (IND) through I1 by
the equation T = IND + TI1 - 2.

After the values for the second difference and its standard
deviation are calculated and channels I1 through I5 are obtained in
numerically increasing order, tests zero through four are applied
to the main peak at I4, and comment codes are assigned at all
minima in the second difference between I3 and I5. If the curve
passed all tests, the peak center is then determined for the main
peak by fitting a Gaussian curve to the input data between channel
MAXL, the maximum in the second difference between I2 and I3, and
channel MAXR, the maximum in the second difference between 15 and
(I15+15-13). Additional second difference data which are required
to determine MAXR are calculated by temporarily setting the variable
MORE equal to 1. After the peak center is calculated, the peak
search is continued until the whole spectrum has been searched.

All information acquired by SPANZ for future printout by
subroutine EDIT is stored as the doubly subscripted variable PDATA
in a location dimensioned 500,7. The first subscript (KOUNT} num-
bers all possible peaks consecutively as they are found, and the
second subscript identifies the peak characteristic (peak channel,
energy, etc.) which has been calculated. These data are used to
evaluate peaks for area calculation by SPANZ,

Peak areas are calculated for all peaks having comment codes
zero or 20 if they are sufficilently separated from other such peaks.
Sufficient separation is defined by describing a region of
(2*FWHM*SEPFAC) channels centered at each peak. If this region
does not overlap with that of any other peak nor extend beyond
either end of the spectrum, the net peak area is calculated as
the sun of counts in each channel above background from channel
(peak center - AFAC*FWHM) to (peak center + AFAC*FWHM) using
subroutine PKAREA. FWHM is defined for each peak as FWHM =
(I5-13) ,/2 In 2 . The background under the peak is described
by a cubic equation fitted to the spectral data by subroutine BKGND,
which is discussed later. The relative standard deviation of the
net area is also calculated by PKAREA using the equation

RSDA = \/hross Area + Background Area
Gross Area - Background Area
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IS
After the last peak area is calculated and the spectrum is plotted,
if this option was chosen, contrcl goes to GELIZ and is returned

to SPANZ at ENTRY POINT for peak energy calculation at all
possible peaks using the calibration equation from GELIZ.

The accuracy of the area calculation was tested using synthetic
data composed of various size Gaussian peaks on a quadratic back-
ground. Since the theoretical area of a Gaussian peak is given by

THEORETICAL AREA = A*FWHM*[m/4 1n 2]

where A is the peak height above background, the percent difference
between the calculated and theoretical areas was defined by

o nige . |CALC AREA - THEOR AREA
s Diff = [ THEOR AREA ]100

The data reported in Table V reflect the combined accuracy of the
area calculation and the cubic background fit, and show a maximum
error in the area measurements of less than 0.27% for the 12 peaks
tested,

TABLE ¥

Accuracy of Area Calculation for
Gaussian Peaks on Quadratic Background

Percent Difference Between Calculated

and Theoretical Areas? .
_ Peak Height Above Peak Height Above
FWHM Background of 20000 Background of 200

4 0.2644 0.2651
7 © 0.2618 " 0.2621
10 0.2392 0.2387
13 0.1906.  0.1897
16 0.1130 0.0544
19 ~0.0684 -0.0693

g ns e - | CALC AREA - THEOR AREA .
a. % Diff = [_ THEOR AREA }100,

Background = 110 - 0.16X - 0.00001X?,
where 1 € x € 500.
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An alternate PKAREA subroutine based on the method of Reber
and Major,” in which the peak area summation was begun at the peak
center channel, was written and subsequently rejected. One channel
on each side of the peak was added successively, and the relative
standard deviation of the area was calculated after each addition.
The summation was terminated when the RSDA reached a minimum., For
a Gaussian peak on a linear background, the following empirical
equation derived by the author

AEopt = FWHM*EXP[-.1364 1n R + .2608]

accurately predicts the number of channels, AEg ¢, which must be
summed to obtain a minimum RSDA. R is defined as the ratio of the
background height to the net peak height evaluated at the mean.

A simple calculation using this equation and a table of Gaussian
areas show that for R greater than 0.16 the Reber-Major’ method
underestimates the area by at least 5%. The Reber-Mazjor method
of area calculation was, therefore, rejected.

Typical output of peak search data is shown in Figure 3.
Comnent codes are identified in Figure 10.

CCMMENT EX PL ANAT 10N
CODE

OeC SINGLE PEAK WHICH PASSED ALL TESTSs

1.0 SINGLE PEAK WHICH PASSED ALL TESTS 8UT GAVE A POSITIVE
B(2) IN LEAST SQUARES FIT YO LOCATE CENTER OF PEAK,

200 THIS 15 THE MAIN PEAK OF TWO DR MNRE OVERLAPPING PEAKSe
THI S MAIN PEAK PASSED ALL TESTS.

2N o AMAA THIS PEAK OVERLAPS WITH THE PEAK AT CHANNEL AAAA WHERE
AALA PASSELC ALL TESTS.

21.C THES 1S THE MAIN PEAK CF TwO OR MORE CVERLAPPING PEAKS AND
PASSELC ALL TESTS BUT GAVE POSITIVE B(2) IN LEAST SQUARESs

4Be COCC THEIS IS5 THE MAIN PEAK CF TwQ CR MORE OVERLAPPING PEAKS.
THIS PEAK FAILED TO PASS TEST B.

5CeCCCC THIS PEAK OVERLAPS WITH THE PEAK AT CHANNEL CCCC WHERE
CCCC FAILED TO PASS ALL TESTS.

6L0000 THIS SINGLE PEAK FAILED TO PASS TEST De

80,0C0C THE MAXIMUM DIMENSION CF VARIABLES S AND F wAS EXCEEDED
BEFORE A NEW VALUE OF I1 WAS FOUNDs ALL MINIMA IN THE
SECOND DIFFERENCE OCCURRING BETWEEN I35 AND THE MAXIMUM
DEMENSION ARE GI VEN CCMMENT CQUE 80,0000.

814000C NJ MINIMUM WAS FOUND IN THE SECOND DIFFERENCE CURVE
BETWEEN I3 AND 15,

FIGURE 10. Explanation of Comment Codes
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BKGND

Subroutine BKGND and CALCIT fit cubic equation backgrounds
to peak data for both GELIZ and SPAN2Z, The calling program
defines two background regions each M channels wide centered at
channels IXI. and IXR as shown in Figure 11. M is an odd integer
approximately equal to the FWHM and presently limited to the range
5 through 25. Channels IXL and IXR are defined as integer values
by

IXL

I

Peak Center - SEPFAC*FWHM + .5

IXR Peak Center + SEPFAC*FWHM + .5
The spectrum TFN, M, IXL, IXR, AND ICA, a print control variable,
are input to BKGND from common storage.

Slopes and their standard errors,B which are determined by
subroutine CALCIT for the three linear regression lines fitted
individually and jeintly to the two background regions, are evalu-
ated by BKGND. If the slopes of the lines through the two back-
ground regions are statistically the same as the slope of the line
through both regions, the linear equation through both background
reglons is used as the background equation. If one or both slopes
are statistically different from that of the line through both
regions, a cubic equation is fitted to the data such that at IXL
and IXR this line has the same magnitudes (PL and PR) and slopes
{(QL and QR) as the two individual regression lines. The background
in counts is given as a function of channel number I by rearrange-
ment of Quittners equation? as

Background = T°[TM3] + IZ[TM2] + I[TM1] + [TMO]

where
[TM3] = [(QL + QR) {IXR-IXL) + 2(PL-PR)]/(IXR-IXL)?
[TM2] = -3IXL[TM3] + [3(PR-PL) - (QR+2QL)(IXR-IXL)]/{IXR-1IXL)2
[TM1] = QL-2IXL[TM2] - 3IXL?[TM3]
[TMO] = PL-IXL[QL] + IXLZ[TM2] + 2IXL*[TM3]

The background equation coefficients are transferred via common
storage for use by the calling program. This method usually fits
a cubic equation if the counting statistics are good, but gives a
linear fit if the statistics are poor.
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FIGURE 11. Cubic Background Fitting

The background routine was originally written without the
statistical slope evaluation, and consequently a cubic equation
was fitted to the data even when slopes were very uncertain.
The background equations were often grossly in error if counting
statistics were poor. The statistical slope evaluation incorporated
in the present method greatly improves Quittner's background method
and has completely eliminated this former problem,since it requires
that a linear fit be used unless a higher order equation is statis-
tically justified.

Excellent backgrounds are cbtained using the statistical
evaluation method (Figure 11) if no peaks interfere with the back-
ground on either side of the peak. However, if interferences are
present, the slope of the interfered background, and consequently
the background equation, may be in error. Although this problem
should not occur for backgrounds obtained for SPAN2, the user
should be aware of the possibility for GELIZ results.
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USE OF PROGRAM
Tapes

Both binary and binary coded decimal (BCD) tapes are used at
Savannah River to input spectra to the GELI2 program. Binary
tapes are prepared using a Potter Instruments Co. Model MSQ6II-1
Tape Transport System, and BCD tapes are prepared using a Nuclear
Data, Inc., Series 2200 System Analyzer, and a Kennedy Model
1400R Tape Transport System. - Both systems use 0.,5-in. seven-level
magnetic tapes. The Kennedy system uses a word length of 36 bits
in six bit frames, even parity in the seventh level, and a packing
density of 200 bits per inch. The Potter system uses a word length
of 18 bits in six bit frames, odd parity in the seventh level, and
a packing density of 556 bits per inch. Tagword lengths for the
Kennedy and Potter systems are 36 bits (written twice before each
record) and 18 bits (written once before each record), respectively.

Tape formats are as follows. The brackets enclose the format
which is repeated for each spectrum.

Kennedy (BCD) Potter (Binary)
e Reflector Spot e Reflector Spot
¢ File Gap e File Gap

e File Mark File Mark

¢ Interrecord Gap Interrecord Gap
e Tagword e Tagword

e Tagword

e Data for Channels 1-4096 o Data for Channels 1-4098%
L —_
e Interrecord Gap e Interrecord Cap
_:L File Mark | e File Mark
e File Mark
® File Mark e File Mark
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Kennedy and Potter transport tapes are read in GELI2 by
subroutine LFZR (I,TFN,J) and READ (I,TFN,J), respectively, as
indicated by the tape option variable ICD. Binary and BCD tapes
require slightly different job control language (JCL) cards. JCL
cards will be discussed later. The tape number is identified in
the JCL cards.

Card Arrangement for Submitting Program
The arrangement of cards for submitting data for computer

calculation using GELIZ is outlined below. Cards are read in
order from A through G.

- Sample input data

A - JCL cards

B - Program (GELIZ and all subroutines)
C - JCL cards

D - Nuclide input data

E - 'ENDIT! card

F

G

- Final card

Each section of this outline is discussed.
A - JCL Candg

JCL cards provide the computer with instructions on how to
handle the program and/or data and depend on the techniques
employed by the computer group. The author uses the following
JCL cards at the beginning of a program:

//RVS123753 JOB (3753,L044,002:, 0400002252847 7~1YsL5365~81:T231), c
144 ' R V SLATES *sMSGLEVEL=1

//STEP] EXEC FORTHCLGsGTIME=6,G0S1ZE=228K

//FORT.SYSIN DD *

B - Program

This seetion is composed of GELI2 and all subroutines.

C - JCL Cards

These JCL cards, which provide instructions to the computer
and identify the tape number, depend on the techniques employed
by the computer group and also on the tape transport. The JCL
cards used by the author are as follows:
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Kennedy Tape Transport (BCD)

4

7760 .FTAPFOAl DD UNIT=SYSDA:DISP=(,»PASS)s SPACE=(68, 1908}
//G0.FT41F8@31 DD UNIT=SYSDA, DISP=(.PASS),SPACE=(68.,108)
//G0.FTA2F@PA1 DD UNIT=SYSDA, DISP=(.PASS), SPACE=(68,180)
//G0.FT43Fp@A1 DD UNI T=SYSDA,DISP=(,PAS5S),» SPACE=(68,100)
77GD.FT44FAA1 DD UNIT=SYSDA, DISP=(,PASS):SPACE=(68, 10@)
//G0D.TAPE DD DSNAME=X,DISP=(0OLD,KEEP),LABEL=(,NL),UNIT=TAPE27,
// DCB=(RECFM=U,BLKSIZE=24588, DEN=#, TRTCH=ET, BUFNO=1),

// UVOLUME=SER=NA1#18

77/G0.SYSIN DD =*

Potter Tape Transport (Binary)

/%
S/G0 FTA4AFAR1 DD UNI T=5YSDA, DI SP=(,PASS), SPACE=(68, 140}

//GO.FTalFa@! DD UNIT=5Y5DA,DISP=(,PASS)»SPACE=(68,108)

F/G0.FT42F@@1 DD UNI T=5YSDA, DISP=(,PASSY,SPACE=(68,108)

s7GOFT43F@AA1 DD UNIT=5YSDA,DISP=(,PASS)sSPACE=(68,188)

//GO0.FT44FpB) Db UNI T=SYSDA, DISP=(sPASS), SPACE=(68.,108)

/7G0. TAPE DD DIMMY

//GO.BINTAPE DD DSNAME=SAMPLE,LABEL=(,NL),UNIT=TAPE27. M
s/ DISP=(0LD, KEEP), DCR=DEN=/, VOLIUME=SER=NAPP1R

//GA.85YSIN DD *

D - Nuclide Input Data

This section lists the nuclides for analysis and defines
various constants for each. These data are arranged into sets,
each containing information for up to 100 nuclides. Nuclides
are then selected for analysis by identifying the set for each
spectrum on card 1 of the sample input data. A maximum of five
nuclide sets are permitted by the DEFINE FILE statements.

Two cards are required for each nuclide., The formats and
identification of variables follow.



Nuclide Data Card 1 Format (A5,E14.7,F10.1,F10.2,4E10.3,A1)

Col. 1-5 SYM - Symbol identifying nuclide

Col. 6-19 HL - Nuclide half life in days

Col. 20-29 ENG - Peak energies in keV

Col. 30-39 XIN - (Peak intensity in photons per
disintegration)*100

Col. 40-49 EFF(1) - Efficiency (1) in counts per

photon

Col. 50-59 EFF(2) - Efficiency (2)

Col. 60-69 EFF(3) - Efficiency (3)

Col. 70-79 EFF(4) - Efficiency (4)

Col. 80 SYMBOL - This variable, which was used in

Priest's original program,s is
no longer used and should be left
blank

Nuclide Data Card 2° Format (I1,E8.3,F10.2,2F11.4,13,35X,11}

Col. 1 BOP - This variable, which was used in
Priest's original program,® is no
longer used and should be left

blank
Col. 2-9 XSECT - Nuclide cross section in barns
Col. 10-19 ABISO - (Ratio of isotope abundance}*100
Col. 20-30 ELMASS - Mass in mg of element irradiated
Col, 31-41 CPMMG - Nuclide specific activity in dpm/mg
Col. 42-44 WIMOL - Molecular weight in g/mole of
element irradiated
Col. 45-79 - Not used, should be left blank
Col. 80 ND - This variable indicates the end of

the nuclide set for GELIZ2. It must
be 1 for the last nuclide of each
set and left blank for all other
nuclides.

Nuclide data card palrs are arranged one after another for
each set. Each set, including the last set, must be followed by
one blank card to indicate the end of the data set in subroutine
READIT.
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E — ENDIT Card

One card with ENDIT punched in the first five columns must be
inserted between the nuclide data and the sample data.

F - Sample Input Data

Sample input data to GELIZ require 1, 3, or 5 cards per
sample, depending on the values selected for the calibration option
and the input option. The input cards required for the chosen
options will be readily apparent from Figure 12, which shows a
simplified flow diagram for reading input.

The first sample of every set must be used to establish the
relationship between channel numbers and energies. Thus, ICALIB
must be 1 or 2 for the first sample, and this requires that channel
numbers or estimates be supplied on cards 4 and 5. After the
channel -energy calibration, subsequent samples of the set may use
the same calibration equation by setting ICALC equal to zero.
GELI2 is dimensioned to accept up to 25 pairs of channel-energy
data for the calibration. If energies are not supplied on cards
2 and 3 for the calibration, the four default energies are used.
The five data cards will now be described in detail, using an
asterisk (*) to indicate values which will not default to a usable
number.
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Start ¥n GELI2

Calt READIT

|

Begin Reading
(: Read Nuclide Data Card 1 :) Data for Next

Set of Nuclides

KWrite Out All
Input Data for
Huclides of
This Set

Return to
( Read Nuclide Data Card 2 )—-— Read Cata
Y For Next Nuclide

Return to GELI2

(:: Read Sample Data Card 1

0P = ¢ //////J\\\\\\ 10P =

Read Sample Data Cards
Program Uses 2 and 3 to Get Wt,
Default Energies DT, Flux, and Energies

l . l

1
[ Call NIRIT to Identify Nuclide Set |

!

[ Call READ or LFZR to Retrieve Spectrum

!

| Call SPANZ to Do Peak Search I

! !

ICALIB = O ICALIB = 1 or 2
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Usegos:ecggugaé;?:;£:€ion to Get Channels or Estimates.
Perform Calibration.
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£

Continue Calculations for Return to Begin

This Sample Next Sample

FIGURE 12. GELI2 Flow Diagram for Reading Input
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Card 1

Col.
Col.
Col.
Col.

Col.

Col.

Col.

Col.

Col.

Format (I3,13A4,E9.0,F5.0,211,12,411,F3.0)

1-3*

4-55

56-64

65-69

70

71

72-73%

74

75

FILE

SAMPL

DIL

CT

TIEFF

ico

IDF
40

41

42

43

44
ICALTB
0

ICALC

the sequential integer location of the
spectrum on the tape

Hollerith information describing the
particular sample being considered

the sample dilution factor. Defaults
to 1.0

counting time in minutes; defaults to
16.66 min

specifies detection efficiency (function
of detector and geometry); defaults
to 1.0

tape transport indicator
Kennedy - BCD
Potter - Binary; defaults to O

Nuclide set

Eu, Ce, Am, Cm, Th, Ho, Er, Tm, Lu, Yb
Rh, Cs, Ce, Pr, Eu, Zr, Nb, Am, Ru

Cm, Tb

Cr, Sc, Fe, Co

Co, Po, Bi, Zn, Sb

calibration option

uses previous calibration (not used
for first sample) :

uses given or default energies and
input channels for calibration

uses given or default energies and
finds exact chammels from channel
estimates using SPAN2 and LOCATE

Calibration option defaults to 0
calculation option
calculates nuclide concentration in dpm

calculates ppm from dpm/mg and sample
weight

calculates ppm from integrated flux,
cross section and sample weight
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Col.

Col.

Col.

Card 2

Col,

Card 3

Col.

76

77

78-80

Format {2F5.0,E10.

1-5
6-10
11-20
21-25

IOP

ICA

“wn N = O

FWHM

WT
DT

FLUX
NET

Format (6F10.,0)

1-10

11-20
21-30
31-40
41-50
51-60

E

calculates integrated flux from cross
section, sample weight, isotope abund-
ance, and molecular weight

Defaults to 1

Input option

uses default energies - 74.7 keV - 2%3an
661.6 keV - '37Cs
1173.2 keV - 8%Co
1332.5 keV - %%°Co

enahles user to input energies, etc. on
cards 2 and 3

peak search print control option

does not edit peak search results

edits only single and overlapping peaks
edits same as 1 plus all test failures

edits same as 2 plus channel-by-channel
details of search

edits same as 3 plus graph of spectrum

full width at half maximum to be used
in GELI2 peak integration

Defaults to 7.0
4,15)

sample weight, mg
decay time, min
integrated flux, neutron/cm?

number of énergies on the next card

the energies in keV to be used for
calibration
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Card 4 Format (I3)

Col, 1-3 NTOT - the number of chaﬁnels used to
calibrate

Card 5 Format (6F10.0)
Col. 1-10 C - the channels or channel estimates used
to calibrate
11-20
21-30
31-40
41-50
51-60

Sample data sets are arranged consecutively, one after another,
for calculation of multiple spectra tapes.

G ~ Finagl Card

One card with /* punched in the first two columns must follow
the sample data to indicate the end of cards for the job.

Computer time required for all calculations excluding the
graphing option is about 15 seconds per spectrum. About 425 lines
are printed per spectrum using print option ICA = 2. The appendix
shows specific examples to illustrate proper form and arrangement
for sample input data cards.
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APPENDIX

EXAMPLES OF CORRECT FORM AND ARRANGEMENT OF SAMPLE DATA

Correct form and arrangement of sample data cards are shown
in Figure 13 for four spectra recorded using the Kennedy (BCD)
tape transport system. The order in which cards are read is
apparent from Figure 12. The first spectrum illustrates use of
the calibration option which requires data cards 4_and 5. This
spectrum of a multiple source containing ***Am, '*7Cs, and ®°Co
has peaks at 74.7, 661.6, 117%.2, and 1332.5 keV which are suit-
able for channel-energy calibration. The multiple socurce was
counted for 25 min, and the FWHM for peaks in the first 1000
channels was estimated to be 8.5 channels. The first card identi-
fies File 1 (col. 1-3} as the multiple source by the sample
identification in columns 4-55. The dilution factor DIL (col.
56-64) is left blank causing it to default to 1.0, and counting
time CT {col. 65-69) 1s given as 25 min. TIEFF (col. 70) is left
blank causing it by default to use efficiency number one from the
nuclide data, The tape transport indicator ICD (col. 71) is given
as zero or left blank indicating a Kennedy transport tape. The
nuclides of data set 40 are designated for analysis by setting
IDF (col. 72-73) equal to 40. The calibration option ICALIB
(col. 74) is chosen as 2 which causes the computer to accurately
locate the calibration peaks before calibration. The calculation
option ICALC (col. 75) is left blank causing default to 1 which
specifies that nuclide concentration in dpm be calculated. Input
option IOP (col. 76) is given as zero or left blank because peak
energies of the multiple source are identical to the default
energies. If other energies are used, both energies and channels
must be input on cards 2-5. The peak search print control option

-ICA (col. 77) is chosen as 1 to print only confirmed or possible

peaks. The estimated FWHM of 8.5 channels is punched in column 80.

Sample data cards 2 and 3 will not be read for File 1 because
IOP specifies that the default energies be used to calibrate.
Sample data cards 4 and 5, however, will be required because
ICALIB = 2 was chosen. Card 4 contains only a 4 in column 3 indi-
cating that channel numbers for four peaks will be supplied on
card 5. Card 5 lists the four channel estimates corresponding
to the default energies,

- 39 -



Use of the previous calibration equation is illustrated for
the second spectrum by selecting ICALIB equal zero or blank. For
this spectrum the dilution factor is 1.00E 04, counting time is
changed to 15 min, and efficiency number 2 is specified in column 70,

The third spectrum illustrates the use of data cards 2 and 3.
since ICALC = 2, the analysis results will be reported in ppm,
which requires that the sample weight be input on card 2. I0P
must egual 1 if cards 2 and 3 are to be read. The sample weight
{237.4 mg) is therefore punched in columns 1-5 of caxd 2. DT and
FLUX are not required in the calculation, so they have been
omitted. Since ICALIB equals zero, no calibration will be per-
formed, and it is not necessary to supply energies. Card 3 in this
case becomes a blank card and NET onm card 2 is either blank or
2870,

The fourth spectrum will be analyzed for the nuclides of
set 42, and a graph of the spectrum will be printed ocut because
ICA equals 4. The estimate of FWHM by default is 7.0 for this
spectrum,

FIGURE 13,  Examples of Correct Form and Arrangement of
Sample Data

- 40 ~
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APPEND X

:ka3{ ..lilsrrkaG; ‘C{F ;.PﬁEC)GJag%d

-

GELIZ: THIS PROGRAM CALCULATES NUCLIDE ABUNDANCES FROM GAMMA-RAY

SFECTRA AND CALLS SPANZ WHICH [COES A PEAK SEARCH CN THE DATA;
CGMMON FARRAY/ TN

CCMMCN. /BAGY/ ¥

COMMON /CHANEL/ C

CCVMMCN /DATA/ COEL

COMMON /ENERGY/ AAL,B88

COMMON /HELL/ IXLy IXR

COMMON /ACME/ THN3 4TMZ ,TML,TM

~COMMON /IMIT/ NTHYNTS5IP4KOUNTyWT DT 4FLUX,ID,ICALIB,ICALC,E

COCMMCMN / INDEX/ NTOT, FILE, ICA: YDIS,NPD
COMMON ZINTERF/ NC NI JIPT,F

CCMMOMN /PEDIT/ PDATA

COMMON /SHELF/ WINDyITCLER,SEPFLC, AFLC
REAL *8 A B ,C{25)4+E{Z5) s Ty WeAAIBBR,SYM,TCH,5TAT,,VARS
BB = 1.7

REBL %8 TM3 4y TMZ 4 TMI , THD

FEAL *8 CETL1/' NOT RETY/

REAL *8 CETL2/? QuaL ¥/

REAL *& DETL3/' QUAN Y/

FEAL *8B SPACES

FEAL *4& PDATA(SHN,T)

REAL *4 PEAKS{3D)

REAL *4 CDIF(514F(545 )

REAL *4 MASSI

REAL *4 CDEL(3)

INTEGEK *&4 FILELCHN,WTMCL,BOP

INTEGER *4 NFLAG(S I NI{5),IPT{5,5)

DIMENSICN B(L},STAT(3 1 yW (250 VAPB{LIyT{LIyEFF (41 SAMPL L5, TFN{ &L Q

16)

DEFINE FILE 40{1070,68yLeIP )l (107 368, LyIP) 4 42{100468yL41P),443(120
1 96BsLaTP ) 364 (170 468y LyIP)

CALL ERRSET(223,2558¢=144)

CALL ERRSET (251925601401

CALL ERPSET(2:792564=1 4%

CALL ERRSET(275,256y=147)

CALLL ERRSET{2.842564—140 )

CALL READIT

NTOT =4

CONTINUE

BEGIN READING SAMPLE DATA INPUT:

PEAD (NTH 45304 END=437) FILEy (SAMPL(T)y 121413 ),DIL,CT,1EFF,122,1DF,
1ITCALTIB yICALC yICPyICL yFWHMT

I01S=3

IFf (FWHMTLEQe el ) FHHMT =T,

IF {I0P.ERQeleCRIDPLEQ:2) READ (NTS5,54N0) WT,DT4FLUX,NET,(E(T),1=2},
1NET)

IF (ICALCLEQe™) ICALC=]1

IF {(IEFFeEQaN ) IEFF=1

IF (DILiEQota®) DIL=1cR

IF (CTEQ,:0¢0Q) CT=16e 66

IF (J8FaNEa) IDFI=ICF

SUBRCUTINEG NINIT SUPPLIES INTERFERENCE INFCRMAT IONe

CaLL NINTIT(IDFY)

RETLIEVE SPECTRUM FRCM T APEa

J=¢
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CL546
(3058
gLen
o2
6064
sl66
{68
GOTo
GcoT2
COT4
CL76
GeT7
CUT73
L83
nogl
(82
wB3

(1184
(085
Ges7
(089
c091
G092
0093
€594
£L95
0C36

C9g
Glod
c1e2
Glo3
L1004
01¢5

Gloe
Cle7

4 ClC9

wlll
Cil2

Cl13
C1ll4
ulle
Llie

0117
Gll8
U119
Cl2.
t121
r122
(123

110

120

13¢

140G

156

167

e

IF (ICDsEQef) CALL LFZR(IZTFN,J)
IF IZ0eEQol ) CALL READ(I,TFN, )
IF (MW EQ 2o ANDa ICDGEGaD) CALL
IF {Jot0o0cANDICDEQof) CALL
IF (JsEQal¢ANCe ICCoEQal ) CALL
IF (JoEQoDoANDICDLEQ) CALL
TF {JeEQa2oANCoICDLEQRAZ) CALL
IF {JoEQoNo ANDGICDLEQsl) CALL
IF (JaEQaDeAND:ICU.EQe 1) CALL
IF (JaEQeT) GC TO 127

KOUNT
J=C

=KQUNT+}

LEFZR{I,TFNy J)
LFZRLY s TFNs J)
LFZR{ Iy TFNyJ )
LFZE{T T FNy J)
LFZR{TIsTFN¢J)
READ{I,TFNyJ)
READI(T 4 TFN,J)

IF (FILE-EQoUoCRoKCOUNToEQeFILE}) CO TO 13T

GO 70
WRITE
WRITE
WRITE

THIS RETURN

116G
(NT&,5201 1}

(NT&,550) (SAMPL{TIA),TA=},13}

(NT69560)

RETURN

IF (F

IF (FILEwEQuT o ANDs IDoNEe D)

ILEaNESNN) D=1

IF {FILEoEQe{) FILE=KGUNT

1D=]
CALL
WRITE
WRITE
WRITE
WRITE

SPANZ
{(NTé&4520}

CAPD STOPS ALL CALCULATIONS IF THREE FILE MARKS JCCURe

O TO 110

(NTE6 4550 ) (SAMPL{I),1I=1,13)
[NTGEy57C)H WT4DTL,CT,4DT

{NT64585) rFLUX, IDy FILEy IEFF, ICAL B, ICALC
IF (ICALIB-EQe )

GO TO 140

BEGIN CALIBRATION OPTION.
NTOT»{C{T), I=1,NTOT )
IF {IC2LIB3:EQe2) CALL LOCATE

READ

1p=1

CALL CLEAR{NFLAG,S)
FwhkM=FubMT

READ (IDF1*IP) SYN.HL,ENG,XIN,EFF(l!,EFF(Z!,EFF(3):EFF(4!,SYMBDL;B

10P + XSECT sABTSO+ELMASSCPMMG s WTMOL 4 ND
FLAG=)eU .
IF {IPeGTuo2) GO TO 185
IF (ICALTIBLEQLD) GO 70
CORRECT FOF NCN~LINEARITY.

DO 16

ClL)=CU{L)}-(COEL{LI1+C (L I=({CDEL {2 )+C(L I*=(COEL{3)+CCL)*{CDEL{&4)+C(Li*

1ICDELI{S)) ) )}
CALL CLEAR (W, 58%)

A=1l.1
MM=1
MPL=G

PERFCORM

o

BE=B(1)

AA=A

WRITE
WRITE
WR ITE
WRITE

INTS6%7) AA,BL(Y)

179

LINEAR FIT FOR SAMPLE CALIBRAT ION.
CALL LSTSQR{EsCoWeNTOTyMMy2 38 ¢+MPLySTAT,VARE,T,425)

{(NT6,617) (EL(I),C(I),1=1,NTOT)

(64€630)
(6464C)
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G124
0126
01238
¢13a.
131

0132

7133
0134

(1135
3136
{138
0133
ulsl
Ul42
0144
¢l45
w146

3147
Ni43
(145
G115

¢151
0152
{1e32
U154
Q155
2156
157
{158
D164
0lel
tlez2

0164
C1é5
Jléé
£les
C17¢
171
€173
£174
G175

Gi77 -

2178

18¢

21

N eVNa¥al e

220

IF (1CALCoEQel) WRITE (64650)

IF (JCALCoERe2e0R:ICALCaEQa3) WRITE (&,667)

IF (TCALCoEQa4) WRITE (6467w

WRITE (64620}

TCH=SAA 4B (1) XENG

FPECORRECT FCR NON-LINEAPITY.

TCH=TCH+{(CDEL (L )+ TCH*(COEL (2 ) 4TCH*{COEL{2 }+TCH*¥(CDEL {4 )+ TCH*CDEL (B

1y}

BEGIN AREA CALCULATION.

CHN=TCH+, 5

FWHM=FWHM+TCH/ID0C o

DETERMINE My THE NUMBER OF POINTS IN EACH BACKGROUND PEGIONe

M=F WHM+, 5

IF (MOC(My2)8EQoeTalit M=M-1

IXL=TCH=SEPFAC*FWHM+a5

IF ((TCH=SEP FAC*FWFM+I=~{M/ 221 )L Tolcf) GO TO 150
IXR=TCH+SEPFACHFWHMt ;5

IF (( TCH+SEPFACHFWHM+ 1 +{M/ 2. ) 1aGE4197,) GO TC 160

GC TC 230

WRITE (64457 SYM

GO TO 474

CHANGE ICA TEMPORARILY DURING BKGMND RUUTINE TO PREVENT PRINT OUT,
ICATEM=1CA

1CA=2

CALL BXGND

TCA=1CATEM

DETERMINE LOWER ANC UPPER CHANNELS {(LAL AND LAR) FIY AREA CALC 'Neg
LAL=TCH-AFACHF WHM+, 5

LAR=TCH+AFAC*FdHM+55

SUM=iie 2

BGSUM=g 0

DO 210 IC=LAL,LAR

SUM=SUM+ TEN{IC)

B INC=TM 410 (TML4TIC 2 (TM2+IC=TM2))

IF (BKINCsLEeZ e BKINC=2.D0

BGoSUM=BGSUM+BKINC

DIFF=SU¥-RGSUM

IF {DIFFabLEcTod) DIFF=0Dch

WHEN WE COME OUT OF THIS 00 LCOP WE HAVE DETERMINED THE TOTA!. AREAS
OF THt PEAK {(SJM) AND THE BACKCRCOUND AREL (BGSUM I, AND HAVE
DEFINED THE NET PEAR AREA AS DIFF, WE MUST NOW MAKE ANY NECESSARY
CORRECTICNS FCR NUCL ICE INTERFEREMCESe

BEGIN NUCLINE INTERFERENCE CALCULAT ICN,

K=1

DC 220 N=l 4NC

IF (IPTIKyNIcEQsIP-1) CDIF{N) =CIFF

IF (IPT{KyNIoEQeIP-1) NFLAG(N}=]

DO 247 N=1 4NC

IF (NFLAGIMILERQ:T) GO TO 240

NIK=NI (N)

DO 234 K=2 4NIK

IF (IPTIXyN)eEQeIP=1) DIFF=01IFF=COIF{N}*F{XyN]

CCNTINLE

IF (DiFfelEele™t DIFF=To0 i

AT THYS POINT, DIFF IS5 THE NET PEAK AREA AFTER ANY CORPRELTIONS
FOR NUCLIDE TINTERFEFENCES HAVE BEEN NMADEG. MOW REDEFINE BGSUM T2
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0181

182
0183
5184
{186

187
21814
l89
191
0192
d193

i'1G4
G185
1cé

a197
€168
C2¢w
02C1

G203
C20%4
Q25
G2iE
Q2Cs
€209
g211
0213
215
2171
£219
w22l
222
W ral
Q225
5226
227
2228

Q229
3230

OO0 aFoNale O

2EeT

274

289

eEeaNeNe]

290

300

INCLUDE ANY INTERFERENCES, |
BGSUM=SUM-DIFF -

NOW WE SHALL DETERMINE DETECTICN LEVELS AND CALCULATE CONFIDENCE
LIMITSe NOTE THAT FOR THESE STATISTICAL CALCULATIONS, INTERFER=-
ENCES AKRE CONSIDERED SIMPLY AS PART DF THE BACKGROUND , AND THUS
THE STD DEVIATION OF THE NET PEAK AREA (SIGMA) IS DEFINED AS:
SIGMA=SQRT (SUM+BGSUM )

DETERMINE THE DETECT ION LEVEL AND CALCUL ATE COMFIDENCE LIMITS ON
THE INTEGRATED AREA DATA USING THE WORKING EXPRESSIONS OF TABLE 11
FOR PATRED OBSERVATIDNS IN LsACURRIE'S PAPER,ANAL CHEM, VvOL 40,
NCo 3y PAGE 586,

$LC=2033%(SQRTIBGSUM ) )

$LG=50 6% (1o 4 {SQRT (Lo + (BGSUM/ 124511 ))

IF (DIFF.GTa$LC) GO TOU 253

SPACES =CET L1

DETERMINE THE ONE-STOED CONFIDENCE LIMIT,.

CONL IM=1,645%SIGMA

GC TC 283

IF (DIFFoGT.$LQY GO TQ 260

SPACES=DETL?

GO TO 274

SPACES=DE TL3

DETERMINE TWO=ST0ED COMFIDENCE L IMITSe

CONLIM=)a S6% STGMA

GO 10 283

CCNTINLE

CHECK PEAK SEARCH DATS FOR PEAKS WHICH MAY INTERFERE,

IBOT =T CH-200 %SEPFACKF WHM 44 5

IF (IBCToLEe1) 183T=1

ITOP=TCH+20 ¥ SEPFACK FHM#+, 5

IF (1TCP,GE+4355) ITOP=4376

KFIRST AND KLAST ARE THE PEAK NUNMBERS FCR THE FIRST AND LAST PEAKS
BETWEEN IB0T AND ITOP FOR AREA INTERFERENCE PRINT-OUTe
INITIALIZE KFIRST=1300 ,THEN IF KFIRST REMAINS UNCHANGED,NO
INTERFERRING PEAKS WERE FOUND.

KFIRST =100

18=(;

D0 310 IE=1,NPD

IF (PDATA(YE 1 )eGEcIBCToANDaPLAT 2(IT, 1)L Ec ITOP ) GI TO 299

GO TO 310

IF (PLATA(IE,2)5EQ:Da0) GO TD 300

IF (PDATA{IE3)oGEa21 ol ANDs PDAT A(TE,3)c LEc20 -4796) GO T3 39D
IF (PCATA(TE,3100Ea40s! cANDePDATL(IE,3) o LEL 46,7} GO TO 33¢

IF (PDATA(TE;3)sGEe5 0 o ANDsPOAT A(1Ey3 )L Ec3C e42961 GO TO 333
IF {PDATALIE3}cEDW2lei) GO TU 3(D

IF (PCATALTEY3)0E0:1) GO TO 370

GO TC 317

IF (KFIRSTcEQel07) KFIRST=IE

KLAST =]

18=1B+1. ,

PEAKS (X8)=PCATA(IE L)

1L=18

CONT INUE

NCW CCNVERT ANALYS IS PESULTS FROM UNITS OF AREA TO DESIRED UNTTSe
DIVE{DIFF/XIN)*Lie "

IF (IEFF=2) 330,343 350
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G221
0232
0233
0234
53235
0237
G238
0239
240
D241
0242
3243
244
245
C246
G247
249
¢254a
L251
G2E2
0253
255
g25¢
n2s7
€258
gzed
3261
02é2
5263
Uz2é4
U265
2267
1268
269
G274
g271
0272
273
0274
Q27¢

271

3278
L27S
Gl
L2282
G283
0285
t2¢g¢
L2687
4288
029¢
292
1294
G290
(293
w309

330 DIV2=CIV/EFF(Y)
GO TOQ 379
340 DIV2=DIV/EFF(2‘
GO TC 273 . )
359 IF (1EFFsEQa4) GG TO 367
DIVZ2=CIV/EFF{2)
GE TO 2373
360 DIVZ=DIV/EFF{4)
370 DIV3=DIV2/CT
IF (DT) 3BL 388,390
380 DPMO=D1IV3
GO TO 40D
394 DPMO=DIV3/EXPI=(Ts 692%DT) /{HL*1440:C) }
400 TE (TCALC-2) 41ly42ly 430
410 ABUN=DI L*DFMDO
IF (FLAGSERQo12%3) GO TO 454
ABUNECY =ARUN
DPMY=DPMO
GO TC 452
42 ABUN=(ILID00 Co*DPME) FLCPMMGEWT )
IF (FLAGoEQels() GO TO 458
ABUNEYI =ABUN
OPMY=DPMO
GO TO 450
430 IF (ICALC.EQed)l GC TC 440
EN=DPMO*HL %1 441y /0693
ENC=EN/ { (XSECTHFLUXI*1T oD ¥ %[~ 2490 ) )
MASSI=ENG®*WTMOL/ (b, 2% 1T 0%zl )
ELM=MASS I/ {ABISD*:71)
ABUN=(IFODT DR ELMI/WT
IF (FLAGCEQolet) GO TQ 45G
ABUNCL=28UN
DPMY=DPMC
GO TO 457
441 EN=DPMLURHL*)1 44560/ 593
MASST=ELMASS®ABT 50%ue ]
ENCaNMASS I%(aNZF10 o0 * %20 /WTYMIL
FLUX={EN/TENO® XSECT) 1:12 T xxl24 .0 )
IF (FLAG,EQa1,C) GO TO 457
ABUNCY =FLUX
DPMY=0PMO
457 DIFF=CCNLEIM
IF (FLAGsEQelst) GG TC 467
FLAG=1c 0}
GC TC 2324
467 IF (ICALC-EQe4} ABUN=FLUX
MM=JEFF
UPABULN=ABUNDY + ABUN
WRITE (646820 SYMyHL sENGeXINJEFF (MM) s XSECTy SUMyBGSUMLSY M, CHN
IF ((SUM=BCESUMILLELSLT) WRITE (6,700 SPACES,UPABIN
IF ({SUM=BGSUMIcGToSLC) WRITE (6 ,69™) SPACES, 2BUMDI,ABUN
IF (KFIRSTNESIATN ) WRITE {64505 ) (PEAKS{IB),IB8=1,IL1)
IF (KFIRSToEQelDZ21 WRITE (6545170
47C IF (NDoERQACGY GI TO 153
IF {(ICALGERlcNDoIDISAEQel ) CALL POINT
IF {1CA-GEeYY CALL EDIT
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308
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G31a
€311
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G213
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0315
C31é
9317
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484
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651,

IfF (NDeEQe 1) GC TOQ 120
STop ,

FORMAT (' ',A5,5X,'CHANNEL DATA QUTSIDE THE 4096 CHANNEL RANGE IS
1 REQUIRED FOR THIS CALCULATIONG' )

FORMAT ("4 41 1GK sFbal p g 'y Foul/ (120X sFbel )ty V2 Fboll})

FORMAT {747, 122X, "NONE?)

FORMAT (1H1)

FORMAT {(YI3413A64E9: D 1FSel 2211412 441 ,F3:0)

FORMAT ({2F5a2:ELC oSy IS5/ (6F1G,0))

FORMAT (1M~-,4132A%)

FORMAT (IH1l,'THIEE CONSECUTI VE TAPE MARKS HAVE BEEN ENCOUNTERED ON
1TAPE, CHANAEL IC NOT POSSTIBLEY)

FORMAT (iH= 4t SAMPLE WEIGHT *4F10¢2 4% MILLIGRANS?Y,! DILLUTION FAC
ITOR Y4 ES.2s' COUNTING TIME 'yFLlNg 2yt MINUTES DECAY TIME? yF10e?2
2t MINUTES')

FORMAT (IHO, 'FLUX V,EX1Cs 3,0 NEUTRCON/CMXCM 1D NUMBER ', AL,
1t FILE NUMBER %',12,7? EFFICIEMCY OPT '411st CALIB OPT *,11,"
2CALCULATION QOPT 1,11

FORMAT (I3/(6FI0eT))

FORMAT (1M 4* CALIEBRATICN: CHANNEL ND. EQUALS ', FT7e¢1,' CHANNELS + 0
1,Fbuédy ' CHANNELS PER KEV')

FORRMAT (1HD X 3X  YENERGIES ¢ 3Ky 'CHANNEL */314Xy BUIH=)y 3Xy TLIH-) / /1 14X
1sF 3 Ya3XsF Tl )

FORMAT (% "y 5( H=1yi Xy 8l IH=)42XeE{1H=} 42X 601H=)42XsS{1H=) 41 X,8(1H
1= 2l A g THIH=) 92X g T {IH= 92X 35 {1 H=192X9yB8l1lH= 192X 25( H= )y 2Xe&{1H=-) 42X
2+413(1H=-)/)

FCEMAT (1H—y'NUCLICE FALF GAMMA % GAMMA  COUNTING CROSS G

1R0SS  BKGND  NUCLIDE DETECT ELEMENT CONF CHAN
2 PEAKS FROMY)
FCRMAT (1 1,7 LIFE  ENERGY INTENSe  Effs SECTION C
10UNTS  COUNTS LEVEL ABUNCANCE LIMITS NOge
2 PELZK SELRCHE)
FORMAT (v t ¢ DAYS KEV PFO/DIS CT/PHOTON  BARNS
1 UNITS = DPM 1)
FCRMAT (v 1, DAY S KEV PHO/DIS CT/PHITIN  BARNS
1 UNITS = PPM )
FCRMAT (' 1,1 CAYS KEV PHJI/DIS CT/PHOTON  BARNS
1 UNITS = NEUTRCNS/CM®CM ')

FORMAT (IHU9AS, IXy IPES 242Xy T PF6s 132X yFbe 292X 41PEG 291 X4 FEBa241X,
1CPFTauw 42Xy FTe 92X 9245 ,3G6X, 74}

FORMAT ("4 7 ,T756X,88,2X,E10, 3,1 +/= T,E17:3)

FORMAT (?4t,756Xs A8, % LESS THAN *,E1D,.3)

END '
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0010
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064293
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" SUBRCUTINE BKGHD

"

. . - O T

THIS SUBROUTINE COMPARES THE SLOPES OF THE RIGHT AND LEFT BKG
REGIONS WITH THE SLOPE OF THE LEAST SQUAKRES LINE T43U BOTHe

IF THERE 1S A STATISTICAL DIFFERENCE BETWEEN EITHER SIDE BAND THE
LEAST SQUARES LINE, A CUBIZ EQUATIGN 1S CALCULATED: IF NOT, THE
LINEAR LEAST SQUARES LINME IS USED AS THE BACKGRQUNDe

COMMON /JARRAY/ TFN

COMMCN /BAG/ M

COMMON /BOX/ XyY.A,8,STERRB

COMMON ZHELL/ IXL,IXR

CCMMON JHONME/ THN3 4TM2,TML,T MO

COMMON /INDEX/ NTOT.FILELICA,IDTS,NPD

REAL *8 2A,tB495Sy ALy BBLySSLy AARyBBR 4SSP,TM3,TM2,TMY,y TM2yPLyQL»PR,

1QR, TERML y TERMZ , TERM3 , TERMA

REBL *8 X6 )y Y({ 6L 14AyBySTERRB

REAL *8 DELTA

REAL *4 TFN(4(096)

iNTEGER =4 FILE

NN=(M=15) /20

J=IXL—-NN

DC 1726 1=1 M

YII)=TFN{J)

X{i)=J

J=Jel

J=IXR=NN

MPNzM+ M

MP 1=M+]

DO 119 I=MPY,MPM

Y{I)=TFN{J)

X{ti=J

J=J+}

DO 120 1=1,MpPM

IF (ICALGEa3) WRITE (641700 T4X{T),4Y(1

CALL CALCIT{NPM)

DEFINE AA AND BB AS THE INTERCEPT AND SLOPE OF THE LSTSQR LINE
THRU BKG REGIONS ON LEFT ANDO PIGHT OF PELK WITH STD ERR IN SLOPE
OF 5%Se

Ap=A

BR=8

SS=STERERB

IF LICAGGEe2) WRITE (6418%) MPM,8B8,24,58

WORK ON LEFT BKG FIRSTe

CALL CALCIT(M)

DEFINE A»AL ANC 38L AS THE INTERCEPT AND SLOPE OF THE LSTSQR LINE
THRU THE LEFT BKG REGIGN WITH STD ERRCR IN SLCPE OF SSLe
AAL=A

BBL=8

SSL=STERRR

IF (ICA,0GEe3) ARITE (64187) “MyBBL,AAL ¢ SSL .

REINDEX X=Y DATA TC BEGIN WORK ON RIGHT BKGe

J= IXR-NN

CC 13¢ I=]1 .M

YII)=TFN{ )

X(It=J
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IF (ICLeGEe3) ARITE (65,1700 T4 X(I),Y(1)

J=J+]

CALL CALCTIT(M)

DEFINE AAR ANLC BBR AS THE INTERCEPT AND SLCPE OF THE LSTSQR LINE
THRU THE RIGHT BKG REGIGN WITH STD ERROR IN SLGPE OF SSRs

AAR=A

BBR =8

SSR=STERRS

IF (ICAoGEe3} ARITE (6,180 ) M,BBRyAAR,SSE

"EVALUATE THESE SLOPE DATAe

COMPARE SLCPE FOR LEFT BKG WITH SLOPE THRU LEFT AND RIGHT BKGS ¢
IF (BBoGEsBBL. AND:BBL¥5SLeGEcBRaORe BEL nGEeBBLAMDs BB GEaBBL-3S5L) GO

1 TO 140

GO TC 162
IF {BBoGE:BBRs ANDy BBR+5S5ReGEo BBo BFRoBBRoGEL BB ANDe BB GEo BBR-35R} GO

1 70 15°

NEITHEF THE SLCPE OF THE LEFT 0OF RIGHT BKG RECGIONS #WAS
STATISTICALLY DIFFERENT FRUM THE SLOPE THRU BLTH BKG REGIGNS
THE LINEAR BKG 4 ILL THEREFIRE BE USEDS

TM2=0p 7

TM2=2e C

TMI=EB

THO=A4

RETURN

SLOPE FOR LEFT OR RIGHT BKG REGICON WAS STATISTICALLY ODIFFERENT
FROM THE SLOPE THRU BOTH REGIONSe WE WILL THEREFQRE FIT A CUBIC
BKG USING THE EQUATION GIVEN BY QUITTNER IN ANAL CHEM, VOL 41,
NO tl, PAGE 1544 REARRANGED IN THE FOLLCWING FCRM,

BACK CROUND = TMO+X3( TMI+X%R(TM24TM3%Xj)

PL=8AL+IXL*BBL

QL=BBL

PR=2AR+IXR*BBER

QF =B 5k

WRITE (64197 1 PL+QLyPR,QR

DELTA= XE-~IXL

TEAMI=(QR+QL+QL} /{-DELTA)

TERMZ=3,%{ PE=FL }/ (CELTAXGELTA}

TERMI={QL+QR) /IDELTAXOELT2!

TERMG= {2,*PL-PR))/(DELTA=®%3)

WRITE {(541G0) TERMLZWTERMZ,TERM2,T ERM&

TH3=TERMI+TER MG

THM2Z=TERML 4T ERMZ~3. %I XL *{TEKM3+TERM4G)

TMYI=QU4I XL¥ (=2, ¥ (TERMI +TERM2 )43, xIXI ¥*{TERM24TERM4G) )

WEITE €(€o270) IXLyPLGOL,TEFML,TERMZHTZRM3, TER M,
TMO=PL+IXLF{=~QUL+IXL*(TERML 4T ERM2~TXL*{TEFMI+TERM &) 1)

WEITE (691501 TM3,THMZ,TMY,TMD

RETIRN

160 FORMAT (' 1 34(3X4014%e7))

270 FORMAT (¢t 14, 15,6(23%¢D14aT1))

FORMAT (' 1 43Y5,3XK,FB86243X4F1™e?2)
FORMAT (¢ *, 01 ST SQR LINE THFEU' T4, POINTS HAS SLOPE = 't ,D14:7 4",

1 INTERCEPT = 14D14.7,'y STD ERR IN SLOPE = *,014c7}

END
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SUBROUTINE CALCIT(M
SUBROUTINE CALCIT TAKES M PAIRS OF Xx-Y DATA AND CALCULATES THE
LINEAR LEAST SQUARES LINE CF SLOPE B AND INTERCEPT Ae IT THEN
CALCULATES THE STANDARD ERRCR CF ESTIMATE (STCERR}) AND TFrE
STANCARD ERROR OF THE SLOPE (STERPB) USING ECLATIONS (28) AND (66}
ON PAGES 149 AND 213 OF ' METHCDS OF COFRELATION ANALYSIS' BY
MCRDEC AT EZEKIEL,WILEY AND SONSy NEW YORK, (19571)

CCMMCN /80X/ Xy3Y 4, 8, BySTERPB

REAL & XUER) Y621 oA By STDERR SUMX ,SUMY ,SUMXZ, SUMXY, SUMY 2, MEANX 4 M
LEANY s RADyRyRBAR 2y SBARy STDEVX, STEPFB,Z00M

SUMX=0a 0

SUMY={60

SUMX2=0350

SUMYZ2=00 2

SUMKY=0"

DO 1¢0 I=1 .M

SUMX=X L)+ SUMX

SUMY=sY (TI)+SUMY

SUMX2 =X{I =X (1)+5UM 2

SUMY2=Y(T)*Y{1)+SUMY 2

SUMXY =X (1YY (1) +SUMLY

IF {SUMY2,FQe2% ) GO TO 11D

MEANX=SUMX/M

MEANY=SUMY /M

B={SUMXY=( MEMEANX*ME ANY) } /(SUMX2 = ( MRMEANXCEMEANX } )

A=MEANY =B MEANX

RAD= (SUM X2~ (M=MEAN X* MEANX} ¥ (SUMY2 - { M=MEANYXMEANY ) )
R=(SUMKY={M*MEANX=MEANY ) )/ (DSQRT{RAD))

CRBARZ=L o= { { (L, =R*BPx (M=l )}/ (M=2c 1))

SBAR=DSQRT({ (SUMY2~{ #* ME e Y*MEANY) )% {1 ,=RBAR2 ) )/ (M=14s })
STREVX =DSQRT ({SUMX2= L {SUMXESUMXI /M I/ (M=,

ZCCM=M

STERRB=SBAR/{STDEVX*(DSQRT{Z00M} ))

RETURN

A=Do7

Beli sl

S?ERRB=193

RETURN

END

- e

.
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SUBROUTINE EDIT

SUBRCUTINE EDIT PRINTS OUT RESULTS OF THE PEAK SEARCH.
COMMON /IMIT/ NT6sNTS oIP 4 KOUNT s WT 9DT 3FLUX + 1Dy ICALIB, ICALC
COMMON 7 INDEX/ NTOT,FILE,ICA, IDIS,NPDX

COMMCN /PEDIT/ PDATA

COMMON /SHELF/ WIND,I TOLER,SEPFAC,AFAC

REAL *8 FMT 91/ (3X, G FT 01y GXy Vg PR Talr g TXy Ty TF 70 2y ',
1 .'0 I'l l’l ','8X,F8¢4]‘/

REAL *8 FMR(4)/'6X3D140T s 98X sF G0 3%, 14312Xy  V4VF6,2, ¥/
REAL %8 FMALL 1/ V16X A% V49 ,13Xy A4 ',0,14X%, ', 104, 1/
REAL %4 DASH/ tm——m=1t/

REAL %4 PCAT A(SD0,T)

INTEGER %4 FILE

NPOX=NPLOX~1

NPD=1

WRITE (64117) FILESWIND,ITOLERSEPFAC,AFAC

DO 123 NPD=1,NPLX

IF {ICAs LEecloANDo PDATA(NPD3) 0 GEabT 00 ANCoPOAT A(NPDy 3oL Eo690) GO T
16 107

IF (PLATA(NPCs5 }sEQaCASH) FMT (5)=FMA(L)

IF (PDATA{NPU 5 )aNEec DASH) FMT (5) =FMR () )

IF (PCATA(NPDy6}2EQeDASH) FUT (&) =FMAL 2)

IF (PDATA(NPD 5 o NEc CASH) FMT (6)=FMR(Z )

IF (PDATA(NPDy71=EQaDASH} FMT(7)=FHA(2)

IF (PCAT A{NPLC,7)sNEaDASH) FMT (T7T)=EMR(3)

IF (PDATA{NPDy7)1oEQe DASH) FMT (8) =FMA(4)

IF (PCATA(NPD,7 )sNESDASHI FMT{B)=FM( &)

WRITE (64FMT) POATA(NPDy1l)PDATA(NPCy2 )y FOATA(NPOy&),PDATA(NPD,5),
1PDATALNPD, 61, PDATA(NPD,7) yPDOATAINPD, 2}

CCAT INUE

RETURN

FORMAT ('1',22X,'P E A K AN ALY & I 8%20K "FILE!,T4//71 HINDC
W= 'yF2e 020Xy "TOLERANCE = * 411 427X, SEPFAC = ' ,F5¢3 427X 'AFAC =
2V 4 F503//23%y YCOUNTS? y8Xe "ENEPGY ' &X, ¥ NET PEAK AREA 1,4X, 'REL STD
3DEVIATION' 33X FULL WIDTH' 37X ,"CCMMENT '/ PEAK(CHANNEL) 'y 6X, *AT PE
GAK Yy TXy "IKEV)I "y 17Xy " {COUNTS) ' 48X, Y0F ARPEA TN PERCENT? ,2X,' AT HALF
SMAX' 36 Xs! CGOE* /LK 913 (1k=) 46X s T FE~ ), TXy 6 (1 H= )y TX, 130 1H- b4 6%y 13( 1h-
61y EXgL10AH=) 46Xy TOH=} 7/}

END
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SUBROUTINE LCCATE
SUBROUTINE LOCATE IS USED IN THE CALIBRATICN OPTION TO SEARCH THE
PEAK SEARCH DATA AND LCOCATE ThHE NON=OVERLAPPING PEAK {(COMMENT
CODE = ) WHICH IS NEAREST TO &ND WITHIN +/- 15 CHANNELS OF THE
INPUT CHANNELS IF NO SUCH PEAK IS FOUND, THE INPUT CHANNEL IS
ASSUMELC CORRECT

COMMON /CHANELY/ C

COMMON /IMIT/ NTO6WNT S, IP KOUNTyWT4DOTyFLUX,YD,ICALIB,ICALC

COMMON JINDEX/ NTCOTFILE,ICA,ICIS, NPC

COMMON /PzCIT/ PDATALSLD, T}

KEAL =8 C(25)

REAL *4 CT(25)

INTEGER *4 FILE

GC 1GC I=1 NTCT

CT(I)=C{T}

NPC=KNPD~1

DC 1€&¢ 1=1,NTCT

DIFF=40%6,

DC 120 N=1,NPC

TF (ABSUPDATAINWII=CT{1) e LTDIFF) GO TO 113

GO TG 122

DIFF =ABS(PCATA{N,II=-CT (1})

JN =N

GO 7C 122

CCNTIMUE :

AT THIS POINT, ALL POSSYBLE PEAKS HAVE BEEM TESTED AND PEAX
NUMBER JN IS8 THE CLCSEST PEAK CR POSSIBLE PEAK TO CHANNEL C(I).
THE VARIABLE *SIGN' DETERMIMES WHETHER TC LOCK LEFT OR RIGHT FIRSH
FRCY THE INPUT CHANNEL,

IF (PDATA(UNLI=CT(l1¢GEaZod) SIGN=—1c"

TF (PDATA(IN1)=CT(T)olTete) SIGN=1.?

DO 147 NUMB=1,3

NUM=NUMB -1

JTH=JN +5 TGN *NUM -

IF (JTN: LTe1s CRe JTNe GT< NPD) GC TQO 137

IF (PDATA{JTNs3)0EQe 06 Co ANDs PDATA(JITN 1) e GE. CT(T =155 ANDs PDATA(JT

INs 1) LESCT(I)+415,) GO TO 153

JTN=JUN=SIGN*NLM
IF (JTNLLT 1 .0RJITNe GTSNPD} GO 70O 14
IF (PDATALUTN3 ) EQel Do ANDo PCAT 2(UTNy 1) e GECTIT)=15<cANDPDATA(IT

INgLioLELCT(I)+15:) GO TO 15f

CCNT INUE

WRITE (&,174) CUY)
CL1)=CT(1}

GC TO 140
CCIN=PDATA(JITN,Y)
CONTINUE

NPD=NPD+1

KETURN

FORMAT (* *4*NO SINGLE PEAK CCULD BE FCUND WITHIN PLUS OR MINUS 15

1 CHANNELS OF CHANNEL "9FTe2y's ')

END

[ R VRN )



N w2 SUBROUTINE NINIT(IDF) Sk
o NINIT SUPPLIES COEFFICIENTS FCR NUCLIDE INTERFERENCE CALCULATIONS.

N QOD3 COMMON ZINTERF/ NCyNILIPTF '

N DOD4G REAL *4& F{5,5)

N CCCS INTEGER %4 NI(5),1PT(5,5)

N OCGD6 CALL CLEARINC 456)

N GOCT IF (IDFoEQ:4D ) GN TO 1400

N CCOS WRITE (&,117) IDF

N CCL1O RETURN

N C01Y 160 F(2,11=1,186

N €012 FE 291)=0275

N 13 NI(1)=3

N QCléa IPT(1,11=12

N €115 IPT(2y1)=12

N L6 IPT(3,1)=14

NoGC17 NC =1

N (D18 PETURN
c

N OIGLS 11¢ CRMAT (LH1,' NO NUCLIDE INTERFERENCES EXIST FCR THIS CATA SETH/ ¢

1EXECUTICN CONYINUING®)
N LC20 . END

g et . P e . . . . ; . - g
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 SUBROUTINE

ot

T

PKAREA(CKCNTRIY
THIS ROUTINE CALCULATES AREAS BY SU&NING CH&MNELS 3ETWEEN MEAN
PLUS AND MINUS AFACkFWHM, IT REQUIRES THAT BKG AL WAYS BE POSITIVE
BUT PERMITS BACKGROUND TO EXCEED THE COUNTS IN THAT CHANNELs iF
THE FINAL AREAIKCHNTR) IS NEGATIVE, 1T SETS IT EQUAL TU ZERQ,
COMMCN /JARRAY/S TEN

COMMON /J HOMES TM3,TMZ,TM1, TMD

COMMOM /INDEX/ NTOT.FXILE,I1CA, IDIS,NPC

COMMON /PEDIT/ PDATA

CCMMCN /SHELF/ WINDy ITOLER,SEPFAC,AFLC

EQUIVALENCE (PDATAILL o 1 4PKCNTE({YL))

EQUIVALENCE (PDATA(L,2),COUNTS(Y))

EQUIVALENCE (PLCATA(L,34,COMCOL(L M)

EQUIVALENCE (PDATA(Y .41 ERG(2))

EQUIVALENCE (POATA(Ly 51, AREA(Y))

EQUI VALENCE (PDATA() 46 1) yRSCA(L))

EQUIVALENCE (PDATA(Y.T)yFWHMI 1)}

REAL %8 RMEAN

REAL *2 TM3,TM2,TM1y TMD

REAL *4 PDATA(SDG.T)

REAL %4 PKCONTR{SLUyCCUNTSI(SHT 3y COMCOD(STO Yy ENSUIST I )y AREA(SNI,RSD
1A (500 ) FWHM{S:0)

REAL =4 TFN{475%5)

INTEGER #4 FILE

THE CARD 1AR = DEFINES THE NUMBER JF CHANMELS TC BZ ~SUMMED.
IAR=PKCNTR{KCNTRI+AFACHFWHM{KCNT R

MEAN=PKCMTR (KCNTR 1+ 5

RMEAN=NMEAN

1=4

SUMTFN=TFN(MEAN )

BKG=TMI+RMEAN®{T N1 +RMEAN®(T MZ +RMEAN®TM3 })

IF (BKGoLTaTel) BKG=Co

SUMBKG=BKS

IF (SUMTFN-SUMBKG: GTe ™) GO TO 100

GIVE THE COMPUTER S&S0OME LARGE ARBYITRAPRPY VALUE FCR RSDA{(KCNTR)

TC USE FOR COCMPARISONS e

RSDA(KCNTR ) =99%,

GIVE THE CUMPUTER A LARGE ARBITRAFY VALUE FOR XRSDA TO SATISFY:
THE EQUATION RSDA{KCNTE) = XRSCA

XRSCA=GGT,

IF (ICASGES3 ) WRITE (64157 ) I4EMEAN,TFNIMEAN) yBRGySUMTEN y SUMAKG
GO 70 113

RSCA(KCNTR )= ((SQRTITFN(MEANI+BKG I ®1C0, ) AU TENIMEAMY=3KG)

IF (ICL2GEe3 ) WRITE (64152) J+PMEANyTFN{MEAN }4yBKGySUMTFNy SUMBKG, RS
IDALKCNTPR )

MEND=1 AR-MEAN

DO l4af I=1,MEND

X CHANL = EMEAN =1

XTENL=TFN{MEAN-])

XBKGL=TMZ+ (RMEAN=I )= { TMI+ {RMEAN=T )= (TMZ+(RMEAN-T )%TM3 )}

IF (XBKGLLTeal) XBKGL=0s"

XCHANR=KMEAN+T

XTFNR=TFN(MEAN4T )}

XBKGR=TMI4+ (RMEAN 4T )= {THML+({ FMEAN+TI®(TMZ2+(RMEAN+T p+TM3 )
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LC6S
CCTo
72
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IF (XBKGRalLToitel) XBKGR=[0,2
XSTEN=SUMTFN+ XTF NL+ X TFNR

XS BKG=SUMBK G +XBK GL +XBKGR
XAREA=XSTFN=XSBKG

IF { XAREA-GTo e ) GO TC 12¢

GC TC 1305
XRSD2=({SQRTEXSTFN+XSBKGI 1*1 006 ) /XARES
CONT IMUE

SUMTEN=XSTFN

"SUMBKG=XS3 KG

AREAIKCNTR 1=XAREA
RSDA(KCNTR) =XR5DA
XAFAC=]T/FWHMIKINTRY

IF (ICAeGEeR) AKITE (64150} Iy XCHANL o XTFENL . XBKGL
IF (ICA GEe3) WRITE (64157 ) I 4XCHANR JXTFNEJXBKGRySUMT FNgy SUMBX Gy AFE
TA(KCNTR ), RSUDA(KCNTR ) 9 XAFAC

CONTINLUE
IF (ARCA({KCNTR)o LTe 0o 0) AREA(CKCNTRI =D

RETURN

FORMAT {t v,14,8(24,014,71})
END
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SUBRCUTINE PLOTIT

THIS RCUTINE GRAPHS TFN(I)
INTERVALS BEGINNING WITH CHAMMEL

COMMON /ARRAY/ TFN
COMMON /INDEX/ NTOT,FILE,ICA,IDIS,NPD
REAL *4 TEN{4796 ), X{(1C ), Y110
INTEGER *4 FILE

INTEGER *4 NSCL(5) /1y3y=140,=1/

A =040

I =4ii196

CHLF=A

IF (CHLFo LTelNDe ) CHLF=lod
ICHLF=CHLF
IF {CHLFeEGolalt) CHRT=10Dc2

IF (CHLFoGEelZileis) CHRT=CHLF+Y"0

ICHRT=CHRT

J =0

DO 11¢
J=J+1

X(J) =]

Y(JI=TENC(T)

I=ICHLF ,ICHRT

Y MAX =Y {1)
NEF R

IF iY{J)oGTeYMAX) YMAX=Y(J)
IF (YMAX, LTeli2200) GC TC 137
IF (YMAXGGEQLODMe "o ANDe YMAX LTI (OGN L)

Do 1z

IF (YMAXoGEaLIDTD e} YMAX=LHZOUD of

GO TO 157

YMAX=180%C

60 TO 150
YMAKSLOCO, &

WRITE (6,187}

LOGICAL =1 GRAPH{11,101)
CALL PLOTLIANSCL,YZ,10,10,2010)
Call PLOTZ (GRAPH,YMAX CaL!”CHLFr-CHRT}
DO 1560 J=1,10

CALL FLOT3 (%0, v (J)y=X(J )y}

CALL PLOTG (64,
1 NEGATIVE")

WRITE (641900 FILE
CHLF=CHRT
IF (CHLFeGTwZ )} GO TOD 170

GO TG 1}

RETURN

FCORMAT
FORM AT
END

un

(*1")

(";.}'

115X, *CCUNTS FOR FILE

tyI3)

FYERURRNY

AGAINST CHaMNEL NUMBERS IN 170 CHANNEL
A AMND STOPPING WITH CHANNEL Zs

GO TO 140D

CHAMMNEL NUMBER WITH SIGN CHANGED TU
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SUBRGUTINE READIT

c SUBROUTINE READIT READS THE NUCLIDE INFCRMATICN AND STORES IT IN
C THE APPROPRIATE REGION DETERMIMED BY THE DEFINE FILZ STATEMENTS:
C THE NUCLIDE DATA SET MUST END WITH AN 'YENDITY CARD IN WHICH
C VENDIT* IS PUNCHED IN THE FIRST FIVE COLUMNSe
COMMON /YIMIT/ NT6 ¢NTS5,IP,KOUNT 44T ,DT s FLUX,y 10, ICALIB, ICALC
REAL *8 ENDIT/'ENDIT v/
REAL *8 SYM,BLK/" Y/
REAL *4 EFF(4)
DEFINE FILE 4C(100268yLyIP )4l (100 ,68,L3IP)42{000468,L+IF),43(100
1168,!—!1]3’1[‘}4(13:'68". yIP)
NX=35g
100 RX=NX+]
Ip=l

110 FEAD (5,157%) SYW,HL,ENG,XIN,EFF(1),EFF(2),EFF(3),EFF(4),SYMBOL
IF {SY M, EQoENDIToOK.NX2EQs45) GI TO 147
NP=IP | |
IF (SYMeEQWBLK) G0 TO 128
READ (5,160) BOP,XSECT,ABISO, ELMASS, CPMMG,WTMOL \ND
WRITE (NXPIP) SYM,HL yENG s XIM,EFF (1) 4EFF(2) 4EFF(3 )EFF(4),SYMBOL,BO
1P yXSECT, ABISGy ELMASS y LPMMG, WTMOL yNO
GO TO 119
12 1=l
13C  READ (NX'IP) SYM,HLENGoXINJEFF{L1), EFF(2)y EFF(3), EFF{4), SYMBUL ,E0P
11 XSECT 443150 ,ELMASS, CPMMG , wT MOL ,ND .
WEITE (65177) SYMyHL,ENGy XINy EFF(L)EFF(2),EFF(3),EFF (&) 4 SYMBGL
WRITE (6418%) BLPyXSECT,ABISOy ELMASS sCPMMG,WT MCL, ND
TF (IP,EQ.NP) GO TO 140
GC TC 137
14C  RETURN

150 FCRMAT (A5 3E1437 2F17 01 yF17c2,4E17063,4))
160 FORMAT (Tl sF8e3,7 10 2,2E82104,73,35%X,11)

170 FORMAT {1 H=yAS54ELl4eT, FIU 2, F1D0s2,4E10:3,24 1)
180 FORMAT (IMU2I1,F 803 4Fi0c2 428104 ,13,435K,11)
ENE
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SUBROUTINE SPAN2 .
SUERGUTINE SPAN2 TAKES 4G96 CHANNELS OF DATA (TEN) FROM COMMON
STORAGE AND SEARZHES FOR PEAKS USING A SECUND DIFFERENCE METHOD
ESSENT IALLY LIKE MARISCOTTI'Se ({SEE AS PEF: MoA,MARISCOTTI, NUCL-
INSTe AND METHs 5C{L9671370e¢) THE SECOND DIFFERENCE S AND ITS STD
DEVIATION F ARE REINDEXED EACH TIME A NEW 11 IS FOUND. THE AMOUNT
CF INFORMATION PRINTED CQUT DJRING THE SEARCH IS CONTROLLED BY THE
EDIT OPTION VARIABLE I1CA (IN CCMMON STORAGE) AS FOLLOWS:

ICa PRINT QUT

C _ DOES NOT EDIT PEAK SEARCK FESULTS.

] EDITS ONLY SINGLE AND OVERLAPPING PEAKS,

2 ECITS SAME 25 1 + ALL TEST FAILURES.

3 EDITS SAME AS 2 + CHANNEL 8Y CHANNEL DEYAILS OF SEARCH.
4 EDITS SAME AS 2 + GRAPH OF 4996 CHANNEL SPECTRUM,

THE FOLLOWING IS AN EXPLANATICN OF COMMENT COODES GENERATED BY SPAN
COMMENT EXPLANATION

CCOE
Vol SINGLE PEAK WHICH PASSED ALL TESTS.
lob SINGLE PEAK WHICH FASSED ALL TESTS OUT GAVE & POSITIVE
B{2) IM LEAST SQUARES FIT TO LOCATE CENTER 3F PEAK.
20 ol THIS IS THE MAIN PEAK CF 1WC CR MORE OVERLAPPING PEAKS.

THIS MAIN PEAK PASSED ALL TESTS.

200 AAAA THIS PEAK CVERLAPS WITH THE PEAK AT CHANNEL LA2A WHERE
AAAA PASSED ALL TESTS:

21la( THIS 1S TrE MAIN PEAK CF TWO OR MORE OVERLARPPING PEAKS AND
PASSED ALL TESTS BUT GAVE POSITIVE B(2) IN LEAST SQJUARES.

B LTCHL THIS IS THE MAIN PEAK OF Twd OR MNDRE DOVERLAPPING PEAKS,
THIS PEAK FAILED TO PASS TEST Be

CeCCCC THIS PEAK CVERLAPS WITH THE PEAK AT CHANNEL CCCC WHERE
CCCC FAILED TO PASS ALL TESTS.

Do L THIS SINGLE PEAK FATLED TC PASS TEST Ce

BU L0 LG0 THE MAXIMUM DIMENSION OF VARTABLES S AND F WAS EXCEEDED
BEFCRE A NEW VALUE OF I1 WAS FOUNDs ALL MINTIMA IN THE
SECOND DIFFERENCE CCLURRING BETWEEN I5 AND THE MAXIMUM
DIMENSION ARE GIVEN CCMMENT CODE 81,0000,

81, LLTL ND MINIMUM WAS FOUMND IN THE SECCND DIFFERENCE CURVE
BETWEEM I3 AND 15,

THE VARIOUS TESY (T'=~4) ARE DESCRIBED IN ThE BOCY OF THIS ROUTINE:

BEGIN CALCULATION OF THE SMOOQTHED SECOND DIFFERENCE S AND ITS

APPROXIMATED STANDAFD CEVIATION Fo

COMMON FARRAY/S TFN

COMMON  7BAGS M

CCOMMCN /0AT A/ CDEL

CCMMON /ENERGY/ AA4BSB

CCMMON /HELL/ TIXL, IXR

COMMON /HONME/S TM3 ,TM2 , THML ,TMD

COMMON /INDEX/ NTOT,FILE,ICA,IDYS,NPD

COMMCN /PECIT/ PDATA

COMMON /SHELF/ WINDJTOLER.SEPFAC,AFAC

REAML *8 AA,BE

REAL *8 CH{S5M42) g3 LNTFN(ST ) oW ST ) 2AB(2),STAT(2),VARB(2),T7{(2)

REA *8 TM3, TH2, TM1, THD

FEAL *& CDELA{S)

FEAL *4 DASH/'--—=1V/
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c0l9
D24
w21
0Ge2
cU:23
(G224
(25
(28
orz27
{(nz28g
w29

U322
ek
00:35
AL
0429
oC4al
0042
(g3
CLa4
245
CCae

CCat
€G48
CC49
LG5
€51
LY.
Ce L3
6054
V55
L4856
UL53
060
C62

L2063
a g1

Cles
GG63

OO0

&Y

[aXR)

110
11¢
120

132

147

159

PEAL *4 PDATAL(SAT,7)
REAL *& PKCNTR(S5OT )y COUNTSASRL ), COMCODI SO0 ) ENGIUBOG) JAREA(SD0) 4RSD

LAGSCO) pFAHM(SD D)

REAL #4 S{3CD),FL300)

REAL *4 TEN(4795 )

INTEGER =4 FILE

EQUIVALENCE (PDATA(L1,1),PKCNTR{1))

EQUI VALENCE (PDATA{Y 2),CCUNTS (1))

EQUIVALENCE (PDATA(L1,3),COMCOD(YL))

EQUIVALENCE (PCATA(L4 ), ENGLI 1)

EQUI VALENCE (PDATALL 4,51 ,AREA(L))

EQUIVALENCE (PDATA(Y1,&),RSDACIH)

EQUI VALENCE (POATA(L,7),FNHM{1 )

EQUIVALENCE {(KQUNTY.NPDJ

AFAC 1S A FACTOR WHICH DETERMINES THE NUMBER OF CHANNELS INCLUDED
IN AREA SUMMATIONSe

SEPFAX IS THE FACTOYl WHICH DETERMINES ACCEPTABLE PEAK SEPARATIONS,
ITOLER IS MARISCNOTTI'*S TOLERANCE DEFINED CN PAGE 316 OF HIS PAPER,
WIND IS5 MARISCOTTI!S WINDOW,We DEFINED ON PAGE 310 OF HIS PAPER.
IWIND IS A RUNCTION WHICH STOPS SEARCH AT CHAMNNEL 45S6¢

IWIND= o+ ( (Do *(WIND~10s))/2c)

KOUNT IS THE INDEX WHICH COUNTS THE PEAKS,

KOUNT=C

MORE TS A VARTIABLE WHICH PERMITS CALCULATION OF MORL SECOND
DIFFERENCE CATA FOR LOCATION OF PEAK CEMTER IF MOPE = 1s

MORE =0

IF (TCAeGEL3) WRITE (£.8701) FILE

IF (WINDeEQe353) GO TC 122

IF (wIND=2EQeSe) GC TC 1160

IF (WINDGEQeToS) GO TO 120

I1=8

GO 70 130

1=13

GO TO 1342

I=18

G0 TO 137

INITIALTZE THE VARIASLES Il THRU 15,

I1=141

12=1+2

I13=7+2

14=96G

I5=G5

INCIl=11-11+2

INDIZ2=12-11+2

INDI3=13-11+2

IND=]

IF (WINDaEQe3e) GO TC 1570

IF (WINCaEQaScJ' GO TO 169

IF {(WIKNDsEGsToe2} GC TC 172

SCIND =3 o ®(TEN(I=A) ¢ TEN(I+ 6} I+ 2 % (TFN(I~SI+TFN(I45) )+o6a ®{TFN(I-4}+

LTPNCT+4 ) I8, % {(TEN(I=3J+4TRAN{TI42 ) )=0 % TEN( I=1)+TFN{I+ 1) =1 2. % TFNI(T)

FOIND) =SORT (44 3% (TFN LTI} )

TC PREVENT DIVIDING BY ZERO, LET 5 = (,000000])

IF (SUINDIEQeTeT ) S{IND)=o0N 0]

IF (IC24GEe3) WRITE (6,887) I,TFN(I),S{INDIF(INDI
IF {MCRE-ECQ.1) GO TO s&1C
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cC72
coT3

COT4

CU75
QT
CC7s
gosl
IN-X
{084

£CE5
guse

CCBSB
U099
w062
£H94
€695
CLsS6
eI
(499
N TER Y
€102
2103
G105
L0107
¢Cle9

€111
0112
©1ll13
Q115
116
Gl17
<118
119
€129

G121
£122
L1232
pl2a
f125
Glie

166G

176

190

200

212

234

IF (INCsEQel) GO TO 18C

GO TQ 24
S{INDI=1o®{TEN(I-1L)+TFNLTIHLL ) I+ 2o HCTENCI =20+ TFN(I41 )} b 460 {TFN( ]
1=GI+TFNETHG ) 412 o X {TFN(T~B )4T FN(T48) J+15ax(TFN{I=T7TI+TENLI+T)}I+16. %
ZUTEN(I-6I+ TEN(TI+6) I+ 13 {TFN(TI=-S)+TFN{T45) V46 = {TFN{ T~4 ) ¢TEN( Y144} )
3-S5 a¥{TFEN(I-3)+TFNA{I+3)1-20c*x(TAN{I-2I+4TFN(TI+2))-2G, ={TEN(I-1)+TFN{(
414 1) )1=32. *TFN(])

FAIND)=SQRT{S220Ce®{ TEN(I}))

TO PREVENT OIVIDIMG 8Y ZERO, LET S{I) = LCCHRCGDY

IF (SUINDJIOEQofetll S{IND) = CGL00]

IF (ICA-GEL3) ARITE (648870 Iy TEN(IN,SOIND)F(IND)

IF (MDRE2EG.1) GG TO 612

IF (INCoERe 1) GO TO 184

GO TC 240

SUINDI= e XOTFN(I~16) + TEN(TI 416 ) 1+ 32 (TEN(I-1S ) +TFN(I+15) )46 %{TEN(]
1=14)4TFN(I+14) )+ o TFN(I=23)+TAN(TI+13)) #10ax{TFN{I=12)+TEN{T+12)
ZI+21 e F{TFN(T =1L ) 4TFN(I4LL )} 428, % (TAN(I=20 14T FN{I+1I0 ) )43 s TFEN{I -9
BI+TEN{T4+0) Y4380 % (TRNIT=8) +TRN( I+ B8) 1+28, % {TEN(I=TI+TFN{(I+T))41l6*(T
GEN(I=6)4TEN{T4 P )42 % (TAN(I=S)I4TFHN(T+5 1 =Yg % {TEN(TI= &)+ TEN{I+4)}~3
S5Se ¥ { TFN{ E-2 J+TFN{ X423 )} =Bl ¥ [ TAN{I=2)+TFEN(I#2) )~59, % (TEN{I-11+THAN( T
E+1 ) 1-62,%TFN(T)

FIIND) =SQRT{2T7342,%{TEN{Y)})

IF (S{INDIcEQ: Jo ) SCIND) =, COLCUDCY

TD PREVENT CIVIODING B8Y ZEFQ, LET S£{71) = 000000}

IF (ICAoGEe3) WRITE (648801 IsTFEN(I) S {IND)Is F{IND)

IF {MOGRESEQ.L1) GO TO &10 '

IF (IND:EQel) GO TC 180

GO TO 240

INC=INC+Y

I1=1+1

IF {(1aCEa4006~-1IWIND) GO TO T72C

IF {INUDeGEA2UT) GU TO 193

GC TQ 149

DC 237 IND=INCI5.298

IFf (S{INDIaGEe Jo:u) GC TQ 238 .

IF (SOIMNDIabLTe SOUIND=21ANDoSIIND Yo LT SUIND+L)Y) GO TO 2¢9

IF {INDsEQe29B81) GO TO 2334

IF {S{IND)abTaS{IND=2 1o AND.S!IINDIGEQuS (INC4+L ) o ANCoSIINDI LTS (IND+
12)) GO 7O 200

GO 70 2358

KCUNT=KOUNT+ 1

IF (KCUNTWGESS) GO TO 213

GO T0 2274

WRITE (6,85")

GO T0Q 724

I=IND+]11-2

PKCNTR(KCUNT )=1

ENG{ KOUNT) ={ (PKCNTR{KCUNT)—{CCEL (L }+PKCNTR(KQUNT )= {CDEL{2)+P<{CNTR{
IKOUNTI®=(CDELLU3)4+PRONTRAKGUNT I 2 (CDE L1 4) +PKCNTRIKOUNTIRCOEL(SI) )} )=
2rA) /BB

COLNTS(KOUNTY=TFNIT)

Fol HM {KOUNT }=DASH

COMCCD({KOUNT}) =8 o1

CONTINUE

S{1)1=5(298)

F(ly=F(2%8)
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Q127
1238
Cl2s
Q2130
G131

G132
2133

3134
136
2138
2139
0141
0143
£145
$l4as
Cla7
148
€149
150
151
152
0153
Glge
D157
4159
£len
Glel
0162
Cle3
Ules
2165
G177
+1469
$171
G112
0172
T174
51735
Cl17¢
LoD iy
w173
2179
{189
€18}

£182
Gla3
vlds
rles
tlas

199
{19t
¢ls92

2410

256

26€

280

290

nG

31c

133
™Y

1)
1w
(]

Eake)

35

S(21=5(299)
FL2)=F{299)
1=299+11 =2
IND=2

=1

INDI 1=2

GO TO 18

BEGIN THE SEARCH FOR VARTABLES 11 THRU T15¢

IF (SUIND)IoGToF(IND)) GO TO 26D
IF (S{IND}aGThoefl) GO TO 274
M=3

IF (SUIND-1)eGToFIIND=-1)) GO YO 280
IF (S{INC=1)aCTaDef) GO TO 316
IF (McEQe3) GC TO 180

I15=1-1

INCI5S=IND-1

INDZ=IND~1

GO TC 245

M=1

GG TO 250

M=2

GO TO 253

IF (MsEQ.1) GO TC 180

IF (MoEQe2) GO TO 257

IF (MeEQe3) GO TO 300

[12=]-1

INDI 2=1ND=1

GO TO 182

13=1

INGI3=1IND

GO TG 252

IF {(MsEQ:1) GO TO 322

IF (MeED.2) GU TN 180

IF (MzEQe3) GC TO 327

1i=1

INCIl=2

S(1)=S(IND=1)

FLLi=FLIND=1)

S(21=5{IND)

F{2)=F (IND)

INC=2

GC TC 184

12=1

IND]I3= IND

GC TO 187

CCMPUTE THE MINIMA BETWEEN I3 AND IS
MINIMUM, LET IT BE CALLED l4.
KCOUNTA=KGUNT+1

DO 385 IND=INDI3, iNDIS

IF THERE IS QONLY OCNE

IF (SUIAD)aLT-SCIND=L s ANDLS (IND}oLTaS (IND+Y)) GO T3 350

IF { IND-EQo INDZ) GO TO 280

IF (SUIND)oLT oS {IND=1) e ANDeSCINDIGEQeS{INO+L)oAND S{IND) 2 LT, S(IND#+

12)) GC TO 350

GO TO 23n

KOGUNT=KOUNT +1

IF (KOUNT. GEe 50} GO TO 210
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G194
€195
{166
G197
€198
1993

¢a200
G202
0293
02¢5
QZLeE
2207
208
cz09
0211
2212
€213
0218
1216
G217
1219
221
G222
3223
0224

G225
N2z2e
D227
nz2ez8
Cz2g
0232
231
U232
233
Cz234
0235

236

;253
G239
G244
G241
G242

(243
G245
0246
0z2ae8

(249

I=IND+11-2
PKCNTR (KOUNT )=1
FWHM(KOUNT ) =CASH
RSOA (KOUNTI=DASH
AREALKCUNT )=CASH
ENCGIKOUNTI ={ {PKCNTR{KOUNTI={CDEL (Y ) +PRCNT R{KCUNT 1% {COEL (2 ) +PLCONTR(
LKOUNT ) #{COEL {3 )4PKCNTRIKOUNT I #(COEL{ &) +PKCNTRIKOUNT)*=CDEL(S)I Y }) b~
2AA) /BB
IF (ICAGGEe3) WRITE {6,900) KOUNT I 412,15
CCUNTS (KOUNT )=TFN{1)
IF (KOUNTs EQe KOUNTA) GC TO 363
GO TO 270
A6l LRGPK=IND
KGUNTL =KOUNY
GO TG 283
ENIS IF {SULRGPKIeGTe S{INDY)Y GO TO 36C
GO T9 384
380 CONTINUE
IF {KOUNTA=-1:EQ> KOUNT) GC TO 394
GO TC 4730
%L KCUNT=KCUNT+]
IF (KOUMToGESS5GT)Y GO TO 210
CCHMCOCD(KOUNT 1=31.
IF (ICAsGE:3) WRITE (6,910 1 KUUNT 212,15
PKCNTRIKDUNT }={13+1I5)/ 2,
FWHM{KCUNT) =CASH )
ENGIKOUNTI=( ({PKCNTRIKIUNTI=(COEL (T )+ PKCNTHAKCUNT)I®*IZDEL (2 ) +PKCONT R{
IKCGUNT 1= {CDEL(3)+PKCNTR(KDUNT)I®{CDEL{( &) +PKINTR{IKOUNT)I=*CDEL(SH) ) )=
SAL) /BB
COUNTSIKOQUNT I =TFNI{PKCNTR{KGUNT))
AREA(KCUNT ) =CASH
REDE(KOUNT )Y =04 SH
I=15+1
IND=I-11+2
GO TO 18i
4T I=15+1
InD=I-11+2
KOUNT Z=KOUNT
i4=LRGFPK
T4CHAN=T 441 1=2
C IF PEAK TS 4 SINGLE PEAK GO TO 41,
IF (KODUNTA: EQs KOUNTZ) GQ TC 64110
C IF TFHIS IS 2 MULTIPLE PEAK GO TO 478,
GC TC 475
41¢ N1=T1%-13+1
NZ=(=2S%(NI+JTOLER)I®(F({I4)/S{I4)))+:5

NA=((NI=I1TCLER}I* (Lol=(2cC*{F(I4)/5(14})) ) )45

FWHM (KOUNT ) =1, 18%(15-13)
C TEST CCNDITIONS DEFINING NJUMER ICAL RELATIONSHIP JF CHANMNEL NUM3ERS
C FOR 11 THROUGH 15¢ CALL THIS TEST CONDITICN NUMBER ZERO,

IF (110l EeT2AND,12,LELT3:8NDo 134150 T,15) GO TO 427
CCMCCD {KCUNT) 262
IF (ICALGEe3) WRITE {6,92C) I1412,13,14CHAN,I5
GO 7C 189 :
C TEST MARISCOTTI* S CONDITICN NUNMBER ONEs
429 TEST1A=ABS({SG141)
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0250
€251
0253
0255
0256

0Z57
6259
ca6l
{262

U263
{264
0266
€268
Q275
G271

G272
273
L21¢
02717
G278
2719

iz81
(282
283
G284
0285
nz8¢

2287
U289
€259
g292

€253
0294
€29%

LeovT.

z93
Q302

G2
0303
0334
0306

Q307
308
G316
G312
313
03215

C
430

440

4570

460

C

48

498

C
50¢C

TESTIB=2:0%*F (14)

IF (TEST1AuGT-TESTIB)Y GO TO 430

IF (ICAcGEe3d WRITE (64937301 I4CHAN
COMCOD{KOUNT )=61s

GO TO 187 :

TEST QUR CONDITICN NUMBER TWO INSTEAD OF MARISCOTTI'S NUMBER TWO.
IF (Nl1oGEe20ANDeNLoLESZB ) GI TO 4442

IF (ICAcGE=3) WRITE (6,949 ) I4CHAN,I5,13,M)
COMCOD(KOUNT I=624

GO TQ 187

TEST MAFRISCOTTI*S CONDITION NUMBER THREE.
ITEST3=]13-i2-1

IF {(ITEST3e LEc N2oANDo N2 GELl ) GO TO 457

IF (ITEST3.LELLANDANZ2.EQel ) GO TD 4510

IF (ICAcGE23) WRITE (64950 ) N2412413
COMCOD(IKOUNT) =€ 3¢

GO TC 180

TEST MARISCOTTI'S CONDITION NUM3BER FCURe
ITEST4=12-11+1

IF (ITEST4.CELN3 )Y GO TO 460

IF [ ICLoGie3} WRITE (649670) N3,12,I11
COMCOD{KAUNT J=¢é4,

GG TO 187 :

IF (1N AcGEe3) WRITE (6,970 14CHANYTOLER NI N24N3,T1,72,12,14CHAN

1,15

COMCOD{KOUNT) =0«

GG TO B8%

N1=15-13+1

NZ2={=o SX(NI+ITOLER)*{F{I4)/S5{14) )01+’
N3I=((NI-ITCLER) R (1oD—- (20 %(F{IL)/S(14))) 1 )45
FRHMIKOUNTL) =11 5%({15-13)

TEST CONDITIONS DEFINING NUMERICAL PELATICNSHIP Or CHAKNEL NUMBERS
FCR I1 THRCUGH 15, CALL THIS TEST CONBITION NUMBER ZERD,
IF (T1elBEalZ28ND2T20 LE0T3s ANDa 1340 LT 15) GO TO 480
CCMCCD(KCUANT L )=47, :

IF (ICAcGEe3) WRITE (5,927 ) 11,12,13,14CHAN, 1S

GO 7O 232

TEST MARISCOTTItS CONCITICH NUMBER OME,

TESTIA=ABSi5(I&})

TESTLIB=2,0>F( I4)

IF (TEST1AcGT-TESTIBE GO 7O 460

COMCOD(RDOUNTLI=4):

IF (I1CleGEx3 ) WRITE (649371 I[4CHAN

GC 7O 537

TEST OUR CCNDITION NUMBER TwWO INSTEAD OF MARISCOTTI'S NUMBER TwOe
IF (Nl aGE23ANDUNLIoLEL28) GC TO 5L C

COMCOD(KOUNTL =42,

IF (ICAcGES3) ARITE (64940) T4CHAN,IS,13,M1

GO 7O 53¢

TEST MARISCOTTI'S CONDITICN NUMBER THREE,

ITEST3=12-1I2-1

IF (ITEST35LEeN2s2NDs N2 GEol) GO TO 51¢€
IF (ITEST3cLELL1c ANCeN2,EQoT) GO TO 510
COMCCD (KOUNTL) =42,

1F (ICAGEo3) WRITE (6,65%) N2,12,713

GO TC 5275
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{316
6317

(319

0320
0322
13323
324

{326
£327
(328
1332
0332
G333
G325
15336
6337
0238
0339
G340
0241
0342
(1343
0345
346
G347

09348

G349
$35)
0351

naEe

€353
~354
£ 355
1356

U357

U359
0360
U361
a362
(364
365
0366
G367
1368
U369
C371D
371
373
374

530

54

550

560

5TH

VOO0 O

80

591
60

51C

TEST MARISCOTTI'S CONCITICN NUMBER FOUR.
ITEST4=12-11+)

IF (ITEST4-GELN3) GO TO 52¢
COMCCD{KCOUNT L) =04

IF (ICAaGEo3) WRITE (64961) N3,12,11

GO TG 537

COMCOD(KOUNTL Y =2¢. T ,
IF (ICAcGEe3 ) WRITE (64970 ) T4A4CHAN,I TOLER 4N1,N2,N2,71,12,13,14CHAN
215

GO TO E33

CONTINUE

IF (COMCODIKCUNTLInEGo2"0)} GO TO 547

IF (COMCODIKOUNTL )aNEL 276 () GO TQ 56u

DC 558 KOUNT=KOUNT &4 KCUNT Z

TF (KOUNT:EQe KOUNTL) GC TG 550
COMCOD(KOUNRT 1542700 G500 +LREGPK + 11~ 2,00 ) F100C s
FWHM{KCUNT ) =CASH

CONTINUE

I=15+1

IND=]-T11+2

KOUNT=KCOUNTL

G0 TO 589

DC 57¢ KOUNT=KOUNTA,KDUNTZ

IF (KAQUNTS EQe KOUNTL) GO TG 5790
COMCOD{KOUNT) =(5 . dliQe +LRGPK+ 11 =200 ) /00000,
F BM (KOUNT )=DASH

CONTINUE

KOUMT=KOUNTZ

1=15+1

IND=I=11+2

GG TG 187

FIT A GAUSSIAN CURVE TS THE PCINTS BETWEEN THE MAXIMUM IN S ON
THE LEFT (MAXL) AND THE MAXIMUM CN THE RIGHT (MAXP) OF THE PEAK
CENTERe CALLULATE THE PEAK CENTER FROM THESE DATA: LET ILSQ
COUNT CHAMMELS STARTING WITH MAXL =.1¢ LET KCUNT BE THE INDEX
WHICH COUNTS THE PEAKS

COHTINLE

INDY1I3=INDIT+1

INDIS$=INDIS+]

INDZZ=INDIS+INDIS-INCIZ
INDBB=INDI3+INDI 3-INOI S

IF (INDI13.GT:INCBE) INDBB=INODOIlS$

MORE=1

MAXL= INDBB=-1

DO 657 IND=TNOBB,INDIZ

IF (SCIND)LGTLS(MAXLIY GG TO 597

GC TC &2

MAXL=IND

CONT INVUE

INMAXL=MAXL+I1 -2

I=15+]

IND=I-11+2

GO TO 18"

IF {(TetEeINDZZ+ILI-2) GO TO 186

MORE=T

GO Y0 €29
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£315
Ca76
(e
03278
0383
038l
3382
283
0384
G385
G3Eé
3817
{363
394
391
292
73613
0394
{3958
G396
G357
398
40

C4d2
G4l 4
CAat 5
0406
CaT
{4CE
Q&lr9
0410
2431
2412
G413
G414

3415
€417

G4le

€419
c4aze
0421

U422
€423
0424
€425
LA26
427
L4253
6431
0432
0434
0435

£2¢

630
€4t

65¢C

LETE
67%

680
69"

[

7Lc

73¢

T4

7502

MAXE=I NDI5

DO &40 IND=INDISS$,INDIZ

IF {(SUINDYeGTeS{MAKR)) GG TOD 63D

GO TO &4 '

MAXR=IND

CONTINYE

IMAXR=MAXR +11-2

TLsQ=0

L= IMA XR=TMA XL+1

0N 673 I=IMAXLy IMAXR

I1LS0=T15q+]

CHIILSOQ,11)=1

IF (TEN(I)1nEQade™ ) GO TO 653

GO TO &6 '

UNTFN{ILSQI==40y

GO TO 677

SLNTRNIILSQ) =ALOGUTEN(I) )

CCNT INUE

CALL CLEAR{W 1)

A=1,7100

CALL LSTSOR(CH,SLNTTNeWeLy29Ay By Y3 ST AT VAER, Ty 50)
IF (ICA:GEe2) WRITE (649871 B{2)48(1),4

IF (B 2)oGEolalioANDs COMCODIKIUNT )L ER-UST } GO TC &80
IF (B(2).:0En 5ofle ANDe CCMCCO(KOUNT Yo EQu27 e} GO TO 740
GB 7O 719

COMCCODA(RKCUNT ) =1le2

FWAHM{KCUNT ) =1518=(]15-1 23

I=15+1

IND=I-11+2

KOUNT=KOUNTZ

GC TC 1810

COHMCOCD(KOUNT) =21 ¢ 0

GO TO 69

PKCNTR(KCUNT) =(=u25=%B (X)) /8(2)

ENGIKOUNT) ={ {PRCNTE{ KOUNT I ={COEL {1 I+ PROMTRIKCUNT IR {ZOEL L2 ) #PRONT R

TKOUNT > (COEL (3 ) +PRONTRAKQUNT ) *(CDEL{ 4 ) +PKCNTA{ROUNT I=CDEL(B) ) 1) )~

2L0) /8B

IF (JCAcGEe3) WRITE {69990 ) KCUNT PKCNTR{KOUNT)

I=15+1

IND=I~11+2

KCUNT =KCUNT Z

G0 70 18™

CONTINUE

BEGIN EVALUATION OF PEAK CENTER AND FWHM DATA TJ FIND SINGLE PEEKS
SUFFICIENTLY SEPARATED FROM NEIGHBERINSG PEAKS TO PERMIT AREA CiLlCo
$L0OL=1,7

JSTART =1

NUMPK=1

KCUNT =0

KOUNT=KOUNT+Y

IF (KOUNTLGT KOUNTZ) GO 70 787

IF {CONMCOOD(KCUNT )5 EQoll 2D o QR COMCOD(KOUNT 12 EQe2T o) GI TI 744

GG TO Y37

IF (NUNMPKesEQel) GO TQ 75C

GO 19 7167

KCNTR=KOUNT
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L0436
0437
438
€439
N441
0442
€443
G b4b4
(445
€446

0447

G4e 3
Q481
(652
(454
£455
455

0457
458

C456
Caeh
da62
463
1464
C466
(468
465
44Tl

i G472

6473
C474
416
(478

U481
¢4B82
0483
484
{485
486
(487
{4EE

U489
L4994

491
£4G2

764

770

184
790

8L

810

OO0

(]

83¢

gov
C
SR

BBt
B9«

NUMPK=2

GO TC 730

KKGH T=KOUNT ,

IF (JSTART+EQ.1) GO TO 77¢

GO TO 783

JSTART=2

GC TC 790

SLOL=PKCNTR(KLEFT) +SEPFACKFUHMAKL EFT )
COLL=PKCNTR(KCNTR )=SEP FAC *FWHM{KCNTR)
COLR=PKCNTF {KCNT R 145 EP FAC*FW HM(KCNTR )

IF (KOUNToGTe KOUNTZ) RCL=40Y 6o

IF (KOUNT.GT oKOUNTZ) GO TO 80C
ROL=PKCNTR(KRGHT ) ~SEPFACKFWHM {KRGHT )

TF {$L0LsGTe COLL ¢TRoCOLRoGToROL) GO TG 81

GG TC 827

BREA{KCNTR) =DA SH

GG TO 843

BEGIN AREA CALCULATICN.

IXL AND IXk ARE THE CHANNEL NUMBEFS FUR THE LEFT AND RIGHT POINIS
THRU WHICH THE BACKGROUND IS FITTED.
IXL=PKCNTR(KCNTR ) = SEPFACHFWHM (KCNTR) 455

IXk=PKCNTR (KCNTK }+SEP EAC XFWHM(KENTR) 44 5

CETERMINE ¥, THE NUMBER CUF POINTS TO BE USED IN SMODTHING.
M=25

IF (FWHMIKCNTR)oLT,5¢) M=5

DG 831 N=2,11

MS=N 4N +1

TF (FWHM{KCNTR) ¢ GEc S0 ANDe FWHM KCNTR ) oL T ohiS+2) M=MS

IF (ICAoGEs3) WRITE (6410C7) PKCNTR(KCNTR) oM

CALL BKGND

IF (I1CAnGE:3) WRITE (6,1010) TM3,TM2,THI,TM)

CALL PKAREA(KCNTR )

EMC AREA CALCULAT IONS

KLEF T=KCNTF :

KCNT 8= R GHT

IF (KOUNTs LEe KGUNT 2) SC TC 73¢

IF (KOUNT-GTeKOUNTZ) 60 TO 859

IF (1CA2GEe3) WRITE (6,102%) FILE

CALL EDIT HERE IF IMMEDIATE £DIT OF PEAK SEARCH IS DESIRED. NITE
HGWEVER THAT EVERGIES WILL BE INCCRRECT UNTIL AA AND BB (WHICH
ARE DETERMINED IN THE MAIN GELIZ FOUTINE) ARE DEFINED.

IF (ICA.GEe&4) CALL PLCTIT

1015 =1

RE TURN

ENTEY POINT

NEC=NPC-1

DD 86 1=1,NED

PL=PCATA(I,1)

POATA(T 940 ={ {PL~(CDEL(Y }+PI#*(CCEL (2 }+PY*(CDEL (3 4P 1%{CDEL{ 4)+P 1%CD

IELIS5H))) 11-AA /BB

RETURN

FCRMAT ('1'y5X,*BEGIN DETAILED PRINT QUT OF PEAK SEARCH FOR FILE ¢

14,3134, //7) ’

FORMAT (f 1,110 ,3X,Fl801,3XyD14s T93Xy014eT)
FCPMAT (* ', 'TFHE NUMEER OF PEAKS TESTED HAS EXCEEDED THE NUMBER PE



TEZE =z

o

0493

0494
G495

D496
{497

493
0496

G500

980
SG1.

1053

161n

1¢20

IRMITTED BY THE DIMENSION STATEMENT, */' PEAK SEARCH IS DISCONTINUED
2o PRINT OUT OF PEAK ANALYSIS FOLLOWS< ')

FORMAT (? ', 74,75 745Xy A MINIMUM IN THE SECOND DIFFERENCE OCCURRED
1 AT CHANNEL ", 14, BETWEEN 13 = CHANNEL "y14," AND I5 = CHANNEL ¥,
2144%01)

FORMAM (' Y4 T4y7,5%,5X%, "NO MINIMUM IN THE SECOND DIFFERENCE WAS FOQU
1ND BETWEEN I3 = CHANNMEL ', T4, AND I5 = CHANNEL ", 14,',1)

FORMAT (* *y*'THE ZEROTH CONDITION TEST FAILEDe'/' Il = *414,', 12
l] = ';I‘*g', I3 = '914,'1 14 = '11’1"'1 I65 = %Wl4,'%: %)

FORMAT (* *,vTHE FIRST TEST CCNDITION FAILED FCR I% = 1,14,%,1")

FORMAT (' *, *THE SECUMD TEST CONDITION FATLED FOR 16 = ¢ 414,%, i5
1l = '114": 13 = P g4, it Nl = ',I‘L,'u"

FORMAT (v $,9THE THIRD TEST CONDITION FATLED: N2 = v,I4,t, 12 =

1':1-'1'1'1 2 = 'QI‘H'e')

FORMAT (¢ " ,*THE FOURTH TEST CONDITICN FAILEC: N3 = %,14,1, 12 =
1 ',14:', Il = 'yI‘H'c',

FORMAT (v Y, v ALL TEST CCNDITICNS WERE MET FOR THE TESTS AT MINIMUM
1 CHANNCL = 1,14,9% TOLERANCE = ® 12,/ Nl = " ,T%,'y N2 = %,14
29%y N3 = v, 1440, 13 = 4, 04,1, 12 = "2 14,7, 13 = %,14,', 14 =
3,14,y 15 = 1,144,101

FORMAT (* ", 'B{2) = "4D14o745%,'B{1) = ",014e TeSXe'A = ' ,01l6,7)

]

FORMAT (¢ 214 90 0" ySX'LEAST SQUARES FIT FCR THIS PEAK LOCATES THE
1 CEMTER AT',FLldc 4}

FORMBT (' *,'M FOR PEAK AT ", Féoly' = 1,12, 1)

FORMAT (Y * 4?TM3 = " yDLl4eT 45X 4" TM2 = " D347 45X 'TML = 'y DlbeTy 5%
1'THE = 1,0)4,07) :

FORMAT {(*D',5X'END DETAILED PRINTOUT OF PEAK SEARCH FOR FILE " 413
lflﬁ"

ENC
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BLOCK DATA
/ CAT A/ COEL

COMMON

: .

CCMMON /I MIT/ NT&GNTSeIPoKOUNT 44 T4 0Ty FLUX, 1Dy ICALIB, ICALC,HE
COMMON /SHELF/ WINDyITOLER SEPFAC,AFAC

REAL *8

E{25 )1 /76457266106, 1173629y1332:5921%0:/

REAL #4 CDEL(D) /o 4B625EDL 9= TILHTE=Y290237TBE~T54=09012TE-1Y,-6307

10513/
REAL *4
REAL %4
INTEGER
INTEGER
ENE

WIND/Se/ ySEPFAC/ 2o/ yAFAC/ L5/

WY /Lo Gy DT /e Gy FLUR/CS Y/

%4 NTE/E/ sNTS/5/¢KOUNT/L/ 4 ID/C/ s IP/L/+ ICALIB/L/9ICALC/YY
%4 TTOLER/3/





