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Index of the data control cards for SAMPO
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' Code word 'Reference D"‘e.scrigtion
) in text
: Page Page
. CALDATA 4,12,14,15 25
- COMMENTS 26
- CPTIME - 26
-DATAGRAPH .4 20
-DATAIN 20
 -DATAPLOT 4 20
-DATATV 4,7 27
-DAYFILE 27
.EFDO 14 24
. EFFITADJ 25
-EFFITDO 14 24
-EFFITIN 14 24
.EFIN 14 24
. ENDO 12 23
. ENFITDO 12 23
. ENFITIN 12 24
. ENIN 12 23
. FITDO 7,10 22
. FITIN 15 22
+ FITREPEAT 7 22
. FITS 7 22
.FITTEST 10 22
. IOFILE 27
. OPTIONS 4,12,14 25
. PEAKADD 10 21
. PEAKDROP 10 21
. PEAKFIND 10 21
. PEAKLIST 10 22
. RESET 15 26
" RESULT 12,14, 15 26
. SHAPEDO 4 20
. SHAPEIN 4 21
.STOP 26
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SAMPO, A FORTRAN IV PROGRAM FOR COMPUTER ANALYSIS OF GAMMA
SPECTRA FROM Ge(Li) DETECTORS, AND FOR OTHER SPECTRA WITH PEAKS

Jorma T. Routti

Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

October 20,

1969

ABSTRACT

SAMPO is a Fortran IV program written to perform the data-reduc-

tion analysis described by J. T. Routti and'S. G. Prussin in Photvopeak

Method for the Computer Analysis of Gamma-Ray Spectra from Semicon-

ductor Detectors, Nuclear Instruments and Methods 72, 125-142.(1969).

The code has also been used to ahalyze other spectra with peaks and con-

tinua.

Program SAMPO can be used for an automatic off-line or an inter-

active on-line analysis.

It includes algorithms for line-shape, energy,

and efficiency calibrations, and peak-search and peak-fitting routines.

Different options are available to make the code applicable to accurate

nuclear spectroscopic work as well as to routine data reduction. The

mathematical methods and their coding are briefly described.

Instruc-

tions for using the program and for preparing input data are given and

the opt1ma1 strategies for running the code are d1scussed

Instructions

are given for using the LRL program library version of SAMPO and for

obtalnlng source decks.

1. INTRODUCTION

In earlier reports we described a

" Photopeak Method for the Computer Analysis’

of Gamma-Ray Spectra from Semiconductor

Detectors. " t,2

Simultaneously with the de-
velopment of the analysis methods we wrote

a Fortran IV program SAMPO* to perform the
computations. The code includes algorithms
for automatic peak-search and peak-fitting
routines, as well as for line-shape, energy,
and efficiency calibrations. Many options
have been included to make the code applicable
to accurate 'nuclca.r‘ spu(:troscopy work or to

routine data reduction. The program hasbeen

designed primarily for an off-line analysis,.
but can be also run in an interactive on-line
mode employing cathode-ray-tube (CRT) dis-
play and teletype input and output.

" Program SAMPO has been used exten-
sively at the Lawrence Radiation L.aboratory
in Berkeley for the last few years to analyze
gamma-spectral data, including some of‘great
complexity. 3-5 The code was developed with
CDC-6600 computers, but has been success-
fully run also at other centers with different
computers..

" The present version of the codevincludes

adequate options for most tasks in spectrum



analysis. Some‘ of the 6ptions for constrained
fitting have not yet been incorporated in the
general purpose version; similarly, improve-
ments in speed méy‘ be obtained through further
optimization of the algorithms. Because of
wide interest expressed in the analysis methods
and the program, this report is prepéred at
this time to serve'jthe users of the code not
only at LRL but also at other laboratories.

For det_ailed éxplanations of the mathe-
matical methods.émployed the réader is re-
ferred to the original reports by Routti and
Prussin, 2 A brief summary of these is given
in Section 2. The structure of the code is dis-
cussed in Section 3, where we also include
comments on restrictions and possible rﬁodifi-. '
cations of the program. The uniform format
data input is explained in Section 4. Optimal
ways of running the code are discussed in
Section 5 and input exémples are given. Fin-
ally, instructions for using the LRL program
library version of SAMPO and information for
obtaining the source decks are given in Sec-
tion 6. .

' The fuﬁctiqnal form used to describe the
peak shape has been designed primaﬂly for

the analysis of y-r’é&'spectra measured with
Ge(Li_). de.tectol-'s'. The analysis method has
been found applicable also to electron spec-
'cra.4 and simple y-ray spectra measured with
NalI(Tl) detectors.
fied representation of the line-shape -fﬁnction,
the method and program SAMPO should be

applicable to a wide range of spectroscopy

As such, or with.a modi-

problems in which the interpretation is based
on the analysis of single or multiple peaks.
2. ANALYSIS METHODS

The purpose. of the analysis is to deter-
mine in a y-ré.y spectrum, measured with a
Ge(Li) detector and a multichannel pulse-
height analyzer, the exact channel locations
and areas of photopeaks, the energies and in-

tensities of the corresponding y rays, and the
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statistical and calibration uncertaintieg of
these quant‘it.ies. The analysis is based upon
the study of bhotopeaks in the spectrum. These
may be‘ single peaks or clusters of peaks
(called multiplets) on the continuum due to the
Compton contipﬁa of higher—energy lines and
the general counting background. There is no
difference between the analyses of full-energy
and escape peaks. In Fig. 1 we show a y-ray
spectrum used in input and output examples
th#t follow; it is a partial spectrum of a
177mLﬁ source, characterized generally by
good statistics and several multiplets of varying
complexity.

The essential quantitiés of each peak--
that is, the exact .channel location and peak
area together with their statistical uncertain-
ties-- are deterfnined by fitting the section of
measured spectrum in the 1easvt-s.quares sense
by using internally caiibrated analytical func-
tions to represént the peak shapes. This ap-
proach gives much better stabﬂity and accu-
racy of the results than fitting. the data with
Gaussian functions, esvpecially withb poor sta-
tistics and complex multiplets, and reduces
the computing time significantly. In the fol-
lowing we briefly summarize the formalism
for the line-shape calibrations and peak fit-
ting, as well as for automatic peak searchand
selection of fitting intervals, and energy and.
efficiency calibrations.

' The input of program SAMPO is designed
around special data-control cards which are
identified by English code words. The pro-
gram input is discussed in detail in Sections
4 and 5; however, to initially familiarize the
reader with these input options we refer
briefly to the appropriate code words when
describing different parts of the analysis in

this section.
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Fig, 1. Partial y-ray spectrum of Lu counted with 1 ecm™ X 0.5¢cm

Ge(Li) detector with field-effect-transistor preamplifier. This spec-
trum is used in examples of the subsequent analysis.



" Code words DATAGRAPH
) DATAPLOT
DATATV

In the analysis of complex y-ray spectra

Data Plotting

it is mandatory to have some means of pre-
senting the spectral data in a graphical way.
In the following analysis with program
SAMPO we display also the results in a graph-
ical form, eith'er:as printer plots, computer
drawings, or CRT pictures. The graphical
representation is particularly useful in an in-
teractive analysis where the user may exer- »
cise his judgment and aid the program with
difficulf cases, if required.

To start the ﬁnalysis, a plot of the spec-
trum (if not already available) can be obtained
as a computer plot as shown (with some elab-
oration) in Fig. 1 (DATAPLOT).
cise printer graph of the spectrum or a part

of it is often sufficient. SAMPO code includes

A less pre-

options for logarithmic or linear printer
graphs of the speétral data, such as shown in
Fig. 2 (DATAGRAPH). In the on-line analysis,
plots (similar to Fig. 1) of sections of the
spectrum under analysis are displayed on a
CRT (DATATV).

. Code words SHAPEDO

Peak-ShaEe
Calibrations SHAPEIN
CALDATA
OPTIONS

The peak shépe is approximated by an
analytical functidn that consists of a Gaussian
with provisions for tailing on both low- and
high energy-energy sides. The degree of
tailing is defined by the distance from the
peak centroid to a point at which the Gaussian
is extended by a simple exponentié.l so that the
function and its first derivative are continuous.
In this representation the peak shape is de-
fined by three paraméters--the width of the
Gaussian, and the distances from the centroid
to the junction points, all in units of channels.
Figure 3 shows a number of such peak shapes
on a constant continuum. The width param-

eter is the same for all curves and only the tailing

parameteris varied; the same curves are drawn

.
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on both semilogarithmi¢ and linear scales.

' The Gaussian-plus-exponential repre-
sentation of the ‘éhape function for photopeaks
has the characteristic that the defining shape
parameters vary smoothly with energy and
therefore the values of these parameters for
any line in a Spectfum may be found by inter-
polation between neighboring lines. For this
purpose, intense and well-isolated lines are
used as internal calibrations, and their shape
parameters are defined by fitting with thev
function described and a straight-line approx-
imation for the background continua. This is
performed by rﬁinimizing the weighted sum of

the squares,

k+m 2
2 (7 - £;)
X" = = &
izk-4 !
where i = channel number,
n, = counts in channel i,

k = approximate center channel of the

peak,
4,m = channels specifying the fitting in-
terval, 2 .
y (i-p)~|
fi = P1_+ Pz(l'P4) +_ Py €Xp |- 2 ’

2 _ . .2
for p4—p6515p4+p7,

20, o . 2
. P6<21‘2P4+P6) ,
f = Py ¥ Ppli-py) * py expl— =
_ Ps
foric< 2
or.1 : P4-Pg

: : 2 . 2)
_ ’ . p7(2p4—21+p7
g Pyt pz(l-p‘ﬂ T p3 exp 2

Zp5

’

for.i>p4+p,21.

The minimization is performed with respect
to the parameters pJ., j = 1 through 7, which
have the following interpretations:

p, = constant in the continuum approxi-

mation,

p, = slope in the continuum approxima-
tion,

p3 = height of the Gaussian,
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Fig. 2. Printer graph of spectrum shown in Fig. 1, showing
every second channel between 1000 and 1100 on a semiloga-
rithmic scale. '

of
5~
{'-. . ‘tog Y L -Y
Fig. 3. Line-shape functions with various

i degrees of tailing. The Gaussian is ‘ex-
tended with an expomential at ¢ so that the
function and the slope are continuous. The

' same curves are drawn on logarithmic and
linear scales. ’
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Py = centroid of the Gaussian,
Pg = width of the Gaussian
(FWHM = 2.355 pg),
» :

pg = distance in channels tg lower junc-
tion point, _

pq = distance in channels to higher
junction point.

The straight-line approximation for the con-

tinuum under the peak is chosen to stabilize

the solution of taﬂing parafneters, and for the

same reasorf these parameters are forced to

be positive by being squared. '

The minimization of the sum in Eq. (1)
is performed by subprdgram VARMIT, which
is an iterative gradienf algorithm with variable
metric. 6 This routine uses XZ' its gradient
in the parameter space, and the inverse of its
. sécond-derivative matrix. The first two
quantities are calcp.lated for each iteration
step and the third is constructed during. the
minimization by the method of successive ap-
proximations. All this information is used to
predict the size and direction of the next itera-
tion step. In addition to the best values for
XZ and the parameté.rs, the results include a
good approximafion to the complete .err.or
matrix for calculating errors in different
parameters. The minimization is terminated.
when all the compo‘rients of tﬁe next step are
less than 10_8, or if four succeeding values
of XZ are the same, or if 100 iterations have
been completed. To obtain good initial :
guesses for the failed fit, the data are first
fitted with a Gaussian with no tailing options.

_ Figure 4 shows the results as printed
out by SAMPO for a peak-shape calibration
- fit' (SHAPEDO).

- shows numerical information of the initial

The upper part of the figure

Gaussian and the subsequent fit with the tailing
‘options. The final fit is also shown as asemi-
logarithmic printer graph displaying the orig-
inal data points, the fitted function, and the

fitted continuum. These functions are also

UCRL-19452 "7~

listed as a funcfl:ion of the channel number, to-
gether with the residuals in the fit. The re-
siduals are the differences between the data
and thé calculated points measured in units of
standa}rd deviations of Athe data, ri:(ni_fiy/*/;_i'
Below the graph are printed the sum of the
data points and the sum of calculated points
above the fitted continuum. The shape-calibra-
tion parameters obtained are also shown below
the graph; these are related to the parameters
in the fit as the channel location CP = Py the
lower tailing parameter CL = pz, the higher
tailing parame.ter CH = p?]‘, and the width pa-
rameter CW = Pg- These parameters are
The

line shape in any part of the spectrum is then

stored from each shape-calibration fit.

defined by interpolating the shape parameters
linearly with respect to the channel numbers.
The number of calibration fits required de-
pends on the total energy range of the spectrum.
When enough strong single lines are available
we generally use one for each interval of abdﬁt
100 to 200 keV in the spectrum. It is strongly
recommended that the user check the behavior
of the shape parameters by plotting them as a
function of channel numbers.

Note that the fitting interval needs to be
wide enough to include the tails; however, it
should not be so wide as to make the aséump—
tion of linearity of the continuum unreasonable.
Note also that when a tailing parameter gets
large compared with the width parameter it
indicates a small degree of tailing and the ac-
curacy of the value is of small significance.

It should-also be remembered that some peaks,
such as the positron annihilation peak at 511
keV, have shapes which do not f;Ojl_l_OW.the gen-
erally smooth variation of the s:hé.j'pe parameters
as a function of the channel numb'ef. The

linear interpolation between adjacent calibra-
tion points enables us to use proper yalues for
these peaks as well, whenever their idbations §

in the spectrum are known.

I N

i
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~ Fig. 4. Printed results of a shape-calibration fit. The upper

part shows numerical results of the Gaussian and the tailed
function, and the lower part a printer graph of-the fit and

the resulting shape parameters.

The results of a shape-calibration fit
can be used directly for energy and efficiency
calibrations as well; for the required data
cards consult Section 4.

The shape-.calibra,tion tesults can nor-
mally be obtained from the spectrﬁm to be
analyzed. This calibration needs to be done
only once for each experimental setup, and
for later runs the parameters may be read
into the program (SHAPEIN). The ease of
these internal calibration prdcedures and the

fact that no special calibration data are nor-

N

mally needed makes the analysis well suited

for different détéctor systems and experi-

mental situations.

Fitting of Single and Codewords FITS
Multiple Peaks ' FITDO

FITREPEAT
DATATYV

The accurate channel locations and peak

areas are determined by fitting, in the least-
squares sense, the original data points with
the predetermined line shapes and a polynomial

approximation for the continuum. For each fit



an interval in the spectrum needs to be spec-
ified.
(FITS, FITREPEAT, DATATV) or by an aute-
matic algorithm (FITDO) described later. The

This can be done either by the user

actual fitting procedures are identical in both
cases. .
The program SAMPO minimizes the

weighted sum of squares,

2
np
cem \PiPi T 2 : £
2 ‘ j=1
x° = ~ (2)
i=k-4 .
where. i = channel number,
n, = counts in channel i,
k =.reference channel for background

polynomial, ]
£, m specify the fitting interval,
. . 2
b, - pi + pz(l‘k) + P3(1"k) s
background function,
np = number of peaks in the
fitting interval,
(i-pyy59)°
- o 3+2)
fij 7 Pay2j oXP 7|

2w,
j .

for p3+2j_1j =i=< p3+2+hj P

£.(21-2p;3, 5 +0)

£5; 7 Ppypj %P A
j

‘for i < p3+2j -ﬂj s

h.(2p...,.-2it+h,)

i i 3427 j

fi; = Paypj %P 2 :
j

for i > P3yz; * hJ.

Here parameters p,, p,; and p3'define the
continuum, p2+2j and p3+2j are the height and
the centroid of the jth peak, and wj, lj, and
hj are the parameters defining the line shape
obtained by interpolating linearly the results
of the shape aﬁalysis of the calibration peaks.
The minimization is again performed by

the VARMIT routine. The initial guess re-
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quired by this algorithm is obtained from a
fast, linear least-squares routine (GLSQ) that

fits the data with the background approximation

‘plus the correct shape functions, corresponding

to the approximate channel locations specified
bj} the user or the seva.rch algorithm. The con-
vergence criteria are the same as in the shape
analysis.

This computation yields the best values of
XZ and the parameters, the partial derivatives of
XZ with respectto parameter‘s calculated, and the
errormatrix. The channellocations aredirectly
expressedby the bestvalues of ])3+2j , and the peak
areas are obtained by integrating the shape func-
tions. Thefinalfitis alsodisplayed as a graphical
printer plot, showing the original spectral points,
the continuurn, the sum of the continuum and the
shape functions, and the residualsin units of stand-

ard deviations of the data points, as represented for

a multiplet in Fig. 5. The numerical and graph;
ical information similar to that from a shape
calibration fit makes it convenient to establish
the goodness of the fit and the presence of pre-
viously unobserved photopeaks. -In an on-line
run the results are also shown on the CRT, as
represented for an incomplete and a complete

fit in Fig. 6. FEach line of a multiplet is drawn

v separately and the residuals are plotted in the

lower part of the plot on a linear scale; the
missing component is clearly evident in the up-
per part of Fig. 6.

From the final value of XZ and the error
matrix we also get estimates for the uncer-
tainties of the parameters computed. The
standard deviation of the channel location of
the jth peak, p3+2j, is expressed as

2 1/2 -

93425 = X d3+2j, 3+2j/nf) ' 31
where nf is the number of degrees of free-
342§, 3+2j is the corre-
sponding diagonal element of the error matrix.

dom in the fit and d

The standard deviation of the peak height,

2 1/2 .
(x d2+2j, 2+2j/n-f) expressed in per cent

»

-
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Fig., 5. Printed results of a fit of a multiplet consisting of three components. The

upper part shows numerical results of the linear and nonlinear least-squares com-
putations, the lower part the resulting graph and quantities of interest for each line.
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Fig. 6. Two fits to the same region of data
in the 177mIy spectrum. The upper fit
has clear indications of a missing com-
ponent, both in the fit and in the residuals.
The complete fit below has small random
deviations. Graphs like these are drawn
on the CRT display screen with on-line
runs.

of the peak height., is taken to be the uncer-

tainty in the peak area.

Automatic Peak ' Code words PEAKFIND

Search and Selec- PEAKADD

tion of Fitting Inter- - PEAKDROP

vals . PEAKLIST
FITTEST
FITDO

SAMPO programis provided with an /

algorithm which automatically locates the

XBLB70-8371A . _T°%

i © UCRL-19452

statistically significant peaks in the spectra

. (PEAKFIND). The significance of a potential

peak in channel i’ is measurcd as ;
: ss; = dd,/sd,, - (4)
where the generalized second-difference ex-

pression

k v
dd, = E Sy Py
j=-k
is divided by its standard deviation,
. IR 1
Sk =
2
d, = czn
5% 2: j Ti+j ;
j=-k

The expressions of ddi and sdi are obtained
by summing over Z2k+1 channels the counts per
channel, n., multiplied by coefficients Cj' These
coefficients define a weighting function which is
designed to enhance the detection of real photo-
peaks and to discriminate against statistical
fluctuations and spurious peaks. The weighting
function is of the form of the second derivative

of a Gaussian,

' g2 2 .2 : '
c, = L) expf-1 ), (5)
1 p z
J g 20

where ¢ 1is the average Gaussian width ob-
tained from the shape-cal‘ibration table or pro-
vided by the user.

In addition to computing the statistical

.significance of a potential peak, one uses ad-

ditional tests based on the expected line shape.
Normally two different threshold levels are .
used to test the significance of the peak. In
order to be'acce'pted the peak has to exceed

t};e ihigher signiﬁcance level and pass the shape
test. Listed but unaccepted peaks provide in-

formation on photopeaks that may have to be

.included in the fitting for a complete analysis.

. The results from a peak-search computation

are illustrated by the printout shown in
Table I

The printout has special columns for
Peaks can
be added to this list (PEAKADD) or dropped

editing the list of peaks accepted.

PA
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$55559888% NEXT CONTROL CARD = PEAKFIND

PEAK SEARCH
. SEARCH BETWEFN CHANNELS

RUN NUMBER ANN INDICATIVE DATA
LU=177M 0=S00 KEV 1550 CH 4/20/66

GE-E

Table L
putations.

RUN GE=E

AVERAGE PEAK WIDTH (SIGMAY = 2

=100,00

724,46 -15,24
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are provided on the right.

P+000E*02" &

1550 CHANNELS
190 1539

"UCRL-19452

Printed results from the peak search com-
Columns for editing these results

-0 -0 1550

«27 AND THE COEFFICIENTS OF THE GENERALIZED SECOND DIFFERENCE ARE

31.13.

SIGNIFICANCE LIMIT FOR THE SEARCH = 2400

1

VDU S WN -

APPROXIMATE  APPROXIMATE

CHANNEL

2462
270
282
302
328
359
39A
420
445
476
489
499
510
528
536
578
610
626
649
663
702
T22
736
753
781
816
A35
853
B7R
902
940
957
967
991
1007
1n22
1042
1052
1074
1093
1109
1127
1166
1184
1202
1223
1265
1289
1321
1396
1414
14472
1667
1481
14094
1529

ENERGY

10544
112,9
11641
121.5
128+5
136.,8
147.3
15342
159,9
168.1
171,6
17443
1772
18240
184,2
19544
20440
2082
21444
2181
228.5
233.9
23746
2421
24946
258.9
26440
26848
27545
28148
. 29240
2965
299.2
30546
309.R

313.8

319.1
3218
327.6
332,7
337.0

341.8

35242
35740
361,.,8
3674
37846
38540
393.6
413.8
418.6
42604
432,.8
43646
4401

‘4905-.

44,57
AND FO

34,09 18,24 735

R FITTING = 4,00

SIGNIFICANCE CHECKe) CHECK<2 ACCEPTED

OF PEAK

832,121
1074,972
48,818
429,690
T60.861
139,500
215,779
627,263
46,261
5,581
198,314
420.820
149,277
Te742
2041“
56326
368,949
809,76R
230,808
146,104
554,797
192.862
24317
3.576

181,928

44,69%
10.83?
120.850
2299
2454352
48,428
12637
524416
T1.329
3.68
53.44R°
169,255
3,497
228,510
3,030
64029
614605
24697

34932

3,195%
T4«050
233,143
714479
24427
1514397
169,140
21.51%
4,618
4.32)
3.784
2,011

SIGNIF

SMaLL

SMaLL
SMALYL

SMaLL

SMALL

SMALL

. SMALL

SMALL
SMALL
SMaLL

SMALL

SMaLL
SMALL

SHAPE CHANNELS

242
270
282
302
328
359
398
420
445
476
- 489
499
S10
528
REJECT
578
610
626
649
663
702
T22
REJECT '
CHECK
- 781
CHECK 8le
835
R53
REJECT .
902
940
957
REJECT -
991 .
REJECT
1022
1062
REJECT
1074

1109
1127
CHECK
CHECK
CHECK
1223
1265
A289--

1396
1414
1443
1467
CHECK 1481
REJECY
REJECT

2,31

NUMBER ADD DROP
CHANNEL CHANNEL

ODNdONSWN —~

22
23
24
25
26
28
29

30
31

32

33
34

35
36

137

38
39

41
42
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from it (PEAKDROP) to ensure its complete-
ness before the mére time-consuming fitting
procedures. This can be done eithervby using
the on-line facilities With CRT display and
light-pen input by using plots such as shown
in Fig. 7, or by performing the analysis in
two runs. The first run produces a plot of the
spectrum and a list of peaks found. This liéf
can then be corrected in the second run on the
basis of careful inspection of the spectrum.
Some of the smallest components in multiplets
may become evideﬁt only after fitting of the
data. These cases can conveniently be ac-
counted for in the on-line runs or in follow-up
runs off-line. »

The selection of the fitting intervals can
also be done automatically by the code
(FITTEST, FITDO).
ness of adjacent peaks, one or more lines are
The selec-

tion algorithm uses information op the peak

Depending on the close-~
included in each fitting interval.
widths, too. Up to six peaks are normally in-
cluded in a single interval. If more than six
peaks are clustered together the interval is
broken at the widest separation between ad-
jacent peaks. If the final interval remains
narrower than a specified lower limit, typi-
cally 15 CW (OPTIONS), then no para-

average
bolic correction is applied for the continuum.

This is done to avoid grossly erroneous-back-
ground approximations when not enough data
are available for determination of the para-

bolic correction.

Energy Calibrations Code words ENDO

ENIN
ENFITDO
ENFITIN
CALDATA
OPTIONS
RESULT

The high resolution of the Ge(Li) sys-
tems and the accurate procedures for deter-
mination of the centroids .and the areas of the
photopeaks set stringent requirements for the

calibration techniques. Within the computer

needed. These uncertainties reflect inaccu-~

UCRL-19452

code we also want a high degree of flexibility
in the calibration procedures, for instance, in
order to use some fitting results as calibra-
tions for the others. '

We have incorporated into program ‘
SAMPO two methods of energy calibration. The
first routine uses a number of energy—calibra—
tion points and int‘erpolates linearly between
these points. In the second method a poly-

nomial least-squares fit is made to these points

by minimizing the expression

n m 2
2 _ 1 :E:-- j-1
X = E 5 |E; - pJ.Ci (6)
i=1 ! j=1

with respect to parametefs pj (ENFITDO).

Here Ci’ Ei’ and Di are the channel numbers,
the corresponding energies, and the calibration
uncertainties read in or generated for the linear
interpolation scheme (ENDO, ENIN),

imization is performed by a linear least-

The min-
squares algorithm, GLSQ. The resulting cali-
bration curve, which is define& by parameters
p;» can then be used for energy determinations
(ENFITDO, ENFITIN, OPTIONS, RESULT).
In both approaches an estimate of the errors

associated with the energy calibration is also

racies in the ener.gies and channel locations of
the energy-calibration peaks and expected ‘
drifts in the detector system. These uncer-
tainties are expressed as a band around the
energy calibration curve, the width of which
is specified at different energies and inter-
polated linearly between them.

The upper part of Fig; 8 summarizes
the energy calibration results, as shown on
the CRT with on-line runs, which were ob-
tained with a system of very good linearity. 5
The graph shows the integral nonlinearity of
the response and the corresponding polynomial
fit of fifth order. The linear interpolation and
the polynomial expansion givve'consistent re-

sults, and either one may be used. The lower
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Fig. ‘7. A section of 177rnLu spéctrum as shown on the CRT display with
R indications of peaks found by the search algorithm. With on-line runs
corrections can be conveniently made with a light pen.

part of Fig. 8 shows a more significant non- The energies of the photopeaks are as-

linearity of a system employing a biased signed by using either one of the two proce-

amplifier. Here strong lines of a complex
. 176

spectrum of

dures. The uncertainty in the energy is ob-

Ta have been used as internal tained by adding in root-mean-square sense

i energy standards. 4

In this case a polynomial
of a high order is required to obtain a good
fit; however, such é polynomial introduces
nonrealistic osciliations between the calibra-
tion points. That the polynomial expansion
should not be used beyond the extreme data-
calibration points is well exemplified by this

case.

the calibration error at that energy an‘d the
statistical uncertainty in the peék centroid
translated into the energy units. In mostcases
the calibration errors dominate the total un-
certainties, and depending on how stable the -
system is and how much effort is spent in the
calibration procedures, the energies of strong
lines may be determined with an accuracy up
to 0.02 to 0.2 keV or 0.01%.
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Efficiency Code words EFDO
Calibrations . EFIN S
L EFFITDO 1

EFFITIN
CALDATA -
OPTIONS
RESULT

Lu KB,
HE K8,
Hf KA,

keV)
-

i

|
o

Two methods of efficiency calibrations

(o]
L
|

have been incorporated into program SAMPO.

The first scheme uses a number of calibration

points and interpolates logarithmically between
-0.5 |~ : - these points (EFD_O, EFIN). The second method
(EFFITDO, EFFITIN) employs an approximate

Nonlineartty

‘functional representation of the efficiency curve

B PO 2 VO I U U S 0 A0 S W S N U0 0 B U 0 0 I I expresseda.s . . . -

200 1000 - 2000 3000 3700 P, o
F = pl[E t Py exp(p4 E)] (7 . :

|

{

XBLEYI-I62}

- _Channel
LANLIN 3 B S B I A I S r‘] TTTT [(TI TV T 3 T rT 1Tt The parameters pi’ pz’ p3’ and P4 afre‘deter—

4 b mined by using VARMIT routine to minimize
th 3’ /9' - Order polynomial

the expression

. 2
Interpolation
-~ P m

P2
2 F,-py [Ei +ps exp(p4 Ei)] . (8) |
X = . i
1=1 . . 1 1

(keV)

where Fy and Ei are the efficiency and energy |
~points generated or read in for the interpolation i
scheme. - ' ;

As with energy calibrations, the calibra-

Nonlinearity

tion uncertainties are expressed as a band a-
round the efficiency curve, the width of which

-3} ‘ . v — is obtained by interpolating between given val-

ues. The overall accuracy obtained depends

(00 000 2000 3000 3800 largely on the stability of the system and on
: the quality of the calibration data. At best,

Channel
XBL691-1622

i oachi tatisti -
Fig. 8. The result of the energy calibra- accuracies approaching the statistical uncer

tions of two detector systems. The up- tainties--that is, about 1 to 3% --can be ob- :
per graph shows the calibration points
and fifth-order polynomial fit with as-
signed uncertainties to these points in a The uncertainty in the intensity calculation is
system with small nonlinearity. The

lower graph shows results with a system ) !
with significant nonlinearity; the results square sense the .calibration and statistical |

f:autl‘on against the use of polynomial fits uncertainties. » |
in this case. i ‘ ;

tained with relative intensities of strong lines. i

|
i
i
;
!
!
!
;
i
|
i

again obtained by adding in the root-mean- s
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Tabulation of Results '‘Code wordss CALDATA
’ FITIN
RESET
RESULT

The results from the peak—shapeﬁ, en-
ergy, and efficiency calibrations and from
peak-search and e‘diting routines, as well as
from fitting procedui‘es', are stored in special
arrays. These arrays may Be modified, e-
rased, or printgd out at any time. In general
the calibration resulfs remain unchanged un-
til altered. The peak-search and fitting ar-
rays are reset by fééding in a new spectrum,
or by the user at_ahy time (RESET). The cali-
bration data can be vprinted also at any time
(CALDATA). The fitting results obtained
(FITS, FITDO, FITREPEAT) are summarized
in a table, such as Table II, which also in-
cludes relative intensity and decay-rate com-
putations (RESULT). The shape-calibration
and fitting results can be punched on cards to
be used in further analysis. These cards can
be read back into the program (FITIN), and
thus the fitting results can be subjected to new
energy and efficiency computations. Thus the
more time;consuming fitting procedures need
not be repeated to complete the analysis in
cases in which not all calibration data were

initially available. Similarily these cards

‘can be used for half-life determinations and

corrections.

3. STRUCTURE OF THE PROGRAM

SAMPO is written in Fortran IV lan-
guage and consists of the main program and
some 23 subroutines. Additional subroutines
may be loaded for on-line displays, for com-
puter plotting, ahd for reading data on mag-
netic tapes. The source.deck is about 3000
cards long and requires about 28 000 (decimal)
core locations to run on a CDC-6600 machine.
A schematic block diagram of SAMPO is
shown in Fig.. 9.

In structuring the code special emphasis

has been placed on maintaining a high degree

- UCRL-19452

of flexibility and ease in input options to make

the codé applicable to a wide range of different

' 'spectroscopy' probiems. In the following we

make a few comments on some of the design
features. These comments concentrate on
points that should help the user to make best
use of the code or to adapt it with a minimum

of difficulty to his computer and his needs.

Input and Qutput Files

Several disk and tape files are used by
program SAMPO for various input and output
operations. The names of these files appear
on the program card. Not all these files are
always necessary; for instance, if the on-line
fé.cilities are not used. The complete list of
these files is

INPUT, TAPE2=INPUT for card input data,

OUTPUT, - . .
TAPE3=OUTPUT for printed output,

TAPE14 for punch output,
TAPES ' v for spectral data on

: magnetic tape,
TAPET for duplicate’

result tables,

TAPETTY,

TAPE6=TAPETTY for teletype input and

output with on-line

runs,
TAPE98 for auxiliary opera-
’ tions with CalComp
and CRT plotting,
FILM ' for CRT input and

output,
PLOT, TAPEG99=PLOT for CalComp plotting

of the spectral data.

The input file INTAPE can be changed
between card reader and teletype input at any
time during an on-line run. This makes it
convenient to use the same read statements
and input formatting for both devices; see

Section 4.

Common Blocks and Dimensions of Arrays

The input and output as well as the cali-
bration data are handled through special com-
mon blocks and arrays. These arrays are

automatically reset by certain operations or
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Lu source.

The energ1es and the intensities of the y-ray lines were recomputed during the tabulation
by using the polynomial and functional fits to the energy and eff1c1ency calibration points.

FEFEFIDERE NFXT CONTROL CaARD ﬂ.RESULT

RUN NUMBER AND

lNDIC&TlVE DaTa

GE =E LU=17TM 0=500 KEV 1560 CH 4/20/66

ENERGIES RECOMPUTED USING OPTION

4

INTENSITIES RFCOMPUTED USING OPTION 4

TABLE OF RESULTS

NUMBER  CHANNFL

270,119
28158}
2864699
302.448
328.084
35R.745
392.39%,
39763
420+656
11 444658
12 47766
13 4R89+7R7
14 4994288
15 50R+97¢6

—
O VDNV EWN -

16 527.R44
17 57R.397
18 610419
19 626,358
20 649,079

21 662,815
22 T01.645
23 T21.812
264 781,119
25 830.729
26 835,32}
27 852.89,
28 901.712
29 908.919
30 93R«479
31 | 942.369
32 956,879
33 966.5R64
34 990.A55
35 1021740
36 1041+619
37 10504187
38 1074416
39 1109346
40 11264598
41 1223195
42 12664699
43 1289+063
44 1395+533
45 1413+4R0
46 16624663
47 16664055
48 147T0eR44
49 1480.275
50 1494.453
S1 1501.532

COUNTING TIME =

241,834,

CHANNEL
ERROR

001
002
+108
+39¢
008
2004
e008
«034
+ 006
+005
s044

©326 -

*013 .
007
017
226
e 004
en12
s 001}
007
+008
2002
«019
«003
407
227
013
« 008
120
093
120
o014
«028
«023
«038
+012
049
010
«148
*013
- 0002
«012
051 .
«014%
012
« 036
« 567
0494
.309
«375
582

ENERGY
IN KEV

1054317
112,920
116+001
117376
121.607
1284492
136722
145,748

© 1476153

153273
159.759
16B.598
171844
1742388
1763983
182+02

195.546
2060102
2084359
214,426
218,092
228,452
233.831
249,640
262,856
264,079
268,758
281.758
2834674
291546
292.582

2964431

299.029

© 3054490

313.713
319.007
3214289

327.675.

337050
34) 2648
367424
378.518
385037
4130598
4184429

4264207

437597

- 433+889

436,437
4404269
4424,1R3

140000E+00

ENERGY
ERROR

<100
.100
«104
146
100
sl00
*100
100
*100
100
*101
133
*100
*100
*100
0117
*100
*100

«100

«100
«100
100
o100
«100
o147
117
«100
*100
105
103
¢ «105
«100
100
«100
101
100
101
*100
+107
*lo0
«100
100
*101
*100
*100
«100
«16}
«167
<130
0142
164

+

Pe420E%02 44N0NF*00 4.000F 0N~ "y

AREs .. PC=aAREA
~OUNTS  ERROR

?.079E+06
2,2T1ES06
T7.993E%04
?+187E+p4
7.837E+05
1+793E¢06

1+43BE+p5 .

TeT6TE+ 04
2¢943E+05
1+301E¢06
3+599E%04
9.992E403
2«819E€¢0S

7Te080E®0S

1+831E905
3.781€+03

2+8B6E+ 06

54255E405
24183E406
?.192E405
1.100E+05
1. 068E+06
1+529€+05
1.42BE+05
?.094E+03
3,898E+03
beb14E004
2+441E+0S
T.2BTE*p3
1+742E404
1¢376E+04
T+633E404
P+445E+04
P+5B4E+ 04
1e6T4E¢ 04
1+327E+05
1+508E40¢
?+212E405
9.711€%92
1+918E%p4
2.B66E+06
Pe549E¢05
20677E%04
1+226E+05
1+469E¢05
e 0T71E03
Re01REs02
40822E¢02
W1.454E402
3.589E+02
?.885E+02

17
.23
3+80
1518
.56
o18
35
134
Y|
*23
186
9epé
*50
27
.68
9.2R
1017
52
«22
47
77
25
«8¢0
«3)
14,52
7.59
«53
«30
425
3493
4478
«54
1.08
93
1042
YY)
160
+39
490
=49
'63
046
1+91
*51
046
1486
1500
1548
12.08
11.68
13.11

INTENSITY

S5¢6171€40R
1.0077E409

2+%5962E+7

Te2718E4p6
2.7998E+n8
Te1878E+p8
6e¢5893E+g7
4¢1003E+07
1+5875E+08R
T+69R3E+08
2+3413E¢07
Te3b42E406
2+1718E+98
£e6459€+08
1°5112E%08
3¢3349€E406
3¢7452F¢07
6+07S0E+08
2+6502F+09
2.R492E+n8
1.48R3E+08
1.6140E409
2+442TE+08
2.6668E+08
4.4209E+06
B8.3230E+0n6
16726E+08
600R20E+08
1+R454E+07
4eTQR9E*QT
3¢7521E¢07
2¢1472E+08
T+0225E407
T+8107E+07
Se3893E%n7
4464483E+08
S5e1392€57
7+9024E¢08
3.7108E¢06
Te5684E+07
1+3453E408
1+2B66E409
1°4083E¢08
7+6356E4+08
9:4038E+08
2¢0554E+n7
3«4TRpE*n6
303664E*0S
204453406
2+5943E+06
241072E+06

" COMMENTS = 3RN .RUN OF GF~F ANALYSIS. rORRErTED FITS aNp FINaAL YAaULATXON OF RESULTS.

CINTENSTTY
. ERROR P¢

5000

5,01
628
15.98
.03
Ss00
S5e0}
5418
Seg02
501
533
1033
S5e02
Se0l
5405
1054
Sel1é
Se03
Se00
S5.02
Se06
Se01
S.06
5.01
15,36
9.09
Se03
S.01
6456
6236
6492
503
Se12
5409
Se20
Se02
525
Se02
7.00
5002
Se0é
Se02
S35
Se03
5s02
S+33
1581
1627
13.07
12.71
14403

RELATIVE

INTENSITY .

1.000E402
1,794E402
T40622E%00

_10295E+00

4.,984Ee 0]

" 1e280E¢g2

10173E¢0)
7+300E+00
2e826E¢q)
10371E+02
4e16BEvpp
1+311E*00
3+866E%0)
1-0355:02
.6
§.83%-01
6+668E¢ 00
1+082E+02
4+718E492
S.072E401
2+650E401
24873E002
4.349Ee01)
4eT4BE#Q1
T+870E=01
1+482E¢00

 24622E901

1+083E+02
3.285E¢00
8.383E+p0
64680E00
3.823E40)
1+250E+01
1+391E+01
9¢594E%00
7919E40]

90149€E*00

10407E%02
64606E=01
12347€E%0)
2+395E¢0}
2+287E402
2+502E¢01
1.35%E+02
19674E%Q2
3¢659E+v g0
6+192E=0]
5¢992E~9)
4,353E-01
44619E=01
3.751E=01

naTe =

CREL«INT,.

ERROR P

7,075

7,077
Be 29
16747
7,095
Tep75
T«082
7199
T+085
Tep??
Te314
110478
T+091
Tep78
T+106
11668
74169
T.092
7.077
7.089
74115
T.078
7.118
7,080
16,151
10375
7.093
T¢080
8.250
Bep92
84537
Te094
Te155
Tel34
Te214
Te0B4
72852
T+084
84605
7+090
7e101
TeoB8
T+326
T7+09)
Te0RA
7+314
16+5R4
17.019
13.998
13655
14.896

1550 .
12/17/69.

INTENSITY
PER TIMg

Se6171E408
1,0077E+09
2¢5962E+07
Te2718E+06
2,7998E+08
T7+1878E¢(8
6e5893E+p7
491003Ee07
195875E¢08
T«69R3E+8
2¢3413E+07
Te3642E+06
2+1718E+08
5¢6459E+(8
1°5112E%08
3+3349E06
347452E%07
6e0750E08
246502€E409
248492E+08
1.4883E+08
146140E409
244427E+08
2.6668E+08
4,4209E406
8.3230E+06
1e4726E408
6:0820E408
1+8454E+07
4e7089E+n7
347521E407
2+1472E+08B
T+0225E+07
T+R10TE+0T
5¢3893Eeq7
4e6483E408
5¢1392E¢07
T+9024E%08
3+7108E%06
T+5684E407
1+3453E+08
102846E¢09
1+4053E*08
T7+6356E¢08
9+4038E¢08
2+ 0554E+07
3+478B0E* 06
3+3664E406
246453E+06
245943E+06
2+1072E+06

.
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DISPLAY

‘l TELETYPE II

NAENEYIC—’—r

SPECTAAL DATA,

b

TAPE OR

caRoS. j B . i

vu.cvnni}—~—

PEAK SHAPE PEAK |
CALIBRATION search |

] PEAK FITTING FOR CMANNEL

LOCAYIONS AND AREAS

!

TEAST SQUAREE |

RESULTS

ALGORITHMS I

CONTROL
¢ ARDS

| —

1 STATISTICAL

[ ene

caLcucation

RGY

b1 |

ERROAS
1

ENERGY
ERAORS |

€ENENGY |
CALIBRATION

i

| efFiciency INTENSITY INTENSITY
CALIBAATION CALCULATION ERRORS

. . - HALF LIFE Joure
NeuT GALCULATION R bl

BLOCK OIAGRAM OF PROGRAM SAMPO

XBLE7O-3375-4

Fig. 9. Schematic block diagram of program SAMPO.

can be reset by the user at any time. For an
efficient use of the pfograrh 1t is impvortantvto
consider the foliowing arrays and blocks of
arrays: . .

COMM / 1 / SPEC(1600), LABEL(20)
contains the spectral data in the array SPEC
and the indicative data in the array LABEL.
These arrays are read in either on cards or
input tape 5 (DATAIN). When required by the
number of channels in the spectra to be ana-
lyzed, the length of the SPEC array can be

changed--for instance, to 4100. The indica-

tive data array contains an alphanumeric spec-

trum number LABEL(1), alphanumeric infor-
mation on the spéctrum in LABEL(2) through
LABEL(13), integer labels LABEIL(14) and
LABEL(15), not used by the general-purpose
version, and the number of channels in the
spectrum LABEL(16). The LABEL array is
printed out under FORMAT (1346, 3110) at

various places in the printout.

COMMON/ 2 /XDATA(150),
YDATA(150), WEIGHT(150), YCALC(150),
Y.CONT(150), HMATR(20,20), CMATR(20, 20),
HDIAGO(20), BUF(400): ‘

used for temporary working storage in the

These arrays are

ieast-squares, tape-reading, and data-display
routines. This épace is sometimes overlayed
by other temi)orary arrays in some subroutines.
The present difnensions, which can be changed
(although not very easily), limit the mavximum
width of a fitting interval to 150 channels and
the number of lines in one fit to six. .
COMMON/ 3 / contains the following
result arrays: '
NPEAK(100)
specified by the search routine or by the user;
FITCH(100)
puted in the fitting,
CHER(100)

approximate peak centroids as
accurate peak centroids as com-

statistical uncertainties in the



-18-

channel locations, .
PIEAK(100) areas of photopeaks as computed
in the fitting,
PKER(100) stafistical uncertainties in peak
arcas, = . R
ENERG(100} ener_giés_of the fitted photopeaks,
ENER(100) photopeak.energy uncertainties,
EFFSUM(100) intensities of fitted photo-
peaks, ' .

EFER(100) unce»rfainties in photopeak in-

tensities.

Depending on the complexity of the spec-
tfa and considerations of field length require-
ments, the dimensions of these arrays can be

changed--for instance, up to 200.

COMMON/IOTAPE/INTAPE, IOUTAP,
These
arc initially specified as INTAPE = 2 and
IOUTAP = 3 corresponding to the standard

KOUT. specifies input and output files.

file names at LRL. Furthermore the inbut
file name can be changed between card and
telet.ype input, as di,scus sed in the section on
input and output files. »
‘Arrays CPREAD(20), CLREAD(20),
CHREAD(20), CWREAD(ZO), V_vhich are stored
in subroutine SHAPEY,‘ contain the shape cali-
bration results generated (SHAPEDO) or read
in (SHAPEIN). :

fitting are obtained by interpolating these val-

The shape parameters for

ues linearly with respect to the channel num-
bers. o

Arrays CHREAD(50), ENREAD(50),
ERREAD(50) inv subroutine ENERGY contain
the energy calibration points generated
(ENDO) or read in (ENIN) for the energy de-
terminations through linear interpolation.
Similarily the arrays PLREAD(10),
ERENER(50), ERVALU(50) contain the coef-
ficients generated (ENFITDO) or read in
(ENFITIN) for a polynorriial energy curve and
the associated éalibraition error arrays which
are interpolated linearly.

Arrays ENREAD(50), EFREAD(50),

UCRL-19452 ----

ERREAD(SO) in sub'x;outine EFF contain the ef—_
ficiency calibratiq'n, points genefated (EFDO)

or read in (EFIN) for logarithmic interpolation.
Similarily the arrays PRREAD(4),

ERENER(50), ERVALU(50) have the parameters
generelxted (EFFITDO) or read in (EFFITIN)v for
the functional efficiency curve and the associated

calibration uncertainties.

Reading Spectral and Indicative Data on Input

Tape
1f large numbers of spectra are handled,

the spectral ahd indicative data can be con- v

veniently stored on and read from high-density
magnetic tapes. In SAMPO a reference is
made to such input tépe, tape 5, on the pro-
gram >card. Since no uniform standards exist
for writing such data tapes, ev{r_en within the.
same laboratory, separate tépe—reading rou-
tines are needed for different tape formats.
SAMPO library at LRL-Berkeley contains sev-
eral such routines, of whichv the user needs to
load an appropriai:e one; see information on
SAMPO library in Section 6.

The main proéram has a call statement
to the tape-reading routine (DATAIN) of the
form CALL DATAT{ (KERROR, SPEC,
LABEL, WHAT, NAME, XDATA). Here
KERROR is an error flag which should be re-
turned as'KERRO'R = 0 when the spectrum spec-
ified is successfully read, and as KERROR =1
when the spectru'miis not found or read prop-
erly. If KERROR =1 is retufned, the main
prografn will skip operations where the spec-
tral data would be needed, normally up to the
next data read. The spectral data are read
into array SPEC, the maximurﬁ dimension of
which is specified in the main program. The
indicative data are read into the array LABEL
in the format specified in the section on com-
mon blocks and arrays. Up to six numbers
and one alphanumeric word are transferred
throﬁgh WHAT and NAME to the tape-reading
routine to identify the spectrum to be searched

and to perform spectral additions or subtrac-

i

¥ §
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tions if required; 's’c(: Scction 4. The arral.y
XDATA marks the beginning of temporary ar-
rays of total length of 1970 words; this space
can be used by the tape-reading routine for
temporary working space.

Except for a possible tape-reading rou-
tine, program SAMPO is self-contained. The
user needs only supply data and indicate which

options and calculations are desired.

4. PROGRAM OPTIONS AND DATA INPUT

In the earlier sections references have
been made to difféi'ent SAMPO execution op-
tions and input cards. These options and cards
are discussed in d_efail in this section.

The .large number of options can be con-
trolled and specified by SAMPO input cards.
These cards are processed by the main pro-
gram and they may be sequenced in any logical
fashion. Illegal input cards are generally re-
jected, similarily data cards following an un-
successful data-tape. reading are ignored if
the presence of the spectral data would be re-
quired for the operation requested. In general
all the program parameters have been initially
The

altered value will remain in effect until further

set, and remain unchanged until altered.

changed. The same applies to the different
calibration data. '

The logical sequencing of the ihput cards
simply means that the spectral and calibration-
data must be read in or generated before they
are used for corﬁputations. Thus, for in-
stance, the energy determination can be ddne
during fitting if data for this are known in ad-
vance. If the energy calibration is performed
by using the fitting results, then the energy de-
terminations need to be postponed until tabu-
lation of the results. Illustrations with exam-
ples of possible input card sequencing are
given in Section 5. '

For uniformity all SAMPO input cards
have the same format, namely FORMAT(A10,

6E10.0, A10). The first word is a left-ad-

UCRL-19452 ----

justed code word, CODEW, which identifies
the function of the input card.

bers (WHAT(D), I = 1,6) follow the code word;

Up to six num-

_the intérpr_etafion of these numbers deﬁends on

the CODEW. The last word is an alphanumeric
word, NAME, whic¢h can be used to identify the
data or computation it belongs to; it is notused
by the program, -except possibly to specify spec-
trum numbers for input tape-reading routines.
The uniformity of the input cards also requires,
that the parameters that ordinarily are integers
be read in as decimal (floating-point) numbers;
they will be converted into integers by the pro-
gram. '

. Although the code words can be up to ten
letters long, the first six letters suffice to iden-
tify them; this is of ad\}antage with those com-
puters for which the maximum length of words
is six letters. - The teletype input sometimes
requires an additional word to indicate the end
of the line, and thus the input card format may
be also written as FORMAT(A6, A4, 6E10.0, A6,
A4,I1). This change.does not cause any changes
iﬁ the use of the input cards. ' N

An alphabetic list of the code words was
given in the beginning of this report. =~ The ex-
planation of their functions and associated pa-
ameters is given in the rest of this chapter.

In general the default option of a parameter is
specified by a blank or zero number; this min-
imizes the amount of numerical input data re-
quired. The result and calibration arrays will
be automatically ordered, so that the order of
inputting calibration data dards is not crucial.

Chapter 5 contains illustrative examples
and useful comments on the use of the code
words which are described in detail in the rest
of this Chapter 4. The.reader may find it
easier to go directly to Chapter 5 in the first
reéding and look up the code words in this
chapter, only as they appear in the examples
used. ILater he can use the rest of this chap-
ter as the basic handbook for running program

SAMPO.



" DATAIN
WHAT(1) = 0.
= 2.

WHAT(2) £ 0.
WHAT(3) £ 0.

DATAGRAPH

WHAT(1) =
= 1.
WHAT(2)
WHAT(3)
WHAT (4)
WHAT(5)

DATAPLOT

WHAT(1)

1t
(o]

WHAT(2)
WHAT (3)

- WHAT(4)

WHAT(5)
WHAT (6)

'SHAPEDO
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reads indicative and spectral data

searches and reads the spectrum specified on mput tape 5;

spec1f1es that the indicative and spectral data are on cards, spectral data in
FORMAT(iOF'?..O). The ir_ldicative data are ou one card betweeu DATAIN and the
spectru'rnvas follows: alphanum.eric run number in columns 1-6, alphanumeric in-
dicative data in columns 7-66, and an integral number of channels in columns

76 -80. | ' ' '

reads data on cards as with WHAT(1) = 1., excep't that the spectral data are in
format specified on a card between DATAIN and indicative data card, for example
(5(5X F8.0)). The variable format also allows the user to shift the spectrum or
delete channels, if desired. ’ :

adds prev1ous spectrum mu1t1p11ed by WHAT(2) to the new spectrum.

» multiplies the new spectrum by WHAT(3) before the add1t10n Normally WHAT(2)

and WHAT(3) would be blank.

makes a‘prix‘lter ‘graph of the spectrum.

for semilogarithmic scale, '

for linear scale. v

every WHAT(2) channel is plotted; if blank, every channel;
is the starting channel; if blank, the first channel;’

is the termination channel; if blank, the last channel;

channels in each subdivision; if blank, 100 channels.

fnak.es a CalComp point plot of the spectrum. If the peak search is done befere
the plotting then the peaks found are also plotted. For standard plots specify
four-cycle semilogarithmic paper, No. 40, and liduid ink pen.

speeifies four-cycle semilogarithmic paper, . V

speeifies plain paper.

is the. starting channel; if blank, the first channel;

is the termination channel; if blank; the last channel;

is the upper bound of the counts-per-channel scale; if biank, this is set and re-

. scaled, if required, automatically;

ié ‘the lower bound of the count scale; if blé,nk, set automaticaily;

specifies channéls per inch; if blank, set automatically, normally 40 channels to

~an inch.

performs a shape-calibration fit. This should be done by using strong singlelines.

In specifying the fitting interval include enough channels to cover both tails, butdo
not overextend to include fluctuations due to neighboring peaks. The resulting
parameters will be stored and used in the fitting analysis. The shape parameters

need to be computed only once for each experimental setup; the values will re-

‘main unchanged until altered, and can be read in for later runs with SHAPEIN

cards. The resulting shape parameters are also written on tape 14 for getting

" 'SHAPEIN cards punched.

N

L

‘e -
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WHAT (1) "~ is the approximate center channel of the calibration peak;

V,V’IZIAT(Z) spécifies the lower limit of the fitting interwval,
WHAT(3) is the upper limit of the fitting interval.

WHAT(4) = 0. for no energy or efficiency calibrations;
= 1. for usiﬁg the fitted peak centroid for the energy calibration, place ENDO card
with the energy and the calibration error after SHAPEDO card;
=2. for using the fitted peak area for the efficiency calibration, place EFDO card
with the correct peak intensity and calibration erfor after SHAPEDO card.
= 3.  if both energy and efficiency calibrations are performed as instructed above,
WHAT(5) = 0. adds the resulting parameters to the present table of shape parameters,

= 1. starts a new shape parameter table with the resulting values.

WHAT (6) - is the initial guess for the CW-parameter; if blank, set to 1.8.
SHAPEIN reads in and stores the shape parameters computed previously.

This should be preferred over SHAPEDO, whenever possible, to minimize the
computing required; the user may also check and correct the shape parameters

before reading them in.

WHAT(1) is the peak centroid in channels;
WHAT(2) is the CL parameter specifying the lower tailing,
WHAT(3) is the CH parameter specifying the higher tailing;
WHAT (4) is the CW parameter speciffing the peak width}
WHAT(5) = 0. adds the values to the existing shape parameter téble,
= 1. starts a new shape parameter table. . .
PEAKFIND  searches and lists statistically significant peaks; this must be performed be-
fore PEAKADD, PEAKDROP, or FITDO commands.
WHAT(1) is the starting channel for the search; if blank, channel 50;
WHAT(Z). is the termination channel; if blank the last channel;
WHAT(.S) is the significance limit for listing peaks; if blank, the existing value, initialized

2., is used;
WHAT(4) is the significance limit for fitting peaks with FITDO; if blank, the éxisting value,
) initialized 4., is used; v
WHAT (5) is the average value for the CW parameter; if blank, the average value obtained
from the shape-parameter table is used. .
WHAT(6) = 0

rejects the peaks which do not pass the shape test,
-

= 1. does not reject such peaks.

PEAKADD adds peaks to the list of peaks to be fitted. Use this option to correct the list of
found peaks before peak fitting. The search routine should be executed
(PEAKFIND) before this.

WHAT(I), I=1,6 are the approximate channel numbers of the peaks to be added, in any order.

PEAKDROP drops peaks from the list of found peaks. See comments regarding PEAKADD;
WHAT(I), I=1,6 are the channel numbers of the peaks to be dropped.



PEAKLIST

FITTEST

‘FITDO

FITS

WHAT(1)
WHAT(3) = 0.

WHAT(5) = 0.

Column 1-5
6-10
11-15

16-20

21-25
26-30
31-35

><36-40

FITREPEAT

FITIN

WHAT(1)
WHAT(5)

is the number of peaks to be read in,

1
e
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px.'ints‘_vtlhe corrected list of peaks found.

computes and prints the channels limiting the fitting intervals and the peaks in-

cluded for each fit. The fitting is not performed.

pe;‘fo_rfns complete nonlinear fits of peaks found by the search algorithm. Selec-
tion of the fitting intervals and the peaks included in-each fit is done automatically
as in FITTEST. The peak search and editing has to be performed before FITDO,

s1rn11ar11y the shape parameters have to be generated or read 1n before th1s, as

4 well as energy and efficiency calibrations, if spec1f1ed on OPTIONS card.

pefforx;ﬁe ‘complete nonlinear fits of intervals specified on the following cards. The
computatlon is the same as performed with FITDO only complete control over the
selectlon of the fitting intervals is possible. Up to 200 numbers read on the fol-
low1ng cards are stored to be used w1th FITREPEAT, if desired. ]

is' the number of f1tt1ng intervals specified on following WHAT(i ) cards.

spec1f1es automat1c initial guesses,

if the initial guesses are read in for each peak amplitude in FORMAT(SEiO 0) after
each card specifying the fitting interval,

adds the results to the ex1st1ng list of f1tted peaks,

starts a new list of fitted peaks.

The FITS card is followed by cards specifying WHAT(1) intervals in FORMAT(iéIS)
as follows ‘ )

the number of pea‘,ks' in the interval, up to six allowed.

the channel defining the lower'limit of the interval;

the upper limit of the f1tt1ng interval; ]

the centrmd of the parabolic correct1on in the background polynomial; if blank,

as s1gned automatu:ally,

the approximate centroid of the first peak in the 1nterva1

the centroid of the second peak in the interval;

etc. , up to the specified number of peaks.

number of peaks.

repeats the cases specified by last FITS card. Only channel numbers read in un-

‘der FORMAT (16 1 5) were stored, not the special initial guesses. WHAT(5)

has the same meaning as with FITS,

reads in the fitting results on punched cards. The format is the same as used in

punching results.

adds the results to the existing list of fitted peaks,
starts a new list of fitted peaks.
FITIN card is followed by WHAT(1) cards each as follows,

Ca;

-
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Columns Format

2- 9 F8.3
10-14 F5.3
15-23 . F9.3
24-29 F6.3
30-40 E11.4
41-46 F6.2
47-57 E11.4

58-63 F6.2

64-74 E11.4

75-80 Ab
IENDO

WHAT(1)
WHAT(2)
WHAT (3) _
WHAT((4) # 0.
WHAT(5) = 0.
=1,

"

ENIN

WHAT (1)
WHAT (2)
WHAT (3)
WHAT (5)

"
[«

1

ENFITDO

WHAT(1)

WHAT(2) = 0.

the exact centroid of the peak expressed in channels, .
the statistical uncertainty of the centroid.
~the exact energy in keV,
the uncertainty in energy in keV.
the photopeak a_réa, from the fitting,
the étatistical uncertainty of peak area. ‘
the photoi)eak intensity,
- the uncertainty in peak intensity in per cent,
the photopeak intensity per time unit.

the spectrum number.

assigns an energy calibration point for the linear interpolation by using a fitted

peak centroid obtained previously with FITDO or FITS. The energy determinations

can then be performed by using some of the fitted lines as internal energy stand-
ards. See OPTIONS and RESULT cards.

is the approximate channel location for the calibration line; it has to be correct
wi_thin 3 ‘cha'nnels,. or as specified by WHAT((4).

is the energy in keV, ‘

is the calibration uncertainty in keV.

changes the accuracy tolerance of peak centroid to WHAT(4),

adds the values to the existing energ'y—calibratioﬁ table,

: - )
starts a new energy-calibration table.

reads in an energy-calibration point to be used in the linear interpolation. See
OPTIONS and RESULT cards, - ' -

is the exact channel location of the ca_libration line.

is ithe‘energy in keV,

is the calibration uncertainty in keV,

adds the values to the existing energy-calibration table,

starts a new energy-calibration table.

performs a polynomial fit to the points generated or read in for the linear inter-
polation with ENDO or ENIN. The resulting curve may be used for the subsequent
energy determinations. See OPTIONS and RESULT «cards. The calibration un-

certainties will be the same as specified for the linear interpolation.

is the number of terms in the polynomial fit, that is, one plus the degree of the

polynomial. If enough energy-calibration points are available, polynomials up to
8th degree can be used,

specifies no CRT display of the results,

displays on the CRT the nonlinearity of the polynomial and the interpolation table
between the first and the last calibration points,

displays the nonlinearity over the whole range of the spectrum.



ENFITIN

WHAT(1)
WHAT(2)
WHAT(3)
WHAT (4)

WHAT(5)

EFDO

i

WHAT(1) -

WHAT(2)
WHAT (3)
WHAT(5).

EFIN

WHAT(1)
WHAT(2)
WHAT(3)
WHAT(5)

WHAT(1)

EFFITIN

WHAT(1)
WHAT(2)
WHAT(3)
WHAT(4)
WHAT(5)

EFFITDO
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rel'ad'._s in a coefficient for the polynom1a1 curve cornputed before,
is the 'value of the polynomial coefficient, ' _

ie7the energy in keV for the calibration uncertainty-vp_oi.n-t,

is'v_t‘he calibration uncerta1nty in keV. ) -

is the number of the coefflcxent, that is, one plus the degree of the term Value

.1.‘ starts a new coefficient list,

ad_ds the energy-calibration uncertainty to the existing list,

starts a new energy-calibration uncertainty table.

assigns an efficiéncy calibration point for the logarithmic interpolation by using a

fitted peak area obtained previously with FITDO or FITS. The intensity determina-

tions can then be performed by using some- of the fitted lines as internal intensity
standards.’ See OPTIONS and RESULT cards. '

is the approximate energy of the calibration point; | it haﬂs to be correct within 3
keV or as specified by WHAT (4).

‘is the 1ntens1ty of the peak at the energy WHAT(i)

is the calibration uncertainty in per cent.
adds the values to the existing efficiency-calibration table,

starts a new eff1c1ency-ca11brat10n table.

reads in an efficiency- calib'ration point to be used in the logarithmic interpolation.

'see OPTIONS and RESULT cards.

1s the energy of the calibration pomt,
1s the correspond1ng e£f101ency,
is the calibration uncertalnty in per cent.

adds the values to the existing efflc1ency cal1brat10n table,

: starts a new eff1c1ency cal1brat1on table.

performs. a functional fit to-the points generated or read in with EFDO or EFIN.

The resulting curve may be used for the subsequeht intensity determinations. See

'OPTlONS and RESULT cards. The calibration uncertainties will be the same as

with the logarlthmic interpolation. The function used is of the form

3]
=p, (E “+ p; exp(p, E) ),
where F is the eff1c1ency, Pyr Pye p3, and Py are the parameters to be deter-

mined, and E is the energy in keV,

is the initial guess for parameter Pys if blank, set to 1000.

reads in a parameter computed before for the functional fit of the above form,

plus a point for the calibration uncertainty.
is the energy for the calibration uncertainty point,

is the value of the parameter,

" is the calibration uncertainty in per cent,

is the index of the parameter, thatis 1., 2., 3., or 4.,

adds the calibration uncertainty point to the existing ta.ble,

. starts a new calibration uncertamty table.




EFFITADJ

WHAT(1)
WHAT(2)
WHAT (4)

1]

CALDATA
WHAT (1)

WHAT(2)

WHAT(3)

OPTIONS

WHAT (1)

WHAT (2)

WHAT (3)

PWN)AO

o
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adjusts the functional form of the efficiency calibration curve by changing the pa-
rameter p,, » ' '. »

is the energy of the adjustment point,

is the efficiency at that energy, .

adjusts the parameter stored in the program,

.adJusts the parameter generated or read in with EFFITDO or EFFITIN.

prints the cahbratlon data for the shape, energy, and efficiency determ1nat10ns.
spec1f1es the shape ca11brat1on to be printed,

ptints no data,

prints the arrays permanently stored in the program,

prints the arrays .generated or read in with SHAPEDO or SHAPEIN.

specifies the energy calibration to be printed,

prints no data, ) _

prints the arrays permanently stored in the program for the linear interpolation,
prints the arrays generated or read in with ENDO or ENIN for the linear interpo-
lation.v ’

prints the coefficients permanently stored for the polynomial curve,

prints the coefficients generated or read in with ENFITDO or ENFITIN for the
polynomial curve.

specifies the efficiency calibration to be printed,

prints no data,

prints the arrays permanently stored for the logarithmic interpolation,

prints the arrays generated or read in with EFDO or EFIN for the logarithmic
interpolation, )

prints the coefficients permanently stored for the functional efficiency curve,

prints the coeff1c1ents generated or read in with EFFITDO or EFFITIN for the

functional curve

specifies the calibrations and other options for the program; these options should
be specified before the computations, and they can be changed at any time.
specifies the shape calibration option for the fitting,

gpecifies the arrays permanently stored in the prog.ram,

si:)ecifies the arrays generated or read in with SHAPEDO or SHAPEIN. This is
the initially specified value.

specifies the energy calibration for the peak fitting,

for no energy determinations, this is the initially specified value.

specifies the linear interpolation stored permanently,

specifies the linear interpolation generated or read in with ENDO or ENIN,
specifies the polynomial curve permanently stored,

specifies the polynomial curve generated or read in with ENFITDO or ENFITIN.
specifies the efficiency calibration for the peak fitting,

for no intensity determinations, this is the initially specified value.

“apecifics the loga.rlthrruc 1nterp01at10n permanently stored,

S})(‘C]fl( 8 the logarithmic 1nterpoldt10n generated or read in with EFDO or EFIN,



~= 3,
= 4,
WHAT (4)
#0.
WHAT (6)
= 0.
= 2.
RESULT
WHAT (1)

£ 0.

WHAT(2) # 0.
WHAT(3) # 0.

WHAT (4)

WHAT (5)
COMMENTS
RESET
CPTIME

STOP

On-line us age

. for;nb-punchi:-_ng of the results,

i
.C>,

- for punching one card for each line fitted;
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specifies the functional curve permanently stored,
specifies the functional curve generated or read in with EFFITDO or EFFITIN.

specifies when only linear background approximation instead of the parabolic curve

is used. Whenever the fitting intérval measured in units of the CW parameter re- -

n’iain_s smaller than a specified parameter, ini'tiall.y 15, then only 1ir_1ea.i- back-
ground'is used. '

changes the parameter fo WHAT (4). ] '

specifies the display of the fitting r.eéﬁlts on the CRT. See comments on on-line
runs. : ' ' - ' ' -
for no ‘display of the fitting results, this is the initially specified value,

for the display with interactive on-line runs with VISTA console,

for the 'CRVT camera pictures with off-line runs.

tabulatés the fitting results accumulated, recomputes energies and intensities, if

5

desired, and computes relative intensities and decay rates. -

‘specifies the reference peak for the relative intensity computations,

specifies the strongest peak as the reference peak,

s’peci_fies the peak-approximately in channel WHAT (1) as the r_eference peak.

specifies that the energie_s should be recomputed by using the option as specified

by WHAT(2). See OPTIONS card.

‘specifies that the intensities ‘should be recomputed by using the option as specified

by WHAT(3). See OPTIONS card,

these cards can be read back to SAMPO
for additional energy and intensity.computations without repeating the fitting pro-
cedures. ‘ ’ '

is the counting time for the decay rate cormputations; if blank, taken to be one:

‘time unit.

reads alphanumeric comments on the following card to be printed with fitting re-

sults and tables. Comments. are initially blank.

resets the arrays for peék search and fitting results; this can be used to break

up the analysis of very complex spectra into smaller parts. The arré.ys are

automatically reset by reading in a new spectrum.
prints the central processor time elapsed in seconds.

te‘_rminates the computations and endfiles the disk files used.

At LRL-Berkeley program SAMPO can be run in an interactive fa_shion by using the VISTA

display system and teletype input and output. With on-line runs most of the input data should,

however, be read on cards and only corrective statements made through the slow teletype input.

The apectral data, the results from the peak-search routines as well as peak fitting, and energy

valibrations can be displayed,

The display can also be used in off-line runs to get high-resolution

CRT pictures of the_épectra and the fitting results. For these options see OPTIONS and ENFITDO

o
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tards, also check the control cards required in Section 6. The spevcific control cards and VISTA

keyboard options for on-line runs are listed below.

DAYFILE

IOFILE

WHAT (1)

DATATV

‘WHAT (2

)
WHAT(3)
WHAT (4)
WHAT(5)

displays the current dayfile of SAMPO run on the CRT.. Put this card in the be-

ginning of the data input deck for on-line runs; the dayfile is useful with the auto-

.matic recovery procedure described in SAMPO information in Chapter 6; push

red I button to proceed from dayfile.

switches the input between the card reader and the teletype. The input formatting
is identical with both devices, and all the SAMPO control cards listed before can
be read in through the téletype also. v

specifies the card input; this is the initially specified value;

specifies the teletype input; following this card'up‘ to next IOFILE, WHAT(1) = 2.,
the SAMPO control statements are read through the t‘eletype.

d.isplays the spectrum on the CRT screen. If the peak search has been done be-
fore DATATYV then the peaks found are also marked in the display.

every WHAT(Z.) channel is plotted; if Blank, every channel;

is'th_e starting channel of the display; if blank, the first channel;

is the termination channel; if blank, the last channel; g )
channels in each subdivision; if blank, 500 channels, with an overlap of 100 chan-~

nels between subdivisions.

If the interactive mode of on-line run has been specified--that is OPTIONS, WHAT(6) = 1. -~
then the following keyboard options of the VISTA console are available after the spectrum has ap-

peared on the screen following DATATYV statement. The light pen and the latching R buttons are

used; pushing the red I button executes the command specified.

R

R 2
R123 5
R123

R1234
R 3

R4

R12345

R1

I

I
I
I

]

édvanées to the next frame;

replots the present frame.

displays the channel number at the light-pen hit;

adds a peak to the list of peaks to be fitted at the light-pen hit, this can be used

to edit the list of peaks found;

drops a peak from the list of peaks found closest to.the light-pen hit.

changes the background approx1mat1on from parabolic to linear;

changes the background approx1mat10n from linear to parabolic, as specified on
OPTIONS card.

specifies the fitting interval and approx1mate peak centroids for the peak fitting.
First specify with the llght pen the lower and upper limit of the interval. Then
you can optionally specify all the peaks in the interval or let.the code pick up the
peéks found by the search routine in‘this interval; the latter mode is executed if
no peaks are specified by the light pen. ‘ '
performs the fit of the interval specified by R12345 I commands. The results will
be displayed on the screen, after which the user has the following options available:
acéepts the fit and enters the results in the result arrays; v

rejects the fit and does not store the results.
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The CRT vdisplay of the fitting results
is also available in the automatié mode under
FITDO, and the last two options listed above
can be executed fdr each fit. The request for
the display of the fitting results must be made
before FITDO by specifying WHAT(6) = 1. on
OPTIONS control card. The value WHAT((_))= 2.
on the same card will photograph each fit on
the CRT camera when the program is run off-
line. Please avoid producing large quantities
of film this way. =~

The energy calibration results may also
be displayed on CRT. The nonlinear parts of
both the linear interpolation scheme (see
OPTIONS) and the polynomial fitting are dis-
played, see Fig. 8.
ENFITDO set WHAT(2) = 1. to get the curves

To obtain the display in

between the first and the last calibration points
or WHAT(2) = 2. for the graphs over the whole
range of the spectrum. These results may

also be photographed in off-line run;

comment on OPTIONS above.

see

5. COMMENTS ON ANALYSIS STRATEGIES
WITH INPUT EXAMPLES

The large number of internal options .
and the flexibility in inputting data enable the
user to run SAMPO in a variety of different
ways. The optimal running strategies depend
on the complexity of the spectral data, the re-
quirements on the ac_c;.ﬁracy and completeness
of the results, and whether facilities are
available for running the code on-line.

Since the analysis requ'ires a certain
amount of calibration data it is generally rec-
omened that the user try to limit the number
of pulse-height analyzer settings and experi-
mental situations to-as few cases as possible,
in order that adequate calibration data can be
maintained and be kept readily available. The
shape-calibratibn data, for instance, can be
fairly easily generated from the spectra to
be analyzed; however, significant svavings in

time and effort can be realized if such data
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are alreadyv available from earlier computa-
tions. ' . ‘
The program data ihput has been designed

so that the user,cah in principle complete the
analysis of any number.of spectra in a single
computer run. For analyzing complex spectra
without the on-line facilities this approach is,
however, not thé most efficient one. Because
of limitations in the peak-search and peak-fit-
ting routines some peaks are likely to be
missed or poorly fitted. v

| The efficiency of the analysis can in such
cases be improved by performing it in a few
steps. Thus the user may check and possibly '
correct the intermediate results. In i)articular,
since the fitting .procedur‘es are the most time-

consuming part of the analysis, one should

- make an effort to obtain good fitting results

with a minimum number of recomputations. It
is therefore important to check the correct-
ness of the shape-calibration results and the
performance of the peak—s.earch routines be-
fore the final fitting. . '

As an exarhpie let us consider the com-
plete analysis of the spectrum shown in Fig. 1.
We assume that a plot of the -spectrum and the

efficiency calibration of the detector system are

.available; the energy calibration is to be per-

formed by using a few strong lines in the spec-
trum as internal standards. The peak shape

calibration is also going to be done by using

" the data in the spectrum to be analyzed. The

complete analysis is performed in three com-
puter runs as explained below. '

In the first run the objective is to obtain
peak shape parameters and results from the
peak search routine. For a roughenergy cali-
bration the energies of the first and the last
shape-calibration*peaks are also given. If
desired one could perform a more corhplete
energy calibration with all shape-calibration
lines, or leave the more complete energy cali-

brations to later runs, as is done here.
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The fitting intervals that will later be selected
by the program can also be listed so that the
user may foresee possible problems that may
arisc when the actual fitting is performed in
the sccond run. The data cards appropriate
to the first run aré'given in the first part of
Table III.

We now have obtained standard peak
shapes for the spectrum as well as a list of
peaks found by the search routine and a list of
fitting intervals chosen. For the second run
we have to check the c'onsistency of the shape
parameters and seleét the appropriate cards
from the SHAPEIN cards punched by the proi-
gram; no correction of these cards is neces-
sary in this case. We ais_o need to check the
results of the peak search routine and to edit
the list of peaks to be fitted. We also want to
prepare energy and efficiency calibration data
for the séconcl run, in which most of the actual
fitting is performed. Appropriate data cards
for the second run are listed under that heading
on the first half - of Table IIL

The data are now fitted, and may be in-
spected for regions where the analysis may
not be satisfactory. The only obvious diffi-
culties in the fitting were: (a) the small peak
around channel 528 was not properly fitted, be-
cause of the presence of several much more
(b} from

the fitting of the peak about channel 902 it is

intense lines in the same interval;

clear that a small component was missed on
the high-energy side of that peak. In the next
run these deficiencies can be easily corrected
through fitting just these regions with FITS
card, These results are then included in the
final tabulation together with the earlier re-
sults.

In the second run the more complete en-
ergy calibrations are performed, with the fit-
The

energies and intensities are recomputed dur-

ting results used as internal standards.

ing the tabulation (after the fitting), since the
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complete calibration data are not available be-
fore fitting. If it were available, then the en-
ergy and intensity determinations could be done
during the fitting, as is shown in the next run.
We also produce a few polynomial energy cali-
bration curves to select an appropriate one for
an alternative energy determination in the next
(final) run.

In the third run the regions of data where
satisfactory re sults were not obtained in the
second run are refitted. We also read in the
results from the previous run to obtain com-
plete result tables, by using different options
of energy and efficiency calibrations. Since
the peak a.roﬁ.nd channel 902 will be recomputed,
it should be deleted from the cards punched in
the second run that will now be read into
SAMPO for tabulation of the results.

A polynomial curve with five terms is
sclected to perform energy determinations al-
ternative to the linear interpolation scheme;
similarly, the results from the functional fit
of the efficiency curve are read for an alter-
native intensity determination. The data cards
appropriate for the third run are listed on the
second half of Table III

The analysis is now complete. The re-
sults with the interpolating calibration proce-
dures are summarized, except for the peaks
around channels 528 and 902, by the cards
read into SAMPO in the third run after FITIN
cards. The complete results with polynomial
energy calibration and functional efficiency
curve were shown in Table II in Section 3.

If on-line facilities such as at LRL
Berkeley are available, then the corrections
to peak-search and peak-fitting results can be
made immediately and the analysis can be com-
pleted without corréctive reruns. The on-line
facilities have been quite successfully used for
the analysis of spectra more complex than that

177m

of Lu. As an example, Fig. 10 shows

a resolved multiplet in the spectrum of 17()Hf

from Ref. 4.



6. SOURCE AND BINARY DECKS

The Fortran source deck of
SAMPO is about 3000 cardslong. The core
requirements depend partly on the options
used and the length of :the spectral and re-
sult arrays. The basic program for 1600
channel spectra and up to 100 peaks .in the
spectrurﬁ can be cbmpiled and executed in
about 28000 (decimal) core locations on a
CDC-6600 machine. The lehgths of these
arrays can be easily modified; all the
cards that need to be changed inthe deck
havel been marked for this.

The source decks and listings for
the basic program required for off-line
running are available from the author at
Lawrence Radiation Laboratory in Berke-
ley. It should be noted, when runﬁing the
code on other computers, that different
compilers produce slightly different exe-
cution modes of the program. Because of
this and the differences in word lengths
and similar effects the results may differ.
The discrepancies may be fairly; large in
results of iterative calculations, especi-
ally if these results are not very well de-
fined, lil;e the error estimates of various
pavameters. .

The subroutines required for on-line
runs and computer plotting are generally
not included in the distribution version of
SAMPO decks.

special system routines and hardware

These subroutines require

which are generally not compatible be-
tween different systems. These decks,
however, can be sent also, if reciuested.
The basic program contains some call
statements for 'these routines. These call
statements have been marked in the deck
and can be deleted or changed to comment

statements.
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Table III. ‘Detailed input éxample for the complete

analysis of 177mpy spectrum.

The analysis

consists of three separate runs in which results O
of the previous steps are used in the later runs. ez
The card images also show the input formatting 3

in detail.

COLUMN

L COBEwW

1 R 21 31 41 51 61 T
1234547891 2364567899) ?3%07»{9(;1?3«5#78901236:&1“%\23656789012365675:90\ 23456789

wHAT (1) wHAT t2) wHAT (3) WHAT (&) WHAT (5} . wHAT (g)

DATa CARPS FUR SaMPO FOLI.OW THE NEXT LINE

NaME

| COMMENTS :
15T RUN OF THE aNALYSIS OF GE=E SPECTRUMe SraPE (ALIBRATIONS aND PEaX SEARCHe

DaTalN 2
(GAIFAL015XsFBaleSXIFBetISKIFB0sSXsFE()

GE=E Ltu=177m 0500 KEv 15650 CH 4/20/66 .
0, lgr. T, 607, 2, 1793, 3. 3189, &, 19797,
5. 6664636 fe 110088, 7 7. 1056354 Ke 102552 9. 51216,
Toe 723092+ 11e 12260, 12. 7499 13 54930 14 099,
15 2907+ ke 4614 17 SARRTLe  {Ke 1707740 19. 156013a
20« 1414BYe 214 153775, 22. 159024s 23. 165053. 24. 16H}63,
MORE SPLCIRAL NaTa CaRDS
1835, T1.1534, 66,1537, 89,1534, -75,1539, 6).
P 1540. Toel561, YR,1562, H4 41847, 7T1.1544. 84,
1545, T141%46, H3,1647, A6, 1540, C 82,1549, LIS
OPT1UNS 2 2e
SHAPEND 242, 2249, PS4 1e ° Ve
ENLDO Pela 105.31 ie te
SHAPENQ 328, 3164 339.
SHAPENO 42U 4N9. 432
SHAPENO 702 HHA 713
SHAPEND 7Bl T6Re 794,
SKAPEND  1qn74, 1059, 1088,
SHAPENO 1264 1267 1277,
SHAPFNO 1443, 1430 1456. 1e
ENDD 1463, 426029 15
CaLhata 2 2 '
PEAKFINN 200, .
FITTEST
STOP
COMMENTS
2MD RUN OF GE=E aNalYSIS. Peak FITYING WITH all CaLTgRaTIONS,
DATAIN 2. .
(RKeFAINeEXIFHepI5KsF Ha 015X eFB.0sGXeFBeg
GE =€ LU=177M C_500 kEv 1SS0 cH 4,70/66
0, 198, 1. 607, 2, 1703, 3. 389, &, 19797,
Se 666434 6. 110088, 7. 105435, &, 1025592, 9. 51216,
MORE SPECTWAL DaTa CaRDS
1545, 71,1546, 83,1567, Bb.154H, 82,1569, 8a,
OPFI0ONS 2e 2. T 2e :
SHAPEIN Pe41BE402 I4TYHE+0U 2.8n9E%0] 2.u41E%0p]).
SHAPE TN 3e2B1E*02 3 9RTE«UU IL00RES0L 2,092E+0u
SHAPE IN Go205F 02 3.B44E+00 323826401 2.129E+0u
SHAPEIN Te01RE*02 34916F¢00 64US26+01 2,280E*0u
SHAPEIN TeBITES02 3.6B4F+U0 ToTASECUL 2,334E%00
SHAPE TN 10074FE*03 -3¢ 79HE ¢00 10396E*01 2.491E%00
SHAPE TN 10266F %03 3.HAYF 900 9423IPE400 2.589€+0y
SHAPFTN 1e463E 203 3.747F ¢00 £a96KE00 2,701F900
ENIN 261 ,.R4 105,31 .1 .
ENIN 1442./6 426,29 )
EFIN Toe 6e3F £=G35. 1
EFIN Hie 591 F=03%.
EFIN Yo 4286 FaU35.
EFIN I1tue “4e]? F=3v.
EF IN 120 2«87 F=u3s.
EFIN 156 1673 F-U3R,
EFin 200 BoHa E=04S.
EFIN . 250 5:23 F=ual,
EFIN 300 3+42 FeysS.
EFIN 350, 2439 E=0aS.
EFIN 400 1e77 F=y45, -
LEFIN 450, 1236 F=yube
EFIN 500 1405 F=-us5.
caLpaTA 72, 2. 2
PEAKFIND 200
PEAKADD 2HS. 392. 430. 237, 943,
PEAKAND 967, 1050, 1471, 1444, 1501,
PEAKDROP Bib., 940,
PFAKLIST
FITDO
ENVO 242 105431 0l 1.
ENDO 328, 124450 0al
ENIIO 420 153.29 01
ENDNO 626 20834 el
ENDO 7Nne. P2H.44 del
£NDO TR, 269465 Gal
ENDO 991. VK52 LR}
ENDO 1074, 327.66 0l
ENLO 1266 ATHY1 el
ENDO 1443, “P2he?9 Bel
CALDATA ?e
RESULT 2620 P e 1e
ENFITNO 3.
ENFTTnO 4
ENFITHO 5.
ENFITNO 'Y

ENFITNO T
s1up

GE=-E
GE-F
GE=E
GE~E
St =E
GE~E
GE=E
GE~E
Ge-E
GE=E
GE ~E

GE=E
Gt =E
Gt -E
Gt =E
Gt.=E
GE=E
GE-E
Gt =t
GE=E
Gtaf
GE=E
GEE
GE=E
GE =€
Gt =E
GE =t
GE «F
GE=E
GE~E
GE~E

GE-E

GE~E
GE=E
GE~E

GE-E

18580

1587
15T
187
18T

157
187
38T
1sT
157
187

1581

PND

23D




o0

.

COMMENTS

aRi) RUN OF GE=F aANALYSIS. CPRRECTED FITS abu

DATAIN

2.

(RASFRG0ISX FBNeSKIFReUIEXsFH015XsFBan)
GE =€ LU=17TM 0500 kgv 1550 CH 4,20/66
1. 607, 2, 1203,

0.

194,

S. 66AG3G.

1545,

oPT10NS

SHAPE TN

SHARF IN

SHAPE TN

SHAPE IN

SHaAPFIN

SHAPE TN

SHAPF TN

SHAPEIN

ENIN

ENIN

ENIM

ENIN

ENIWN

ENIN

ENIN

ENIM

FNIW

ENIN

EFIN

FFIN

EFIN

EFIN

EFIN

EFIN

EFIN

EfIN

EFIN

EFIN

FFIN

EFIN

FFIN

CALNATA

FILIN
2414834
2T0.119
i Ey-1-0 ]
PRE 699
ENFRYTY
IPHL0Rs
3IRRLT65
397.3%0
397.630
420,456
w44 058
477,660
4HY,TR?
4Y9 28R
50K.9TH
TR, 397
LERIRES )
aPh ISR
AuYenTY
LGEELILY
Tt aten
7714812
Ha119
HinaT29
nAh. 32
BRI LT
RALITY LS
Q4,369
956,829
EGURE-LLY
9Qn,RSY
1L 740
10414619
10504187
1074416])
11¢Y.366
11704598
1223.195
1266 .699
1209 .06
139,531
1413.489
1442 .66
V1ehb 088
14Tu.Bas
14R1,275
1ed4,657
1501.93>

Flix

1 520
2 MRl

RESULT
ENFITIN
ENEITIN
ENFITIN
EMETIN
ENFITIN
EFFITIN
FFFITIN
FFFITIN
FEFFITIN
caLbata
RESULT
STOP

6s 11008H, 7. 105435,

MIRE SPLCIRAL NATA CARDS

Tidiss
2.
2+41A
3.2R1
42208
Te016
7eR11
14074
10265
10443
241 .84
328409

420046

626936
T0lets
T&la1p
LTSN
10744y
1264.7
1442,m
70
Hoe
90
100.
1204
15V
200

IS
cale
vl
enp?
pub
o
1Y
o3
ewn’
227
sn13
093
1206
onla
aned
023
038
onlz
169
anlu
YL
«013
Niirs
«nl12
05}
e0ls
enl2
en3b
sub?
»694
Y
$a7h
LT
2
538
922
2420
4.0197
246952
«3.934
=3.131
V1e7254
100
2004
300
500«

262

6, 83,1547
2
E*p2 3.798f+p0
E+02 3.9RTE+00
F*02 3.R44F 00
Fe02 3.916F+00
Ft07 3.684F+00
E*03 3.798F¢00
FY03 3.8R9F +00

E*03 3e747F 00
105.31
1ZRe50
15329
20H 3y
P44
P44 465
INK.H7 .

& A°T.h6

n 378.%1

L 426.29
6e38 E=U]
5.9) £=-U3
4eG4 k=03
4el2 Fa03
2.H7  Feu3
1,73 ¢-03
BeHG  FeU4
5423 fev6
3.42 Fav4
2439 F=U4
1.77 F=ls
1434 F=vUs
1.05 F-us
2.

1654308 wln0
112913 ity
115.995 .10
1174371 +146 -
121606 sty
184498 o 10U
136727 410U
145,797 .10v
147,163 Jluy
193.289  .lo¢
159.760 .10l
1084583  ,133
1714826 410U
1744366  L100
16956 o0V
195,516 ,lny
2064078 alng
Pufe33y ey
Plasens ey
PIHenT?2 ey
PEHe4IY s lpu

2330821 elou 1

24%5050  a)nv
PL2aHbL  ayaul
PbeeqRr o7
POBLTOH ol
2914567  .103
P92.603  L1ub
296,655 L1nuv
299.08¢ L 100
305519 Jlov
313,727 .10}
319011 Ll0y
Jzl.284 L))
327660 L1NU
337050 o1n8
3414654 o109
367,433 Llov
ITH.510 Ll0v
IBS.051 L1010
413,637 )00
418,450  L10v
4264291 L1100
432,571 s 1R0
433.B87  Li6p
436,389 10

4600. 196 Lj6e

442,095 L1606
528
qag? wio
2

2¢01 10u.

7=01 206,

5=07 306,

7-09 400,

412 S00«
2sA111 sb2
~2+386 +00
1,253 «03
=6.230 =02
4w
4

. 86,1
2.
2+809E%0,
3UDRE*OL
3e3RPECUL
6e052E*01
TeT65E*01
1o 39hF 00
9e232E¢00
6+955£400

.l
S
5.
S
Ser
S
Se
Se
5e
5
Se
5
Se
S
Pe

240793k +06
3.210KRE206
7499323k *ys
2e1869E *ye
ToBIROECUY
1.7936E206
Lo 3RPESOS
Tel666E 004
24942KE+05
Ted1PE*06
3.59RBE+(4
Fe99jvELuD
24BlRAEYUS
T 079HESUS
1e8304E40n
3.586nk+ s
He2b53E tys
2+1629F *p6
241921t *gn
1 2099KRE ¢g%
1206798 06
52916 +0h
1442138 0
220937E %03
3eB9A3E i3
heblanb vy
1.7418E ¢04
Le3762f 404
7463358004
2e4452E 008
2e5844F vy
146737 %04
123274k %05
1eD077E ¢G4
Pe2120b %05
9T110f 02
1+9176E sus
2eBbbAF ¢4
7 «54RHE +05
767708404
1e2262E 005
1e46RIE 5
340711403
5.017RE+0?
4e8223F 407
3.45a3E 002
H9 kP
2. BB5DPF 02

3. 319, 4, 19797,
Be 102552, 9. 51216,
Gel, 62,1549, Ao,

. GE-E 38’0
2eu41E%pp1 . BE=E
2.092€%0u GE~E
?eleot ey Gt ~E
2.206E 000 Gt =E
2.336F 00 Ge=E
2:4y1E%0V GE =F.
2+589F *0u GE=E
2.701E%0U SE-E

Ve GE-E
GE=E .
GE=E
GE~E
[ X3
GE=F
Gt ~E
Gt ~E
Gt ~E
Gt =t
1. GE=f
Bt ~E
Gt =F
GE-E
GE=E
GE=E
GE~E
GE=E
GE =€
GE-E
GE<E
Ge=E
Gr=E
e
el? S,5914E408 5,00 Se99146F 4nHGE-E
«23 1.U101E409 5.01 1.0}101F+09GE~E
3.00 24603HEe07 6,28 2+6038Fy76E~E
15018 742924E406 15.9K T42924F+6BE-F
e2h 24B142E40K 5,03 2.K)142E¢0HGEE
slH T,29H4E40K 5,00 7.2986F+0BGEE
<35 6,73756+07 5,01 6.7375F¢07GE~E
1036 6,20668407 5,1R 64.2064E4076E-E
o] 1.02R9E4NB 5,02 1.,6289C+(0BGE-E
«23 T.9119E+08 5,01 T,9119E+08GE-E
1e6h 244099E+07 5.33 2.40Y9E+07GE=E
Yeus TeHBS5SE«N6 10433 ToSRSSECQLGEE
W50 2.¢370E408 5,02 2.2370F ¢ QBGE-E
027 S5.814YE40R 5,01 S,H169F+08GEF
0B V.5562E40R 5,09 1.5562F¢0RGE=F
1ol7 3,8475E4y7 5,14 3,B4755007GELE
+9? beg340EsoH  He03 6s2340F *BGE-€
ve? 2011R4EYG9 5000 2+71B4F QIGE «F
vl PeY2nSErgR  Se02 PaYp05F CGHGE-F
17 1e5249E 40K 9006 ] e5009F $BGRE =F
«€B 1e0516Een9  S.0) J1hRLEFS[IGE -F
aBn 2e49HgE s Se0b Pe49ROFOHHGE -F
231 244220k ¢0A  Be0] PaTP20F ¢ QHBFF
J4eD? LeaN9TE ok 15436 L 49YTF 4 gHGE-E
Te59 HuabUab 46 909 RBethI2F46GF «F
3 1ea9TIEenN 5403 144971F 4 yBGE=E
3e¥3 4o TBARTE ST 6,36 4 T6STESGTGEWE
elB I,T9R6E40T 6,92 3,7966F ¢yTGE-E
96 P.1710Fe0H 5,03 2.1710F¢0BGEE
PeUH Toy973E907 5,12 7.0973F407GE~E
«¥3 T.BRIBENT 6,09 T.ERIBFOTGE-F
Je4? 5443036007 5,20 5,4303F€g76E-E
suhh 4.4 TT2EeR 5,02 44saT772F¢pBGESF
oot B417N1E407  5.2% 541701F+076E-F
o349 Ta¥3IV6E0H 5,07 T.9196F ¢ BGEWE
4aP0 a7222E406 7,00 3.7222F4p6GE-F
249 ToOBRTESDT 5,02 7,5H5TF+07GE-F
+03 1.337SEenH 5,04 1.3375F«0BGEE
edb 1,2718E409 5,02 1¢2718F ¢09GEF -
Je71 1.38H3E40R 5,35 1,3RAIF+0BGE-E
091 T.49HBE40H 5403 7,69RBF ¢ (BGE~F
sub 9,2324E¢p8 5,07 9,2324F ¢0HGE-E
TeBh 2.41ATESOT 5,33 2.016TE«97GE«E
156un 3,4109E+06 15,81 3,4109F«06GE-F
15048 3, 350116406 16427 3.3011F¢0bGF-E
124Ul 27,3974k 406 13407 2,3974F+06GE-E
11e0B 2,5620E 406 12,71 2,5426F+(6GEF
13011 2a0héntepe 16,03 240648E406GE~F
1. Te GLeE
2. GE-E
3. GE=-F
G GE~E
Qe RE~E
1. 1. GE-E
Pe GE=E
3. GE=-E
4o GE=E
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Berkeley SAMPO Library
At LRL Berkeley all SAMPO options

are available in a special program library
stored on a data cell that is directly ac-
cessible to the CDC—6600 computers. The
SAMPO library contains binary and source
decks of sections of the code; these sec-
tions correspond to different choices of
input and output devices. The user needs
to load only the sections that he is going

t6 use and thus ecénomize on field length
reqﬁirements. By using the data cell
libréry the prog.ram‘ can be very conven-
iently loaded and executed without-handling
tapes or: long sourcerdeck‘s. Instructions
for using SAMPO library are also on the
data cell, and can be obtained by executing
LIBCOPY (SAMPO, OUTPUT, INFORM).
Table IV shows this information at present.
Notice the date on the first line and be sure

to have the latest information.
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7
S sues

Fig. 10. A multiplet resolved in the

1556

S S spectrum of 176Hf as shown on the
- - . CRT during an on-line run.

1604
Channel .

XBl. 691-13¢ s

Table IV, Information on the SAMPO library which is stored on
the data cell of CDC-6600 computers of LRL Berkeley. This
gives the system control cards for loading and executing dif-
ferent program-options. The user should obtain the latest
version of this information from the data cell as instructed
below.

INFORMATINN OF SAMPO LIBRARY, LAST CHANGED ON OECEMBER 21, 1969.

SAMPD IS A FORTRAN PROGRAM WRITTEN TO PERFORM THE ANALYSIS DESCRIRED BY

Jo To ROUTTI AND S. G. PRUSSIN IN PHOTOPEAK METHOD FOR THE COMPUTER ANALYSIS
NF GAMMA-—RAY SPECTRA FROM SEMICONDUCTOR DETECTORS, PUBLISHED IN NUCLEAR
INSTRUMENTS AND METHONS, VOL. 72, PP, 125-142, JULY 1969, AND A{SO IN
HWCRL~-17672, DECEMBER 1968. THF USER IS ADVISED TO CONSULT EITHER ONE OF
THESE REPORTS ¢NR THE EXPLANATICN OF THE METHOOS.

THE PROGRAM CAN BF USED FOR AUTOMATIC OFF-LINE DATA REOQUCTION RUNS OR

FOR AN INTERACYIVE ON—LINE ANALYSIS WITH CRT VISTA AND TELETYPE INPUT

AND QUTPUYT. THE WRITEND WHICH EXPLAINS THESE OPTIONS AND THE OATA INPUT

CAN BE ORTAINED FROM THE AUTHOR, JMRMA ROUTTI, LRL-BERKELEY, EXTENSION 5983,

_ SAMPO LIBRARY (N DATA CFLL CONTAINS RINARY AND SNURCE DECKS OF SECTIONS

0F THE PROGRAM, AS WEII AS A SAMPLF INPUT AND QUTPUT. THE SURSETS IN SAMPO
LIBRARY ARE LISTED RELOW, NAMES REGINNING WITH R REFER TO RUNF COMPILED

PROGRAM SFCTIONS WILE NAMES BFGINNING WITH S ARE THE CORRESPANDING SDURCE DECKS.

INFORM =THIS INFORMATION OF SAMPO LIRRARY
INEX =SAMPLE DATA INPUYT DECK
NDUTEX . =SAMPLE OUTPUT LISTING - . ’
ASAMPO,SSAMPO=MATIN PRNGRAM FOR UP TO 1600 CHANNELS AND 100 PEAKS FL=66000 NCTAL
ASAMPOL =MAIN PROGRAM FOR UP TO 4100 CHANNELS AND 200 PEAKS FL=74000 OCTAL
- RCC,SCC =CAL COMP OPTIONS FOR SPFCTRA AND PFAK SEARCH FL= 6000 DCTAL
BTV,STV =CRT VISTA DPTIONS FOR® RUNNING ON-LINE FL=13000 NCTAL
anT,SOT =DATA TAPE REANER FOR NICKEY LITTLE FL= 2500 NCTAL
ADT1,SDT1 =DATA TAPE READER FCR HOLLANDR GRNOuP FL= 2500 OCTAL
RDT2,SDT2 =DATA TAPE READER FNR JERRY WILHFLMY FL= 2500 NCTAL
RDT3,50T3 =DATA TAPE READER FNR DON LERECK FL= 2500 OCTat
RDT4,S0T4 =DATA TAPE READER FNP SOMERODY ELSE, PLEASE SHOW UP FL=z 2500 OCTAL
RDTS5, 5075 =DATA TAPE AREADER FNP SHASTA BCD TAPES FL= 2500 OCTAL
A0T6,5DY6 =DATA TAPE REANER FOR ESKNLA 1.13.1969 FL= 2500 NCTAL

RDT7+SDTT =N0ATA TAPE READER FOR ASCON READER FL= 2500 DNCTAL
THE SOURCFE AND COMPILER LISTINGS CAN BE FASILY OSTAINED 8Y RUNNING THE J0OR,

SAMPO,7,100,5000C.309302,40RMA POUTTI]

LIBCOPY(SAMPO,0UTPUT, INFORM) TO GEY UPDATED VERSION OF SAMPO LIBRARY
LIBCOPY( SAMPD,OUTPUT,SCC,SNT2) TO GET SPURCE LISTINGS 0F $CC AND SOT2

. LIBCOPY(SAMPC, PUNCH, SCC,S5NT2) TO GET PUNCHED NECKS OF SCC AND SNT2
LIBCOPY(SAMPO, INP,SCC,SNT2) TO GET COMPILED LISTINGS OF SCC AND SDT2
REWIND(INP Y CORRESPONDING TO BCC AND 8DT? YOU NEED
RUNF(S,,,1NP) THESE THREE CARDS.
LIRCOPY({ SAYPN ,,OUTPUT ,INEX,QUTEX) FOR LISTING OF SAMPLE INPUT AND OUTPUT

611/819

-
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THE USE OF PRECOMPILED SUASET ALLOWS THE USER TO EXECUTE A RUN WITHOUT

MANDLING SOURCE DECKS QR LIBRARY TAPES.
SO FOR INSTANCE TN RUN A JOR WITH Caon {NPUT AND CAL COMP

TO BE LOADED.

ONLY THE OPTIONS ACTUALLY USED NEED

OUTPUT OF SPECTRA USE THE FOLLOWING CONTROAL CARDS.

SAMPQ, 104200, 76000, 309307, JORMA ROUTTI
LIRCOPY(SAMPN, BIN, BSAMPOACC)
LONE (1 =RTN,O=UNSATED)
XEQ.
EXIT.
nmp,
17879
SAMPO INPUT DATA
5/71/879

COMPLETE LIST OF CONTROL CARDS FOR RUNNING SAMPD AT LRL-BERKELY IS GIVEN RELOW.
YSER HAS TO SELECT FROM THESE CARNS THE CARDS REQUIRED FNR HIS PARTICULAR RUN.

SAMPO,10,+300,FTELD.309302,R0YTTI

TYY(1000,JR)

LIRCOPY(SAMPN,BIN, BSAMPT)

.LIBCOPY{SAMPO,BIN,RSAMPO,BCC)
LIBCOPY(SAMPQ, BIN,RSAMPO,RTV,ANT)
LIRCOPY(SAMPO,RIN,RSAMPO,

LIBCOPY(TL IRP ,RIN,ATAPE)

RUNF (S 444+ EROUT,RIN)

REWIND (EROUT)

COPYBFIEROUT ,,QUTPUT)

REMIEST TAPES, INPUT TAPE GAMMA

DENSITY TAPES,S,
REWIND(TAPES)

PEQUEST FIIM, CRY VISTA 42

LADE( 1 =RIN,Q=UNSATEN)

XEQ.

EXIT,

nMe, .

REWIND{ INPUT)

COPYRR (INPUT,NULL Y

SFLIFIELD)

LODE( I=RIN,O=UNSATED)

XEQ.

FXIT.

nMp,

CXIT.

ERENDTIT.

FING

HNLDADCTAPES)

FETURN(TAPES)

REWINDITAPEL4) -
COPYCE{TAPEL4, PUNCH)

REWIND(TAPFT)

COPYRFATAPET,,NUTPIT)
1/8/9

TAPE READING SURPOUTINE

CONSULY THE AUTHOR ABRQUT. GETYTING ONE
77879

NATA CARNS FN2 SAMPO [NPUT
6777819

FOOTNOTES AND REFERENCES

*This name has been taken from Finnish
in which a miracle
well known as SAMPO fulfills all the wishes of

mythology (Kalevala epos),

its owner.

1. Jorma T. Routti, High-Energy Neutron
Spectroscopy with Activation Detectors, In-
corporating New Methods for the Analysis of
Ge(Li) Gamma-Ray Spectra and the Solution of

.Fredholm Integral Equations (Ph. D. thesis),

Lawrence Radiation Laboratory report
UCRL-18514, April 1969 (unpublished).

2. J. T. Routti and S. G. Prussin, Photopeak
Method for the Computer Analysis of Gamma—
Ray Spectra from Semiconductor Detectors,
Nucl. Instr. Methods 72 {(1969) 125-144 (same
as UCRL-17672, Dec. 1968).

REPLACE WITH YOUR JOB CARD,

SET FIELD LENGTH NEPENDING ON SURSFTS
ONLY FOR ON-LINE RUNS WITH TELETYPE

FOR OF=LINE RUNS WITH CARD INOUT ONLY, OR
FOR RUNS WITH CAL COMP PLOTTING, OF

FOR CRT RUNS WITH MAGN.TAPE INPUT, OR

AND ANY OTHER OPTINNS NESIRED}

IF YOU HAVE YNUR TAPE READER IN TLIBR
If YOU COMPILE YOUR OWN TAPE READER
1F LISTING OF COMPTILAYTION OF TAPE
READER DESIRED

ONLY [F SPECTRA ON MAGNETIC TAPE
SPECIFIES NENSITY NF DATA TAPE

NLY IF NEFNED

ONLY FOR ON~LINE RUNS WITH VISTA
LOANS SUBSETS CNPIED AND CAMPILFD
EXECUTES THE PROGRAM

HOPEF ULLY NNMRMALLY

HOPEFULLY NOT

ONLY FOR ON-LINE $ - REPEAT
QUNS WITH VISTA $ ue
FOR RECOVERING FROM ) T
ARI THMETIC AND L} THREE
INPUT ERRORS +

s -

$ TIMES

ONLY IF YOU COMPILE YOUR NWN TAPE READER
ENITS THE FNRTQAN ERRNRS

TERMINATION PROCENURES

ONLY IF TAPES WAS RENUESTED

ONLY [F TAPFS WAS REQUFSTED

ONLY IF PUNCH OUTPUT DESIRED

ONLY 1F PUNCH OUTPUT NESIREN

ONLY I1F PUPLICATE RESULT TARLES DESIRED
ONLY TF NDUPLICATE RFSULT TARLFS NESIRED
END OF RECNRN

ONLY TF NEEQED £0OP COMPILATION

ANLY IF YN N NOT HAVE ONE ALREADY
ONLY TF TAPF READER IN THE DECK

CONSULTY THE  WRITEUP '

END NF FILE

3. Jerry B. Wllhelmy, Stanley G. Thompson,
John O. Rasmussen, and Jorma T. Routti,
Spectroscopic Studies of Short-Lived Fission
Products, Lawrence Radiation Laboratory re-
port UCRL-18248 Abstract, 1968.
4. Frederick M. Bernthal, I. The
Electric Dipole Transitions in Odd Mass De-
The Decay of 6Ta to
Levels in f (Ph. D. thesis),
Radiation Laboratory report UCRL-18651,
Feb. 1969 (unpublished).
5. Jerry Barnard Wilhelmy, High-Resolution

lAK | =1

formed Nuclei. II.

1761—1 Lawrence

Gamma and X-Ray Spectroscopy on Unsepa-
rated Fission Products (Ph. D. thesis),
rence Radiation Laboratory report UCRL-18978,
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
-Neither the United States, nor the Commission, nor any person acting on

behalf of the Commission:
A. Makes any warranty or representation, expressed or implied, with

- respect to the accuracy, completeness, or usefulness of the informa- .

tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
 fringe privately owned rights; or -

B. Assumes-any liabilities with respect to the use of, or for damages

 resulting from the use of any information, apparatus, method, or

process disclosed in this report. '

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor. :
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