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ABSTRACT

A program for the automatic analysis of Ge(Li) gamma-ray spectra

is described. Owing to its reduced size it can be used on small (at least

|
16 K memory words of 16 bits) computers. For the design of the program,

the steps of ‘manual methods of analysis have been followed as closely as

possible. Most of the subroutines ares written in Fortran Il language.
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1. Introduction.

The automatic analysis of high-resolution gamma-ray spectra has been
intensively studied in the years subsequent to the advent of.Ge(Li) detec-
tors. As a consequence, a number of theoretical approaches and computer
programs are available today 1—5). However, no automatic solution has yet
been proposed for the analysis on small computers frequently included in
data-acquisition systems.

In this paper, a computer code is described which was developed to
be used on a computer of at least 16 K memory words‘of 16 bits (in our case,
Hewlett-Packard 2116B). The spectrum to be analysed may have up to 4096
channels; the peaks must be not less than 4 channels wide at FWHM (see
section 2.3).

The code is subdivided into two parts, The first one (ANAGAMMA) does
the search for photopeaks and determines their centroids, areas and widths.
The second part (FALEN) is used for energy determinations.

The principal program steps are:

a) Data Smoothing.
b) Background calculation.
c) Data analysis.

d) Energy calibration.

The smoothing of the raw data and the calculation of the background
are carried out in a working area of 300 channels, but the analysis of the
data is performed over only the central 100-channel zone. When the analysis
of these 100 channels is completed, the working area moves upward 100
positions and, the whole process starts again. In this way no boundary
problems appear when the peaks fulfill the restriction on the FWHM mentioned
above.

Drawings may be obtained at different stages. The authors wish to
point out the usefulness of the peripheral plotting device not only to see

howw well the computer fits welldefined single peaks, but also to look at



multiplets and interpret the significance of the errors quoted on the

output forms.

2, Descriptioﬁ of the Program Steps.

2.1. Manual and Raw Data Inputs.

Figure 1 is a general flow chart of the code. The RAW DATA is the
original spectrum punched on a binary tape, with data of up to 20 bits
per channel. This is the only input which is not entered manually. The
rest of the data are given through a teletype as answers to the following
questions made by the computer: (1) DATA BLOCK: ask; for the number of
channels punched on the tape; (2) LOWER BOUNDARY CHANNEL: asks for the
channel below which the specfrum is not analysed; (3) INITIAL AND FINAL
CHANNEL: asks for the limits of the zone being analysed; (4) PLOTTING
STEP and (5) MINIMUM AND COUNTS/INCH should be answered for the drawings;
(6) BACKGROUND CRITERION (see section 2.4.), must be established for the
background calculation; (7) NUMBER OF FWHM DATA: asks for the number of
data pairs to be introduced when answering the following question; (8)
CHANNEL-FWHM: asks for the pairs (channel-FWHM at that channel) to be
entered for the calculation of FWHM.

The subroutines used to perform this step of the program are:
@FC19,ENTRO, RBT and FCI3. Appendix | gives an example of the ANAGAMMA
input form. Appendix |1 contains a table of the options for the computer

switches regarding questions (4), (5) and (6).

2.2. 20 to 16 Bits Conversion.

in order to save memory positions, the channel contents originally
stored in up to 20 bits per channel are converted to 16 bits, preserving
accuracy within one fourth of the statistical fluctuation. The following
algorithm is used: E) if the channel content to be converted is equal or

less than 32 767 (2]5-1), it is stored as a negativé 15 bit number; b) if



the channel content is greater than 32 767, it is replaced by the remainder
~of its division by 32 767, whose last two digits are replaced by 50 plus
the integer part of the quotient of the division.

Reconversion is accomplished as follows: 3}) The sign of the stored
number is changed; Ef) adding to the stored number the product of 32 767
times the difference between the last two digits of the stored number and
50. The error in the reconversion of numbers equal or less than 32 767 is
zero; for larger numbers it never exceeds 50.

The following examples are intended for clarification.of the procedure:

Content Quotient Remainder Stored Number Reconverted Number Error
h369 0 4 369 - b 369 L 369 0
110 947 3 12 646 12 653 110 954 ’ 7
32 768 1 1 51 32 818 50

The subroutines used in this stepr of the program are: FCi3, CONV, and

cop.

2.3. Data Smoothing.

For smoothing the raw data we use a procedure strongly recommended in
Ref. 6, which was found to be suitable for our purpose. Its first step
consists in fitting to every five adjacent points a third-degree polynomial
by least-squares methods. Since the procedure requires that there be at
most one change of curvature in the fitting region, this imposes the
condition that the FWHM must be not less than 4 channels. The smoothed
spectrum thus obtained is subjected to the same procedure three times more.

This step is performed by subroutine ALIS.

2.4, Background Calculation.

The background is calculated by an approximation using a slowly varying
function which connects all the minima in the smoothed spectrum. This is
done by using only the parameter BACKGROUND CRITERION, as proposed in Ref.3.

The optimum value for this parameter depends on the characteristics of the

spectrum to be analized (the value we normally use is about 0.05)



and noticeable changes in background are obtained only by varying it by
orders of magnitude.

The subréutine FONDO is used in this step of the program.
2.5. Background Smoothing.

The obtained background is itself smoothed by applying subnoutihe
ALIS to fit a third-degree polynomial to the data of every 21 adjacent
channels. This procedure gives a background (BG)', lower than the ''actual"
one by a fraction of its square root which depends on the smoothing
performed on the original spectrum. As in our case this fraction turns out

6) 1/2

to be ' about (1/17) , the final expression for the background is

S 1/2
BG = (BG)' + 0.24 {(BG)' }

Once the background is computed, it is subtracted from the smoothed
spectrum, equating to zero those channel contents which are less than or
equal to one fourth the statistical fluctuation of the background.

This step of the program is performed by subroutine ZEROS.

2.6. Data Analysis.

The background subtraction transforms the original spectrum into a
number of ''group of channels'" with positive contents, delimited by regions
containing zeros. In order to proceed with the analysis, a ''zonal FWHM"
is calculated for each region of interest by linear interpolation between
the input FWHM data fed to the computer (section 2.1., questions 7 and 8).
The initial channel of the first region to be analysed is required to be
higher than the first channel of the input FWHM data. If a zone of interest
has channels above the last one corresponding to the input FWHM data, the
program will use the FWHM for the highest input for those channels. It is
not required that input FWHM data be equispaced.

Any of the mentioned ''groups of channels', whose base width is less

than the FWHM, or whose maximum channel content is smaller than the



statistical fluctuation of the background, is considered as not spectroscop-
ically significant. Every remaining group is fitted byviterative me thods,

| assuming from the outset that it is formed by the'superpdsition of two
gaussian peaks having the zonal FWHM (see below). The conditions imposed on
these peaks are that their total area and combined first-order moments must
equal the total area and the first-ordér momen t correspond}ng to the datq in
the ''group of ‘channels'' being considered, taken as a whole. These two condi-

tion are formulated as follows:

1 _ '
: a = gLV, =1 (1)

1 1Y, X, =1II (2)

Ay Xy ¥ A2 XZ = R P i

1M
where A1 and A2 are the heights of the gaussians and X1 and X2 the abscissae
of their centroides; Y is the content of channel Xi; R=2.5050;and- 2. 35480 'is
the ''zonal FWHM'. Furthermore, the maximum content YM and the corresponding
abscissa XM of a given ''group of channels' is obtained by determining the
vertex of a parabola adjusted to the highest points of the group. Then, the

ordinate for an arbitrary channel will be:

1 2 A 2
7 (X{=X;) oA o 202 (X,-X;)
P A 2

Requiring that the condition dY/dX=0 is fulfilled at the point

(YM, XM)’ one obtains
1 2
o 207 (X1X,) _ *2 7 M
(X, = X;) A
which, combined with equations (1) and (2), gives:
| 2 | 2 X=X, Y
T 207 (Xy=Xy) ("27"M) "M
e = - ; (3)
I.X2 IT

lTikewise:

1 ' 2
e-‘EET(XM'Xz) Gt Y

X, - IO (4)



The system of equations (1) to (4) is solved by ah iterative prbcess
starting from the initial values‘X1 = ;%-- %- and X2= %} + %-. Care was
taken to ensuré the convergence of the ‘iterative procedure. The subroutine
which determines X], XZ’ A1 and A2 is called DOBLE.

Next, Fhe smaller gaussian is subtracted from.the initial grouﬁ of
channels and a gaussian for the bigger peak is fitted by least-squares
procedures to the resultant bulk. In this way the pbsition, area and FWHM
of the principal component of a possible multiplet are obtained. This
component is subtracted from the original group and, if the remaining
difference passes the significance test, the analysis is repeated for this
new bulk. If not, the next group is considered. Hence, the significance
test is the only limit for the number of components obtainable from the
data contained in a ''group of channels'. At this stage a new condition
is imposed: if during the fitting process the vertex of a gaussian peak
falls inside the boundary of another one, both peaks are considered as
being a single one, adding their areas and averaging their positions and
FWHM,

Figure 2 exemplifies the procedure described above for the triplet
shown in Fig. 5; the components are called A,B, and C. The subroutine that
performs the least-squares fits is ca]fed PI1CO; the one which performs the

subtractions is named RESTO, the control of the whole analysis process

being made by the MMR! subroutine.

2.7. Error Determinations.

The error Ax in the peak position x is estimated in an unconventional
way illustrated in Fig.3. The gaussian distribution fitted to the peak will
be characterized by its ''standard deviation' Tas its heigth H above fhe
background BG on which it sits, and its central position my- The statistical

1/2

errors for points B and C are then respectively b=(BG + 0.325H) and



c =(BG + 0.882H)”2

. Next, point m is obtained as shown.,on the figure. "
Finally, we take Ax = 0.25 Eﬁg, based on experience with well defined peaks.
This procedure, which is not strictly correct, has been adoﬁted since it
yields reasonable errors despite its simplicity.

The standard error of the photopeak areas depends notAonly\on the
statistical %1uctuation of the value itself but on the error of the
background as wé]l. As the latter in’'turn depends on the number of channels

used to compute it, the error of the areas is expressed as:

_ 1/2
by = (A + ¢.80G.BG)

where 80G is twice the width of the peak base and ¢<1 is an empirical
factor that takes into account that usually more than 80G points are
available for computing BG. We have chosen ¢= 0.75.

One should not forget that the formulae for computing errors were
obtained for single peaks. Hence, thejerrors quoted in the output forms
are valid only for such peaks. Those quoted for the components of
multiplets must be examined critically, taking into account the number of
components and their relative intensities, appealing to the experience of
the experimenter.

This whole step of the program is performed by the MMRI subroutine.

2.8. Output Selection.

According to the position of computer switch 9 (see Apendix 11), the
results obtained by the ANAGAMMA program have two alternative outputs:
through a teletype, as shown by Table 1, or through a punched tape which

may be used as an input for the FALEN program.

2.9. Manual and Raw Data Inputs.

The FALEN program requires as inputs the manual entry of the energies

and channel positions of the calibration peaks as well as the corresponding



standard errors for these values; besides, it has to bg fed with the output
of the ANAGAMMA program, either manually or through a punched tape.

Appendix | gives an example of the FALEN input form,

2.10. Energy Calibration.
The energy calibration is performed with the FALEN code by adjusting
a third-degree polynomial to a number of standard peaks distributed over

the entire energy range. The adjustment is made by weighted least-squares

3 ¢

i ..
0 P X' andiits error

methods. The energy for a given channel X is then E=

is defined as
1/2
8E = (o2 + (axcp?y

where 0. stands for the error in the calibration curve. Due to memory-size

limitations, o, is not computed using the correct error propagation method

n
1

and €; are the differences between energy input values and computed values.

but is defined as o= %-Z € where n is the number of calibration points
Although this value for o, is an overestimation, it usually is significantly
smaller than the term AX.CI.

The energy calibration step requires the use of the FALEN, ALAN, and

BINOM subroutines. Table 2 shows a partial output of the FALEN program.

2.11. Plots 1, 2, 3 and 4,

The cirﬁles on Fig.1 indicate the drawing options available at
different stages of the analysis. PLOT 1 draws the initial spectrum; PLOT
2 draws the smoothed one; PLOT 3 draws the calculated background and PLOT 4
the adjusted gaussians. The switch positions to be used for selecting a
given option are tabulated in Apendix |1,

The subroutines used in these steps of the program are DIBU and EJES.

3. Examples of Analysis.

The partial spectra shown in Figs. 4 and 5 are typical. In particular,

Fig. 4 corresponds to a smoothed spectrum and its calculated background.



It shows that drawings are invaluable aids fo reject spurious peaks which
are in fact the tails of intense peaks, based on their relative intensity
and shape. Thé tail peaks should be eliminated from the output forms.

Fig. 6, finally, exemplifies a spectral zone of poor statistics. The
original spectrum as well as the calculated background are shown. in fhe
upper part of the figure. For the sake of clariity the smoothed spectrﬁm is

not shown. In the lower part four single.peaks can be seen.

L, Concluding Remarks.

Extended use of these programs at the Buenos Aires isotope separator
on-line facility (IALE Project) with satisfactory results moves us to
recommend their use where only small computeré are available. One of the
most remarkable features to be pointed out is the small number of external
parameters involved, which implies simpﬁicity of management. Once again, the
use of an automatic plotter is emphatically recommended for a better
evaluation of the output data.

The time required for the analysis of a 4096 channel spectrum with
approximatelly 250 peaks is about 40 min including plotting time, using
a computer cycle of 1.6 usec.

Fifteen out of eighteen subroutines are written in Fortran il
language, the rest in Assembler language. All of them are listed in

Apendix {11,
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TABLE 1
ANAGAMMA OQUTPUT FORM

CHANNEL ERROR AREA ERROR FWHM

840.13 .46 .209255E+04 .201195E+03 6.562

847.97 .17 .665938E+04 .214075E+03 7.003

858.32 .01 - .757646E+06 .891368E+03 7.108

884.91 .04 .383575E+05 .264476E+03 7.000

TABLE 2
FALEN OUTPUT FORM

PN CHANNEL ENERGY ERROR AREA ERROR FWHN

1 840.13 829.66 .59 2092.55 201.19 6.56

2 847.97 837.40 .22 6659.38 214,07 7.00

3 858.32 847.62 .01 757646.87 891.36 7.11

4 884.91 873.88 .05 38357.56  264.48 7.00
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Fig. 2. Schematic analysis of a triplet (SC,
smaller component): a) initial bulk, b)
tentative fit with two gaussian peaks, c)
least-squares fitting of the principal
component, d) second tentative fit, e)
least-squares fitting of the second
component, f) third tentative fit, g)
least squares fitting of the third
component, h) no significant peaks remain.
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Fig. 3. Diagram showing the determination of
position error: Ax = 0.25 m_
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Fig. 4. Single peak fitting. The smaller Fig. 5. Decomposition of multiplets.

component is a tail peak.
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PLOT 1
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CHANNELS

Fig. 6. Poor-statistics partial spectrum. The upper
part of the drawing shows the original data
and the computed background.
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APPENDIX |: EXAMPLES OF INPUT FORMS.

Each question made by the computer is followed, within brackets, by an input
example.

l.1. ANAGAMMA Code.

Case 1: Switches @ and 18 in ON position (see Appendix I1).

DATA BLOQK 409 6)

2348

LIWER BJUNDARY CHANNEL ((149)

89

INITIAL AND FINAL CHANNEL (1768 2849)
2564 28 64

PLAITTING STEP (.32)

I3

MINIMUM (1Y39e9d) » CIUNTS/INCH (500.9)
2449 9 6439

BACKGRIUND CRITERIDN  (d5)

«JidIS

NUMBER JF FWHAM DATA (5)

3

CHANNEL FWHM
20949 4.9
2599 S5l

3944 5.3



Case 2: Switches # and 18 In OFF position (see Appendfx .

DATA BLJEK (4296)
18924

LIWER BOUNDARY CHANNEL (12@)

75

INITIAL AND FINAL CHANNEL (1760
459 1750

NUMBER OF FWHM DATA (5)

5

CHANNEL FwHM
%] 4.9
589 4.1
1000 4.2
1509 4.3

2049 45

2809)

16
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1.2 FALEN Code.

RUN NUMBER
145

NUMBER JF CALIBRATIJON DATA

6

ENERGY ERRIR CHANNEL ERRIR (511401 +02 B89¢7 +32)
432.79 .30 255.70 .30
51191 a1 325458 <10

1118.60 .29 716487 .20

251770 .50 1617.12 .20

5107+59 .49 3280. 67 .29

61294 60 . 40 3937.26 . 49

(Here the computer will type the calibration energy values according
to the third-degree polynomial adjusted to the input calibration data
by weighted least-squares methods).

NJIRMALIZATION FACTIR

28416745

(Here the program will provide the Falen Ougput Form as given in Table
2, where, in order to make the area of the selected peak equa! to 1000,
all the other ones have been divided by the stated ''Normalization
Factor'').



.

ANAGAMMA Code.

18

APPENDIX I1: OPTIONS FOR THE COMPUTER SWITCHES.

SWITCH ON OFF FUNCTION
X Asks for background criterion.
, ¢ X Makes background criterion equal to .05 (normal).
X ~ Punched-tape output
9
X Teletype output.
) X Drawing of fitted gaussians (Plot &)
1
X No drawings at all
X (Switch 18 ON) Draws smoothed spectrum and background
12 (Plots 2 and 3). :
X —
X (Switch 18 ON) Draws original spectrum (Plot 1).
13
x ——
X Sends control to the first step.
14
x ———
X Stops the current plot.
15
x R
11.2, FALEN Code.

SWITCH ON OFF FUNCTI ON
X Peak positions entered by teletype.
19
X Peak positions entered by punched tape.
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APPENDIX 111

ANAGAMMA Code.

TBK
TBL
TBM
LONG
STA

eLSDB
eM5DbB
F@
LLONG1
Fi

NAM @FCI19
ENT STA, @MSDB, @LSDB
EXT KBT,FCI3,ENTRO
BSS 4196
BSS 600
BSS 608
OGT ¥

NOP

JSB ENTRO
DEF *+3
DEF TBK
DEF LONG
LDA LONG
STA LONG1
Lba F@
STA F1
JSB HET
DEF *+3
DEF LONG!
DEF F1
JSB FCI13
DEF #*+5
DEF TBK
DEF TBL
DEF TBM
DEF LONG
JMP STA +1
OCT 2000
OCT 12¢00
OCT @

OCT @

OCT ©

END STA

SUBROUTINE CONV (IP»TBKsI1,12)
DIMENSION IPC1)sTBKC(1)
K=1

DO 1 I=ll.12

IFCIPCID) 2,253
TBK(K)Y==-1IP(I)

GO TO 1
L=IPCI)/108%x100
F=1P(1)-L-50
F=32767«.0%F
TBKCK)=FLOATCIP(I))+F
K=K+1]

RETURN

END

ENDS$

19
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Boal
bv4y2
D4l
Lo4sy
Bibas
voae
wout
g oay
weoay
Vo550
Vsl
Bes52
VB53

1y

COoP

L5513

SIGA

FACK2
FACK1
FACKD
PACK3

NAM
ENT
EXT
BSS
BSS
NOF
JSH
DEF
LDB
ADB
SLB
JMp
LDA
BhS
LDA
JMp
LDA
BHS
LDA
STA
BKS
ADB
LbA
AND
LDEB
CrH
JMP
CrB
JMF
CEB

COoP

Ccop

«ENTH,» @M5DB
1

1

+ENTH

I8 ¢

Iy
=B176000

LS1.3
=B170000
»SLB
MASK2
SIGA
MASKI

» SLB
MASK3
PASO

eMSsSDB
1,1
PASO
PASO
MASK3
FACK3
MASK2
FACK2
MASKI

JMP PACKI

JMP
ALF
ALF
ALF
LDB
STB
LDB
$SA
JMP
CLE
ELA
152
JMP
CLA
CLB
JMp

PACKUO

EXPFE3
M23
1Y, 1

x4y
»ELB

M23
*-5

FIN

CLE,»ERA

ERB
STA
LDA

PAS0
M3

CMA, INA

ALS

20
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VY55
vous56
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V58
boBs59
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bee6l
voe2
VB63
Vo4
vWves
Ue66
boev
voey
V69

100

STA M23

LDA 1

10K M23

LDB ¢

LDA PASO
FIN  STA Y,1

182 Y

STB Y, 1

JMP COP, I
EXP23 DEC -32
M23  OCT ¢
PASO OCT ©
MASK3 OCT 17
MASKZ OCT 360
MASK1 OCT 7400

END

SUBHROUTINE ENTROC1P,LONG)
DIMENSION IP(512@)

DO 1 1=1,5120

IPCI) =0

WRITE (2,100)

FOKMAT("DATA BLOCK (4096)'")
KEAD (1,%*) LONG

RETURN

END

END$
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woBl
Vo2
DOB3
Booy
0 PBs
booe6
wYoT
Bovy
Gou9
VwoLY
woll
puvle
013
DVla
o115
a6
pol7
palg
VY1
6020
Po21
vpee
Va3
B4
BYes
BBee
Boa
dues
©oes
R 36Y]
D©v31
gz
BU33
D O34
Bwv3s
BB36
Bwo317
D38
b@39
Qo4
Vo4l
o042
b4l
©o4a4
Bo4s
Loas
D47
Pr4asy
D4y

buse

WSl
vose
8o53

FAR
FLAG

rBT

NAM
ENT
EXT
BSS
BSS

NOP
JSB
DEF

NOP
LDA
STA
LDA
STA

LDA
LUB
STH
INB
STB
INA
LA
5TA
ADA
STA
ADA
STA
J5B
BLK

SZB.

JMP

LIA
Cra
JMP
LDbA

SZAs

JMP

LDA
LDB

AHS»
BRS»

ADA
ADA
INB
STA
STB
JSB

RBT

KRBT

+ENThH»s « I10C.,€LSDB, eMSDB
1

1

«ENTRK
PAR

=B1v10@5
UNIT!
=B40005
UNIT2

FAR
Vsl
LGTH

BFRLN

Bs 1
SA2
eLS5DB
STAD
=D=1
DBFKR
STMK

RSS
*~3

1
=B170000
OVER
STADs I
RS5S5

B16

SAZ
LGTH
AKS
BRS
emM5DB
=D=-1

DBFR
BFHRLN
STMK
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Y054
B V55
V56
0057
busy
V59
PoY6Y
poel
Puee
VY63
V64
065
VLuv66
Vae6T
Boey
W69
DB70
BVl
pare
beT13
o774
Bu1s5
uie
vwor7
BWoTy
VWoT9
Boso
vyl
boye
VY3
Y os4y

Bl1é6

STMK

UNITI

DBFR
BFRLN

UNIT2

SAZ2

LGTH
STAD
CNTR

JMP
JMP

NOP
LDB
STB
LDB
STB
JSB
LDA
STA
JMP

NOP
JSB
0CT
J5SB
oCT
JMP
BS5S5
BSS5
J5B
0CT
S5A
JMP
JMP
oCcT
BSS
BSS
BSS
END

KBT, 1
RBT, 1

DBFH, 1
CNTR
=B17771717
DBFH» 1
10

CNTR
DBFHR, 1
STMK, I

»10C.
1
+«10C.
20104
*=2

1

1
«10Ce.
40004

*-3
10,1
)

1
1
1
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999

g2
84

191

20
36
110

104
31
114

49
71

70
111

73

SUBROUTINE FCI3 (IP,TBH,TBL»LONG)
DIMENSION IPC1),TBK(300),TBL(30O)
DIMENSION NAN(S),TAC(S5)

T=0

WRHITE(2,999)

FORMAT ("LOWER BOUNDARY CHANNEL (160)'")
KEADCLl %) KT

I=0

ALA=10U000 .0

I=1+]

IFCI-4096) 151,82

N=©

CaLL COP C(IPCI)»T)

Ta=T

A=Tp-32767.0

IFCA)Y 45,555

N=N+1

Tw=A

GO TO 3

IFI(N) 6,647

A==

IFC1)=A

GO 10 8

A=T0

K=A

I1PCII)=K/100*x100+N+50

GO TO &

DO ¥4 I=1,KT

IPCII)=1TFCKT)

WHITE (22,101)

FORMAT (//,"1INITIAL AND FINAL CHANNEL"," (1760
KEADC(1,%) 1,IFA

FAC=.25

IFCI) 19519520

IFCISSWCL0)Y) 36,40

WHITE (2,110

FORMAT ("FLOTTING STEP (00213
HEADCl,»*x) P

WRITE (2:104)

FOBMATC('"1S THE PLOTTER KEADY?')
WRITE ¢2,114)

FOBMATC'"'MINIMUM (1000V.0)s COUNTS/INCH (5000.0)*')
READ (l,*) FMIN,ESC
IFCISSWCR)Y) 70,71

DCh=.05

GO TO 73

WHITE (2,111)
FORMAT("BACKGHROUND CRITERION C.05)>')
KEAD (1,%) DCH

WHITE (2,112)

2800)7)
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112 FORMAT("NUMBER OF FwHM DATA (53)*)
HEADCl,»*) KHT
WRITE (2,708)
708 FOHMAT("CHANNEL FwHM®")
DO 709 KTH=1,KHT
769 HEADCls»%*) NANCKTH)»TACCKTH)
AZ2=TACC(1)
72 1w=5
T4 ER=.2%A2
JW=A2
IFCISSW(l4)) 2,808
802 IFCISSWCIR)Y)Y BUD,E801
8@ CALL WHERE(YQ,X8)
CALL FLOT (Y@,X0,-1)
Bl kP=-F
X5=0 .0
AP=¢ 0
IFCISSW(9)) 635,637
637 IFCISSWCl4)) 2,828
82¢ WhlTE (2,634)
634 FORMAT(///5,13X,»"CHANNEL"»2Xs "ERKROK" ), 5X» "AKEA"» 9X, ""ERROR"»
162, VFWHM" » /)
635 IFCI-100) 11,1112
11 11=2
KC=1
GO TO 13
12 I1=1-100
KC=101
13 IFCIFA-102-1) 14,514,515
14 L=¢
IFCIFA+100~-LONGY 17517518
17 12=1FA+100
GO TO 16
18 I2=LONG
GO TO 16
15 L=1
IF(I+200-LONG) 23,188,518
23 12=1+200
16 DO 803 123=1,600
803 TBK(I23)=0.0
CALL CONV (IP,TBK»I11,12)
KF=12-11-99
RFe=12-11
AP =X5
IFCISSWLI3)) 58,51
5@ CALL DIBUCTBKs»XP>»KC»KFsP,FMIN,ESC)
IFCLISSWA14)) 2451
51 XP=XS
CALL ALIS (IW,TBKslsKF2s4)
IFCISSWC12)) B04,805
804 CALL DIBU(CTBK,XPs»KC,KFs»P»FMIN,ESC)
BOS XP=XS
IFCISsSWCl4g)Y)) 2,821
821 CALL FONDO (TBK,TBL,1,KF2,DCh)
CALL ALIS (21,TBLs1,HKF2,1)
DO 63 L1=2-299
IFCTBLC(L1)) 60,63,63
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60 TBL(L1)=0.0
63 TBLC(L1)=TBL(LI1)+.24%5GKT(TBL(L1))
IFCISSW(12)) BU6,807
806 CALL DIBUCTBL,XPsKCsKF,P»FMIN,ESC)
807 AP=X5
IFCISSwW(l4a)) 2,822
822 DO BUB L1=50,250
86 TBK(L1)=TBK(L1)-TBL(L1)-.25%«SQRT(TBL(L1))
IFCTBK(L1) ) B0S,809,808
809 TBK(L1)I=0.0
808 CONTINUE
CALL ZEHOS(TBK,KF2,JW,TBL.FAC)
IFCISSW(I®)) 810,811
816 CALL DIBUCTBKsXF,KCsKFsP,0+0,ESC)
g1l XM=XP
IFCISSwla)) 2,823
823 Xk=XS
ITl=11-2
DO 740 KTH=1,KHT
[IFCII1-NANCKTH)Y ) 720,740,740
740 CONTINUE
A2=TAC (KHT)
GO TO 730
720 AZ=(TAC(KTH)-TAC(KTH=-1))/FLOAT(NANC(KTH)~-NANC(KTH=-1))*FLOAT(
1111 -NANCKTH=1))+TACCAKTH=-1)
730 YF=0.0
CALL MMhICTBK,TBL,I11,KCoKF2,PsYP»ESCsXFs»A2sER)
XS5=XM
IFCISSW(9Y) 755,76
76 WhITE(Z2,650) AZ
6580 FORMAT(/5,53X,F7+3)
75 IF(LY 21,21,22
21l IFCISSW(lnl)) 33,32
33 CALL FLOT(Q.0,XM,»3)
CALL EJES (P
32 IFC(ISSW(9)) 173,174
173 WRITEC4) ALA,ALA,ALA,ALA,ALA
174 GO TO 2
22 1=12-99
GO TO 12
19 RETUKN
END
ENDS%
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SUBROUTINE DIBU (Y»X,I11,1IFsPTsA)
DIMENSION YC1)
IFCISSWO18)) 25,20
I1=11-1
YN=CYC(II)-TI/A
B=12.0

IFCYN-B) 100,100,511
YN=B

CALL PLOT (YN>X»3)
I11=11+1

DO 5 I=11,IF
IFCISSWOLIS5)) 28,2
YN=(YC(I)-T)/A
IFCYN=-BY 4,4,3
YN=B

CALL PLOT (YN,X»2)
X=X+P

CALL PLOT (YN,X,2)
CALL PLOT(YN,X»3)
HETURN

END

ENDS$

SUBROUTINE EJES (P)
CALL WHEKE (YN,X)?
CALL PLOT (Q.0,X+3)
CALL PLOT (Q085,0.0,2)
A= .0

A=A+P* 1P .0

IFCA-X) 3,352

CALL PLOT (B.¥,A,3)
CALL PLOT (=-+.1,A,2)
GO TO 1

CALL PLOT (DePsBelds3)
DO 7 I=1,12 ‘
Y=1

CALL PLOT (Y»Be52)
CALL PLOT (Y,.1,3)
CALL PLOT (Y,WP.0,2)
CALL PLOT(Y»0.0,3)
KETURN

END

ENDS$
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SUBKOUTINE FONDO (TBK.TBL, IMAX,NCH»DCR)
DIMENSION TBKC¢1),TBLC(1)
JJ=NCH=-1
LA =IMAX+]
I=1MAX+2
IMIN=0
1X=9
1ILOOF=D
DTSI=TBK¢I+1)-TBKC(I)
DTS1=TBKC(I)-TBKC(I=-1)
AM=DTSI*DTS1
DE=DTSI1-DTS!
IF(XM)Y 305,305,303
IFCDB)Y 303,303,304
IFCI+15~-JdJ) 310,310,510
GRAD=CTBKCI1)-TBK(LAY)Y/FLOATCI-LA)
IX=IX+1
THLCIX)=GRAD
THLCIX+2)=FLOATC(I)D

IFCIX-2) 303,564,564
CONT INUE
GHADLI=TBL(1)
GRAL2=TBL(2)
M1=TRBL(3)
MEe=TBL(4)
TE1=TBK(LA)+GHAD 1 *FLOAT(M2-LA)
TB2=TBK(M2)
TB12=(TB1+TB2)/2.0
IF(TB12) 663+663,664
ChT=DCR*FLOAT(MZ2-M1)
GO TO 66%
ChT=DCh*FLOAT(M2-M1)*SGKT(TB12)
IFCTBI-TB2) 565,565,666
IF(TB1-TB2~-CHT) 565,565,566
ILOOP=IL0OUF+1

IFCILOOF-5) 56755655565

I=M1

IX=¢
GO 10O 303
ILOOP=0
1X=0
I=pl
LL=1
LOOP=0
LOOP=LOOP+1
IFCLOOF-16) 525,510,510
TB=C(TBK(LL=-1)+TBK(LL)+TBKC(LL+1))/3.0
IFCTB-TBK(LL=-2)) 603,603,602
IF(TB-TERC(LL=1)) 603,603,502
IFC(TB-TBK(LL+2)) 503,503,604
IF(TB-TBK(LL+1)) 503,503,504
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29

502 LL=LL-1
IF(LL-1) 523,503,523
523 IF(LL-LA) 303,303,507
504 LL=LL+1
IFC(LL-1) 524,503,524
524 IF(LL-1-6) 507,510,510
510 LL=1I
GO TO 533
503 TBK(LL)=(TBK(LL~=1)+TBK(LL)+TBK(LL+1))/3.0
533 LB=LA+!
LX=LL-1
LBASE=LL~LA
TBLC(LA)=TBK(LA)
IF(LBASE-8) 550,551,551
551 IMIN=IMIN+!
550 DO 306 IK=LB,LX
306 TBLCIK)=(TBK(LA)*FLOAT(LL-IK)+TBK(LL)*FLOATC(IK=LA))/FLOAT(LL-LA)
LA=LL
IFCI-LL) 520,303,303
520 I=LL
303 1F(1-JJ) 334,335,335
334 I=I+1
GO TO 333
335 TBL(LA)=TBK(LA)
LB=LA+1
LX=JJ
LL=NCH
DO 307 IK=LB,LX
307 TBLCIK)=CTBK(LA)*FLOAT(LL=-0K)+TBK(LL)*FLOATC(IK-LA))/
1IFLOAT(LL-LA)
TBL(NCH)>=TBK(NCH)
TBL ¢ IMAX)=TBK( IMAX)
RETUKN
END
END$
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SUBROUTINE ALIS (IWsYsIIlsIF,IH)
DIMENSION Y(1),B(22),V(21)
X2=0.0

X4=00

KW=1IW/e

DO 41 1=1,KW

Ti=1I

X2=X2+T1**x2

X4=X4+T] *%x4

X2=2.0%X2

X4=2 P %xX4
Z=FLOAT(IWI*X4-X2**2

DO 42 I=1,KW

VCI)=X4-X2*FLOATC(1 ) **2

L=KW+2

DO 44 I=L,1W
K=1-L+1
VI =V (K)
V(KW+1)=X4
KKW=KW/s/2

DO 43 I=1,KKW
T1=VCI)
L=KW-1+1
veld)=vcLl)

ULy =T1

DO 8 1JT=1,1IH
N=@

IT=KuW+1
I2=1F-1Ww+]
I=11-1

I=1I+1

IFCIZ2=1) 45555
N=N+1

B(NY=0.0

DO 6 M=1,1W
J=1+M~-1
B(NI=B(N)I+V(MI*Y(J)
B(N)=B(N)/Z
IF(N-KW) 7,7,8
Y(I)=B(1)
N=N=-1

DO 9 M=2,1T
B(M-1)=B(M)

GO TO 7

DO 11 M=1,KW
YCI)=B(M)
I=1I+1

CONTINUE
RETUKN

END

ENDS
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SUBKOUTINE ZEHOS (Y, IJs I1WsXsFAC)
DIMENSION Y(1),XC1)

N=0

K=1

J=1dJ-1

K=K+1

IF(K=-J) 2,2,3

HETURN

IFCYC(K)-FAC*SQKT(X(K))) 45455
Y(K)=0 .0 :
IF(N) 1,157

IF(N) 6s6,8

L=K

" N=N+1

GO T0 1
IF(N=-IW) 9,9,10

DO 33 M=LLK
Y{(MI=0«0
N=0

GO TO |

END

ENDS%

SUBROUTINE RESTO (TBKsK1,K2,X,A,51G)

DIMENSION TBK(1)
D=1e0/(2.0%S1G*%%2)

DO 1 I=Kl,K2

T=1
TBKCI)=TBK(I)-A%EXP(=(X=T)**2%D)
IFC(TBK(I)) 2,151

2 TBK(I)=0.0

CONTINUE
RETURN
END

ENDS%
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14
17
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91
42

20
23

21

gl

SUBKOQUTINE MMHKICTBK>TBL,1,KCsKFs»Fs»Ts»ATs»XEL,»AASER)
DIMENSION TBKC(1),TBL(1)
IFCISSWAlBI) 75,76
CaLl PLOT(O.0,XE1,3)
FIl=1

ITL=0

JW=AA

KR=KC+1

K=K-1

IF(K+1-5) 9,9,8
IFCTBKOK))Y 9,9,5
K=K-2 o
FrC=KC

KEU=XE]

N==-1

NT=¢

K=K+

IF(K=KF) 125151
HKETORN

IFINY 13,14515
IFCTBK(KY) 16,16,511
IF(K=-(KF-80)) 60s1s1
N={

GC TO 11

IFCTBK(KY) 11,11517
Kl=K-1

FR1=KI1

N=1

GG TO 11

IFCTBR(KY) 18,185,111
h2=K

IF(KE-K1=-1=-0W) 20,20,42
FrR2=Kg

SI1G=AA/2.3548

D=l /(20%SIG*%2)
FNZ2=15%51G

CALL DOBLE (TBK»TBL,K1>K2,51GsD»X1,X250815A2,NP)
Bl=2.505%51G
IFI(NF=-1) 20,521,222
[FRE~-C(KF=81)) 23,51,1
R=K2-1

GO TO 1@

Kll=X1-FN2

Klz2=X1+FN2

CALL FICO (TBK,K11,K12,S1G0»X0,A80,1TT)
IFCITT) Bus,Bu,81
AV=A1/7(2.505%51G)
SIGR=SIG

a0=X1

GO TO 80

DO 25 J=KlsK2

32



25
101

26

217

28

71

70

29
80

S0P

34

84

173
174
200

77

50

58
53
55
57
56

TBKCJ=-100)=TBK(J)

KRl=K1-~-100

Kh2=K2-1006

IFCAL-A2) 26:,26,27
AK=A1/(2.505%51G)
AR=X1-100.0

GO TO 28

Ah=A2/7(2.5U05*%51G)
Ah=X2-100.0

CALL HESTO (TBK,KR1,KK2s,»XKsAHsS1G)
W=l e

DO 70 J=Khl,HKk2

IFCTBROJI=-W) T0,71571
W=TBK(J)

FTl=J

CONTINUE

K11=FT1=FN2

K12=FTI1+FN2

CALL PICO (TBK K11,K12,51GH,R0,A0:1TT)
IFCITT)Y 29,29,21

XO=X0+100.0

CALL KESTO (TBK,K1,K2,X0,A0»S51GEB)
K=K1l-1

Al=AP*2.505%516G0

X1=X0

SIG=51GP

X1=X1+F1]

Al20=51G*2.3548

ITL=1ITL+1

TBLCITLY=X1

TBLCITL+50)=A1
TBLCITL+250)=A120

GO TO 10

WHITE (2,200) A1,EkX,Al,EKRA>A120
GO TO 174

WhITE (4) X1,ERXsAl,ERA»AL12Q
CONTINUE
FORMATC(10XKsF10e25sF7:252E13¢65F7.3)
IFCISSWCLIB)I) 77,59

RP=X1-F1
FK1=X0-3-®*AA/2.3548
FK2=X01+3 .0 *AA/2.3545
D=1.0/C2.0%SIG*%2)
AP=A1/(2.505*%51G)

T=FKI1

IFCISSW14)) 111,50

B=l2.0
XE1=XEQ+(FK1-FKC)*P+P/2.0
CALL PLOT (D.0s5XE1,3)
CONTINUE
H=AU*EXP(=-(XQ~T)**2*D)/AT
IF(H-B) 56556s57

H=B

CALL FLOT (H,XEl,2)
XE1=XEl-.01

T=T=-.01/PF
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591
59

61
620
62

63
64

33

32
34

65
66
67
85
64

69

g2

83

840

150
B41

34

CALL FLOT (H,XEl1,2)

IF(T-FK2) 586,591,591

CALL FLOT(H,XE1,3)

IF(M-ITL) 85,83,111

M=1

IFCITL=-1) 111,83,61

N=M

W=TBL(M)

N=N+1

IF(N-ITL) 63563,66

IF(W=-TBLI(N)Y) 62,62,64

DO 65 13=1,3

IF(13-3) 32,33,33

I133=150

GO TO 34

133=0

I4=C13-1)%50+133

I15=14+N

I4=14+M

THN=TBL(14)

TBLCI4)=TBL(IS)

TBLCIS)=TKN

GO TO 620

M=M+1

IF(M-1ITL) 61,675,677

M=1

IFCTBLIM+50)-TBL(M+51)) 6&:68:69
DE=1.0U/C2.0%x(TBL(M+251)/2.3548)%%2)
IFCCTBL(M)Y-TBL(M+1)-SQHTC(ALOG(TBL(M+51)/TBL(M+50))/D8) )%

1CTBL(M)-TBL(M+1)+SQKTC(ALOGC(TBL(M+51)/TBL(M+58))/D8))) 82,82,83

DB=1+0/7(20%(TBL(M+250)/2.3548)%%2)
IFCCTBLIM+1))-TBL(M)-SORT(ALOG(TBL(M+5@)/TBL(M+51))/D8) )*

TCTBL(M+1)-TBL(M)+SQRT(ALOG(TBL(M+50)/TBL(M+51))/D8)Y)) 82,82,83

W=TBL(M+50)
W1l=TBL(M+51)

TBL(M+51)=W+u1
TBL(M+1)=C(TBL(M)*W+TBL(M+1)*W1)/TBL(M+51)
TBL(M+251)=C(TBL(M+25@) *W+TBL(M+251)%W1)/TBL(M+51)
M=M+1

GO TO &5

X1=TBL(M)

Al=TBL(M+50)

A120=TBL{M+250)

M=M+1

SIG=A120/2.3548

IF(X1-FI-FKC) 85,150,150

IFCX1=FI-CFKC+100+5)) 841,111,111

IKI=X1+F1

TF=TBLC(IKI)*4.0

SIGT=A120/2.3548

ART=A1/(2.505%SIGT)
ERX=(3.0*SQKT(TF+3 «W*ART ) +SART(TF+AKT) ) *SIGT/ (8« O*AKT)
EKA=SQKT(Al1+1.5%SIGT*TF)

IFCISSW(9)) 173,84

END

END$



120

19

20

23

72
71
26

25

SUBKOUTINE DOBLE (TBK»TBLsK1sK2,SIG,DsX1,X25A15A2,NP)
DIMENSION TBKC1)>,TBL(1)

A=0 .0

B=@.0

FK1=K1

FK2=K

T2=TBK(K1)

DO 2 L=Kl,Ke

Ti=L

IFCT2-TBK(L)) 6,857

T2=TBK(L)

Li=L

A=A+TBK(L)

B=B+TBK(L)>*T]1
Bl=1e0/(2.505%S1G)

A=A*B1

B=B*B]
TI1=TBKC(L1)=e5%C(TBK(L1-1)+TBK(L{+1))
X=FLOAT(L1)-.25%(TBK(L1-1)-TBK(L1+1))>/T1
Y=TBKC(L1)+T1*(FLOATC(L1)=X)**2
IFCY-SQKTCTBLCL1)Y)Y) 150,150,3
$=B/A

X1=5=-+.5%S1G

X2=5+.5%S1G

IL=0

IL=1IL+1

IFCIL=-30) 19,519,226
TI=EXP(=(X-X1)%%2%D)
T2=EXP(=-(X=-X2)**2%D)
T3=(X=X1)*Y/(B=-X1*A)
T4=(X-A2)*Y/(B=-X2%A)
TOE=(X=-X2)*T2/S1G*%2
TE=-Y*(X*A-B)/(B-X2%A)**2
T5==-Y*(X*A=-B)/(B-X1*A)**2
T7=(X=-X1)*T1/SIG**2

T10=T3-T2

T11=T4-T!

TI2=T6*TT-TE*TS
IFCABSCTIZ2)=1.E~-19) 56,2620
Tla=CT1Q0*T7-T11*TS)/T182
TI3=CT6*T11-TE*T1Q)/T12
X1=X1+T13

X2=X2+T14

IF(X2-S) 29,29,72

IF(S-X1) 29,29,71
IF((FK2-X1)*(FK1-X1)) 25,35,35
X1=X

Al=A/B1

NP=1

GO TO 190
IFC(FK2=-X2)*(FK1-X2)) 27,537,317
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27
28
30
31

861
862
33
34
863
864

865

29
35

36
37

150
108

IFCABSCTI3)~-«01) 28,26,29
IFC(ABSCT14)-01) 30530529
IF(ABS(X2~-X1)=-25%51G) 31,31,32
A1=(R2+X1)/72.0

Al=A/B1

Np=1

GO TO 100

Al=(X2*A-B)/(X2-X1)

IKK=X1

IFCA1-5%SQBETC(TBLCIKK)Y)) 26,26,861
IFCA-A1-5%SQRT(TBLC(IKK))) 26,26,862
IFC(ABS(AL-A/Z2.0)-401%A1) 33,33,34
IFCABS(X2-X1)-5%51G) 31,31,34
AZ2=A-A]

IF(Al~-A2) 863,863,864
IFC(X1-X2~5QRTCALQGCAR/AL)Y /DI )I* (X1 -X2+SQKT(ALOGCAZ/AL1)/

1D))I26,265865

IF((X2~-X1~-SQRTC(ALOGCAL/A2)Y /D)) *(X2-X1+5QRT(ALOGCAL/ARY/

I1D))IZ26,26, 865

NpP=2

Al=Al/B1

AZ=A2/7B1

IF(AL*AZ) 26,526,100
IF(5-X1-.05*%5S1G) 3%535,36
X1=5-.05*%S1G
IF((FK2-X2)*%(FK1-X2)) 36537537
IF(X2-5-405%51G) 37,37,120
X2=5+.05*%51G :
GO TO 120

NP=0

RETUKN

END

END$
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pooe
0oB3
Q004
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o117
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o119
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150

151

152

153

SUBROUTINE PICO (ZA>K1,K2,SIG,X,AITT)
DIMENSION ZA(S50)
Ci=0.0
C2=0.@

C3=0.9

Ca=0.0

C5=0.0

C6=0.0

C7=@-ﬂ

C8=0.0

DO 150 I=Kl,K2
Fl=I~-(Kl~-1)
IFCZACI)=1.0) 150,150,7
Cl=Cl+FIx*x2
C2=C2+F1
C3=C3+1.0
AZA=ALOGC(ZACI )
Ca=C4a4+AZA
CH5=CH+FI**3
C6=C6+F1*AZA
CT7=CT+F1*%4
C=CU+FI*x%x2%AZA
CONTINUE

D=Cl **3+C2**%2%C7+C3*C5*%%2-C 1 *C3*C7-C1*C2*C5*2.0

IFCABS(DY-1.0E-15) 151,151,152
ITT=1
GO TO 153

37

X1=Cl*x*2*%C4+C2**x2*CE+C3*CS5*C6-C1*CI3*CB-C1*C2*%C6-C2xC4*CH

X1=X1/D
IF(X1) 8,151,151
CONT INUE

X2=Cl**x2*C6+C2*C4*xCT+C3*C5*%CB~-C3*C6*CT7-C1*C4y*C5-C1*C2*C8

X2=X2/D

X3=C1**2*%CB+C2*CH*CT+CU*XCS**2-C 1 *C4%xCT7-C1*C5*%C6-C2*C5*CH

X3=X3/D

SIG=SART(-1.0/C2.0%X1))
==X2/7(2.0%X]1)+FLOAT(K1-1)

A=EXP(X3=X2**%2/(4+.0%X1))

1TT=0

RETURN

END

ENDS$



111.2. FALEN Code.

Vool NAM @FC18

yove ENT STAKT

Wov3 EXT FALEN

Vovs STAKRT NOPF

Y vYs JSB FALEN

Wove DEF *+1

VBT JMP START+1

Vovos END START

pol SUBKOUTINE BINOM (Al,CH,N)
Wovve J=A1/Z100 .0

Wou3 H=Jd* 1y

Woovu A=Al ~E

U oves B=J

Bowe CALL ALAN CALZLN)
Ot CALL ALAN (BsYsN)
Lody T=L+Y%x100 « O%*%N
9RG1G") Th=1

BoO1Y FAC=1

vwell M=N=-1

pwle DO 1 JU=l.M

Y13 T2=TO*FLOAT(J)
Pol4a Jo=dJd-1

PolsS FAC=FAC*FLOAT(N-J@)
Dvle I=N-dJ

o117 CALL ALAN (A,Z,»1)
w1y CALL ALAN (B,Y,dJ?
VwB1l9 1 T=T+FAC*Z*Y* 100 .0**xJ/TO
0020 C=T1

ozl HETURN

P22 END

el ENDS$



110

130

101

192

39

SUBROUTINE FALEN
DIMENSION E(50),X(50),Y(50),ENE(50),PESO(50)
WRITE (2,110)

FORMAT(*"'PUT THE ROW DATA IN THE PHOTOREADER',///)
WRITE (2,130)

FORMAT (""HUN NUMBER')
SFESC=0.0

READ (1,%) NRUN

WRITE (2,101)
FORMAT("NUMBER OF ENERGY CALIBRATION DATA (20)'")
READ (1,%) N

WRITE (2,102)
FOKRMAT("ENERKGY ERROR CHANNEL ERROR (511.01 eP2 897 .32)")
DO 6 I=l,N

READ (1,%) ECIJ),ER,X(I),XR
PESO0CI)=1+0/(ER*¥2+XR*%2)
SPESO=S5PESO+PFESOCI)
FEN=C(ENI~-EC(1))I/(X(N)-XC1))
DO 1 I=1,N

K=XCI)

F=XC1)-FLOAT(K)
ENECIJ)=EC])

YCI)=XCI)

EC(I)=ECI)~F*PEN

XKCI)=K

BO=1.0

Bl=0.0

B2=0 .0

B3=0.0

Ba=0.0

BS=0.0

B6=@0 .0

E(O:f&-@

El=0.0

E2=0.0

E3=8¢@

DO 2 I=1sN
RT=PESOCI1)/SPESO

Z=ECID)

H=XCI)

Bl=Bl+H*KT

El=El1+Z*%H*xRT

CALL BINOM (H,G,2)
E2=E2+ECI)*G*RT

B2=B2+G*RT

CALL BINOM (H,G,»3)
E3=E3+Z*G*RT



Lo

B3=B3+G*RT
CALL BINOM (H,»Gs4)
B4=B4+G*RT
CALL BINOM (H,G,»5)
B5=B5+G*KT
CALL BINOM (H,Gs»6)
B6=B6+G*RKT

2 E@=EQ+L*RT
J—-@?*(ALOG(B@)+AL06(BI)+ALOG(82)+ALOG(BS)+ALOG(Ba)+ALOG(BS)+
1ALOG(B6))
FU=10.0%%J
By=BO/FJ
Bl1=Bl1/FJ
Be=B2/FJ
B3=B3/FJ
B4=B4/¥FdJ
B5=BS/FJ
B6=B6/FJ
E@=E0O/FJ
El=E1/FJ
E2=K2/FJ
E3=E3/7FJ
Da4=b4xB34~-B3%B5
D33=B3*B3~-B2*B4
DS5=p5*%xB5~B4*1B6
D34=B3%B4~B2%B5%
De4g=RexB4-B1%xB5S
DE4Z2=B4*E2~135%E1]
H1=D34%D33-D44%(B2*B3~Bl1*H4)
H2=(B4*B5~-B3*B6)Y*D44~-DS5S5*%D34
H3=D2Q*D33-D44*(Bl*B3-B@*BA)
H4a=(B3*B5~-B2*B6)*D44-D55*%D24
HS=(BS*E3~B6*E2)*D44-DE4Z2*D55
H6=DE42*D33~(B3%E1~B4*ED)*Day
CoH=(H]I*HS~H2*H6)/(H]1*xH4~H2*H3)
Cl=(H4*H6~-H3*H5)/(H]1 ¥H4~-H2%H3)
Q=E0-BO*CO-B1*Cl
P=E1~-B1%Cp-B2%(C]
Ce=(uxB4-P*xB3)/(B2*xB4~-B3*B3)
C3=(F*xB2-G*B3)/(B2*%B4-B3*xB3)
ET=0.0
WRITE(2,200)
WRITE (2,5180) C0,»C1,C2,C3 :

510 FORMAT(" A="3El14¢8:'" Bz="3E14.85" C="5E14.85" D="2El4.8,7)

DO 3 I=1,N
H=XCI)
CALL BINOM (HsH2,2)
CALL BINOM (H>H3,3)
ENER=CO+C1*H+C2*H2+C3*H3+(YC(ID)=XCI))*(Cl+20*xH*C2+3.0%H2*(C3)
ERH=ENER=~ENEC(I)
ET=ET+ABS(ERR)*PESO(CI1)

3 WRITE (2,1900) YC1),ENEKsERR
ET=ET/SPESO
WRITE (2,100) ET



100 FOKMAT(3F11.3)
ET=ET*%2
WRITECZ,800)

800 FOHMAT("“NOKMALIZATION FACTOR™)
KEAD (1,%) FAC
IFCFAC)Y S5 5,80

80 NP=0

10 NP=NP+1

WHITE (2,200)

200 FORMAT(////)
NL=(NP~1)%60
WHITE (2,300) _

300 FORMAT("=m---cmececceecccaccceccmcccmecememmmo-eeeeeo————=

WRITE (2,200)
WRITE (2,400) NKUN,NP
400 FORMATC(S5Xs "HUN"» 15,45X,"PAGE"»12,/)
WHITE (2,500)
500 FORMAT (5X," PN',3X,""CHANNEL', 8%, "ENERGY''» 15X, "AREA", 11X, "
IFWHM" S /)
30 IFCISSWClP)Y)Y 355,36
35 hEADC1,%) C
A=l .0
NL=NL+1
AlE=0.0
GO 10 %6
36 LEADC(S)Y ClrERCs,ASERA,ALZ
56 1F(C-10000.8) 20,99,99
20 K=C
Y1=C-FLOAT(K)
H=K
NL=NL+1
CALL BINOM (H,HR,2)
CALL KINOM (H»#3,3) | _
E1=CP+C1*H+C2+H2+C3*H3+Y1*(C142.0*xH*C2+3 . D*H2*C3)
EKC=SQKRTC(ET+(ERC*C1)**2)
EhA=ERA/FAC* 1000 .0
A=A/FAC* 1 YPD0 « 0
WHITECZ, 7€0W) NL,CsE1>ERC,A>ERA,ALL
700 FORMATC(A4K, I3,F10e2,F 11 e25F8e2,F11e82,F10e62,F9.2)
IF(NL-NP*68) 30,10510
99 WRITE (2,200)
WHITE (2,300)
WHITE (2,200)
KETUKN
END
ENDS$



Bool
Qo2
Boou3
Y04
BVBsS
BDoLe6
NGYa
Duoy
Bowy
Botloe
o1l
belia
Do13
Lvl4y
DU1s
vuovle
17
Vely
A1y
o2y
poel
pue2

no

SUBKOUTINE ALAN (A,B»N)
J=A/Z10.0

FJ=Jd*10

FA=A-FJ

Fd=J
T=FA**N+FJ*%*N* 10 « @ *%N
TO=1

FAC=1

M=N-1

IF(M) 3,3,2

DO 1 J=1.,M
TO=TO*FLOAT(J)

Jo=J~-1
FAC=FAC*FLOAT(N~-J@)
I=N-J

Z=FA*x]

Y=FdJd*x*J
T=T+FAC*Z*Y* 10 0**xJ/TO
B=T

RETURN

END

END$
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