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Abstract Nal(Tl) scintillation detectors have been widely
applied for gamma-ray spectrum measurements owing to
advantages such as high detection efficiency and low price.
However, the mitigation of the limited energy resolution of
these detectors, which detracts from an accurate analysis of
the instrument spectra obtained, remains a crucial need. Based
on the physical properties and spectrum formation processes
of Nal(Tl) scintillation detectors, the detector response to
gamma photons with different energies is represented by
photopeaks that are approximately Gaussian in shape with
unique full-width-at-half-maximum (FWHM) values. The
FWHM is established as a detector parameter based on reso-
lution calibrations and is used in the construction of a general
Gaussian response matrix, which is employed for the inverse
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decomposition of gamma spectra obtained from the detector.
The Gold and Boosted Gold iterative algorithms are employed
to accelerate the decomposition of the measured spectrum.
Tests of the inverse decomposition method on multiple sim-
ulated overlapping peaks and on experimentally obtained U
and Th radionuclide series spectra verify the practicability of
the method, particularly in the low-energy region of the
spectrum, providing for the accurate qualitative and quanti-
tative analysis of radionuclides.

Keywords Nal(Tl) scintillation detector - Gamma-ray
energy spectrum - Gaussian response matrix - Inversion
decomposition

1 Introduction

Resolving the complex gamma-ray energy spectrum data
obtained in gamma spectrometry is a key process in nuclear
analysis, and the accuracy of this process is greatly affected
by the choice of detector. Nal(T1) scintillation detectors have
been widely employed in gamma spectrometry systems
owing to advantages such as high detection efficiency and
low price [1, 2]. However, the limited energy resolution of
Nal(TI) scintillation detectors results in the overlapping of
photopeaks of similar energy, making them difficult to dis-
tinguish. Moreover, the Compton scattering generated by
gamma photons in the Nal(TI) crystal results in the super-
position of spectrum lines with a large number of low-energy
components, which increases the number of gamma rays in
the low-energy range, resulting in fuzzy peak boundaries,
particularly in a high background environment. As such, the
rate of correct radionuclide identification is decreased. The
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problem is further compounded for spectra comprised of
numerous types of nuclides, wherein the processing algo-
rithm required for decomposing such spectra must itself be of
significantly greater complexity. An analysis of conven-
tional gamma energy spectrum processing mainly includes
spectrum line smoothing, peak search, determination of peak
borders, background subtraction, overlapping peak decom-
position, net area peak calculation and activity, and a series
of forward modeling processes and methods [3—5]. However,
the qualitative and quantitative analytical results obtained by
conventional methods generally deviate quite significantly
from their actual values [6]. Therefore, this study seeks to
apply an inversion analysis method for the energy spectrum
data obtained from Nal(T1) scintillation detectors.

At the same time, compared with the author’s article to be
published and named “An inversion decomposition test
based on Monte Carlo response matrix on the gamma-ray
spectra from Nal(Tl) scintillation detector” [7], there are
many different novelties. First of all, the different con-
structed methods of response matrix: The Monte Carlo
response matrix is established by the Monte Carlo method to
simulate y photons with the Nal(Tl) scintillation detector
interaction. And the Gaussian response matrix is constructed
by the response to gamma photons of different energies in the
Nal(T1) detector which corresponds to approximately
Gaussian photoelectric peaks with unique FWHM values,
and the FWHM is established as a detector parameter based
on resolution calibrations. Secondly, the different decom-
position processes of spectral: The Monte Carlo response
matrix to decompose y-spectra in practical applications is
subject to certain restrictions, such as the scintillation
detector sizes, the detector energy resolution, the scattering
background, the distance between the source and the detec-
tor, and distance between the source and the sample, but it
eliminates the need for spectral peak searching, background
subtraction, overlapping peaks decomposition and is widely
used in the study. The decomposition of the measured spectra
with Gaussian response matrix needs to smooth spectra, peak
search and boundary determination, background subtraction
and other processes, which it makes spectral analytical
accuracy affected to some degree. But the Gaussian response
matrix has a small capacity of computation, and if choosing
the calibration model of the FWHM, it can be subtracted
from the background of the full spectral. It should be related
to the detectors, unrelated to the measurement conditions and
environment, thus it can have practical applications. So, the
proposed method is based on building a Gaussian response
matrix mediating between an actual gamma radiation source
spectrum and an experimentally obtained spectrum, that, in
combination with the Gold and Boosted Gold algorithms,
achieves rapid and accurate decomposition of the highly
convoluted photopeaks obtained from low-resolution
Nal(TI) scintillation detectors.
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2 Principle of deconvolution and construction
of the Gaussian response matrix

The gamma spectral characteristics obtained from
gamma spectrometry systems reflect the interaction
between gamma rays and materials. On the one hand, the
characteristics of spectral data are related to nuclide decay,
whereas, on the other hand, it is closely related to the
performance of the detector. Because the luminous effi-
ciency is not absolutely uniform in an Nal(T1) scintillation,
the number of photons collected is related to the location of
the scintillation event, the resulting number of photoelec-
trons will also vary, and the multiplier of the photomulti-
plier tubes will exhibit fluctuation as well. Therefore, the
output pulse amplitude created by the scintillation detector
exhibits a slight fluctuation about a mean value. The
detector characteristics corresponding to the response of
the Nal(T1) crystal and the physical properties of the
spectrum formation process result in a peak shape that can
be well approximated by a Gaussian function [8, 9].
Therefore, the gamma spectrum of a single-energy peak
response obtained by a scintillation detector is assumed to
approximately obey the following Gaussian distribution
[8, 9].

1 Y 2
fo) = == 0/ (1)
2no

Here, ¢ is a parameter reflecting the peak distribution
width (variance), and u is the energy channel number at the
center of the peak. The full width at half maximum
(FWHM) of a Gaussian peak is related to ¢ according to
the expression FWHM = 2v/21n2¢ = 2.3550. Due to the
characteristics of the scintillation detector and the physical
properties of spectrum formation, the response to gamma
photons of different energies in the Nal(T1) detector cor-
responds to approximately Gaussian photoelectric peaks
with unique FWHM values.

2.1 Gaussian deconvolution method

With the continuing development of signal and system
theory in conjunction with developing computer technol-
ogy, convolution methods have been widely applied, and
increasing attention has also been devoted to deconvolution
methods [10-12]. Deconvolution is the inverse operation of
convolution. Gaussian deconvolution involves inverse
convolution based on a response matrix represented by a
Gaussian function matrix. Convolution can be employed to
solve the zero-state response of a system to an arbitrary
excitation signal using the impulse response r(¢) of the
system in the time domain [13, 14]. The convolution for-
mula is as follows:
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y(t) = x(2) * (1), (2)

where r(f) is the measured response spectrum, x(f) is the
input spectrum, and the symbol “*” represents convolu-
tion. After variable substitution, convolution can be given
in integral form as

y(t) = /jo x(t)r(t — 1)dz. (3)

oo

For discrete data, convolution is given as

o0

> xm)r(n—m), (4)

m=—0Q0

y(n) =

where y(n) is the measured response spectrum in n chan-
nels, x(m) is the input spectrum in m channels, and, for a
discrete finite sequence comprised of an input sequence of
N components and a response sequence of M components,
is given as

N-1
y(n) = Zx(m)r(n -m), n=0,1,2.. N+ M —1.

n—

(5)

Equation (5) can be written in matrix form as follows:

2.2 Resolution calibration

The Gaussian peak function fitting method employs
initial calibration measurements to calculate the FWHM
and the energy resolution of photopeaks measured from
single gamma-ray sources [15, 16]. The square of the
resolution ¢ and gamma-ray energy E satisfy the following
linear relationship:

8 =a+ (b/E), (8)

where a and b are fitting constants. Therefore, the cali-
bration values of > are plotted as the ordinate and the
values of 1/FE as the abscissa, and a and b are obtained from
a least-squares fitting of the resulting straight line. The
value of 6% can be determined for any gamma-ray energy
according to Eq. (8).

To this end, gamma spectra derived from 2*'Am
(59.5 keV), °’Co (122.06 and 13647 keV), **Cs
(795.8 keV), '*'Cs (662 keV), ®°Co (1173 and 1332 keV),
2l4pj (238U series: 1764 keV), and 20871 (232Th series:
2614 keV) sources were, respectively, collected by an
Nal(Tl) scintillation detector using an MCA8000A multi-
channel pulse amplitude analyzer and supporting software.

T (0) 0 0 0 07
r(1) r(0) 0 0 0
. . - T x(0) 7
3(0) w0 ’ )
y(1) (M —1) r(1) (0) 0 x(2)
: = 0 r(M—1) : (1) r(0) 0 E ’ ©
YN +M-2) 0 0 M —1) : r(l) (0 :
VN +M—1) 0 0 0 sm-1) - )| Ly
L0 0 0 0 r(M:— 1)

here, the r(-) values are the normalized counts of system
response and represent the Gaussian peak shapes employed
in Gaussian deconvolution. For simplicity, Eq. (6) is
written as

y=R-x. (7)

Based upon the expression given in Eq. (7), deconvo-
lution involves obtaining the actual system input x based
upon a known output y of a detection system and an
assumed system response R.

The characteristic peaks were then extracted, and the FWHM
of each characteristic peak was calculated. The FWHM is
obtained according to the following calibration formula:

5= WHM _ T G/E). 9)

E

To convert a nonlinear least-square fitting into a linear
least-square fitting, Eq. (9) is written as a quadratic
polynomial:

(FWHM)> = a x E> + b x E +c, (10)
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Fig. 1 Nonlinear calibration of the FWHM

where c is constant. The FWHM calibration curve obtained
is shown in Fig. 1.

2.3 Construction of the Gaussian response matrix

An impulse response in the form of a Gaussian peak is
employed to obtain the corresponding input spectrum
through deconvolution. Because the FWHM of spectrum
lines varies nonlinearly with respect to the mean photon
energy, calculating the impulse response with a single
Gaussian function is not appropriate. Therefore, the
Gaussian response matrix is formed according to the
FWHM to analyze gamma spectrometry data accurately. In
addition, a normalized Gaussian response matrix was
employed to ensure that the peak area was not altered. The
Gaussian function response matrix generated according to
the different FWHM values obtained from the nonlinear
FWHM calibration given in Eq. (10), i.e., adaptive
FWHM, is shown in Fig. 2. The Gaussian response matrix
generated by adaptive FWHM in three-dimensional coor-
dinates is shown in Fig. 3.

Figure 2 shows that changes in the peak height and
FWHM accord with the response trend of the detector. In
addition, as shown in Figs. 2 or 3, there is a phenomenon
that Gaussian peak in the energy spectrum section appears

Chennels

Relative counts

Fig. 3 Adaptive FWHM generated Gaussian function response
matrix in three dimensions

“truncate,” which is due to the limited Gaussian peaks
sample that was truncated. The Gaussian function is an
approximation of the peak shape of the detector’s response;
however, the Gaussian peak is composed of an infinite
number of points, and it is impossible to take the infinite
number of points when decomposing spectra. So, it needs
to determine an appropriate number of points (or length)
approaching the peak widths (2 x FWHM), slightly wider
than the peak widths or slightly narrower than the peak
widths. In practical applications, it has been shown that
taking a number of points given by 2 x FWHM =+ 1/3/5 is
viable, whereas taking more points is slightly better. 1/3/5
can be obtained based on the valuation of Gaussian peak
confidence intervals. Here, the number of points is
2 x FWHM + 3. A three-dimensional plot of the Gaus-
sian response matrix is shown in Fig. 3. As shown in
Fig. 3, the overall response matrix can be characterized by
a spectral peak that presents and changes uniformly with
respect to energy, which is the result of the FWHM being
rounded. The overall response matrix accords with the
actual trends of the FWHM.
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3 Solution algorithm

Another problem for analyzing a continuous spectrum is
the stability of the response matrix. The results of decon-
volution involving Eq. (7) are highly affected by noise,
although noise is inescapable during nuclear radiation
measurements. As such, deconvolution results may not be
accurate, or even unattainable. From the perspective of
numerical analysis, the response matrix represents an ill-
posed problem associated with solving systems of linear
equations within the scope of experimental error. There-
fore, the nonlinear iterative Gold and Boosted Gold algo-
rithms, which have shown excellent stability, are used to
approach the stable point. The basic characteristic of these
algorithms is that the solution is always positive, which is a
very important characteristic with respect to gamma energy
spectral data [17, 18].

3.1 Gold decomposition algorithm

Gold algorithms have been presented in detail in
numerous reports [16-20]. The standard algorithm is based
on the van Cittert decomposition algorithm [19-22].
Equation (7) is multiplied by R” on both sides to obtain a
Toeplitz linear system of equations:

A-x=0b, (11)

where A = RTR and b = R”y. Equation (11) is restructured
to facilitate an iterative method of solution. The results in
the (k + 1) step can be represented as

D =0 L g(b— A - x). (12)

Here, a vector sequence x(¥) can be obtained for any
initial vector {x(};°. During the iterative solution of a
Toeplitz linear system of equations, the value of x**1 is
defined as the original value x'* plus a variable quantity
multiplied a relaxation factor &. ¢ is employed by intro-
ducing the local variable relaxation factor ¢&;:

(1) _ 0 3y ST
X; =x +W b,-—n;A,-mxm . (13)

m=1LimXm

&; is substituted into Eq. (12) to obtain
(k)

_ N -
(k+1) _ (k) X (k)
x; =X = |bi = Y Amx,, |- (14)
Zz:lAimx%() L mz::l ]
Expansion of Eq. (14) yields
bi
xl(kJrl) _ . x[(k)’
St A’ (15)
ie{0,1,..,.N—1}, ke{0,1,...,L}.

The iteration algorithm begins with an initial solution,
which is assumed to be

{0 =11,1,..,1)". (16)

Equation (15) is the Gold algorithm of deconvolution,
where L is the iteration number. It can be shown that, if
Am >0 and XV i€ {0,1,... N =1}, then X ke
{0,1,...,L} are also always positive, which is quite
suitable for spectral data that are, themselves, always
positive.

3.2 The improved boosted gold decomposition
algorithm

The Gold algorithm was found to quickly converge to a
stable value. While continuing to shrink the width of the
spectrum peak, it was found that the solution process
required halting once the solution reached a steady-state
value of x(), and then, the process was repeated with a new
value of x” based on a somewhat altered version of x("). In
response, the power function (i.e., y = x*(a > 0,x > 0),
function is a monotonically increasing) was employed to
alter the particular solution, which was found to provide
good results. The analytical algorithm of this improved
approach is discussed as follows [23]. First of all, set
x© =1, the value of L, the number of iterations S for
which the process is to be repeated, and the process number
index s = 1. Obtain r # R using Eq. (15). Afterward, set
s = s + | and repeat until s = §, where the initial input
values for subsequent iterations are xl@ = ’x,@ p,
i=0,1,...,N—1. Here, an accelerating enhancement
operation is conducted based on an acceleration index p.

4 Test and analysis of the inversion decomposition
of gamma spectra

In the analytic process, operations providing for peak
smoothness, peak search, and nuclide identification are
required for qualitative analysis, whereas the determination
of peak borders, background subtraction, decomposition of
overlapping peaks, and the determination of peak area are
required for quantitative analysis. The proposed deconvo-
lution method based on inverse analysis using the con-
structed Gaussian response matrix was applied to analyze
the 2*®U series and ***Th series spectra lines obtained with
an Nal(Tl) scintillation detector. The test analysis results
were evaluated for determining the feasibility of the pro-
posed method in practical applications.

@ Springer
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4.1 Decomposition of multiple synthesized spectra

For the artificial radionuclide '*”Cs (spectral peak energy:
661.6 keV) and natural radionuclides 2'“Bi (**%U series,
spectral peak energy: 609 keV) and 2°*T1 (***Th series,
spectral peak energy: 583 keV), the low-resolution Nal(T1)
detector provides overlapping peaks. The Monte Carlo
N-particle (MCNP) transport code was applied to simulate
an Nal(Tl) detector with a resolution of about 8 % and
spectrum lines generated by *'*Bi, '*’Cs, and 2°*TI
radionuclides in different proportions. Three simulated
samples were created, where Sample 1 employed
214B4:137Cs:2%T] ratios of 1:1:1, Sample 2 214B4-137Cg:208T]
ratios of 2:1:2, and Sample 3 214B1:137Cs:29%T] ratios of
2:1:3. Thereby, the performance of the Gaussian deconvo-
lution response matrix for decomposing overlapping peaks
could be evaluated directly according to deviations in the
relative peak areas of the various samples obtained from
deconvolution from those of the actual values.

The results of the Gaussian response matrix deconvolu-
tion for the three samples are listed in Table 1. Aside from
the deviation for 2°®T1 of 2.1 % obtained for Sample 3, the

deviations of the remaining radionuclides were all less than
1.5 %. Maximum deviations within the allowable range do
not affect the accuracy of the qualitative and quantitative
analyses of nuclides. The peak area calculated by this
method was greatly affected by background subtraction.
Figures 4, 5, and 6 present the respective results of
deconvolution for the three samples. The synthetic spectra
were obtained by linear superposition of the other three
simulated spectra. It is to prove that Gaussian response
matrix with adaptive FWHM to decompose spectra with
overlapping peak is feasible. From the obtained peak
positions given by the channel values within the arrows, it
is seen that the deviations between the actual peak posi-
tions and those obtained from deconvolution were not
greater than one channel. As such, the extent of the devi-
ation was directly related to the total number of channels.
Because the number of channels must be an integer, peak
positions located near the middle of two channels were
easily affected by statistical fluctuations, and the channel
address deviated to the left or right of the actual peak
position. For example, the peak energy of '*’Cs was
661.6 keV, and the spectral energy -calibration was

Table 1 Results of the inversion decomposition of overlapping peaks based on the Gaussian response matrix

Sample Results Peak area ratio deviation (%)
Number Nuclide Peak area  Peak area ratio  Peak area of inversion decomposition Peak area ratio
1 2l4gj 3.485 0.340 3.280 0.325 -15
137¢cs 3.131 0.305 3.166 0.314 0.9
2087 3.644 0.355 3.644 0.361 0.6
2 2l4p4 6.970 0.401 7.130 0.414 1.3
137¢cs 3.131 0.180 3.031 0.176 —0.4
2087 7.288 0.419 7.072 0.410 -0.9
3 214pg 10.455 0.501 10.698 0.516 15
137¢s 3.131 0.150 3.244 0.156 0.6
20871 7.288 0.349 6.793 0.328 2.1
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E = 2.9577 keV/channel, such that the peak position was
located at channel 225.8 between channels 225 and 226,
which resulted in a peak channel of 225 rather than 226 for
Samples 2 and 3.

Regardless of deviations in the peak area ratios or peak
positions owing to the deconvolution method, the results
will be influenced by the FWHM calibration. Therefore,
the accuracy of the FWHM calibration directly affects the
analytical results. The test of the Gaussian response matrix
for the decomposition of overlapping spectral peaks
demonstrated that, for an Nal(Tl) detector with a resolution
of about 8 %, representative of a FWHM of about 52 keV,
the deviations of the peak positions of overlapping peaks
were between 52.2 and 26 keV (that is, between 0.5 and
1 FWHM) in the samples with different proportions. As
such, the Gaussian deconvolution response matrix accu-
rately determined the peak positions and peak areas.

4.2 Test and analysis of U series and Th series
experimental spectra

The experimental spectra of ***U and ***Th radionuclide
series were tested to validate the feasibility of the proposed

method in practical applications. The radioactive sources
used in the experiment adopt the 2*®U radionuclide series
with mass fraction of 186 x 10~° and specific activity of
2308.26 Bg/kg, and the **Th radionuclide series with the
mass fraction of 157 x 107 and specific activity of
638.99 Bg/kg, and their physical conditions are solid and
shapes are globular. Experimental spectra were obtained
using a Nal(T1) detector with an energy resolution of 7.9 %
and dimensions 75 mm® x 75 mm, and a custom devel-
oped 1024 channel digital signal processor (DSP) multi-
channel spectrometer with a universal serial bus (USB)
interface, integral nonlinearity <0.1 %, differential non-
linearity <0.2 % energy 50-3000 keV, counting rate
>20 k, automatic spectra stabilization, and an energy
calibration E = 2.9577 keV/ch. The relative measurement
method was employed in all tests.

4.2.1 Analysis of the characteristic peaks of the ***U
radionuclide series

The **®U series gamma-ray spectra are mainly comprised

of the 0.242, 0.295, and 0.352 MeV characteristic peaks
generated by *'*Pb and the 0.609, 0.787, 1.1203, and

@ Springer
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1.7645 MeV characteristic peaks generated by *'*Bi. To
avoid the effect of low-energy peaks, the characteristic peaks
of energies 0.609 and 1.7645 MeV were employed for the
generally analysis. In the decomposition of overlapping
peaks, the impact of the left side of the 0.511 MeV annihi-
lation peak and the 0.583 MeV characteristic peak generated
by 2°*TI of the **Th radionuclide series should be consid-
ered in the analysis of its characteristic peak. The **®U
radionuclide series employed in the adaptive FWHM process
after background subtraction is shown in Fig. 7. The results
of applying the Gaussian response matrix for decomposing
the **®U series experimental spectrum are shown in Fig. 8.

The characteristic peaks shown in Fig. 8 at channels 57,
77, 98, 118, 205, and 587, respectively, correspond to
gamma energies of 0.176 MeV (0.1862 MeV characteristic
peak generated by >*°Ra), 0.231 MeV (0.242 MeV charac-
teristic peak generated by >'*Pb), 0.292 MeV (0.295 MeV
characteristic peak generated by Z2'"Pb), 0.350 MeV
(0.352 MeV characteristic peak generated by *'*Pb),
0.350 MeV (0.352 MeV characteristic peak generated by
219Pb), and 1.74 MeV (1.764 MeV characteristic peak
generated by *'*Bi). These results verify the practicability of
the Gaussian response matrix method for decomposing the
low-energy spectrum of the 2*U series.

@ Springer
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4.2.2 Analysis of the characteristic peaks of the ***Th
radionuclide series

The ***Th radionuclide series is mainly comprised of the
0.239 MeV characteristic peak generated by *'*Pb and the
0.511, 0.583, and 2.615 MeV characteristic peaks gener-
ated by 2°*T1. Because the 2.615 MeV characteristic peak
generated by 2**Th was the highest energy peak with the
strongest intensity, was subjected to no significant inter-
ference near its energy window, and was relatively weakly
affected by the background, the 2.615 MeV characteristic
peak was employed for the generally analysis. The ***Th
radionuclide series employed in the adaptive FWHM pro-
cess after background subtraction is shown in Fig. 9. The
results of applying the Gaussian response matrix for
decomposing the 2**Th series experimental spectrum are
shown in Fig. 10.

In Fig. 8 or 10 spectra obtained after applying the Gold
and Boosted Gold decomposition to the measured spectra,
very narrow photopeaks are observed with the counts
concentrated to several channels. But the counts should be
the same, because the photopeaks after the Gold and
Boosted Gold decomposition are concentrated into several
channels with practically no change of the area of the
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Fig. 9 The ***Th radionuclide series spectrum after background subtraction. a The *Th radionuclide series spectrum and b the spectrum after

background subtraction
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photopeak comparing with the photopeaks obtained from
the original spectra. In other words, the total count of
decomposed spectra is roughly equal to the number of
photons that came from undecomposed photon sources
which were incident to the crystal detector. The charac-
teristic peaks shown in Fig. 10 at channels 40, 77, 115,
198, and 868, respectively, correspond to 0.119 MeV
(0.129 MeV characteristic peak generated by 2**Ac),
0.229 MeV (0.239 MeV characteristic peak generated by
21%pp), 0.341 MeV (0.338 MeV characteristic peak gener-
ated by **®Ac), 0.585 MeV (0.583 MeV characteristic peak
generated by 2°*T1), and 2.578 MeV (2.615 MeV charac-
teristic peak generated by 2°®TI). These results also verify
the feasibility of the proposed spectrum analysis.

4.2.3 Analytical results of the U and Th series
experimental spectra

Figures 8 and 10 show that analytical results of the low-
energy components of the spectra are more complex and less
reliable. The reasons for this can be given as follows: (1) The
spectrum lines in the low-energy region are affected by the
natural background and inverse scattering peaks, which
leads to an incomplete subtraction of the background. (2)

The FWHM values in the low-energy spectrum region are
narrow, and the response matrix, being restricted to integer
channels, results in correspondingly large amplitude varia-
tions in the FWHM values, which greatly affects the ana-
lytical accuracy. (3) The accuracy of the FWHM calibration
in the low-energy range is reduced relative to that in the
high-energy range. The Gaussian response characteristics of
the deconvolution method are less sensitive to the interfer-
ence of peak noise when the impulse response has a wider
FWHM, such that it is better to select wider Gaussian peak
widths in the low-energy range of the spectrum, which
would provide for more accurate linear FWHM calibrations
in the low-energy range of the spectrum.

5 Conclusion

An inversion decomposition method for gamma spec-
trum analysis based on a Gaussian response matrix was
proposed. According to the physical characteristics of
spectra formation and detector features, the photoelectric
peaks representative of gamma photons with different
energies in an Nal(T1) detector present unique FWHM
values. The statistical properties of spectra also show that

@ Springer
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the photoelectric peaks are approximately Gaussian in
shape. Therefore, a response matrix comprised of Gaussian
functions based on an adaptive FWHM process was pro-
posed. Improved Gold and Boosted Gold algorithms were
employed to accelerate the decomposition of the measured
spectrum and to distribute a characteristic peak within a
few narrow channels. Spectrum decomposition speed tests
on a PC based on a total of 1024 channels resulted in the
Gold algorithm requiring 4600 iterations, i.e., 8.8 s, while
the Boosted Gold algorithm required about 6800 iterations,
i.e., 1.1 s for an equivalent spectrum decomposition. The
proposed inversion decomposition method was employed
to analyze experimental spectra, including the ***U and
232Th radionuclide series, where the results verified the
practicability of the Gaussian response matrix method,
particularly in the low-energy region of the spectrum.
Among the advantages of the proposed method, the use of
the Gaussian response matrix for spectrum decomposition
involves a relatively slight computational burden. Precise
measurement of the FWHM values during calibration
results in a more accurately decomposed spectrum. Fur-
thermore, the method is applicable after background sub-
traction. As such, the inversion decomposition method
using the Gaussian response matrix provides a useful
method for the qualitative and quantitative analysis of
gamma spectra. The new decomposition method is
expected to contribute toward the development of intelli-
gent nuclear analysis instruments, making gamma spec-
troscopy methods widely applicable to mineral exploration
and radioactive monitoring.
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