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Index of the data control cards for .SAMPO 

\ Code word Reference D~scription 
f' in text 

Page Page 

'J. ·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 
','7. 

· SHAPEDO 4 20 

- · SHAPEIN 4 21 , 
II ,.:;. ·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 

Odobe r 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 Photopeak 

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 analyze 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 optimal strategies for running the code are discussed. Instructions 

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

obtaining source decks. 

1. INTRODUCTION 

In earlier reports we described a 

" Photopeak Method for the Computer Analysis 

of Gamma-Ray Spectra from Semiconductor 

Detectors. ,,1.2 Simultaneously with the de

velopment of the analysis methods we wrote 
-,. 

a Fortran IV program SAMPO'" to perform the 

computations. The code includes algorithrrls 

for autOrrlatic 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 nuclear spectroscopy work or to 

routine data reduction. The prog ram has been 

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 Laboratory 

in Berkeley for the last few years to analyze 

gamma-spectral data. including some of great 

cOrrlplexity. 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 code includes 

adequate options for most tasks in spectrum 
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analysis. Some of the options for constrained statistical and calibration uncertainties of 

fitting have not yet been incorporated in the 

general purpose version; similarly, improve

ments in speed may be obtained through further 

optimization of the algorithms. Because of 

wide interest expressed in the analysis methods 

and the program, this report is prepared at 

this time to serve the users of the code not 

only at LRL but also at other laboratories. 

For detailed explanations of the mathe

matical methods employed the reader 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 modifi

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 examples 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 functional form used to describe the 

peak shape has been designed primarily for 

the analysis of '(-ray spectra measured with 

Ge(Li) detectors. The analysis method has 

been found applicable also to electron spec

tra 
4 

and simple '(~ray spectra measured with 

NaI(Tl) detectors. As such, or with a modi

fied representation of the line-shape function, 

the method and program SAMPO should be 

applicable to a wide range of spectroscopy 

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 ,(-ray 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 '( rays, and the 

these quantities. The analysis is based upon 

the study of photopeaks in the spectrum. These 

may be single peaks or clusters of peaks 

(called multiplets) on the continuum due tb the 

Compton continua 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 ,(-ray 

spectrum used in input and output examples 

that follow; it is a partial spectrum of a 
177m' ; 

Lu source, charactenzed generally by 

good statistics and several multiplets of varying 

complexity. 

The essential quantities of each peak-

that is, the exact channel location and peak 

area together with their statistical uncertain

ties-- are determined by fitting the section of 

measured spectrum in the least-squares sense 

by using internally calibrated analytical func

tions to represent the peak shapes. This ap

proach gives much better stability and accu

racy of the re sults than fitting the data with 

Gaussian functions, especially with 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 search and 

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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177mLu partial gamma-ray spectrum 

Ge (Li) detector (1 cm2 x 5mm) 
with FET preamplifier 
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Fig. 1. Partial '{-ray spectrum. of 177m.Lu counted with 1 cm.2 X 0.5 em. 
Ge(Li) detector with field-effect-transistor pream.plifier. This spec
trum. is used in exam.ples of the subsequent analysis. 
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Data Plotting Code words DATAGRAPH 
DATAPLOT 
DATATV 

In the analysis of complex ,(-ray spectra 

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, either 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 

difficult case s, if required. 

To start the analysis, 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). A less pre

cise printer graph of the spectrum or a part 

of it is often sufficient. SAMPO code includes 

options for logarithmic or linear printer 

graphs of the spectral 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). 

Peak-Shape 
Calibrations 

Code words SHAPEDO 
SHAPEIN 
CALDATA 
OPTIONS 

The peak shape is approximated by an 

analytical function 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 exponential so that the 

function and its .first derivative are continuous. 

In this repre sentation the peak shape is de

fined by three parameters - -the width of the 

Ga us sian, a 11<1 th(~ eli stance s f ronl 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 

parameter is varied; the same curves are drawn 
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onboth semilogarithmic: and linear scales. 

The Gaussian-pIus-exponential repre

sentation of the shape 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 spectrum 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 the 

function described and a straight-line approx

imation for the background continua. This is 

performed by minimizing the weighted sum of 

the squares, 

where 

2 
X 

k+m 

L 
i=k-.f 

channel numbe!l", 

n. counts in channel i, 
1 

(1) 

k = approximate center channel of the 

peak, 

.f,m = channels specifying the fitting in-

fi " ;:r:~; (i-P4) + P3 exp [(~-:l]., l Ps •. 

f 2<.< + 2 or P4 -P6 - 1 - P4 P7 ' 

[P~~i-2p4+P~~, fi = P1 + P2(i- P4) + P3 exp 2 
2 Ps 

£. 
1 

for i > P4 + P~ 

The minimization is performed with respect 

to the parameters p., j = 1 through 7, which 
J 

have the following interpretations: 

P1 = constant in the continuum approxi

mation, 

P2 slope in the continuum approxima

tion, 

P3 = height of the Gaussian, 

-. .. 
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~$$$$$$$$$ NEXT CONTROL .CARO = DATAGRA~H - • Z.oonf'OO 1.000~'03· 1.100E'03 1.010E'02- • 

LOQ 

X 4'oI000E'02=VMIN LOGARITH~IC SCALE VMAX~ 3'49950E'04 Y 
1'1 I 1111 III I I 1 1'1 I II III I I 1 I II T II II I 1 II 1 111111 II 1 III1 I I111111 I II 11I11 1 1111 I 1 1111111 I II I 11111' 

1·000E'03 
1,002"'03 
1·004E'03 
1'006E'03 
1'008E'03 
1.010E'03 
"012E'03 
1'014E'03 
1'016E'03 
\'018E'03 
\'020E'03 
1'022E'03 
1·024E·03 
1'02"E"03 
1'028E'03 
1'030E'03 
l' 032E'03 
1. 034E"03 
1'036E"03 
1'038E'03 
1·040E·03 
1·04ZE·03 
1'044E"03 
1·046E·03 
1·048E·03 
1.050E·03 
1.05ZE·03 
1.054E·03 
1.056Eo03 
1.058E·03 
1.060E·03 
1.062Eo03 
1.064E·03 
1.066E·03 
1·068E·03 
1·070E·03 
1.072E·03 
1.074E·03 
1.076E·03 
1.078E'03 
1'080E'03 
1.0AZE·03 
1'084E'03 
1·086(+ 03 
1·088Eo03 
\·090E·03 
\. 092E+03 
\.094E·03 
1'096E'03 
\'098E'03 
1·100E·03 

10 

Y 

C -0.5 

L I I 

-4 

.. 

8.560E·02 
8'190""02 
8·830E'02 
9'Z20E"02 
9·Z80E"02· 
8.220E"OZ 
9·130E·02 
1I·980E·02 
1·096F.·03 
1'710""03 
2'923""03 
3'415"·03 
2·614E·03 
\·523E·03 
9'930E'OZ 
1·002E·03 
1'0"81'·03 
1·426E'03 
2·951E·03 
8·294E·03 
1·751E·04 
2+164E·04 
1'460E"04 
5.907E'03 
3·138""03 
3.260E'03 
2.772E'03 
\.4650'03 
8.680E'02 
8.050E'02 
7.800E'02 
8.63·0E'02 
9.690E'02 
\.352E"03 
3'118E'03 
9'790E'03 
2·403E·04 
3.4991"04 
2·740E'04 
I o\20~'04 
2·651E+03 
5.690E'02 
4.010E'02 
4'070"'02 
4.050E"02 
4'110E'02 
4·7.\OE'02 
4.360E'02 
4'420E'02 
4·3\ OE" 02 
4'020E'02 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

Fig. 2. Printer graph of spectrum. shown in Fig. 1, showing 
every second channel between 1000 and 1100 on a sem.iloga
rithm.ic scale. 
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Fig. 3. Line - shape functions with various 
degrees of tailing. The Gaussian is ·ex
tended with an exponential at c so that the 
function and the slope are continuous. The 
sam.e curves are drawn onlogarithm.ic and 
linear scales. 



centroid of the Gaussian. 

width of the Gaussian 

(FWHM == 2.355 P5)' 

distance in channels to lower junc

tion point. 

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 tailing parameters. and for the 

same reason'these parameters are forced to 

be positive by being squared. 

The minimization of the sum in Eq. (1) 

-6 -

is performed by subprogram V ARMIT. which 

is an iterative gradient algorithm with variable 

t · 6 Th' t' 2' t d' t me rIC. IS rou 1ne, uses X • 1 S gra len 

in the parameter space. and the inverse of its 

second-derivative matrix. The first two 

quantities are calculated 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 
2 

X and the paramete rs. the re sults include a 

good approximation to the complete error 

matrix for calculating errors in different 

parameters. The minimization is terminated 

when all the components of the next step are 

less than 10- 8 • or if four succeeding values 
2 

of X are the same. or if 100 iterations have 

been completed. To obtain good initial 

guesses for the tailed 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). The upper part of the figure 

shows numerical information of the initial 

Gau,ssian and the subsequent fit with the tailing 

'options. The final fit is also shown as a semi-

logarithmic printer graph displaying the orig

inal data points. the fitted function. and the 

fitted continuum. These functions are also 

UCRL-19452 

listed as a function of the channel number. to

gether with the residuals in the fit. The re

siduals are the differences between the data 

and the calculated points measured in units of 

standard deviations of the data, r,==(n,-£.)/.;n;. 
1 1 1 1 

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 == P4' the 

lower tailing parameter CL = p~, the higher 

tailing parameter CH == P~. and the width pa

rameter CW == P5' These parameters are 

stored from each shape-calibration fit. The 

line shape in any part of the spectrum is then 

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 about 

100 to 200 keY 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 number s. 
.. 

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 as sump

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 

keY. have shapes which do not follow the gen

erally smooth variation of the s"ha:pe parameters 

as a function of the channel number. The 

linear interpolation between adjacent calibra

tion points enables us to use proper y~lues for 
" ' 

these peaks as well. whenever their locations 

in the spectrum are known. 

. . 
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$$$$$$$$$$ NEXT'CONTROL CARD SHAPEOO 1.0nOE·00- I 

CALIRRATION FTT GAUSSIAN WIT" EXPONENTI.L TAILS 
RUN NUMBER ANn INDICATIVE DiTA 

RUN NU~BER=GE-E CHANNEL NUMAF.~= 102 

GE-E LU-111M 0-500 KEv 1550 CH 4/20/~6 
GAUSSIAN FIT PARAM." PEAK HEIGHT'PEAK CENT •• GAUS.wIOTH 
INITIAL GUESSES 1.828£005 1.020E o 02 14800E.00 
INITIAL F OR CHISQR" 9"66£004 
INITIAL GRAOIF.NT : -1.150E ooO 6.366E o 04 -2.811Eo05 
FINAL F OR CHTSQR I.OI024Eo0300R- 8.00355£-11 
FINAL PARAMFTERS I.A24F.005 1.016Eon? 2.305EoOO 
FINAL GRADIENT -1.501,-09 9.~A9E-n5 3.109E-05 
TAILEn GAUSS.PARAM.: CONT.CONST. CONT.SLOPF PEAK HEIGHT 
INITIAL GUESSES 1.2h1,oo3 -1.583[00? 1.824E o 05 

INITIAL F OR CHISQR= 
INI TlAL GRAOIENT 

FINAL F OR CHTSQR 
FINAL PARAMFTERS 

FINAL GRADIENT 

1.3fi3F.·03 
t· Afi6F·oO 2.1~3E·no 2. 953E-02 

1.13914Eo02onR- 3.3'~13F-ll 

6.938E·03 -\.21 5£.1'\7. 1·83SEo 05 

1.648~-oR -1.29 ?E-,B 2.018E-09 

CONT.CONST. caNT. SLOPE 
6.868Eo03 -1.lh1Eo02 

1.~61Eo03 -1.58]Eo02 
4.233E-09 -3.154f-01 

GAUSS.wIDTH LDWW TAIL 
2.305E oOO 2.141E o OO 

\.703[·04 8.971[·02 

Z.28I,E·on 1·979Eo OO 

3.04~'-05 - •• 115E-05 

-0 

HIGH TAIL 
2.141E oOO 

-7.Z93f.··03 

1.7AOf·OO 

-0 1550 

PEAK CENTROIO 
1.016E o02 

1'103E o 03 

7·016£·02 

-1.009E-05 

CHAN. DfV. CONTINUUM YMIN.'5.49IEoO] 11111111111111 SEMILnGARITHMIC SCALE IIIIIIlIIIIl11 yMAX= 1.896Eo05 
~"8 -2.2 ".~AEo03 ~ 
~~q -1.2 A.~~F..n3 
~90 103 P.4?E+03 
691 1.9 A.3('1t:.+o3 10, 
~92 2.6 A.ln o 03 I • 
693 1.5 ".04[003 I 
E!94 -1.6 7.9\[_03 I ,I 

~9S -4.2 7.79[+03 I 
696 .3 7."6E+03 I * 
691 •• 6 7.53£_03 . t .1, 

698 4.8 1.40E+03 I 
~99 -2.4 7.2AE+n3 I ._ 
100 -3.1 1.15[+03 I 
70\ -4.6 7.02F..03 T •• 
702 2.4 h.R9F.+03 I .. 
103 3.1 6.11E+03 I 
704 2.3 ".~4E·n3 t 
~05 -.1 6.51,003 I 
7~6 -.7 6.3RE+03 T 
707 -4.6 6.2"£+03 I .+ 
7~8 -1.9 6.13E.n3 I •• 
709 -.4 6.00E.03 1 
710 -1.0 S.A7E.03 16 

111 .6 5.15F.003 $ 
712 1.9 5.~2E.n3 <. 
713 1.2 5.49E.n3 $ 

SYMRnl~ I:· CONTtNUllM = DATA FIT 0 ~ .ANn. (= lAND. ). lAND. $ = IANO.ANO. 
SU~OATA= I.064355f+06SUMCALC2 1.06418IF+06 

SHAPE CALIRR. TlON R,ESULTS 
CHI/nEG.FREE = 9.1S3E.OO SIGMA~ 
CP 7fll.f.49 ·OR.. . .006 
CL ::3 3. Q 1 fi .OR- .034 
CH::3 60.521 .OR- 2.381 
CW = 2.2AfI .OR- .OP5 

Fig. 4. Printed results of a shape-calibration.fit. The upper 
part shows numerical results of the Ga'ussian and the tailed 
function, and the lower part a printer graph of the fit and 
the resulting shape parameters. 
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OATA FIT 
8.502E o 03 8.101E o 03 
a.501F o 03 8.612Eo03 
8.614F.03 8.552E.03 
8.742F.o3 8.5"'8[.03 
R.991E.03 8.144E.03 
9.406£.03 9.260E.03 
1.033£.04 1.049E.04 
1.216E o 04 1.324Eo04 
1.924E.04 1.921Eo04 
3.2a1Eo04 3.198E.04 
5.996E o 04 5.818E+04 
f.004Eo05 1.012Eo05 
1.411,+05 1.488E+05 
1.816Fo05 1.836E+05 
1.896F..05 1.886E.05 
1.624Eo05 1.612Eo05 
1.158E+05 1.150Eo05 
6.921E.04 6.929Eo04 
3.628[004 3.642E.04 
1.752E.04 1.812E.04 
9.815,003 \.000E+04 
1.008E'03 1.044E o03 
6.026Eo03 6.105E.03 
5.831Eo03 5.188Eo03 
5.169[+03 5.625Eo03 
5.584F'03 5.492Eo03 

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. 

mally needed makes the analysis well suited 

for different detector systems and experi

mental situations. 

The shape - calibration results can nor

mally be obtained from the spectrum 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 

the se internal calibration procedures and the 

fact that no special calibration data are nor-

Fitting of Single and Code words 
Multiple Peaks 

FITS 
FITDO 
FITREPEAT 
DATATV 

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. This can be done either by the user 

(FITS, FITREPEAT, DATATV) or by an aut0-

matic algorithm (FITDO) described later. The 

actual fitting procedures are identical in both 

cases. 

The program SAMPO minimizes the 

weighted sum of squares, 

where 

n. 
1 

f.. )Z 
1) 

channel number, 

counts in channel i, 

(Z) 

-8-

k reference channel for background 

pol ynorriial, 

P., m specify the fitting interval, 

b i = Pi + PZ(i-k) + ,P3(i-k)Z, 

background function, 

np = number of peaks in the 

f.. 
1) 

f.. 
1) 

f.. 
1) 

fitting interval, 

, [ (i- P 3+Zj )Z] 
PZ+Z' exp - z' 

) Z w. 
) 

= ' ,[P.j(Zi-ZP3+ZjHj)] 
PZ+Zj exp Z w~ 

) 

for i < P3+Zj - P. j 

r
h.(ZP3+Z' -Zi+h.)] _ J)) 

- PZ+2j exp Z w~ 
) 

for i > P3+Zj + h j 

Here parameters Pi' PZ' and P3define the 

continuum, PZ+Zj and P3+Zj are the height and 

the centroid of the j!h peak, and w., P.., and 
) J 

h. are the parameters defining the line shape 
) 

obtained by interpolating linearly the results 

of the shape analysis of the calibration peaks. 

The minimization is again performed by 

the VARMIT routine. The initial guess re-

UCRL-1945Z 

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 

by the user or the search 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 

l with respect to parameters calculated, and the 

errormatrix. The channel locations are directly 

expressed by the bestvalues of P 3+Zj' and the peak 

areas are obtained by integrating the shape func

tions. The final fit is also displayed as a graphical 

printer plot, showing the original spectral points, 

the continuum, the sum of the continuum and the 

shape functions, and the residuals in 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 goodne s s of the fit and the pre sence of pre

viously unobserved photopeaks. In an on-line 

run the results are also shown on the CR T, as 

represented for an incomplete and a complete 

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

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. 
Z 

From the final value of X 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 j!h peak, P3+Zj' is expressed as 

Z 1/Z 
a 3+Zj = (X d 3+ Zj , 3+Z/nf ) , (3) 

where nf is the number of degrees of free

dom in the fit and d 3+ Zj , 3+Zj is the corre

sponding diagonal element of the er'ror matrix. 

The standard deviation of the peak height, 
Z i/Z . 

(X d Z+ Zj , Z+Z/nf) expressed III per cent 
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FITTING I~TrRVAL 
Lt~jEAP LSQ PARAM, 

-9-

1003 ( 1~33 I 10" ,PEAK CHA"'NEL~' Ion 10'4Z 1050 
C~ISQUARE CONT.CON~T. cnNT.SLOPE cnNT.PA~A~. PEAK ~EtGHTS 
~,.QqF.'n3 Q.l&IE+n? -1.07~E.OO -Q.qS~E-07 2.S~RF·03 l.O~3f'O. 

rlTTJ~I~ PAU~MrTFU~ z c0~T.cn~ST. cnNT.~Lnp~ 

TNITIAL (,Uf~~F~ Q'l~tF'n? -'.nl~F·nn 

INITIAL f np r;HJ":,rHu j).4QQF·r13 
tNT T tAt r;~un I PIT -?,f'\Ql'F-l? -I .4'i'lF -II -c:;. 91?t -I n 

f 1 ~. A l F "" rHTc;,Il'" I. 7')77Q('''~ .OP .. 7." 1l;q~f -}? 
FINAL jJA~.4P~F TfJl~ J.l.474f·"7 -1.4-='7l' ,..n -1.372£-07 

FINAL (iRADtFNT -1.?nlf-nA 1.37?F-I\f- Q.6f13E-n6 

?~C;/o\F· 'oJ 
7.111F.n1 

~.~~7f-14 

-1.17 •• -1 , 

?""4E+('Il 
i'~lR.F..03 
1.2?~f-nM 
7,2Qt;F.-Oq 

,·n2zF·Ol 
\.n~OF.n] 

"'.?r~F·n~ 
-~.Cj79t to? 

1.022E+!,1 
1.050E-Ol 
1.534f-0~ 

-I.117E-05 

-7. nc..'f -I 1 

?,101f t n. 
-".014£-09 

, .\1 Of" {HI 

1.n4?F·O) 

... 7,"d6E-OS 

CHAN. OEY. r()NTTNUUM YMJN- 1.7,.,nE·02 1111'111111111 SEMILOC,ARITHMTC SCALE 11111111111111 '(MAX= ?1~6E·04 
IOP3 -101 P.7QE-(12 .1 
1004 ,I A.79(·02 $ 
1005 1.0 R.7Af_O? \ 
1006 105 A.77E-o? I. 
10p1 I.' ~.7"E·n? I. 
lope 1.1 R.76F.:-02 I. 
10pQ I·Z R.75f.·02 (. 

1010 -Z.O A.74E-oZ ( 

1 nil -1.6 A·13F.-02 .1' 
1012 .1 R.7ZE·02 I- • 
1013 -1,0 R.71f+"2 I" 
1014 -I.' R.10E-OZ I. -lOIS -4,7 R,fIIQF.-O? 
1016 -.. A.~BE·02 . -
1 017 1.4 R.~7PO?, 
InlA ·1 A.I'I6E·O? 
1019 .e A,""E'02 
1020 -·3 A-"4E'02 
1021 1.3 A'''3F-02 
1027 -1·6 A-"?F.-02 
1023 -·2 A·"I"'07 
1024 01 A_"Or-O? 
102~ ·2 A.CiAF·O? 
10Z6 1·1 P.t;7f·OZ 
1027 -I.e A.5f.F.·0? 
InZR ·6 Jh 154F - 02 
1029 ·Z IhC;]F'·O? 
I n30 Z.8 A.I:,?F·n? 
1031 1.8 p.c;n F·"2 
1032 I· 3 R·4Qr·oz I 
1033 -03 R.41F."·O? I 
ln34 -.R El.4~F..02 I 
1035 .Z R,44E_02 I 
1036 .Z R,43E·02 I 
1031 3.4 R.41F.:.02 I -. 
1038 ?'.6 R.40E,nz I 
1039 -I.Z A.JRr·02 I 
1040 -Z •• R.J7E·02 I . -10.1 -1.4 R.J5E·02 I 
1 n42 -.1 R.33F·O? I 
1043 -.5 Q.31E·OZ I 
1 0 •• 3.1 R."30E·02 I '. 1045 -.7 FI.2~E·02 I 
1046 1.6 R.2f1r::· O? I '. 
ln47 -1.5 A,24F.·02 I .-1048 -1.0 R.?3r_02 I 
ln49 -.4 1=I,::'1£:.0? , 
ln~o -.1 P.1QF+O? I 
1 nSl .5 R.l1f· nZ I -. 
10~2 2.5 A.l~f·07 I - . 
In53 I.Z A.13F·OZ I -. InS4 -2.0 R,11[,n2 I . -1055 -1,9 R.n9E-OZ I . 
1 n56 -3.1 R,n7E'02 I 
IOS7 -Z.9 R.05E-02 I -I n5R -.5 A. n3E .02 I. 
1059 -.2 R.OOE-02 , 
1060 -.1 1.QAE·02 ~ 
1061 -.1 7.q~F.'oZ , 
ln62 2.4 7.Q4E·n2 
In~3 4.1 7.92E-02 

SYM"nL~ I . CONTINUUM , . DATA -. FIT . . .ANO· I . lAND' I . IANn • s . JAND+AND. 
SIJ""'OAT,. 1.64729F·0~ SlIMCALC= 1.",4c,54E·ns 
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OAT, FIT 
B.410f-OZ 8_7QSE·n? 
A.830E·OZ 8.7AAE-n2 
Q.010F-OZ 8.1A2F.:·n2 
Q·Z2H-OZ 80771E'02 
Q.210E·02 8,774E.n? 
Q·280r.-02 8.,7H.·02 
9·140F·02 8.1ROE -OZ 
R.220E-02 8.7QAE·02 
8.370F-02 8,A1QF.:·n? 
Q·130F-02 8- 9 24E-n2 
8.790P02 .... 0""£ - n2 
A·Q"OE-02 Q.'tnE-02 
P06)0F.·oZ QoQQ4E',,? 
1·0q~F.-03 1'11 IE '1"l3 
1.311f·03 1.319£' 0 3 
1.710F·OJ 101"8E'03 
2. HOP 03 2.300E·03 
?.923F.-Ol 2·Q40E·oJ 
1.4AQF·O] 1·40Qf.'01 
J-41lir'OJ 1- "'1 tF· 0 1 
1, 1 F\JtF· 01 l'l Q ·f'O, 
~'''14~'Ol Z. "nqf.' n 1 
t·Q1QF'o3 t - Q70f 'n J 
1· <;?]F· n3 1·.Ci~f'01 
1.01AFo03 1,llM·0) 
Q,Q30F·OZ Ch147F'07 
Q'2?0"'02 q, , Ci3F' ('l? 
1·002"-·OJ 9·I?AF'nz 
leOo,.,F'03 q •• 1 ... ·n2 
1· 06F'F' 0 ~ l' O?6f' ("11 
1.1~6F 'I" 1 1.11M:·,"·1 
1. 4?6F", OJ 1. 4C,5F '.('1) 

1.9RSE·n3 I,Q16E,"'3 
2.9~1F..n3 Z.Q43(.OJ 
4,977F'O] 4.719(.0"] 
A.Z94f'03 ~,OSq(, rq 
1, 2rlE' 04 1,?,R&E.n. 
1.151.-04 1.7~3r.·n .. 
2.104F.04 Z.124F ..... 4 
2.1"4E,04 2.1h6F_ rU. 
I.SeSF-04 1.AQ2f·"4 
1.4f5JOE·n. 1.473E,r·4 
Q.33Al:003 9.40 JE' n 3 
5.907(_0) 5.7R@(_03 
].74AF"4-03 3.R4IF-n3 
].13RF_O] 3.1 Q ?f-nJ 
3.168F"·03 J.191F.rq 
"1.?~OF·03 3. ";)".F. ('J 1 
3.IZI'_03 3.09Zf .0) 
2.712,.'03 2o"42F.01 
Z.JZIF>03 2,~"Sf ,n1 
1.46SF."-03 I, 5. if ,01 
I.JOSE-OJ 1.17u·n3 
8.6BOE-OZ 9.591(' 02 
1.190E·02 8.1592E·OZ 
8.050[.02 8.1q~E.02 
7.9AOE·02 8.041E·02 
1.800p02 1.qq2F:.nz 
7.160[_O? 1.9,,3':'112 
8.630[.02 7. Q19[ .1'12 
Q.340r.n2 1.Q'7f. n 2 

RESULT~ FROM THE AROVE FIT. BE CRITICAl WITH THE ERROR E~TTMAT(5 
REJECT IF CHISQUARE· 1.1523E-.2 OR SI(; ... A. 1 •• 3b· IS UNACCEPhRLE' CHECK PLOT FOR MISSING PEAKS 
CHANNEL .IT-FRR-CH FNF.RGY-KEV CA'--ERR-KEV EN-ERR-KEV AR~A-COU"'TS FIT-ERR-PC INTENS-COUNT CAL-ERR-PC INT-ERR-PC 

10Z1.7397 • n3RI 313.7274 .1000 .1005 1.11,1371:'04 1.4203 S.4304E_01 ~.OOOO 5.197R 

104I,~185 .0123 319.0109 • I 000 01001 1.3214E·Oc; .3960 4.417IE·08 5.0000 5.0151 

1050.IS74 '~4Q4 321. ?R84 .1000 .100Q 1.E;077F.·04 1.5976 c,.1701E·07 5.0000 5.2.90 
TIMES IN SF.:CnNns. .""'2 1.5Q ? .ROO ~.4Rq nATEs IUt7/69 , 
RUN W"AER ,No INOICATIVE OATA 

GF-E L"-I71M 0-500 Krv IS~O CH 4/~0/~~ -0 -n I'ISO 
COM~ENTS c 1Pn Rt'N OF nf-E ANALYSJ~. CORP[rTEn FITS ANO FINAL hRUI • T (ON OF RF5UI T5, 

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 177mLu 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 
Search and Selec-
tion of Fitting Inter-
vals 

PEAKFIND 
PEAKADD 
PEAKDROP 
PEAKLIST 
FITTEST 
FITDO 

SAMPO program -is provided with an ( 

algorithm which automatically locates the 

UCRL..;19452 

statistically significant peaks in the spectra 

. (PEAKFIND). The significance of a potential 

peak in channel i' is nleasurprl as 

ss. = dd./ sd., 
1 1 1 

(4) 

where the generalized second-difference ex

pression 

dd. 
1 

k 

L: 
j=-k 

,is divided by its standard deviation, 
1 

c~n.+.J '2 . 
J 1 J -sd i =[ t 

. J=-k 

The expressions of dd
i 

and sd
i 

are ,obtained 

by summing over 2k+1. channels the counts per 

channel, n .• multiplied by coefficients c .. These 
1 J 

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. 

2.2 (.2) a - J' J 4 exp ---2 . 
a 2a 

(5) c. == 
J 

where a is the average Gaussian width ob

tained from the shape-calibration 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' accepted the peak has to exceed 

the higher 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 1. 

The printout has special columns for 

editing the list of peaks accepted. Peaks can 

be added to this list (PEAKADD) or dropped 

"'Ir 
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Table I. Printed results from the peak search com-
putations. Columns for editing these results 

Co; 
are provided on the right. 

• n$$$U5$$ NEXT CONTROL CARD = PEAKI'INfJ ;>.000E·02- . - . -. 
PEAK SEARCH RUN GE-E 1550 CHANNELS 
SEARCH BETWEEN CHANNELS 190 10;39 

RUN NUMBER AN!) INDICATIVE DATA 
GF.-E LU-177M 0-500 KEV 1550 CH 4/20/66 -0 -0 1550 

AVERAGE PEAK WIDTH (SIGMA) II 2.27 AND fHE COEFFlCIENTS OF THE GENERALIZE!) SECOND DIFFERENCE ARE 
-100.00 -72.46 -15.24 31.13. 44.57 34.09 18,24 7.35 2.31 

SIGNIFICANCE LIMIT FOR THE SEARCH = 2.00 AND FOR FITTING = 4.00 

APPROXIMATE ApPRon MA TF.: SIGNIFICANCE CHECK-I CHECK-2 ACCF.pTED NUMBER A!)D DROP 
CHANNEL ENERGV OF PEAK SIGNIF 5HAPE CHANNELS CHANNEL CHANNEL 

1 742 105.4 832.121 242 1 
2 270 112.9 1074.97:> 270 2 
3 282 116.1 48.81" 282 3 
4 302 121.5 4?'I.69n 302 4 
5 3?R 128.5 760.861 328 5 
6 35'1 136.8 139.500 359 6 
7 39R 147.3 215.77'1 398 7 
8 420 153.2 627.24~ 420 8 
9 445 159.9 44.26' 445 9 

10 476 168.1 5.58~ 476 10 
11 489 171.6 198.314 489 11 
12 499 174.3 420.82n 499 12 
13 510 177.2 149.277 510 13 
14 528 182.0 7.74:> 528 14 
15 536 184.2 2.41" SMALL REJECT 
16 578 195.4 56.32" 578 15 
17 610 204.0 368.94'1 610 16 
18 626 208.2 809.76R 626 17 
19 649 214.4 230.800; 649 18 
20 663 218,1 146.104 663 19 
21 702 228.5 554.797 702 20 
22 722 233.9 192.862. 722 21 
23 736 237.6 2.317 SMALL REJECT 
24 753 242·1 3.576 SMALL CHECI< 
25 78\ 249.6 181.92R 781 22 
26 816 258.9 4.690; CHECI< 816 23 
27 835 264.0 1o.83? 835 24 
28 853 268.8 120.850 1\53 25 
29 87R nt;.5 2.29'1 SMALL REJECT 
30 902 281·8 245.35:> 902 26 
31 940 292.n 48.42R 940 27 
32 957 296.5 126.371 9S7 28 
33 967 299.2 52.41" REJECT 
34 991 305.6 71.32'1 991 . 29 
35 lC107 309.8 3.681 SMALL REJECT 
36 1n22 313.8, 53.44R 1022 30 
37 1n42 319.1 169.2So; 1042 31 
38 1052 321.8 3.49? SMALL REJECT 
39 1074 327.6 228.510 1074 32 
40 1n93 332.7 3.030 SMALL 
41 lln'l 337.0 6.02'1 11 09 33 

'" 42 1127 341.8 61.600; 1127 34 
43 1166 352.2 2.697 SMALL CHECI< 
44 1184 3S7.0 3.932 SMALL CHECI< 
4S 1202 361.8 3.190; SMALL CHECI< 
46 1223 367.4 74.05i'! 1223 35 
47 1265 378.6 233.143 1265 36 
48 1289 385.0 71.479 4 289 - 37 
49 1321 393.6 2.423 SMALL 
!In 139" 413.8 151.397 1396 38 
!II 141 " 4111.6 169.140 1414 39 
!ll \443 426.4 <'1.5\ 0; 1443 40 
53 14"7 43:>.11 4.61Oi 1467 41 
54 148\ 436.6 4.321 CHECI< 1481 42 
55 1494 44n.l 3.78" SMALL REJECT 
56 \529 449.5 2.011 SMALL REJECT 



from it (PEAKDROP) to ensure its complete

ness before the more time-consuming fitting 

procedures. This can be done either by 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 produce s a plot of the 

spectrum and a list of peaks found. This list 

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 evident 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). Depending on the close

ness of adjacent peaks, one or more lines are 

included in each fitting interval. The selec

tion algorithm uses information op the peak 

widths, too. Up to six peaks are normally in

cluded in a single interval. If more than six 

peaks are cluste red togethe r the inte rval 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 
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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 othe'rs. 

We have incorporated into program 

SAMPO two methods of energy calibration. The 

first routine uses a number of energy-calibra

tion points and interpolates linearly between 

these points. In the second method a poly

nomial least-squares fit is made to these points 

by minimizing the expression 

2 
X 
~ 1 fl ~, j-1J2 f;t Di lEi - ;tPjC i 

(6) 

with respect to parameters Pj (ENFITDO). 

Here C., E., and D. are the channel numbers, 
1 1 1 

the corresponding energies, and the calibration 

uncertainties read in or generated for the linear 

interpolation scheme (ENDO, ENIN)~ The min

imization is performed by a linear least

squares algorithm, GLSQ. The resulting cali

bration curve, which is defined by parameters 

p., can then be used for energy determinations 
J 

(ENFITDO, ENFITIN, OPTIONS, RESULT). 

In both approaches an estimate of the errors 

assoCiated with the energy calibration is also 

needed. These uncertainties reflect inaccu.

raCies in the energies 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 give'consistent re

sults, and either one may be used. The lower 

\. 
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Fig. 7 . A section of 177m.Lu spectrum. as shown on the CRT display with 
indications of peaks found by the search algorithm.. With on-line runs 
corrections can be conveniently m.ade with a light pen. 

part of Fig. 8 shows a m.ore significant non

linearity of a system. em.ploying a biased 

an~plifier. Here strong lines of a com.plex 

spectrum. of 176Ta have been used as internal 

energy standards.
4 

In this case a polynom.ial 

of a high order is required to obtain a good 

fit; however, such a polynom.ial introduces 

nonrealistic oscillations between the calibra

tion points. That the polynoIT1ial expansion 

should not be used beyond the extrem.e data

calibration points is well exem.plified by this 

case. 

The energies of the photopeaks are as

signed by using either cine of the two proce

dures. The uncertainty in the energy is ob

tained by adding in root-m.ean- square sense 

the calibration error at that energy and the 

statistical uncertainty in the peak centroid 

translated into the energy units. In m.ost cases 

the calibration errors dOIT1inate the total un

certainties. and depending on how stable the 

system. is and how m.uch effort is spent in the 

calibration procedures. the energies of strong 

lines m.ay be determ.ined with an accuracy up 

to 0.02 to 0.2 keY or 0.010/0. 
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Fig. 8. The result of the energy calibra
tions of two detector systems. The up
per graph shows the calibration points 
and fifth-order polynomial fit with as
signed uncertainties to these points in a 
system with. small nonlinearity. The 
lower graph shows results with a system 
with significant nonlinearity; the results 
caution against the use of polynomial fits 
in this case. 
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Efficiency 
Calibrations 

UCRL-i9452 

Code words EFDO 
EFIN 
EFFITDO 
EFFITIN 
CALDATA 
OPTIONS 
RESULT 

Two methods of efficiency calibrations 

have been incorporated into prog raUl SAM PO. 

The first scheme uses a number of calibration 

points and interpolates logarithmically between 

these points (EFDO, EFINl. The second method 

(EFFITDO, EFFITIN) employs an approximate 

functional repre sentation of the efficiency curve 

expressed as 

F = Pi [ E P2 + P3 exp(P4 E)] (7) 

The parameters Pi' P2' P3' and P4 are deter

mined by using V ARMIT routine to minimize 

the expression 
2 

l 0 f: /Fi-P,[ EiP2:~3 e
XP

(P4
E

i
1J/- (8) 

where Fi and Ei are the efficiency and energy 

points generated o'r read in for the interpolation 

scheme. 

As with energy calibrations, the calibra

tion uncertainties are expressed as a band a

round the efficiency curve, the width of which 

is obtained by interpolating between given val

ues. The overall accuracy obtained depends 

largely on the stability of the system and on 

the quality of the calibration data. At best, 

accuracies approaching the statistical uncer

tainties--that is, about 1 to 3% --can be ob

tained with relative intensities of strong lines. 

The uncertainty in the intensity calculation is 

again obtained by adding in the root-me an

square sense the .calibration and statistical 

uncertainties. 

. v 



Tabulation of Results 'Code words' CALDATA 
FITIN 
RESET 
RESULT 
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The results from the peak-shape", en

ergy, and efficiency calibrations and from 

peak-search and editing routines, as well as 

from fitting procedures, are stored in special 

arrays. These arrays may be modified, e

rased, or printed out at any time. In general 

the calibration results remain unchanged un

til altered. The peak-search and fitting ar

rays are reset by reading in a new spectrum, 

or by the user atany time (RESET). The cali

bration data can be printed 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 corri

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 

ene rgy and efficiency computations. Thus the 

more time-consuming fitting procedures need 

not be repeated to c'omplete 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, and for reading data on mag

netic tapes. The source deck is about 3000 

cards long and requires about 28000 (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 
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of flexibility and ease in input options to make 

the code applicable to a wide range of different 

~pectroscopy p·robiems. In the following we 

make a few comments on some of the design 

features. These comments concentrate on 

points that sho~ld 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 Output File s 

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 

facilities are not used. The complete list of 

the se files is 

INPUT, TAPE2=INPUT 

OUTPUT, 
TAPE3=OUTPUT 

TAPE14 

TAPE5 

TAPE7 

TAPETTY, 
TAPE6=TAPETTY 

TAPE98 

FILM 

PLOT, TAPE99=PLOT 

for card input data, 

for printed output, 

for punch output, 

for spectral data on 
m·agnetic tape, 

for duplicate 
result tables, 

fo'r teletype input and 
output with on-line 
runs, 

for auxiliary opera
tions with CalComp 
and CRT plotting, 

for CR T input and 
output, 

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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Table II. The fitting results summarized from the analysis of the spectrum of 177mLu source. 
The energies and the intensities of the '(-ray lines were recomputed during the tabulation 
by using the polynomial and functional fits to the energy and efficiency calibration points. 

- . 
HUN NUMBER ANi) INnlCATTVE nATA 

GE-£ LU-117M 0·500 ~EV 155ri CM 4/20/~b -0 
COMMENTS. 3Rn RUN OF" GF.-f ANALYSIS. COIolRu.TH> nTS ANn FINAL TAlliJLATION OF RESiJLTS. 

ENERGIES RECOMPUTED USING OPTION 4 

INTENSITIE5 RECOMPUTEO USING OpTION 4 

TARLE OF RESULTS 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
H 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

241.!!34 
2 7 0.119 
2 8 1.58 1 
286.699 
302.44R 
328'08 4 
358.745 
3 9 ;>.3 9 0 
3 97 • 6 30 
4;>0. 456 
444.651;1 
477.660 
41111.7 8 2 
4911 '211B 
50 R• 1I 76 
52 7 • R44 
57R.~lIl 
61n.4111 
626.358 
6411.0711 
662.1115 
701.645 
721.812 
781.119 
830.729 
835.321 
852. 119 0 
901·7}2 
90 11 • 9 10 
93!!·479 
942.369 
956.F!79 
966.581\ 
990.1!55 

1021. 74 0 
1041.619 
1050'1 8 7 
1074.1.6 1 
1109 '34 6 
1126.598 
1223.1 9 5 
12·64.699 
1289 '0 6 3 
13115.533 
1413·4R'l 
144".61'3 
1466'055 
1470. 844 
148 0.;>75 
1494.453 
1501.532 

CHANNEL 
ERROR 

.001 

.002 

.108 

.39 4 

.008 
'004 
'008 
.034 
'00 6 
'005 
'044 
.)26 
'013 
'007 
'01 7 
·226 
'004 
'012 
·.001 
.007 
.OOR 
.002 
.019 
.003 
.407 
.227 
.013 
.OOR 
0120 
'09 3 
.120 
.014 
.028 
.023 
.03A 
.012 
'049 
·010 
·148 
'013 
.002 
.012 
'051 
.014 
'012 
'036 
.467 
.4'l4 
.~o'l 
.375 
.4!!? 

100;.317 
112. 9 20 
116'001 
11 7 .376 
1"1.607 
1211.49 2 
136.722 
145.748 
147'153 
153'273 
15'l.759 
1611 .598 
171'844 
IH'38!! 
i 76 .• 11 81 
18 2'029 
1'l5.546 
204.102 
208.359 
214.426 
21A.092 
22A.452 
233.1'131 
249.640 
26;>.856 
264.079 
268.758 
281.758 
28].674 
2'l1·546 
292.582 
296.431 
299.029 
305.49 0 
313·713 
319.007 
321'289 
327.675. 
337.050 
341. 648 
367.424 
378.518 
385'037 
413·598 
418.429 
426.2"7 
437.5 11 7 
433·889 
431>.437 
440.26Q 
44;>.183 

COUNTING TIME c 1.0000E'00 

ENERGY 
ERROR 

.100 ;>.079E'06 

.100 1.271E.'06 

.104 7.1193E·04 
'146 ;>'187E'04 
.100 7.837E'05 
.100 1.793E·06 
.100 , .438E·05 
.100 7.767E'04 
'100 ;>.943E·05 
'100 , '301E'06 
'101 3.599E·04 
'133 'l.992E·03 
0)00 :>·8,9E·05 
'100 7'080E'05 
'100 ,.831 E·05 
.117 ,. 78 1E·03 
'100 '.SB6E·04 
.100 5·255E·05 
.100 ;>.183E'06 
.100 ;>01112E'05 
.100 10100£'05 
.100 '.068E'06 
0100 1.529E'05 
.1001.428E·05 
.147 ... 094E'03 
.117 3.89RE'03 
.ioo 6.614E'04 
.100 2.441E·05 
0105 7.287E'03 
'103 1'142£'04 
0105 1.376E'04 
.100 7.633E'04 
0100 ;>.445E·04 
0100 ;>.5R4E'04 
.101 1.674E·04 
.100 1.327E·05 
'101 \'50RE'04 
0100 :>.212E·05 
.107 'l.711E·02 
'100 ,.91 8E·04 
0100 :>.866E·04 
.100 ;>.549 E·05 
"iOI ;>'677E'01t 
.100 "226£'05 
.100 1'469£'05 
.100 "071E-03 
.161 "'0I RE '02 
.\67 4.B22E'OZ 
.130 '.454E.OZ 
.14Z 1.5B9E'02 
.164 ;>.885E'02 

.17 

.23 
3·80 

15'1" 
.5& 
'1 8 
.3e; 

1·34 
.41 
·;n 

1· 8b 
9'0 4 

'50 
'27 
·6~ 

9'2~ 
10)7 

.52 

.22 

.47 

.77 

.25 

.80 

.31 
14.5? 
7.59 

.53 

.30 
4.25 
3·93 
4.78 

.54 
1008 

.113 
1·42 

.40 
1·60 

.39 
4.90 

'411 
.63 
.46 

1' 9 1 
.51 
.46 

1. 811 
15'00 
i5.4B 
12.0" 
11.68 
13.11 

INTENSITY 

5.611If-OR 
1.0077E.09 
2.0;962£'0 7 ' 
7'2 7 18£'0 6 
2.79981::_08 
7'IB7RE'01l 
6.5893E·07 
4.1003E·07 
1·5875E·0~ 
7.69 R3[·o8 
2'3413£'0 7 
7.364Zf.·0& 
2'}71 8E -0 8 
<;.b459E ·08 
1"'il12 f 'OB 
1.3349f·06 
3·745;>E·07 
6.0750£-08 
2."5021::'09 
2.R492E.08 
1.48R3E-08 
1.6140£'09 
2.4427£-08 
2.666B£·OB 
4.4209E'06 
8.3230E·0& 
1.4 726E·08 
6.0820E·OB 
1. 8 lt54E·07 
4.70R9E·07 
3.7521E·07 
201472E'08 
7.0225E·07 
7.8107E·07 
5.3893E·07 
4.4483E·08 
5'\392E'07 
7.9024E·08 
3.7108£'0& 
7'5684£'07 
1.34531::'08 
1·2R46E·09 
1'4053E'08 
7.6356£'0 8 
9'4038E'08 
2'0554E'07 
3·4780E·06 
3'36"4E'06 
2.4453E'06 
2.5943E·01'> 
2.1072E·06 

I NTENS ITY 
ERROR Pc 

5·00 
5.01 
6'2" 

15.98 
5.03 
5'00 
5'01 
5'1 8 
5'02 
5-01 
5'33 

10'33 
5'02 
5'01 
5'05 

10·54 
5'14 
5'03 
0;·00 
5.02 
5.06 
5.01 
5.06 
5.01 

15.36 
11.0 9 
5.03 
5·01 
6.56 
6.'3" 
6.92 
5.03 
5·12 
5.09 
5·20 
5'02 
5'25 
5'02 
7'00 
5'02 
5'04 
5'02 
5'35 
5'03 
5'02 
5'33 

15.Al 
16 '27 
13.07 
12.71 
14.03 

RELATIVE 
INTENSITY 

1.000E-02 
I. 794E. 02 
4.622E·00 
1·295E·oO 
4.984E·01 
1'28 0E'02 
1+1 73£'01 
7.300E·00 
2·R26E·01 
1'371 E-02 
4'168E'00 
1'311['00 
3'1166£'01 
1'005E'02 
2'611 0['01 
5.937E-01 
6.668E·00 
1'082['OZ 
4.718E·02 
5.072E·01 
2.650£'01 
2.873E·02 
4.349E'01 
4.748E·01 
7.870E-01 
1. 482E·00 
2.622E·01 
1.01l3E·02 
3.285E·00 
8'383E'00 
6.680E·00 
3.823E·01 
1·250E·01 
1.391E·01 
9.594E·00 
70919E'01 
9'149E'00 
1·407E·02 
6.606E-Ol 
l'347E'01 
2.395E·01 
2'287£'02 
2'502E'01 
1'359£'02 
1'674£'02 
3·659E·00 
6'19ZE-01 
5.993E-Ol 
4.353E-Ol 
4.619E-Ol 
3.751E-Ol 

-0 
nATF- = 

REL.INT. 
ERROR Pc 

7.075 
7 .• 071 
8'029 

16 • 7 47 
7.095 
7'075 
7'08 2 
7.199 
7'0 8 5 
7'077 
7'314 

11 .4 7R 
7'0111 
7'078 
7'10 6 

11·668 
70)69 
1·09Z 
7.077 
7.0119 
7.115 
7.078 
7.118 
7.0RO 

16.151 
10.375 
7.09 3 
7·080 
8·250 
8'09 2 
8.537 
7.094 
7·155 
7.134 
7·214 
7'084 
7'252 
7'084 
8.605 
7'090 
7'101 
"088 
7'326 
7'0 9 1 
7'0RR 
7·314 

16 .5R4 
)7'01'1 
13.'1118 
13.655 
14.1196 

1550 
12/17/M. 

INTE"ISITY 
PER T! ME 

5.6171E'08 
1.0017E.09 
2.51162E·07 
7.,,71 8E ·06 
2.7998E-08 
7'1878E*08 
6.5893E-07 
4.1003E·07 
1·5875E·08 
7.6983E·08 
2'3413E'07 
7'364ZE'06 
2'171 8E '08 
5'''459E'08 
1'511ZE'o R 
3.3349E·06 
3.7452E*07 
6.0750E*08 
2.6502E·O'l 
2.11492E'08 
1.4883E·08 
\.6140E·09 
2.4427E*08 
2.6668E·08 
4.4209E'06 
8.3230E'06 
1.4726E·OB 
6·0820E*08 
1.8454E·07 
4.70B9E·07 
3.7521E·07 
2.1472E·08 
7.0Z25E·07 
7.RI07E'07 
5.389 3E·07 
4'4483E'08 
5'13 92E'07 
7.9024E·08 
3.7108E ·0 6 
7'5684E*07 
1.3453E·08 
1'2846E'09 
1'4053E'08 
7.6356E·08 
1I'4038E'08 
2'0554E'07 
3.4780E*06 
3'3664£'06 
2.4453E·06 
2.5943E·06 
2.1072E·06 
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BLOCK DIAGRAM OF PROGR .... SAMPO 

Fig. 9. Schematic block diagram of program SAMPO. 

can be reset by the user at any time. For an 

efficient use of the program it is important to 

consider the following 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 spectrum in LABEL(2) through 

LABEL(13), integer labels LABEL(14) and 

LABEL(15), not used by the general-purpose 

version. and the number of channels in the 

I:Ipl!drum LABEL(16). The LABEL array is 

printed out under FORMAT(13A6. 3110) at 

various places in the printout. 

COMMON/2 /XDATA(150), 

YDATA(150), WEIGHT(150), YCALC(150)' 

YCONT(150)' HMATR(20,20)' CMATR(20, 20)' 

HDIAGO(20)' BUF(400): These arrays are 

used for temporary working storage in the 

least-squares, tape-reading, and data-display 

routines. This space is sometimes overlayed 

by other temporary arrays in some subroutines. 

The present dimensions, which can be changed 

(although not very easily), limit the maximum 

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) approximate peak centroids as 

specified by the search routine or by the user; 

FITCH( 100) ,accurate peak centroids as com

puted in the fitting, 

CHER(100) statistical uncertainties in the 



channel locations,' 

PEAK(100l areas of photopeaks as computeo 

in the fitting, 

PKER(100) statistical uncertainties in peak 

areas, 

ENERG(1001 energies of the fitted photopeaks, 

ENER(100) photopeakenergy uncertainties, 

EFFSUM(100) 

peaks, 

EFER(100) 

tensities. 

intensities of fitted photo-

uncertainties in photopeak in-

Depending on the complexity of the spec

tra and considerations of field length require

ments, the dimensions of these arrays can be 

changed--for instance,· up to 200. 

COMMON/IOTAPE/INTAPE,IOUTAP, 

KOUT specifies input and output files. These 

are initially specified as INTAPE = 2 and 

IOUTAP = 3 corresponding to the standard 

file names at LRL. .Furthermore the input 

file name can be changed between card and 

teletype input, as di.s cus sed in the se ction on 

input and output files. 

Arrays CPREAD(20), CLREAD(20)' 

CHREAD(20), CWREAD(20), which are stored 

in subroutine SHAPE, contain the shape cali

bration results generated (SHAPEDO) or read 

in (SHAPEIN). The shape parameters for 

fitting are obtained by interpolating these val

ues linearly with respect to the channel num-· 

bers. 

Arrays CHREAD(50), ENREAD(50), 

ERREAD(50) in 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 polynomial energy curve and 

the associated calibration error arrays which 

are interpolated linearly. 

Arrays ENREAD(50), EFREAD(50), 
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ERREAD(50) in subroutine EFF contain the ef

ficiency calibration points generated (EFDO) 

or read in (EFIN) for logarithmic interpolation. 

Similarily the arrays PRREAD(4), 

ERENER(50),ERVALU(50) have the parameters 

generated (EFFITDO) or read in (EFFITIN) for 

the functional efficiency curve and the as s ociated 

calibration uncertainties. 

Reading Spectral and Indicative Data on Input 
Tape 

If large numbers of spectra are handled, 

the spectral a~d indicative data can be con

veniently stored on and read from high-density 

magnetic tapes. In SAMPO a reference is 

made to such input tape, tape 5, on the pro

gram card. Since no uniform standards exist 

for writing such data tapes, even within the 

same laboratory, separate tape-reading rou

tines are needed for different tape formats. 

SAMPO library at LRL-Berkeley contains sev

eral such routines, of which the user needs to 

load an appropriate one; see information on 

SAMPO library in Section 6. 

The main program has a call statement 

to the tape -,reading routine (DAT AIN) of the 

form CALL DATAT1 (KERROR, SPEC, 

LABEL, WHAT, NAME, XDATA). Here 

KERROR is an error flag which should be re

turned as KERROR = 0 when the spectrum spec

ified is successfully read, and as KERROR = 1 

when the spectrum is not found or read prop

erly. If KERROR = 1 is returned, the main 

progra~ will skip operations where the spec

traldata would be needed, normally up to the 

next data read. The spectral data are read 

into array SPEC, the maximum 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 

through WHAT and NAME to the tape-reading 

routine to identify the spectrum to be searched 

and to perform spectral additions or subtrac-

.-, 
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lions if required; sec Section 4. The array 

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

tin~, program SAMPO is self-contained. The 

user needs only supply data and indicate which 

options and calculations are de sired. 

4. PROGRAM OPTIONS AND DATA INPUT 
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In the earlier sections references have 

been made to different SAMPO execution op

tions and input cards. These options and cards 

are discussed in detail 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 

set, and remain unchanged until altered. The 

altered value will remain in effect until further 

changed. The same applies to the different 

calibration data. 

The logical sequencing of the input cards 

simply means that the spectral and calibration· 

data must be read in or generate.d before they 

are used for co~putations. Thus, for in

stance, the energy determination can be done 

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 tobe postponed until tabu

lation of the results. Illustrations with exam

ples of possible input card sequencing are 

given in Section 5. 

For uniform.ity all SAMPO input cards 

have the same format, namely FORMAT(A10, 

6E10.0, A10). The first word is a left-ad-
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justed code word, CODEW, which identifies 

the function of the input card. Up to six num

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

the interpretation of these numbers depends on 

the CODEW. The last word is an alphanumeric 

word. NAME, which can be used to identify the 

data or computation it belongs to; it is not used 

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 advantage 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.a, A6, 

A4, Ii). This change does not cause any changes 

in the use of the input cards. 

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 o.rdered, 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 

reading and look up the code words in this 

chapter, only as they appear in the examples 

used. Later he can use the rest of this chap

ter as the basic handbook for running program 

SAM PO. 



DATAIN 

WHAT(1) O. 

1. 
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reads indicative and spectral data. 

searches and reads the spectrum specified on input tape 5; 

specifies that the indicative and spectral data are on cards, spectral data in 

FORMAT(10F7.01. The indicative data are on one card between DATAIN and the 

spectrum as follows: alphanumeric run number in columns 1-6, alphanumerlc in

dicative data in columns 7 -66, and an integral number of channels in columns 

76-80 .. 

2. reads data on cards as with WHAT(1) = 1. , except that the spectral data are in 

format specified on a card between DAT AIN and indicative data card, for example 

WHAT(2) ~ O. 

WHAT(3) f. O. 

DATAGRAPH 

WHAT(1) = O. 

1. 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(5) 

DATAPLOT 

WHAT(1) O. 

1. 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(5) 

WHAT(6) 

SHAPEDO 

(5(5X, F8.0)). The variable format also allows the user to shift the spectrum or 

delete channels, if de sired. 

adds previous spectrum multiplied by WHAT(2) to the new spectrum. 

multiplies the new spectrum by WHAT(3) before the addition. Normally WHAT(21 

and WHAT (3) would be blank. 

makes a printer graph of the spectrum. 

for semilogarithmic scale, 

for linear scaie. 

every WHA T(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. 

makes a CalComp point plot of the spectrum. If the peak search is done before 

the plotting then the peaks found are also plotted. For standard plots specify 

four-cycle semilogarithmic paper, No. 4.0, and liquid ink pen. 

specifies four-cycle semilogarithmic paper, 

specifie s 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 blank, this is set and re

scaled, if required, automatically; 

is the lower bound of the count scale; if blank, set automatically; 

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

an inch. 

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

In specifying the fitting interval include enough channels to cover both tails. but do 

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. 

,1 

.. 



.. .. 

f 

1 
r" 

,'. 

" ~ 

WHAT(1) 
) 

W'HAT(2) 

WHAT(3) 

WHAT(4) o. 
1. 

2. 

3. 

WHAT(5) O. 

1. 

WHAT(6) 

SHAPEIN 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(5) O. 

1. 

PEAKFIND 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(5) 

WHAT(6) = o. 
• 

= 1. 

PEAKADD 
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is the approximate center channel of the calibration peak, 

specifies the lower limit of the fitting interval, 

is the upper limit of the fitting interval. 

for no energy or efficiency calibrations.; 
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for using the fitted peak centroid for the energy calibration, place ENDO card 

with the energy and the calibration error after SHAPEDO card; 

for using the fitted peak area for the efficiency calibration, place EFDO card 

with the correct peak intensity and calibration error after SHAPEDO card. 

if both energy and efficiency calibrations are performed as instructed above, 

adds the resulting parameters to the present table of shape parameters. 

starts a new shape parameter table with the resultingvalues. 

is the initial guess for the CW -parameter; if blank, set to 1.8. 

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. 

is the peak centroid in channels; 

is the CL parameter specifying the lower tailing, 

is the CH parameter specifying the higher tailing; 

is the CW parameter specifying the peak width; 

adds the values to the existing shape parameter table. 

starts a new shape parameter table. 

searches and lists statistically significant peaks; this must be performed be

fore PEAKADD, PEAKDROf>, or FITDO commands. 

is the starting channel for the search; if blank, channel 50; 

is the termination channel; if blank the last channel; 

is the significance limit for listing peaks; if blank, the existing value, initialized 

2., is used; 

is the significance limit for fitting peaks with FITDO; if blank, the existing value, 

initialized 4., is used; 

is the average value for the CW parameter; if blank, the average value obtained 

fr'om the shape-parameter table is used. 

rejects the peaks which do not pass the shape test, 

does not reject such peaks. 

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), 1= 1,6 are the approximate channel numbers of the peaks to be added, in any orde.r. 

PEAKDROP drops peaks from the list of found peaks. See comments regarding PEAKADD; 

WHAT(I), 1= 1,6 are the channel numbers of the peaks to be dropped. 



PEAKLIST 

FITTEST 

FITDO 

FITS 

WHAT(1) 

WHAT(3) O. 

== 1. 

WHAT(5) O. 
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prints the 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,rforrns 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. 

similarily the shape parameters have to be generated or read in before this. as 

well as energy and efficiency calibrations. if specified on OPTIONS card. 

peiforms complete nonlinear fits of intervals specified on the following cards. The 

computation is the same as performed with FITDO. only complete control over the 

selection of the fitting intervals is possible. Up to 200 numbers read on the fol

lowing cards are stored to be used with FITREPEAT. if desired. 

is the number of fitting intervals specified on followingWHAT(1) cards. 

specifies automatic initial guesses, 

if the initial guesses are read in for each peak amplitude in FORMAT(8E10.01 after 

each card specifying the fitting interval. 

adds the results to the existing list of fitted peaks. 

== 1. starts a new list of fitted peaks. 

Column 1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

X36 - 40 

FITREPEAT 

FITIN 

WHAT(1) 

WHAT(5) O. 

The FITS card is followed by cards specifying WHAT(1) intervals in FORMATI16IS) 

as follows: 

the number of peaks in the interval, up to six allowed. 

the ch~nnel defining the lowe r limit of the interval; 

the upper limit of the fitting interval; 

the centroid of the parabolic correction in the background polynomial; if blank. 

as signed automatically; 

the approximate centroid of the first peak in the interval. 

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 I 5) were stored. not the special initial guesses. WHAT(S) 

has ~he same meaning as with FITS. 

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

punching results. 

is the number of peaks to be read in, 

adds the results to the existing list of fitted peaks, 

1. starts a new list of fitted peaks. 

FITIN card is followed by WHAT(1) cards each as follows, 

. ~. 
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Colun1ns Fornlat 

2- 9 

10-14 

15-23 

24-29 

30-40 

41-46 

47-57 

58-63 

64-74 

75-80 

ENDO 

WHAT(1) 

WHAT(2) 

WHAT(3) 

F8.3 

F5.3 

F9.3 

F6.3 

E11.4 

F6.2 

E11.4 

F6.2 

E11.4 

A6 

WHAT(4) /: O. 

WHAT(5) := O. 

1. 

ENIN 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(5) O. 

1. 

ENFITDO 

WHAT(1) 

WHAT(2) := O. 

= 1. 

2. 

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 keY. 

the photopeak area, fron1 the fitting, 

the statistical uncertainty of peak area. 

the photopeak intensity, 

the uncertainty in peak intensity in per cent, 

the photopeak intensity per tin1e unit. 

the spectrun1 nUn1ber. 

assigns an energy calibration point for the linear interpolation by u,sing a fitted 

peak centroid obtained previously with FITDO or FITS. The energy detern1inations 

can then be perforn1ed by using SOn1e of the fitted lines as internal energy stand

ards. See OPTIONS and RESULT cards. 

is the approxin1ate channel location for the calibration line; it has to be correct 

within 3 channels, 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 energy-calibration table, 
.J 

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 calibration line. 

is the energy in keV, 

is the calibration uncertainty in keV, 

adds the values to the existing energy-calibration table, 

starts a new energy-calibration table. 

perforn1s a polynon1ial fit to the points generated or read in for the linear inter

polation with ENDO or ENIN.The resJllting curve n1ay be used for the subsequent 

energy detern1inations. See OPTIONS and RESULT 'cards" The calibration un

certainties will be the san1e as specified for the linear interpolation. 

is the nUn1ber of tern1S in the polynon1ial fit, that is, one plus the degree of the 

polynon1ial. If enough energy-calibration points are available, polynon1ials up to 

8th degree can be used, 

specifies no CRT display of the results, 

displays on the. CR T the nonlinearity of the polynon1ial and the interpolation table 

between the first and the last calibration points, 

displays the nonlinearity over the whole range of the spectrun1. 



ENFITIN 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(S) O. 

1. 

EFDO 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(S). O. 

1. 

EFIN ---

WHAT(1) 

WHAT(2) 

WI1AT(3) 

WHAT(S) O. 

1. 

EFFITDO 

WHAT(1) 

EFFITIN 

WHAT(1) 

WHAT(2) 

WHAT(3) 

WHAT(4) 

WHAT(S) O. 

= 1. 
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re·ads in a coefficient for the polYIlOmial curve computed before, 

is the value of the polynomial coefficient, 

is-the energy in keV for the calibration uncertainty point, 

is the calibration uncertainty in keV. , 
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is the riumber of the coefficient, that is, one plus the degree of the term. Value 

1. starts a new coefficient list, 

adds the energy-calibration uncertainty to the existing list, 

starts a new energy-calibration uncertainty table. 

assigris an efficiency 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 has to be correct within 3 

keY or as specified by WHAT(4). 

is the intensity of the peak at the energy WHAT(1)~ 

is the calibration uncertainty in per cent. 

adds the values to the existing efficiency-calibration table, 

starts a new efficiency-calibration table. 

reads.in an efficiency-calibration point to be used in the logarithmic interpolation. 

See OPTIONS and RESULT cards. 

is the energy of the calibration point, 

is the corresponding efficiency, 

is the calibration uncertainty in per cent. 

adds the values to the existing efficiency calibration table, 

starts a new ,efficiency-calibration table. 

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

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

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

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

F = P1 (E
P2 

+ P3 exp(P4 E) ), 

where Fis the efficiency, P1' P2' P3: and P4 are the parameters to be deter

mined, and E is the energy in keY. 

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

reads in a parameter computed before fOf: 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, that is 1. , 2., 3., or 4. , 

adds the calibration uncertainty point to the existing table, 

starts a new calibration uncertainty table .. 

,. ~ . .. 

.. ! 



EFFITADJ 

t WHAT(i) 

WHAT(2) 

r WHAT(4) 

CALDATA 

WHAT (i) 

:= 

WHAT(2) 

WHAT(3) 

:= 

OPTIONS 

WHAT(1) 

. \. 

~ ... WHAT(2) 

. 
'" ~ 

WHAT(3) 

::: 

1. 

2. 

o. 
1. 

2. 

o. 
1. 

2. 
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adjusts the functional form of the efficiency calibration curve by changing the pa

rameter Pi' 

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 withEFFITDO or EFFITIN. 

prints the calibration data for the shape, energy, and efficiency determinations. 

specifies the shape calibration to be printed, 

prints 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. 

3. prints the coefficients permanently sto:red for the polynomial curve, 

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

polynomial curve. 

o. 
1. 

2. 

3. 

4. 

1. 

2 . 

o. 
1. 

2. 

3. 

4. 

o. 
1-

2. 

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 

inte rpolation, 

prints the 

prints the 

functional 

coefficients 

coefficients 

curve. 

permanently stored for the functional efficiency curve, 

generated or read in with EFFITDO or EFFITIN for the 

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, 

specifies the arrays permanently stored in the program, 

specifies 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. 

spccifi"s the logarithmic interpolation permanently stored, 
i ....... , ,. 

specifi,'S the logarithmic interpolation generated or read in with EFDO or EFIN, 
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~ = 3. specifies the functional curve permanently stored, 

WHAT(4) 

WHAT(6) 

RESULT 

WHAT(i) 

= 4. specifies'the functional curve generated or read in with EFFITDO or EFl"ITIN. 

specifies when only linear background approximation instead of the parabolic curve 

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

mains smaller than a specified parameter, initially 15, then only linear back

ground is used. 

;to. changes thepara'meter to WHAT(4). 

specifies the display of the fitting results on the CRT. See comments on on-line 

runs. 

= O. for no display of the fitting results, this is the initially specified value, 

1. 

2. 

o. 
f o. 

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

for the CRT camera pictures with off-line runs. 

tabulates the fitting results accuinulated, recomputes energies and intensities, if 

desired, and compufes relative intensities and decay rates. 

specifies the reference peakfor the relative intenSity computations, 

specifies the strongest peak as the reference peak, 

WHAT(2) f O. 

specifies the peak'approximately in channel WHAT(1) as the reference peak. 

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

by WHAT(2). See OPTIONS card. 

WHAT(3) f o. 

WHAT(4) o. 

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

by WHA T (3). See OPTIONS card. 

for'nopunching of the results, 

1. for punching one card for each lime fitted; these cards can be read back to SAMPO 

for additional energy and intensity. computations without repeating the fitting pro

cedures. 

WHAT(5) 

COMMENTS 

RESET 

CPTIME 

STOP 

On-line usage 

is the counting time for the decay rate computations; 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 peak search and fitting results; this can be used to break 

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

automatically reset by reading in a new spectrum. 

prints the central processor time elapsed in seconds. 

termi.nates the computations and endfiles the disk files used. 

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

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

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

Th.' ",,<,\'If,",! iI"tll. lilt' n'!Itllt'!l 1'.1'001 tIll' peak-s-<>arch routines as well as peak fitting, and energy 

,·~lil>.l'dth)H!I .:atl bl' displaytHI. The display can also be used in off-line runs to get high-resolution 

CRT pictures of the spectra and the fitting results. For these options see <DPTIONS' and ENFITDO 
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cards,. also check the control cards required in Section 6. The specific control cards and VISTA 

keyboard options for on-line runs are listed below. 

DAYFILE 

IOFILE 

WHAT(1) 2. 

6. 

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 teletype also. 

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 SAM PO control statements are read through the teletype. 

displays the spectrum on the CRT screen. If the peak search has been done be

fore DAT ATV then the peaks found are also marked in the display. 

every WHAT(2) channel is plotted; if blank, every channel; 

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

is the termination channel; if blank, the las't channel; 

channels in each subdivision; ifblank, 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) = i.-

then the following keyboard options of the VISTA console are available after the spectrum has ap

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

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

R 

R 2 

I 

I 

R123 5 I 

R123 I 

R1234 I 

H 3 I 

R 4 I 

R12345 I 

1,1 I 

R I 

R 2 I 

advances to the next frame; 

replots the present frame. 

displays the channel number at the light-pen hit; 

adds apeak 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 approximation from parabolic to linear; 

changes the background approximation from linear to parabolic, as specified on 

OPTIONS card. 

specifies the fitting interval and approximate peak centroids for the peak fitting . 

First specify with the light 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 

peaks 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: 

accepts the fit and enters the results in the result arrays; 

rejects the fit and does not store the results. 



The CRT display of the fitting results 

is also available in the automatic mode under 

FITDO, and the last two options listed above 

can be executed for each fit. The request for 

the display of the fitting results must be made 

before FITDO by specifying WHAT(6) = L on 

OPTIONS control card. The value WHAT(6)= 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. 
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The energy calibration results may also 

be displayed on CR T. The nonlinear parts of 

both the linear interpolation scheme (see 

OPTIONS) and the polynomial fitting are dis

played, see Fig. 8. To obtain the display in 

ENFITDO set WHAT(2) = L to get the curves 

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; see 

comment on OPTIONS above. 

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 accuracy and corn pletene s s 

of the results, and whether facilities are 

available for running the code on-line. 

Since the analysis requires 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 

lnaintained and be kept readily available. The 

shape -calibration data, for instance, can be 

fairly easily generated from the spectra to 

be analyzed; however, significant savings in 

time and effort can be realized if such data 
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are already available from earlier computa

tions. 

The program data input has been designed 

so that the user can 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 the 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. 

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 particular, 

since the fitting .procedures 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-search routines be

fore the final fitting. 

As an example 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 Tough energy cali

bration the energies of the first and the last 

shape-calibration'peaks are also given. If 

desired one could perform a more complete 

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 

;l1"ise when the actual fitting is performed in 
, 

the second run. The data cards appropriate 

to the first run are given in the first part of 

Table lIT. 

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 consistency of the shape 

parameters and select the appropriate cards 

from the SHAPEIN cards punched by the pro

gram; no correction of these cards is neces

sary in this case. We also 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 

f()!" the second run, in which n10st of the actual 

fitting is performed. Appropriate data cards 

for the second run are listed under that heading 

on the first half of Table III. 

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 

intense lines in the same interval; (b\ from 

the fitting of the peak about channel 902 it is 

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

ting results used as internal standards. The 

energies and intensities are recomputed dur

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 polynOlnial 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 suIts 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 around 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 

selected to perform energydeterminations 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

suIts 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 corrective 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, Flg. 10 shows 
176 

a resolved multiplet in the spectrum of Hf 

from Ref. 4. 



6. SOURCE AND BINARY DECKS 

The Fortran source deck of 

SAMPO is about 3000 cards long. The core 

requiretnents depend partly on the options 

used and ,the length of the spectral and re

sult arrays. The basic progratn for 1600 

channel spectra and up to 100 peaks in the 

spectrutn can be cotnpiled and executed in 

ab9ut 28000 (decitnal) core locations on a 

CDC-6600 tnachine. The lengths of these 

arrays can be easily tnodified; all the 

cards that need to be changed in the deck 

have been tnarked for this. 

The source decks and listings for 

the basic progratn required for off-line 

running are available frotn the author at 

Lawrence Radiation Laboratory in Berke

ley'. It should be noted, when running the 

code on other cotnputers, that different 

cotnpilers produce slightly different exe

cution tnodes of the progratn. Because of 

this and the differences in word lengths 

and sitnilar effects the results tnay differ. 

The discrepancies may be fairly large in 

results of iterative calculations, especi

ally if these results are not very well de

fined, like the error estimates of various 

parameters. 

The subroutines required for on-line 

runs and computer plotting are generally 

not included in the distribution version of 

SAMPO decks. These subroutines require 

special system routines and hardware 

which are generally not cotnpatible be-

tween different systems. These decks, 

however, can be sent also, if requested. 

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 example for the complete 
analysis of 177mLu spectrum. The analysis 
consists of three separate runs in which results 
of the previous steps are used in the later runs. 
The card images also show the input formatting 
in detaiL 

COL UMN 

1 11 21 31 41 51 61 11 
I? 34 5" 7 'tQ 0 1 ?345f, 7H9 n I ? jolt')fo, 7H9 (J 1 ?301t5fo 7890 I 2 34~" 1A9lJ II? J45h 7A~ n 1 2 34~f, 7~1,) 0 12 )ltS6 7H Q u 

WH/j, , 151 

... -............ _--_ ...... --"''' -_ ............. -_ ....... --~ ... --_ ............................ -........................ _ .... -......... -... -.......... .. 

COMMEfIIT5 

1 ST RUN OF THE ANAL'I'SIS Of Gt:.-E !;'PEcTRul.h ~MAPE (,;All~~ATIOf..lS AtloiD PEAK ::'EARCH. 
O~lAIN 2. 
C5 A .FI:l.O, 5)1, .F~ I{': .Sx .FA. II 'S'" F~. 0 .5)( ,fb. II 1 
GE-E LU- l 77M n .. 500 KEv 15~U CH oIt/?Olbb 155" 

D. 19Ft, f. 607. 2. 1?"3. 3. 
'i.66fi4)4_ h. IlnOBJ:l. - 7. lO.St.3S. H. 

lu. 23092_ 11- 12260. 12. 749~. lJ. 
l~· -;.9070 lf1J. 41'114. 17. 5Rf)71.· lA. 
7.0. IItHBt. 71. 1'53175. 22. 15Q024. ,n. 

31b9. 4. IQ797. 
1 O?5~2. 9, 5121'" 

54~3. 14. 4099. 
170774. 19, 15f)n 13. 
If)"'0~3 • ?4, IMi lb3. 

MOf-lE SPt.c T RAt. nATo CAHOS 

153'5. 7) .15]1';. 64.)')37. 
)54U. 70.1541. lil-l.1 ':i42. 

I 
1C;4~. 71. 1'>4b. H3.1 "147. 
OPT IONS 2. 2. 

S9 .153~. ·75.1539. 61. 
l::I4.1C;41. 71.1544. .0. 
Ab. I C;4t-\, til'. 1~4~. kO. 

SHAjJ~nD 247. ??~. ;>54. 1· 1. 
ENLJn ?,4C:'. I o~.31 I. I, 
SI-iAPfOO 32A. 316. ]39. 
SI-iAPf no 47th 4Uq. 432. 
SI-iAPEno 7n2. ~H". 713. 
SHAjJE" no .7RI. 7"A. 194. 
SHAPEOO 1014. lO5~. 1088. 
SHAPEOO 1 ?b4. 1('47. 12'17. 
5HAPFflO 144). 1431.1. }45b. 
Etl.ilJ[) 1443. 4?t->.29 1.';; 

I· 

CALDATA 2. 2, 
Pf 4KF INn ?OO·. 
F1 T Tf'>T 
STOP 

COMMENTS 
ZND RUN OF GE-E ANALYSIS. PEAK FOllNG I4JTM ALL CALTBIo(ATION5. 
OHAIN 2. 
15.(' F~. n. 5)(,. FA. C' ~X I F k. O. 5X, FR. 0 0·5X ,fS. 0) 
Gf-E LU .. l 71M (,_500 HV Isc;O CH 4,70/66 

o. 19A. 1. hOl. z. 1703. 3. llu9. 4, 19191. 
5. bb6434. 6. II OOA~. 7. 10"_35. ". l025~2 • 9. 51Z16. 

MORE 5PI:.CTiolAL OAT 4 CARUS 

1545. 71.154h. 1::1301';47. Bb.154R. ts2.1549. 8(1. 
opTIONS 2. 2. 2. 
SHliPElN 7.41F1E+02 3.198E+Oo 2.S09E.+o) 2.l.l4]F .. +001. 
SHAPE TN 3.2Rlf+02 ].9A1F+uO ].cJoFlf+O\ 2.0"'2£+Ou 
SHAPE: IN 4 .205[+02 3 .644E +\.10 3.3R?E+Ol ?.12Qf+Ou 
SHAPE J N 7.01f,1:+02 3.9)/)f+OO b,05,7f'0 t 2.2Ijh[·OU 
SHAPt TN 7.8111:+02 3 .hA4F +uo 1.1.~5E+lIl' 2.)::I4£·OU 
SHAPf T N ].074['03 ) .1QHf +1}0 1,Jqhf+Ol 2'''0;1 ['01} 
SHAPf-.. 1 N 1.?hC:;':-+03 1.~Fl9F+OO 1,1.£'17[+00 ,?!)tsQ(+Ou 
SHAPF.T N 1.441':-+03 3. 741f _UIl h,9'5~l+f)(} 2.lulf+OU 
ENI N 2'4] .H/. 10S.31 ,I I, 
ENI"'" 1442.'-1'1 42h.?9 .t 
E"f IN 1n. (,. 31'· f. -035. I, 
Ef-""iN HU. ~.lil f -O)~. 
n· IN yo. 4.94 F .... 0)". 
Ef IN IOU. 4. J'" f -113.,. 
Ef IN ];>V. ?oR' F -U35. 
EF IN 15(; • 1.7."3 F -U]c;. 
EF 1,.,. ~nu • e .k4 [-045. 
EF IN 250. 5.?3 F-U45. 
£F IN 300. 3.42 F-u4S. 
EF IN 350. 2039 f.-04S. 
EFt N _00. 1.11 F-!)4S. 

. EFIN _su. 1.)4 f -v45. 
EfIN 500. ].(1'5 F -U,.S. 
CALOATA e. 2. 2. 
PfAr<FJNn 20v. 
Pf A .... AnD 2145. 392. InD. 9)7. 943. 
PE A .... AflD 961. 1050. 1471. 14'14. 1501. 
PEAII.O~OP Rlb. 940. 
PFAKLTST 
FITOU 
EMJO 2_2. 105.31 0.1 I. 
[~·mo )28. 12H.50 00\ 
[NiIO _~U. 15).29 0.1 
ENIlO 67b. 208.34 00\ 
ENIJO 7n2. ?2H.44 ;1.1 
F.Nno 7F11. ?49.65 00\ 
[NnO 991. )(lc.;.52 Dol 
[NUO 1 (\74, )77·flb 0·1 
VIIIJO 12h4. ]1H.~1 n.l 
ENOO 144). 4?t->.~9 n·l 
CALllA TA" ? 
RF SUL T 24e· ? ? 1· 
ENF nOo 3. 
ENF T TnO 
ENFIlnO 5. 
Etl.iF 1 TnO .. 
E!'If I TnO 7. 
SllJP 

r.E-E. 1ST 
nt-E 1ST 
M .... e. 1ST 
Gt-E 1ST 
r,t-E 1 ST 
t;t-E 15T 
r,f."E 1 ~T 
Gl_E 1 ST 
r.e.-E 1 ST 
r,~-E 15T 
M-E )ST 

155 1i 

c;E"'E 2'0 
Gt-E 
Gl"'E 
Gt-E 
r.~.-E 

r.E-E 
r.E-E 
r.t."E: 
r.E."£ 
Gt._E. 
r.e."E 
GE .. E 
Gt-E 
r.E."E 
r,t. ... E 
r.t-E 
M .... E 
r.E.-f 
r.£ ... f 
Gl-E 
GE-E 
r,E-E 
r.E-E 
r.E.-E 

GE-E 
r.t::-E 
rH:-·E 
GE.E 
"E-E 

G(-l 
r.E-E 
fit"-E 

r;E'""E. 
r,t."E 

r.e: .. E. 
r.E-E 
r;e:-E 

C;E-E 7!>JO 

) 

C 

"" ") 

'~''t 



r 
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COMMENTS. 
3~i) ~"N OF GE-r ANALYSIS. cn~HE'CT[D FITS ANu FlN~L. TABULAltON OF ~~SULTS. 
DAIAIN 2. 
I~", Ft:I. O. 5X, Fe. ~'~A .F~. (I, 5)( ,FH. 0 t5x .Fb. (1) 

fiE -E Lu-177t-l n ... ~OO M.v ) 5~(j CH 4lrO/btl l'i'iU 
o. lqc,. 1. 601. 2, 1703. 3, 31tlli~. 4. 19797, 
5. h6o',43(.. 6. IIOOHH. 7, 105435. ;,. l02~~2'. 9. 51216, 

1545. 
OP1IONS 
SHAPE T N 
SHAPF IN 
SHAPE.' N 
SHAPE" TN 
SHAPFTN 
SHAPI: TN 
SH,o,PF"TN 
SHAPt.i til 

[NI N 
po·JN 

["'i '" 
ENIN 
[till I>') 

f NJ N 
f N I t~ 
F"'H, 
FNI.,. 
EN [N 
ff IN 
OJN 
EF It,. 
EF IN 
EF I N 
Ef ItJ 
HIN 
ff IN 
Ef ttl. 
Ef IN 
F.FIN 
HIN 
Ffl N 
C.alUATA 
F t I IN 

241. A14 
;>71\.11 <} 

If! 1.~l:Il 
;.>Af-..,.,99 
),I? .. loA 
1?)-o\.OA4 
)c:.,H.74-5 
3i.J?J9o 
3~7.b3n 

"cO .4Sf, 
.. 410 ."'SA 
.. 71.h6[1 
"H9.1A? 
4\.j9.2A~ 
~I)'" .91,., 
SHI.3Q1 
f.111·41 ~ 

M::)Ht: C;PtCI~AL IlATA CAI-IDS 

11.1"46. E:I).l ~41. 
2. 7.. 2. 
2'41~E-02 3.7qaF-oo 2·8oQE-Ol 
3.2Alf-02 ].9R7f-vO 3.UOR~-Ot 
4.20C;f-+02 3.H44f-oO 3.)A?I:.-ul 
7"1l,c.f·02 3.9Ibf-UO b.U~?E-Ol 
1.RllF:·02 ~.6A4F-vO 1.1hSE-Ol 
1.014E-U) 3.7Q8F+UO 1.3Q,.,F-Ol 
l'O::'bSF.+03 ].8AQf+ijO 9.23?t·OO 
1·443f-03 ~.'41f -vo b'95Sf.-OO 

241'~4 10~031 .1 
32Ho{lQ 12~.~O .) 
470'4,., t~.3.?Q ol 
626· 3t> znH. ~4 01 
1nl'be; ??A,44 .1 
1AI·)? ?44.b~ ol 
Q!il{I.Hh 3n<-i.,? .1 
Ill74.1h 1,.,7."h .1 
l?h4.70 371\."1 .) 
1441.."'~ 4;:>/).;;:04 .1 
70. 6.3t-1 f "U]'). 
Hn. 5.Q] f-U3<;. 
90. 4.Q4 .... 03~. 
100. 4.1? F ... 035'f 
120. ?H7 F .. u3~, 
15u. 1.13 F-i.!3S. 
?OU. A.f.!4 F .. U4~. 
250. !:>.?3 f.-1l45. 
30C. 3.42 F ... U45. 
350. 2.39 F-U45. 
400. 1.77 F .. U45. 
45U. ).34 F.-U45. 
500. 1.05 f ... U45. 
7.. ('. ;:t. ... 
.(lUI 
./)\.17. 

.1VA 

.]94 

• oaR 
.01)4 
.008 
0034 
.oot> 
• ni.J~ 
• r,44 
032f.. 
,013 
.007 
.n 1-, 
• !Jv" 
• (1 12 

.1 nu 2.07(ql:-Ob 

.Iflu 3.7roHf+06 

.10'+ 7.9433~·-U4 

.14b·Z.lH691:.-U4 
,111(1 1.flJhqf.-IJ~ 

olnv 1.793':1E.+Oh 
o1l,V 1.'+3A?~-U':i 
.. no 1.766M._U4 
.luv 2.94?kf-05 
.1 flU 1. Jtll;;of -uti 
.Inl 
oJ ~3 
.Iflu 
• IOU 
.In\} 

• IOv 
'IOU 

rl?h·V;~ -ou I 

1 uS. "lOk 
112.Q13 
1IS.9QS 
117.371 
I ~1.flOfl 
I i'1:I.4911 
Db.7Z·' 
145.151 
147.163 
l~]. 2E9 
1 ~q.160 
loti.583 
}., I.Po?4 
1T4.3f11} 
l'b.9~6 
1 "I~.~16 
;;004. 07H 
?uR·,:W • II,v 

'lou 
'I!IU 
'lllli 

).S9~AE -04 
9.4914£ -(13 
Z.AIAhE+o') 
7.019~E.-0~ 
1.H3f\,.,(-u:, 
3. 58tinE:. + 04 
~·~!J~3E "'oS 
;>'lb?QF -06 
;)0 1 ':Ii? I ~ - 0'"> 
I 'O~9~f -U';' 
I. Ob7l,lf +Oh 

I .,?ql E on':> 
1·42H~f·()~ 

?·09)H-u~ 
) ·/-l"'A 1~ - (13 
h.bl"r.,f -114 
1.141 RF -04 
1.31o?f -04 
7.ti33S£-(j4 
2.44~?f_-04 
?r"H44F 'U4 
I .6-']7f - V4 
I .3~74E:. '0'.;, 

"",~·n·r~ '007 71" ... 1\'-0 
"t,?~,,,, ol)tlH '?J""on7? 
'lIl·h" .... ollt!? ?lH.4J:~ 
'7? I .I-Il? -tll <,i 23:"'1 .H<: I 

2,+'1·11511 
?o? Hb';. 
?b4'(1A~ 
JbH.1f-,H 

?"Il .~"'7 
;;0'12.""13 
?"i6.4~' 
2 ... 9.oS4 
3u~.519 
] 13. 7;?7 
"] I'll. nil 

It! 1.11 q on03 
h 1,1' .,?~ 0407 

" 1'" J? I 0;7.7 
~,,,?t1qo 0(113 
'll!-1.47Q • ('I~3 

G .. ;:>.]f,Q .lcG 
QC,h.H?4 .r1\e. 
'-Iht'l.~,","" • OC'N 
i.jQr!.H5~ .(2) 

} 1,(> 1.740 .031-1 
1 (141 .h\q .1112 

'11lu 
.lnu 
'147 
"1' 
·]111,) 

• 103 
.III~ 
.Inu 
.1110 

• Ifill 
.\01 
.Iou 

Ifl,">O.IA7 .[,49 l'l.?i-I"i .}ol 
1074.)hl .01U 121.f,f,O .\111,1 

l1u 4 .34'" ol4H J31.II~fl .intl 
11?h.59f.l .(d3 34}.6"'4 
1??1ol9, .!lUi' )b7.433 

.1 nil 

.lflU 
1?h4.bQ Q .1\17 "HfI,SIn 
17.1-'9.0"" 01.'51 3M5.05) 
139':i.~.n .014 413.h3·' 
141).4AQ .nI2 4 J@.45H 

4Ch .291 
Ioj2.,71 
4]3.~e,-, 

144?bh.l .n3b 
11o.h"'.O~~ .4b1 
}47u.tIc44 .494 
141"lI'.?11;, .·~v~ 4..;b.3fHj 
1 .. 0.1 ... 4~l .37~ 4100.\4,., 
l,:"nl.~·p .411(' 4"7..09h 

FJI'::' 2. 
I ~;:JO ~3,", ~?H 

.lou 

.Iou 

.1 nu 

.I"'U 

2 H!=I3 i.J?'2 I.,l()? .... 10 

J .~(j71f -U4 

?071?O~-0~ 
9 .711 nf -07. 
I .917~f +U4-
?.Bor"f,f -{14 

?54AAE -1.1~ 
?b71f\E:.-04 
I o?2h?f -u':> 
I .46AQE .05 
:3 .(7)1 E.-1l3 
5.017AFoO? 
4.82?~F-u? 
3.4~Io)f -U? 
~. ':iHq 1 E:.. n? 
?H8~?f-Uc 

~H Sull 24? ? "2. 
f"'~IT'N lo.uI972-01 10(1. .1 
F",f tTTN l.hI,lS?7"'OI 700. .J 
EM ITTN ... 1.9l(II;"'07 ]on. .} 
EMIlTI'II "'3.1317"'U~ 40f). .1 
[tIlfltTN 1.72&;44"12 SO(). .1 
(HIITN 1f1U. ?RIII -1:25. 
fFf I1 Till 20U. -7.3"'6 +UO 5. 
fFFIfTN 300. "1.t!~3 ... 03 S. 
F:Ff IT}I\I SOu. "b.?30 -u2 S. 
CAlilATA 4. 
~H~UlT 247. 4. 
Sll)p 

2'11'" 1 (,OU 1· 
2.u;l2E -Ou 
?I~(H-{IU 

2.~dt.f-OV 

2 dJ4F '00 
2.4'11 E -ou 
2. '::Jb9r' Ou 
2070H'Ov 

I. 

I. 

I • 
.p ~.~YI41:.+flij 

• l] 1.0 I 0 1 £'vl,I 
3.1;10 2.bU3HE-n 7 

l!JolA 1,t9?'4£-Oh 
.:>h 2.bI42EtOf.i 
oJ H 7, cQJ,j4E + O~ 
.j'-, (,.1315£_01 

1. j4 4.£(lt.4E:. t 07 
.'+1 1 .0,?A9E_ 08 
• c3 7.'7119E.+08 

I.oh 2.409I.1E'01 
4.vlo 1,'::JA55E+O/i 
.~O ?~37UE+{I~ 

.~1 S.t114YE_(l~ 

.OH 1.S~hZE+Op' 

I.P 3.ti415E,u 7 

.~? ".c 34 0E·0'" 

.t!.? ?oIIHIoE+(f'il 

.... , ?'~?rJ""E 'Uk 
·(1I·::'?,44E-u H 

.ll;, I .0l)lnE 'n9 

.bn ;?olj4HOE:. '011 

.jl ~.I??()t.OH 

14 .~? fo ...... 97f • of.. 
-,.,:>4 H.ltfo,~?~+o6 

.~J \.441tF+Ofi 
3.'1] 1t.1fo,~1f +d 
.. ,Ik 3./9hbE~n7 
.~fo ?1710f'OH 

I. uk 7 .\,.'~ 13F. _n1 
.'131.bA)AE_(l7 

J."? 5,"3(1)£-417 
4.,,712E+OH 

J.ot' 5.17nlt_U7 
,j4 1.'j396E.+OH 

4 .':110 ~.·f22?E -06 
... Q 7.~HS1E+o1 

.03 1.:n15E_o~ 

.,+1'0 1.t!.1IBE -O~ 
1.'11 I.JRH]E_OIol 
.~I 7.4!ilf.l8E+OH 
.",., 9.2324f+u A 

l.bh.2.ul",7£._07 
1 '":>.1.10 3 .4IIlI,IE +f}f, 

l".",k "jOl1£+Oh 
I? ul-( ;.>. Jr.,l7,+~ • 0(1:, 
11.01-1 ?':>4JbE._nfl 
I~.il ?(;"'4t~t_{Jt 

1· I. 
< • ,. 
1. 1. ,. ,. 

GE.-E ]QO 
GE-E 
GI:."E 
nt .. £. 
G\:.-( 
r.t:.-E 
r.E.-f. 
CH:"E 
GE. ... E 
G(-E 
H .. f 
Gt-f 
r.E-E 
(;1:. ... ( 
(;f -E 
r.t: .. ( 
(;I:.-E 
(;1:. -E 
r.t: .. t 
CiE"£, 
r,t .. E 
r.t-[ 
(;E-E 
r.t"E 
GE-E. 
C,E-E 
GE-E 
GE. ... ( 
r.E-E 
(;I:.-E 
Gt"E 
Gt:.-E 

'3.0() 5.':lQI4F"-oHGE.-E 
S.OI 1.0101 F-O"lGE ... E 
b.28 2.bIlJBI:-u7Gf.-E 

lS.9k 1.?924F"+Ub!"iE-F 
S.032.HI42F.·OI-l(,f_E 
5.00 7 .?q~4f"'OBGE.E 
5.016.11 1Sf-07Gf .. t 
S.lF' 4.20b4E_01GE .. E 
5.02 1.b2~9~-08GE ... E 
5.01 7.4111,lF.-08GE._f 
5.33 ?4(l",9f-01GE.-E 

10.33 7.5B5SE-ObGE_E 
5.02 ??110F-OtiGE_E 
5.01 S.AI'+9F"+OI:lGF. ... f 
5.0~ 1.~5bZF-OHGf ... f 
5.14 3.R475~_07GE .. E 
~.o3 6.?140F"-08(;f·E 
'-.002·71 H4 f·o9r.f .. r 
<;.O? ?4?05F"-OBGE-r: 
~'Ot- 1.r,,?49r-tl8r.E-f 
5.01 1·"c:.,lbF+O~M"f 
5.0b ?49Hnr-uBGE-F 
~.OJ ?7?21)t:·otiG~· ... F 

1';.]f) 4.49"'·Ir·obGE-E 
Q.O'" R.4"''''2t:"-Obr.f''f 
';.u3 1.4Q7 1t:"-otir.r ... r: 
6.3h 4. 7t.-:t7f-07GE_f 
6.92 ).7Qb()r'u7GE_E. 
5.03 ?.17l0F-OBr.E .. E 
~.1? 7.nQ13t:"-07GE .. E 
1;,.0Q 7.f'FlJAF·07GE_f 
5.211 5.4303F"-07nf ... E 
S.U? 4.477?F-ol:lr.E_f 
S.Z~ 5.1101t:"-1I7GE-f 
!';.U~ 7.9~~br-OtlGE .. E" 
7.011 3.7?2Zr-06r.E .. f 
5.0(1 7 ,~A':I7f-07GE .. F 
5.04 1.3375f:'OHGE .. f 
".O? l.n18F".oQGE .. f 
5.JS 1.3H ri 3 r -09Gf_E 
5.U] 7.4QI;8F-OBGf .. E 
5.0? Q.2,24F:-OtlGE-E 
5.33 2.0Ib7F.-o7Gf .. E 

IS.tll 3.4,09F"·06GE-f 
16.21 ]03011F-ObGf .. E 
13.01 ?.3QhF+Obr.E-E 
P.II ?54Z6F- v bGE .. f 
14.1)3 ?0648f.-()6GE .. f 

UCRL-1945Z 

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 an~ output devices. The user ne'eds 

to load only the sections that he is going 

to use and thus economize on field length 

requirements. By using the data cell 

library the prograrn can be very conven

iently loaded and executed without handling 

tapes or long source decks. Ins tructions 

for using SAMPO library are also on the 

data cell. and can be obtained by executing 

LIBCOPY (SAMpO. OUTPUT. INFORM) . 

Table IV shows this inforrnation at present. 

Notice the date on the first line and be sure 

to have the latest inforrnation . 

ACKNOWLEDGMENTS 

I arn greatly indebted to Stanley 

Prus sin for his cooperation in the develop-

ment of the analysis rnethods. The con-

tinuous cooperation and support of H. 

Wade Patterson; Alan Srnith. and Roger 

Wallace is gratefully acknowledged. The 

use of the developrnent versions of 

SAMPO program by Frederick Bernthal. 

Nickey Little. and Jerry Wilhelrny has 

provided valuable feedback and criticisrn 

towards irnprovernent of the code. 



-32- UCRL-19452 

2. 362x lOt; 

, .. ~~~-*~~----~~~~~------~~~-
tt.61IlXI0

3

/

1

_._ .---~-.-.--- -•.•. _--._---_ •. _--

-::;- +1".98 

Fig. 10. A Inultiplet resolved in the 
spectruIn of 176Hf as shown on the 
CRT during an on-line run. 
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Table IV. InforInation on the SAMPO library which is stored on 
the data cell of CDC-6600 cOInputers of LRLBerkeley. This 
gives the syst~,In control cards for loading and executing dif
ferent program· options. The user should obtain the latest 
version of this iruorInation froIn the data cell as instructed 
below. 

INFORMATI~N OF SAMPO LIRR~RY, LAST CHANGED QN OECE~BER 21, 1969. 

SAMPO is A FORTRAN PRD"RA~ WRITTEN TO PERFOP~ THE ~NALYSIS OE5CRIREO BY 
J. 1 •. ROUTTI AN') S. G. PRIISSIN IN PHOT')PEAK ,"ETHOO FOR THE CO~PUTER ANALYSIS 
OF GAMMA-RAY SPECTRA FROM SEMlco~nUCTOR OETECTORS, PUBLISHED I~ NIICLEAR 
INSTRU"ENTS AND "ETHons, VOL. 12, pP. 125-1102, JULY 1969, ANn ALSO IN 
IICRL-11672, DECEM8ER 1966. THF USER IS AOVISEn TO CONSULT EITHER ONE OF 
THESE REPORTS FOR THE EXPLANATION OF THE ~ETHOOS. 

THE PROGRAM CAN SF USED FOR AUTQMATIC QFF-LINE DATA REOUCTIO~ RUNS OR 
FOR ~N INTERACTIVE ON-LINE ANALYSIS WITH CRT VISTA AND TELETYPE I~PUT 
AND OUTPUT. THE WRITfll D WHICH EXPLAINS THESE OPTIONS ANO THE DaTA INPUT 
CAN RE (l"TAI~IEO FP.OM THE 6I1T"'OR, Jnp,"A POIITTI, LRL-RERKELEY, EXTENSIOIII 59R'. 

SAMPO llARARy ON nATA CFll CONTAINS AINARy AND SOURCE DECKS OF SECTIONS 
IlF THE PRor;RAM, AS WEll AS A S~~PlF INPliT AND OliTPUT. THE ~U"SETS IN SA~PO 
LlHRARY A'E L ISHn "fLOW, ~.~MES ~Er,JNNINr; WITH" .EFER TO RU"F CO~PllEn 
DROGR~M SFrTI~N~ WILE N~~ES RFGINNING WIT~ S ~RE T~F COPRESP~Nnl~G ~OllRCE DECKS. 

INFORM =THIS I NF OR MAT I ON OF S~"PQ lIRRARY 
INEX =SAMPLE DATA INPUT OECK 
OUTEX =C;A~Pl-: OUTPUT lISTI"G 
ASAMPO,SSAMPO=MAIN p~nGRA'" F0R UP TO I bOO CHANNEL S A'I(I 100 PE~KS FL=6bOOO OCTAL 
ASAMPOL =MAIN PROGRAM FOR UP T'l 4100 C~AN'IFlS AND zoo PF A.S Fl=110000 OCTAL 
ACC, SCC =C~1. CaMP OP T IONS FOR SPf: (TR4 ANO PEAK SEARCH FL- 6000 Qr.TAL 
RTV,~TV =CRT V I STA OPTIONS FOR PUNNING ON-LINE Fl·1300(l "nAl 
qOT,SDT =DAT~ TAPE R: E AOER FOR NICKEY lITTLE F l= 7500 nCTAL 
ROTl, SOT 1 =OATA TAPE REAOER F('R HOLLANDR GROUP Fl' 2500 OCTAL 
ROT2, SOT2 =DATA TADE READE R FOR JERRY WIlHFl"Y Fl· 2500 OCTAL 
ROT), son =DATA TAP~ REAOE R FOR nQN L ERECK Fl· 2S00 OCTAL 
ROTIo,SOTIo =DATA TAPE P EAOER FOP SOMEBODY EL SE, PL EASE SHOW UP Fl' 2500 OCTAL 
.'HS, SOTS =nATA TADE • EAGER FO· S ... A STA SCO TAPES Fl' 2S00 OCTAL 
AOT6,SDTb 'OATA TAPE .QEAnE~ FOR ES.0LA 1.13.IQ6Q Fl= 2500 OCTAL 
BOT1, SOT7 ·I)ATA TAPE READE R FOP. ~$CON READER Fl' 2500 OCTAL 

THE SOURCE AND COMPILER LISTINGS CAN HE fASILY OBTAINED BY RUNNING THE JOR, 

SAMPO,1,lOO,SOOOC.309302,JORMA P'lUTTI 
II flCORYI SA MPO ,OIJTPUT ,I NFORM I 
LIBCOPYISAMPn.,OUTPUT,~CC,SDT21 

LI8COPYISI MP0,PUNCH,SCC,SI)T21 
LIBCOPYISAMPO,INP,SCC,SI)T?I 
REWINOIINP I 

TO GET UPDATED VERSION OF SAMRO LISRARY 
TO GET S""RCE lISTI~IGS oe ~CC ANI) SDn 
TO GET ~~CHeO nECKS OF SCC AND SOT2 

P UNF f S , , , I NP ) 
llflCOPYISAMpn,OUTPUT,lNEX,OUTEXI 
.61118/9 

TO GET COMPILED LISTI~GS OF src ANO SOT2 
CORPESPO~DING TO Bce ~~o ~OT7 YOU NEE~ 
T~ESf THPEE CAPOS. 
FOR LISTING QF S'~PlE INPUT ~ND OUfPUT 

" ',,", 

< 
; .. ", 

" 
" 

~ 

\~! 
." 
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THE USE OF PRECOMPILED SU~SET AlLnws THE USER TO EXECUTE A PUN WITHOUT 
HANDLING SOURCE OECKS OR LIARARY TAPES. ONLY THE OPTIONS ACTUALLY tlSeD NEED 
TO 8E LOAoeo. SO FnR INQAlljCE Tn RIIN A JO~ WITH CAon I"IPUT AIIIO CAL CO"P 
OUT~IT nF SPECTRA U~E THE FOLLOWIIII~ C~NTpnL CARDS. 

C;AMPn, 1(l,200,14000 .. 30Q307,JOQMA ROUTT[ 
ll~CnpY(SAMPO,8IN,BSAMPO,8CCI 

LonE(I=SIN,O-UIIISATEDI 
XEQ. 
ex IT. 
OMP. 

118/9 
~AMPO INPUT DATA 
&/7/8/9 

CO"PLETE LIST'OF CONTROL CARnS FOR RUNNING SA"PO AT LAL-BERKELY IS GIVEN RELOW. 
USER HAS TO SELECT FAn" THESE CARDS THE CARDS RfQUIRED FnR H[S PARTICULAR RUN. 

5AMPO,IO,300,FIELO.309302. ROUTTI 

TTYIlOOO,JRI 
LIACOPY(SAMpn,BIN,ASAMPOI 
LIBCOPY!SAMPO,BIN,RSAMPD,ACCI 
LIBCOPYISAMPO,BIN,AS'MPO,RTV,AOTI 
LIRCOPY(SAMPO,RIN,ASAMPD. 
LI8CnpY(TLIRP,RIIII,RTAPEI 
RUNF t S ,. , t f:~ nlJT • R IN' 
REWINOIEROt.!TI 
r. OPYS F (E ROUT, OUTPUT I 
REQUEST HOES. I"'PI/T TAPE GAuMA 
DENSITY HPES,S. 
REWIND(TAPF5 I 
PEOUEST FILM. CRT VISTA 42 
[nOf( I=RI'l,O=IJNSATED' 
XEQ. 
F x IT. 
nMP. 
REWINn! [NPUT I 
C(JPVRR (INP1JT,NIJLl' 
SFLlFIELOI 
tOOE( I=RIN,O=UNSAHOI 
XEO. 
F x IT. 
n~p. 

ex IT. 
fREOIT. 
r.r "'. 
"NLOAfl( TAP ES I 
'ETUR,NITAPf" 
RFWI"'DITAPf'141 
r.OPYC~(ThnE14tPtJI\ICHI 

REWINDITAOOI 
COPVRFIT AP t7, flUTP"T I 

1181 q 
TAPE PEAOINr. ~URPOIJTl"l£ 

CtlNSULT Tljf AIIT'fOR ABOUT GtTTI"J(; 0"'. 
lIB/9 

nATA CARns FOO SA~PO INPUT 
01718/9 
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REPLACE WITH YOUR JOB CARn, 
SET FIELD LENGTH DEPENDING 0", SURSFIS 
nNLY FOR ON-LINE oUNS WITH TELETVPE 
FOP OF-:lINE RUNS WITH CARD INPUT ONLY, DR 
FflR RUNS WITH CAL CO~P PLOTTING, O. 
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IF YOU COMPILE YOUR OWN TAPE READER 
IF LISTING nF COMPILATION OF TAPE 
READER DESIRED 
nNLV IF SPECTRA ON MA~NETIC TAPE 
SPECIFIES DE"ISITV nF DATA TAPE 
ONl v IF NEF'lED 
nNlY FOR ON-LINE RUNS W[TH VISTA 
LOADS SUBSETS cnPIED ANn (nMOILFD 
EXECUTES THE PROGRAM 
HOPEFULLV Nn."ALlv 
HOPEFlIll Y NOT 
ONLY FOR ON-LINE 
RUNS WITH VISTA 
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ARI TH"'ETIC AND 
INPUT ERRORS 

REPEAT 
liP 
Tfl 
THREE 

T1"'ES 
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EDITS THE FnRTOAN ER.no~ 
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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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