PROCESSING OF - -SPECTRA IN ACTIVATION ANALYSIS WITH A
PROGRAMABLE CALCULATOR

E. GARCIA AGUDO

PUBLICACAO IEA N.° 299

Julho — 1973

INSTITUTO DE ENERGIA ATOMICA

Caixa Postal 11049 (Pinheiros)
CIDADE UNIVERSITARIA “ARMANDO DE SALLES OLIVEIRA"

8AO PAULO — BRASIL



PROCESSING OF y-SPECTRA IN ACTIVATION ANALYSISWITH A
PROGRAMABLE CALCULATOR

E. Garcia Agudo

Divisdo de Aplica¢do de
Radioisotopos na Engenharia e na Indastria
Instituto de Energia Atdmica
S3o Paulo — Brasil

Publicagdo IEA N© 299
Jultho — 173



Instituto de Energia Atdmica

Conselho Superior

Eng© Roberto N. Jafet — Presidente
Prof.Dr.Emiiio Mattar — Vice-Presidente
Prof.Dr.José Augusto Martins
Dr.Affonso Culso Pastore

Prof.Dr.Milton Campos

Eng® Helicio Modesto da Costa

Superintendente

Romulo Ribeiro Pieroni



PROCESSING OF y-SPECTRA IN ACTIVATION ANALYSIS WITH A
PROGRAMABLE CALCULATOR

E. Garcia Agudo

ABSTRACT

The use of a 9810-A Hewiett Packard programable calculator in activation analysis data processing is
aesct pes

Treee nzepencent programs have been developed:

a' Pe-k smootmng, area and standard deviation calculation, peak energy and statistical significance
1247

i Concentrat.on calculations, ang
c¢) Decay curve analysis

These u 04y ams are specially usefull when the same efements must be measured in a jot of samples.
The onaes* program has only 884 program steps.

©:0g-am hisings, user’s :nstructions and examples have been included.
] — INTRODUCTION

The processing of y-spectra and related data in activation analysis is a time consuming
work and it is convenient to eliminate, or at least, to reduce it as much as possible, specially in
routine work

Many computer programs for automatic spectra processing have been described in the last
years'' <3 4.58) and they routinely used at various laboratories. Most of them require digital
computers with a minimum memory capacity of 32 or 64 K bits, which are not always
available

Programs for automatic spectra processing, using tabie computers with 8000 memory
positions have also been described'” -8,

Tre programable calculators are limited by their small memory capacity, not being able
to process complete spectra. Nevertheless, in activation analysis, most of the analysis are
concerned with a small number of elements in each sample. In those cases it is possible to use
programable calculators to avoid hand calculations. In the present work, the use of a mod.
9810A HEWLETT-PACKARD programable calculator, for the routine data processing in
activation analysis, is described. The calculator has 51 data storage registers, 1012 program
steps, and is equiped with printer and the statistic and printer alpha ROM modules.

Due to the small memory capacity of the calculator, three independent programs have
been developed:



PROGRAM A:Peak smoothing: exact peak positioning; energy, area and standard
dev:ation caiculations

PROGRAM B: Concentration and standard deviation calculation.

PROGRAM C: Decay curve analysis.

In program A, the activitles must be manually ‘ntroducad in the calculator. An HP 9863
A Tape Reader can be used to introduce the peak activities from a punched tape into the
calculator memo-y, but this possibility has not been included in the program, hecause it
depends on the type ot multichannel analyzer used for the measurements.

Programs A and B are the most used in activation analysis. Sometimes it is also necessary
to solve compiex peaks, like the 511 keV anihilation peak, in order to get the individual
components In trs case, the program C is very useful To use it, an HP 9862 A calculator
plotter is also necessary

Il — PROGRAM DESCRIPTION
1.1 — Program A
11.1.1 — Energy calculation

In modern muitichannel analyzers, equiped with linear amplifiers, the peak energy and
channel number are related through the formula:

E‘ = aCi+b (1)
where

E, is the energy corresponding to channel Ci. The coefficients a and b are calculated
through linear regression, using energy standards, and stored in the calculator memory.

The calculator also calculates the determination coefficient, (r’), corresponding to the
regression performed

{1 1.2 — Peak smoothing

The y-ray peaks measured in activation analysis often do not have statistics as good as it
would be desirable, either because the nuclides are short lived, or the number of samples to be
measured are so great, that the counting time must be consequently reduced. The processing of
those spectra can introduce errors, specially in the calculation of photopeak energies, because
the actual peak position is not atways ai the channel with maximum activity. For this reason,
smoothing of data before computer processing is always desirable.

Several smoothing methods have been described!®-10-11)

(10)

The techn:igue used in this work is that from Gibbons and Shanks consisting in adjust



a trura orded potinomial to five consecutive channels. The smoothing equation is given by

. {2
D = = ‘—BCI_2 t12C_, +17C +12C , - 3C, | i

where
C ana ﬂ| are the measured and smoothed number of counts in channel 1.

Due to the smal capacity of the HP programable calculator, the smoothed number of
counts are stored in the same memary positions they had before smoothing.

As a consequence of this, after the 5th channel, equation (2) changes to

, .
Di=gg[—3o|_2+uol_1+17c'+12c‘+1 —3CH{J (3)

This may introduce an error in the results only when the peak to be smoothed Is a very
narrow one, only 3 or 4 channels wide, and has big discontinuities in activity between
successive channels. Such a case appears when the spectra is measured with a solid state
detector and a multichanne! analyzer of small capacity (e.g. 400 or 512 channels).

However, a peak with these characteristics needs no smoothing. An option for avoiding
smoothing in these cases has been included in the program.

The program gives very good results when applied to y-spectra measured with a gain
calibration up tc 1 keV/channel.

(1.1.3 — Area calculation
The area under the peak is calculated by the Total Peak Area method”z’, using the
smoothed data. In that method the counts from the peak channels are added and corrected for
the Compton contribution (fig. 1) The first and last peak boundary channels are identified
(ch; -ch. in fig. 1). Just left and right of peak, two regions of the spectra are :hosen,
corresponding to the Compton continuum (ch; -ch, and chy - ch; in fig. 1) The number of
channeis must be the same in both areas.

The net peak area is
_ B 4
NP"NT-'(Nl‘fN;’E—A (4)
and its standard deviation

[ Bl ” ‘/2
o, = IN. + (N, + N,) — (5)
Np T : 4A* .



where
N‘3 = Net peak area {counts)
NT = Qross peak area, from ch; toch.
N, = Ccmpton area from ch, to ch-
N. = Compton area from ch. to cn,
B = Number of channels between ch, and ch-,
A = Number of channeis between chy - ch: or chy -ch,

The channeis ch,, ch-, ch, and ch, must be identified visually by the operator from the
activity read-out, or from the oscilloscope display The data from a maximum of 37 channels
can be stored in the calculator memory.

Frequently, when looking at a y-ray spectrum, it I1s difficult to establish ‘‘a priori”
whether a peak exists or not, in the energy range of interest. This is particularly true in the case
of small peaks, because they can be masked by the statistical scattering of data points, along the
Compton continuum

The problem can be solved by meais of a statistical significance test for the recorded
data, also included in the program.

If D, is the maximum number of counts after smoothing in the region ch; - ch; and N the
mean number of counts in the Compton continuum, the condition for the peak to be
significant is meet when:

D - N > 205

When it is not so, the computer prints '"NO SIGNIFICANT PEAK”.

The net area and standard deviation are aiso printed. Through the last one, the detection
limit for that element in the sample, can be calculated.

11.1.4 — Peak position and energy calculation

The exact peak position is obtained through the smoothed first derivative“m,

.
E = — |-2D_

R -D_,+D,, +2D,, (6)

-2

At D, maximum, E, = 0. For localing the peak, the computer searches for the channel
where E_ takes the first negative value

If the peak is statistically significant, s exact position s calculated by linear
interpolation between £ and E'~, values, using the expression

C, =C , + —— (7)
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P = exact peak position

a number of tast channel with positive first derivative

il

first derivative value in channel C

H

mmoo
i

first cerwative value in channel C

The peak energy s calculated through eq. 1, replacing C‘ by Cp and a and b by the
corresponding values already stored in the calculator memory.

In order to test the program, a v-spectrum of a -”*Hg sample was recorded with a
Ge(L1) detector, accumulating approximately 500 counts at the peak. Then, without erasing the
multichannel analyzer memory, a * “ Na spectrum was accumulated cver it.

In fig. 2, the 279 keV peak of tne ‘" * Hg sample is shown.
The same peak, accumulated over different intensities of - Na Compton continuum is

shown i fig. 3 and 4, including the results of area calculation and the calculated peak energy in
each case

As can be seen, the calculated area s the same, between the statistical limits, for the three
spectra, and the maximum variation in the calculated peak position is only 0,7 channels

11.2 — Program B: Concentration calculations

After computing the areas and the standard deviations of samples and standards, the
concentration of the different elements can be calculated

A Wft
Y
[X] = — __'3,1()6 (8)
AS WM
where
[ X ] = concentsation of element X, in ppm
AM = sample actwty
A5 = standard activity
WS = weight of element X :n the standard
Wy = sample weight
The standard deviation s given by
A W 0,12 f0..\2 Jow \2 fow N2 |”
g = 2 3 (-f_"") +( AS) +( Ws\ . (_“M) 10" (9)
X
As WM \ AM AS . WS WM

where



0] refer 10 the erro° s assoc.ated with the weights of standard and sample.

5 and Ow

w M

Ay AS, Upp @nd 0, are caiculated through

(N 1, INC).
Y ey
Am = (10)
tM I.3
» Iy 3
‘i\‘r')'j ‘l\‘:’",B (11)
. " .
7o, o 1%
) ) -N.le \\ ( 'NP’B ¢ (12)
Yam T | Vo M
VR T )
(o ¥ [0) . \ . - 2
N (4 [ “ing 2
J, .= _____'.,_'?.,_\. + P_B.—) (13)
AS ¢ i 3 N
. s / B/ i
where
A = net activity
N. = peak area
1 = measuring time

Subsciipts M, B and 5 refer to sampte, background and standard, respectively,
Background subtraction has been ncluded only for those cases where the measured peak is
coincident w.th a background peak If this is not the case, the Compton continuum from
background does not affect the net peak activity calculetion.

The possibitity of decay correction has aiso been included n the program.

1.3 - Program C: Decay curve analyss

d(1’3‘14,15,16,!7!

Several decay curve analysis grograms have been describe most of them

using the least squares technique and matax caiculation

In our case, the calcuiator pe:torms the sameé operations as in manual processing, but
obviously at very much nigher speed

The operator must introduce the expenmental activity and time data in the calculator.
The present program wil accept up to 15 patrs of activity and time data. The vaiues are stored
in the caiculator memory ana the decay curve is then piotted For the correct processing of a
decay curve, the sample must be counted untit only the longest hved nuclide 1s present. The last
points will be on a straight iine, corresponding to the decay of that nuclide The operator
determines wisually, from the plotted decay curve, the number of points that meet that
condition and introduces it in the calculato:
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A hnear regression is then performed through those points. The extrapolated activity at
t = 0 and the half life are printed.

Using the linear regression coefficients and the values of time corresponding to tie
different experimental points, the contribution of that nuclide is subtracted fiom the
experimental activities. The new values replace the old ones in the same memory positions

The new decay points are then plotted. This procedure is repeated until the last
component has been obtained.

In fig. 5, a decay curve with three components, processec with thi§ program, is shown.
The sample consists of a mixture of “‘Na(T/’ = 15h), **CIT” - 37.3min) and
“7§(T” = 5 min).

Among the computed data in fig. 5, there are two more experimental points, at 900 and
1380 minutes, not inciuded in the figure, but used in the calculations.

The calculated half lives are in good agreement with the thecretical values.

The program has the same limitations as hand processing: the measurements must be
continued until oniy the longest-lived nuclide is present in the sample, and the half lives of the
components must be quite different in order to be able of separating them.

Nevertheless, this program can be successfully used in many cases and I1s a real heip in
data processing.

RESUMO

E descrito no presente trabalho o uso de um calculadar Hewlett Packard 9810 A no processamento de
dados de ana'is?s por ativagao

Trés diferentes programas foram desenvcividos:
a) Alisamento, calcu’'o da area e respectivo desvio padrdo, energia e teste de significacdo estatiytica
dos picos obtidos
b) Caiculo "4z concentragdo. e

c) Ana!se de curvas de decaimento

Estes programas sao especta mente (te s guando os mesmos elementos devem ser medidos em grands:
numero de amostras.

O mars longo deles tem apenas 884 'nstrugdes As listagens, nstruches Ue UsO 0 EXEMPIOL ACham e
incluidos no texto

RESUME

On décrt 1"'utytisation d un calculateur prog-ammable Hewlett Packard 9810 A pour Ustude de esuliaty,
d’analyse par activatton

Trois programmes rndépendents ont été développes

al “smooth:ng” du pic, calcul de 'a surface, de la deviation sTanddre] et e b ener |y et e
de fa signitication statistique



) Caicu': de concentranons, et
) Analyse e la courbe de gecrosssance

Ce: programimes 01t specialernent uriisabes guand les mémes éléments dovent étre mesurés dans une

serig d'échantittons.

Le ;v ogramime « pius iong comaorte seuiement 884 hignes

On aincius '3 Lisi*Ny e orogramine, @y .asitzuct.ons d'utiisation et des exemples.
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il - APENDIX

Prograrn listings and instructions

iil.1 — Program A

(m

2)

(3)

Press FMT. GO TO

Insert program

Enter energy of standard

Press CONTINUE

Enter peak channel number

Press CONTINUE

Repeat step (1) until all calibration data are entered.
Press SET FLAG

Press CONTINUE

Enter ch,

Press CONTINUE

Enter activity value

Press CONTINUE

Repeat step (3) until all activities are entered.
Press SET FLAG

Press CONTINUE

Enter 1 if smoothing is desired

If no, enter 0

Press CONTINUE

Enter ch,

Press CONTINUE

Enter ch,

Press CONTINUE

Enter ch,

Press CONTINUE

The program goes automatically to step 2 for a new peak.
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EXAMPLE A:
Chanel ACTIVATION
anne Counts ANALYS'S
Number
. T A) ENERGY
ch, [403] 2728 CALCULATIONS
404 2743
E=A®N+B
405 2644
406 2651 LEAST SQUARES
FITTING
407 2613
ch, B—Q:a] 2603 A (KEV/CHAN)
0.998
409 2701
410 2768 B (KEV)
0.537
411 2795
412 2846 CORRELATION
1.000
413 2684
414 2703 B)
PEAK SMOOTHING
415 2720 AND AREA
416 2585 CALCULATIONS
chy [417] 2711 AREA (COUNTS)
a8 2689 520.132
419 2760 SIGMA (COUNTS)
420 2527 214.385
421 2561 PEAK CHANEL
cha E@] 411.300
PEAK

ENERGY (KEV)
411.159



EXAMPLE B:

Channel
Counts
Number
ACTIVATION
ey [403] 2358 ANALYSIS
404 2263 A) ENERGY
405 2339 CALCULATIONS
406 2396 E=A*N+B
407 2374
el L EAST SQUARES
ch, [408| 2350 FITTING
409 2334
A (KEV/CHAN)
410 2287 0.998
411 2328
3 B (KEV)
412 2390 0.537
413 2372 CORRELATION
414 2258 1.000
415 22569 B)
416 2324 PEAK SMOOTHING
AND AREA
chy  [417] 2323 CALCULATIONS
418 2224
AREA (COUNTS)
419 2248 205,736
420 2200
SIGMA (COUNTS
421 2222 GMA 1‘;866;
chy (422 |

NO SIGNIFICANT
PEAK

11
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itt.2 — Program B

Concentration calculations

This program is seif-expianming, as can be seen below

Example: Cooper Anatysis
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1.3 — Program C
Press: FMT, GO TO
Insert Program
Enter Y max
Press CONTINUE
Enter Y min
Press CONTINUE
Enter X max
Press CONTINUE
Enter X min

Press CONTINUE

Step 1.  Entor activity value
Press CONTINUE
Enter time
Press CONTINUE
Repeat step 1 until all data is entered {maximum 15 activity values)

Press CONTINUE

Step 2:  Enter number of points to be used for linear regression
Press CONTINUE

Repeat step 2 until the plotted points are on a straight line



EXAMPLE

Xmin = 0 Ymin = 1
Xmax = 120 Ymax = 10°
t A t A
(min ) {cps) { min) (cps)
40 170,6 17,56 65,7
55 1412 30,6 50,5
6,8 124,2 36,5 471
8,0 11,1 61,0 35,7
9,0 103,6 109,5 25,2
10,1 96,5 900,0 9,7
12,5 82,4 1380,0 6,7

15,2 73,1 - _
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COUNTS

FIG 1 — AREAS USED FOR PEAK INTEGRATION.

AREA (CUNTS) 2030.30
- SIGMA (COUNTS) 49.17
PEAK CHANNEL 553.57
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F1(G 2 — PEAK AREA CALCULATION. WELL DEFINED PEAK.

27



28

COUNTS

COUNTS

7900}

7800

71700

7600

7500¢

_N_,¥-__L,"_4.”,"‘ i i : AR £ (COUNTS)  2150.18
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FIG. 3 - SMALL PEAK ON A MEDIUM COMPTON CONTINUUM.
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FIG. 4 — SMALL PEAK ON A HIGH COMPTON CONTINUUM.
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FIG 5 — DECAY CURVE ANALYSIS



