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In the program of processing of y-spectra “GAMMAPEAKS” the algorithm of automatic search of peaks in y-
spectra based on use of convolution of sites of a spectrum from a negative smoothed second derivative of gaussian is
developed. In the new version of this program before creation of a search spectrum the convolution of an initial
spectrum with an ideal gaussian of small amplitude and variance was carried out. As a result of this convolution the
initial spectrum on sites with “weak” statistics was well smoothed that facilitated search of peaks on a search
spectrum. The search spectrum was under construction by convolution of the received y-spectrum from the negative
smoothed second derivative of gaussian that looks like a step. The search result of peaks shows that the
“GAMMAPEAKS” program marks peaks more precisely, than the previous versions of this program in which there

was no convolution with gaussian before creation of a search spectrum.

PACS: 25.40.Lw

INTRODUCTION

One of the main issues of y-spectroscopy is the
processing and analysis of y-spectra obtained from
experimental studies of nuclear reactions. Development
and improvement of semiconductor detectors and
analyzers for the measurement of the complex y-spectra
requires the use of modern computing tools to process
experimental results.

The computer program “GAMMAPEAKS” [1-3] is
developed for processing of y-spectra by the author of
current work. In this program there is a possibility of
automatic search of peaks in a spectrum. For these
purposes the program creates a so-called “search
spectrum” by which borders of peaks in the y-spectrum
processed by the program are determined. The search
spectrum constructed by the convolution of the site of a
y-spectrum with a negative smoothed second derivative
of gaussian. In the new version of the “GAMMA-
PEAKS” program the convolution of an initial y-
spectrum with an ideal gaussian of small amplitude and
small variance was added. A result of this convolution
was the spectrum in which sites of an initial spectrum
having "weak" statistics were smoothed well. Then this
smoothed initial spectrum was used for creation of a
search spectrum which was constructed by convolution
of a smoothed spectrum with a negative smoothed
second derivative of gaussian.

1. PROBLEM DEFINITION

One knows that the spectra measured even when
used good multichannel detectors sometimes contain
sites with poorly expressed peaks having weak statistics.
In the previous versions of the “GAMMAPEAKS”
program some of such peaks were not marked after
automatic peaks search. In order to find them
automatically, it is necessary to smooth an initial y-
spectrum before creation of a search spectrum. Earlier
we used for this purpose the so-called “smoothing
filters” [4-6]. In the current work we replaced these
smoothing filters with convolution of an initial spectrum
with an ideal gaussian of small amplitude and variance.
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We made possible to set values of the amplitude and the
variance of this gaussian from the keyboard.

2. MATERIALS AND METHODS

As shown in Fig. 1, the negative smoothed second
derivative of gaussian has a step appearance with a jut
in its central part. One was possible to change quality of
peaks search in a y-spectrum setting half-width of the
jut of this step. Full width of a step was equal threefold
width of its jut.
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Fig. 1. The general view of the negative smoothed
second derivative of gaussian. The designations:
DHW - the negative smoothed second derivative
half-width, SHW — the negative smoothed second
derivative jut (the “step ) half-width

In the manual to the program of y-spectra processing
called “AnGamma” for creation of a search spectrum
the convolution of an initial spectrum with a negative
smoothed second derivative was defined by the formula

YL
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where C; — channel count in a search spectrum channel;

Y; — channel count in an initial spectrum channel; L; —

value of a negative smoothed second derivative of

gaussian in i-th channel. Summation performed on an

initial spectrum site on which convolution was made.
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Fig. 2a. The site of the initial spectrum with good
statistics (the beginning of the spectrum) and the results
of peak search when the jut half-width was equal
to 1 channel
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Fig. 3a. The result of convolution of the site of initial
spectrum having good statistics with a gaussian and the
results of peak search when the jut half-width was equal

to 1 channel
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Fig. 4a. The site of the search spectrum corresponding
to the site of initial spectrum with good statistics when
the jut half-width was equal to 1 channel
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Fig. 2b. The site of the initial spectrum with “weak”
(poor) statistics (the end of the spectrum) and the
results of peak search when the jut half-width was equal
to 1 channel
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Fig. 3b. The result of convolution of the site of initial
spectrum having “weak” statistics with a gaussian and
the results of peak search when the jut half-width was
equal to 1 channel
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Fig. 4b. The site of the search spectrum corresponding
to the site of initial spectrum with “weak” statistics
when the jut half-width was equal to 1 channel
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The width of this site was equal to the width of a
negative smoothed second derivative of gaussian the
center of which was equal to the center of this spectrum
site. However, in this formula there was a mistake
which was revealed when this formula was verified with
formulas from the manual to the program of y-spectra
processing called “GammaVision” [7]. One revealed by
the formulas given in this manual that the formula (1)
should have the following form:

c = -Zi¥ili 2
o )
where Y; — channel count in the j-th channel of an initial
spectrum.

One also written in that manual that the channel of
an initial spectrum considered belonging to a peak if the
value of C; was less than a definite numerical value that
was taken equal to -2 in that manual. This value was
negative because the “GammaVision” program operated
with a positive smoothed second derivative of gaussian.
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Fig. 5a. The site of the initial spectrum with good
statistics and the results of peak search when the jut
half-width was equal to 3 channels
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Fig. 6a. The site of the search spectrum corresponding
to the site of the initial spectrum with good statistics and
the results of peak search when the jut half-width was
equal to 3 channels
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The “GAMMAPEAKS” program used the negative
smoothed second derivative to create a search spectrum,
therefore the value of C; should be bigger than 2 for the
program considered that the channel belongs to the
peak.

The algorithm of peaks search in the “GAMMA-
PEAKS” program was built such way: first the program
performed search of the peak centers for what in search
spectrum was performed the search of channels in
which numerical value was not less than 2. The channel
with the highest value in group of channels of the search
spectrum was considered as the center of a peak if the
value in that channel was bigger than in adjacent
channels. After that the program took the values in the
adjacent search spectrum channels from the found peak
center channels moving in both directions from centers
and when the value in the channel of search spectrum
became negative and bigger than -2 and also bigger than
value in the previous adjacent channel of search
spectrum, this chan-nel was considered as peak border
in initial spectrum.
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Fig. 5b. The site of the initial spectrum with “weak”
statistics and the results of peak search when the jut
half-width was equal to 3 channels
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Fig. 6b. The site of the search spectrum corresponding
to the site of the initial spectrum with “weak” statistics
and the results of peak search when the jut half-width
was equal to 3 channels
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However, if two peaks bordered closely (the right
border of one peak considered equal to the left border of
the following peak), the program made a little
correction to the peak borders.

3. RESULTS AND DISCUSSION

As the analyzed material the real uranic ore sample
y-spectrum measured on the germanium detector has
been taken. For smoothing the convolution of initial
spectrum with gaussian having amplitude equal to 18
and the variance equal to 2 was performed. For creation
of a search spectrum the convolution of smoothed
spectrum with negative smoothed second derivative of
gaussian which had the jut half-width value equal to 1
channel was performed. The value of sensibility for
determining of peak or background has been set equal to
2. All channels on search spectrum which had value less
than the sensibility value considered belonging to
background, all the channels which had values bigger or
equal to the sensibility value considered belonging to
the peaks on initial spectrum.

Sites of the test initial spectrum are shown in
Figs. 2a and 2b. In Fig. 2a the initial site of spectrum
containing peaks with good statistics is shown and in
Fig. 2b is shown the site of the same spectrum with
weak statistics (final site of y-spectrum). Arrows shows
borders of the determined groups of peaks. In each
group there were at least one peak but if the group
contained several peaks the right border of one peak
was equal to the left border of next peak in the group.
The sites of smoothed spectrum corresponding to the
sites of initial spectrum with good statistics and weak
statistics are shown in Figs. 3a and 3b. One can see
from these figures that the convolution of initial
spectrum with ideal gaussian well smooths a spectrum,
especially on sites with weak statistics (see Fig. 3b).
The sites of a search spectrum corresponding to the site
of the initial spectrum with good statistics and with
weak statistics are shown in Figs. 4a and 4b. One can
see comparing Fig. 3a with Fig. 4a that where on
smoothed spectrum one peak is observed, on the search
spectrum several peaks limited to the same site as the
peak in Fig. 3a are observed. In particular, the peak on
smoothed spectrum having borders from 296 to 348
channel number represents superposition of three or
four gaussians that is observed on the search spectrum
(see Fig. 4a). On the site of the smoothed spectrum
having weak statistics (see Fig. 3b) the peak having
borders from 7706 to 7740 channel number also
represents superposition not less than three gaussian at
one peak on initial spectrum (see Fig. 4b). So, one can
see that the convolution of initial spectrum with ideal
gaussian and the following convolution of the received
spectrum with the negative smoothed second derivative
of gaussian allows well determine peaks from atoms of
different elements.

In the Figs. 5a and 5b the sites of the initial spectrum
marked by means of a search spectrum which
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constructed by convolution of smoothed spectrum with
the negative smoothed second derivative of gaussian the
half-width of the jut of which was set equal to 3
channels are shown. In Figs. 6a and 6b the sites of this
search spectrum are shown. One can see from these
figures that with such half-width jut value of negative
smoothed second derivative it is impossible to see that
several peaks in search spectrum are superposed on one
gaussian in initial and smoothed spectra as it is observed
in Figs. 4a and 4b.

CONCLUSIONS

1. The convolution of an initial y-spectrum with an
ideal gaussian having small amplitude and small
variance well smooths the initial spectrum especially on
its sites which have a weak statistic.

2. A search spectrum constructed by the convolution
of the smoothed spectrum with the negative smoothed
second derivative of gaussian allows determine how
many singlets superpose on a peak in the initial
spectrum.

3. The lower is the value of negative smoothed
second derivative of gaussian the better one can
determine how many singlets superpose on a peak in the
initial spectrum.
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AHAJII3 ITIOITYKOBUX CHHEKTPIB I METO/IB
BU3HAYEHHSA PO3TALIYBAHHSA ITIIKIB ¥ y-CIIEKTPAX

A.JO. Bepescnoun, 1O.B. /Tauiko

VY nporpami 00poOku y-cekrpiB «<GAMMAPEAKS» po3pobiieHO anroputM aBTOMaTHYHOTO IMOLIYKY MiKiB Y
Y-CIIeKTpax, 3aCHOBaHUH HA BUKOPUCTAHHI 3TOPTKU AUISTHOK CIIEKTPa 3 BiJl’€MHOIO 3IJIAJIKEHOIO JPYrol0 MOXiTHOIO
BiJ raBciaHa. Y HOBIH Bepcii Wi€l mporpaMu mepea MOOYAOBOIO ITOIIYKOBOTO CIIEKTpa MPOBOJMIACS 3rOpTKa
MTOYaTKOBOTO CIEKTpa 3 i/IeallbHUM TaBCiaHOM HEBENHMKOI aMIDIITYAHW Ta TUctepcii. Y pe3ymbTari mi€i 3TOPTKH
MTOYATKOBHH CHEKTP HA TUISHKAX 31 «CIAOKOI0» CTAaTHCTHKOI0 OyB m00pe 3rila/pKeHHH, MO0 IMOJIETIIYBAIO MOMIYK
TIKiB Ha MOIIYKOBOMY crieKTpi. [TonrykoBuii criekTp OymayBaBCs IUIIXOM 3TOPTKH 3100yTOTO Y-CIIEKTpa 3 Bill’€MHOIO
3TIIaIPKEHOI0 APYrOl0 MOXiTHOIO BiJ raBciaHa, IO Ma€ BUTJISA CXOAWHKH. Pe3ynpTaT MOMIyKy IiKiB BHSBHB, IO
nporpama «GAMMAPEAKS) po3miuae miku TOuHiIIe, HK IMomepenHi Bepcii Iiei mporpamu, B Akux He Oyio
3TOPTKH 3 TaBCiaHOM TIepell TOOYAOBOIO MONITYKOBOTO CIEKTPA.
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