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1
METHOD FOR DETERMINING
PARAMETERS OF A REACTION OF A
GAMMA QUANTUM WITHIN A
SCINTILLATOR OF A PET SCANNER

TECHNICAL FIELD

The present disclosure relates to a method for determining
parameters of a reaction of a gamma quantum within a
scintillator of a PET scanner.

BACKGROUND

Images of the interiors of bodies may be acquired using
various types of tomographic techniques, which involve
recording and measuring radiation from tissues and process-
ing acquired data into images.

One of these tomographic techniques is positron emission
tomography (PET), which involves determining spatial dis-
tribution of a selected substance throughout the body and
facilitates detection of changes in the concentration of that
substance over time, thus allowing to determine the meta-
bolic rates in tissue cells.

The selected substance is a radiopharmaceutical admin-
istered to the examined object (e.g. a patient) before the PET
scan. The radiopharmaceutical, also referred to as an isoto-
pic tracer, is a chemical substance having at least one atom
replaced by a radioactive isotope, e.g. 'C, °0, *N, '*F,
selected so that it undergoes radioactive decay including the
emission of a positron (antielectron). The positron is emitted
from the atom nucleus and penetrates into the object’s tissue,
where it is annihilated in reaction with an electron present
within the object’s body.

The phenomenon of positron and electron annihilation,
constituting the principle of PET imaging, consists in con-
verting the masses of both particles into energy emitted as
annihilation photons, each having the energy of 511 keV. A
single annihilation event usually leads to formation of two
photons that diverge in opposite directions at the angle of
180° in accordance with the law of conservation of the
momentum within the electron-positron pair’s rest frame,
with the straight line of photon emission being referred to as
the line of response (LOR). The stream of photons generated
in the above process is referred to as gamma radiation and
each photon is referred to as gamma quantum to highlight
the nuclear origin of this radiation. The gamma quanta are
capable of penetrating matter, including tissues of living
organisms, facilitating their detection at certain distance
from object’s body. The process of annihilation of the
positron-electron pair usually occurs at a distance of several
millimeters from the place of the radioactive decay of the
isotopic tracer. This distance constitutes a natural limitation
of' the spatial resolution of PET images to a few millimeters.

A PET scanner comprises detection devices used to detect
gamma radiation as well as electronic hardware and soft-
ware allowing to determine the position of the positron-
electron pair annihilation event on the basis of the position
and time of detection of a particular pair of the gamma
quanta. The radiation detectors are usually arranged in layers
forming a ring around object’s body and are mainly made of
an inorganic scintillation material. A gamma quantum enters
the scintillator, which absorbs its energy to re-emit it in the
form of light (a stream of photons). The mechanism of
gamma quantum energy absorption within the scintillator
may be of dual nature, occurring either by means of the
Compton’s effect or by means of the photoelectric phenom-
enon, with only the photoelectric phenomenon being taken
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into account in calculations carried out by current PET
scanners. Thus, it is assumed that the number of photons
generated in the scintillator material is proportional to the
energy of gamma quanta deposited within the scintillator.

When two annihilation gamma quanta are detected by a
pair of detectors at a time interval not larger than several
nanoseconds, i.e. in coincidence, the position of annihilation
point along the line of response may be determined, i.e.
along the line connecting the detector centers or the points
within the scintillator strips where the energy of the gamma
quanta was deposited. The coordinates of annihilation place
are obtained from the difference in times of arrival of two
gamma quanta to the detectors located at both ends of the
LOR. In the prior art literature, this technique is referred to
as the time of flight (TOF) technique and the PET scanners
utilizing time measurements are referred to as TOF-PET
scanners. This technique requires that the scintillator has
time resolution of a few hundred picoseconds.

Light pulses reaching the scintillator can be converted
into electric pulses by means of photomultipliers or photo-
diodes. Electric signals from the converters carry informa-
tion on positions and times of the annihilation quanta subject
to detection, as well as on the energy deposited by these
quanta.

The principal elements of the signal processing system
within the radiation detectors are leading edge discrimina-
tors and constant fraction discriminators. These elements,
combined with time-to-digital converters, facilitate the mea-
surement of time at which the electric signals generated at
these detectors exceed a preset reference voltage or a preset
signal amplitude fraction, respectively. Said discriminators
are built on the basis of standard electronic components and
include, among other components, a current source, a pre-
amplifier, a comparator, a shaper, capacitors, resistors,
diodes, transistors and transmission lines. If the detector
signal is higher than the threshold voltage set at the dis-
criminator, a logical signal is generated at the discriminator
output, carrying information on the time at which the gamma
quantum was recorded. The charge is measured by means of
analog-to-digital converters.

Temporal resolutions of leading edge and constant frac-
tion discriminators are limited by the dependence of the
discriminator response on the shape of signals and, in case
of leading edge discriminators, also on the amplitude of
input signals. Due to the so-called time walk effect, time
determined using leading edge discriminators changes along
with the signal amplitude. The effect may be adjusted to a
certain degree if the signal charge or amplitude is measured
simultaneously. In case of constant fraction discriminators,
the time at which the signal exceeds the preset amplitude
fraction is generally not dependent on the amplitude, but it
may change depending on the shape of the signal (i.e on the
temporal distribution of photons).

Logical signals generated at discriminators are processed
by means of sequences of logical operations within a trig-
gering system. These operations result in a logical signal
providing information on whether the recorded event should
be subjected to further electronic processing. The sequences
of logical operations are selected depending on the types of
detectors, configuration of modules and the frequencies of
recorded events; the main objective of these operations is to
discard signals that are not useful for image reconstruction
and thus to minimize acquisition dead times as well as times
required to process the data and reconstruct the images.

The PCT applications W0O2011/008119 and WO2011/
008118 describe various aspects of PET scanners that may
be of relevance for understanding this description, in par-
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ticular, a method for determining the place of ionization on
the basis of the distribution of times or amplitudes of signals
measured at different positions along the scintillator. These
documents describe solutions that are based on the measure-
ments of the times of flight required for light pulses to reach
detector edges. Changes in shapes and amplitudes of signals
depending on the place of ionization and the quantity of
energy constitute a constraint in temporal resolutions that
can be achieved using the technique. The larger the scintil-
lator, the larger the variations in signal shapes and ampli-
tudes. For the above reasons, temporal resolutions of less
than 100 ps cannot be obtained for large scintillator blocks
according to the prior art. Temporal resolution also impacts
the resolution of ionization place determination. In case of
polymer scintillators (preferred due to their low price),
amplitudes of signals generated by the gamma quanta,
including annihilation gamma quanta used in positron emis-
sion tomography, are characterized by continuous distribu-
tion resulting from interactions between gamma quanta and
electrons occurring mostly via the Compton effect with a
negligibly low probability of a photoelectric effect. As a
consequence, signal amplitudes in polymer scintillators may
change even if the signals originated in the same position. In
case of Compton interactions, constraints in the achieved
resolution are due to the fact that the amplitude of electric
signals generated by the photomultipliers depends on two
unknown values, namely on distance between the ionization
place and the photomultiplier and on energy deposited by the
gamma quantum. The effects described above contribute to
deterioration in both temporal and spatial resolution also in
case of monoenergetic energy-loss distributions, which
occur e.g. in the photoelectric effect.

As evidenced by the shortcomings of the state of the art
signal analysis techniques described above, there is a need
to significantly improve temporal and spatial resolution of
detectors being used in medical diagnostic techniques that
require the recording of ionizing radiation. The need to
improve resolution is particularly high in large-sized detec-
tors.

One of the developed improvement methods is continu-
ous sampling of analog signals in temporal domain. Con-
tinuous sampling known from the state of the art is associ-
ated with operation of an ADC converter which collects a
specific number of analog signal samples at predefined time
intervals. However, the method is not capable of improving
results in case of rapid signals from polymer scintillators,
characterized by decay and rise times on the order of 1 ns.
Sampling frequencies that may be practically applied in
devices featuring a large number of detectors are on the
order of 100 MHz (Flash ADC). This sampling frequency
corresponds to sampling intervals of 10 ns, which are
comparable to the duration of the signal itself. Therefore,
even if the sampling frequencies were higher by an order of
magnitude, they would still be insufficient for analyzing
signals from polymer scintillators.

It would be desirable to develop a detector and a method
for determining the position and time of ionization in
polymer scintillators.

SUMMARY

There is presented a method for determining parameters
of a reaction of a gamma quantum within a scintillator of a
PET scanner, comprising transforming a signal measured in
the scintillator using at least one converter into an electric
measurement signal, wherein the method comprises the
steps of: obtaining access to a reference parameters memory
comprising reference signals represented in a time-voltage
(W, ,,) coordinate system and in a time-amplitude fraction
(W, coordinate system and having associated reaction
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parameters; sampling the electric measurement signal (S)
measured in the time-voltage (P, ) coordinate system and in
the time-amplitude fraction (P, ) coordinate system; com-
paring results of the sampling (P,,, P, of the electric
measurement signal (S) with the reference signals (W,
W, o and selecting reference shape parameters so that the
reference (W) is best fitted to the results of the sampling
(P,.., P, of the electric measurement signal (S); and deter-
mining the parameters of the reaction of the gamma quan-
tum within the scintillator for the electric measurement
signal (S) based on pre-calibrated functions that determine
the values of parameters of signal shape depending on the
parameters of the reaction of gamma quantum within the
scintillator.

Preferably, sampling in the time-voltage coordinate sys-
tem and in the time-amplitude fraction coordinate system is
performed by means of a multithreshold leading edge dis-
criminator and a multithreshold constant fraction discrimi-
nator.

Preferably, the parameters of the reaction of the gamma
quantum include energy deposited within the scintillator as
well as position and time of the reaction.

Preferably, the fit quality is determined from the minimum
chi-square value (%> min).

There is also presented a system for determining param-
eters of a reaction of a gamma quantum within a scintillator
of a PET scanner wherein the signal measured in the
scintillator is transformed using at least one converter into
an electric measurement signal (S), the system comprising a
reference parameters memory comprising reference signals
in a time-voltage (W, ,) coordinate system and in a time-
amplitude fraction (W, ) coordinate system along with reac-
tion parameters assigned to the reference signals; a multi-
threshold leading edge discriminator configured to sample
the electric measurement signal (S) in the time-voltage (P,._,)
coordinate system; a multithreshold constant fraction dis-
criminator designed to sample the electric measurement
signal (S) in the time-fraction (P, ) coordinate system; a
comparator configured to compare the results of the sam-
pling (P, . P, J of the electric signal (S) with the reference
signals (W,_,, W, ) and to select the parameters determining
the shape of the reference (W) that are best fitted to the
results of the sampling (P,_,, P, o of the electric signal (S)
and to determine the parameters of the reaction of the
gamma quantum within the scintillator from pre-calibrated
functions that determine the values of parameters of signal
shape depending on the parameters of the reaction of the
gamma quantum within the scintillator.

The presented method is distinguished by the fact that a
signal from a single photomultiplier is sufficient for deter-
mination of the parameters and in that it allows to achieve
temporal and spatial resolutions better than those of the
solutions known from the state of the art when a higher
number of photomultipliers is used. In general, the presented
method also allows to determine the time of interaction, the
distance between the place of interaction and the converter
as well as the energy deposited by the gamma quanta within
large-size polymer detectors even when a single photomul-
tiplier is used, which has not been attainable in solutions
known in the art.

BRIEF DESCRIPTION OF FIGURES

Example embodiments are presented on a drawing
wherein:

FIG. 1 presents the outline of an example detection
system,
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FIGS. 2A and 2B present the sampling in voltage and
amplitude fraction domains;

FIG. 3A-3D compare the effects of sampling in voltage
and amplitude fraction domains;

FIG. 4 presents the effect of the distance between the
place of the reaction and the converter on the signal profile;

FIG. 5 presents an example strip detector;

FIG. 6 presents example detector responses for three
different places of reactions of a gamma quantum within the
scintillator.

DETAILED DESCRIPTION

FIG. 1 presents the outline of the detection system. The
system comprises scintillator 1 and converter 2 that converts
the light signals from the scintillator into electric signals S.
The electric signals S are delivered to multifractional con-
stant fraction discriminator 3 and a multithreshold leading
edge discriminator 4. Discrimination of signals is carried out
with respect to a triggering signal generated by the trigger-
ing system 5. In addition, the system consists of a TDC
converter 6, an ADC converter 7 and a computer 12 com-
prising a threshold setting and data readout system 8 used to
define thresholds at discriminators 3, 4 and to read the data
delivered from the TDC converter 6 and the ADC converter
7. In addition, computer 12 comprises a comparator 9 that
collects and compares information from the threshold setting
and data readout system 8 and the reference parameters
memory 10, allowing to determine the similarity of data and
thus to obtain the parameters 20. The entire process is
described in more detail below.

FIG. 2A presents the sampling of the signal in the voltage
domain using a multithreshold (n-threshold) leading edge
discriminator 4, while FIG. 2B presents the sampling of the
signal in the amplitude fraction domain using a multifrac-
tional (m-fractional) constant-fraction discriminator 3.
Simultaneous sampling of the signal in both domains facili-
tates precise determination of the position and the time of the
interaction between the gamma quantum and the scintillator
strip as well as determination of the energy deposited by the
gamma quantum within the scintillator. The reconstruction
method transforms the defect consisting in a variation in
signal shape and amplitude dependent on the distance
between the place of ionization and the photomultiplier (cf.
FIG. 4) to an advantage facilitating reconstruction of said
place on the basis of said variation. The method for recon-
structing the ionization place was developed on the basis of
the following findings:

(a) the shape of the light signal (number of photons as a
function of time) at the ionization place does not depend
on the place of reaction of the gamma quantum;

(b) the signal amplitude increases monotonously with the
energy deposited by the gamma quantum;

(c) the shape of the light pulse reaching the photomultiplier
depends on the distance between the ionization place and
the photomultiplier;

(d) the image of the signal sampled within the amplitude
fraction domain does not depend on the shape of that
signal;

(e) the image of the signal sampled within the voltage
domain depends on both the amplitude and the shape of
the signal (FIG. 3).

Characteristics (a) and (b) are commonly known and
require no explanation.

Characteristic (¢) is derived from observation that photons
diverge at different angles from the place of pulse generation
and therefore the distances (and thus times) traveled by
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individual photons from the ionization place to the photo-
multiplier depend on the angle of photon emission.

Characteristics (d) and (e) were concluded from the fact
that the output of the leading edge discriminator preset with
the reference voltage of V,, is time “t” being the solution of
the equation V(1)=V,, where V(1) is the voltage vs. time
relationship (signal shape—solid line in FIG. 2). At the same
time, a constant-fraction discriminator provides a value of
variable “t” that “solves” the equation V(t)=f"A where A is
the signal amplitude and f is the fraction set at the discrimi-
nator. For a particular pulse shape, e.g. g(t), the function of
amplitude may be expressed as: V(t)=A-g(t). This means
that given a particular signal shape and a preset fraction f,
the constant fraction discriminator operating on signal V(t)
should give the value of time t that provides the solution for
equation g(t)=f that depends only on the preset fraction fand
not on the signal amplitude A. This has been visually
illustrated on the right side of FIG. 3.

FIGS. 3A-3D present a scheme that illustrates qualitative
differences between discretization of signals within the
voltage-time space as shown in FIGS. 3A and 3C and within
the amplitude fraction-time space as shown in FIGS. 3B and
3D. An example of sampling of signals of the same shape but
amplitude differing by a factor of 2 is presented. The graph
illustrates the fact that the trace of the signal discretized in
the amplitude fraction domain does not depend on the
amplitude itself. At the same time, the shape of the signal
discretized within the voltage domain depends on the ampli-
tude.

The signal discretized using an n-threshold leading
edge discriminator consist of a set of points (V,t,) where
i=1,2 ..., n—this signal corresponds to results of sampling
within the P, , representation system. Discretization using an
m-fraction constant fraction discriminator provides a set of
points (f,t) where j=1, 2 . . . , m, wherein this set corre-
sponds to results of sampling within the P, . representation
system. The change in the shape may be measured for
example by deviation from a predefined reference W. The
reference W may consist in the shape of the signal generated
by an infinitesimally small scintillator and expressed within
the time-voltage representation system (referred to as refer-
ence W, ) and the time-amplitude fraction representation
system (W,_9; in general, however, the reference may be of
any shape, for example that of a straight line approximating
the shape of the rising edge:

Vaa®=asp_,;1+bs,

and

Jaad Oy coqt+bys

In the above example of a straight line, the shape V(1) is
given by a linear function with slope a and intercept b. The
reference slope in fraction vs. time representation system
may differ from this in the voltage vs. time representation
system. The shape is determined by slope a.

The consistency of the signal with the reference is mea-
sured by the minimum chi-square value (x>,,,) obtained
from the fitting of the reference shape to the discretized
signal when b is the only variable parameter. Chi-square is
the standard measure of consistency between the function
being fitted and the results of the measurement, used for
example in the least square fitting method.

Therefore, the distance between the ionization place x and
the photomultiplier (FIG. 4) may be determined from dis-
cretization of the signal within the amplitude fraction
domain from the relationship ngzmm(x) obtained after pre-
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vious calibration, for example using a collimated beam of
annihilation quanta. Calibration consists in determination of
the function ngzmm(x); given a collimated beam, one may
perform measurements for different x values and determine
Xsfzmin of the recorded signals for every x.

Xspzmi,, is the minimum value of function

Xsfz(asf,szd,bs D=2t 5l Ar s )_lj)2

with b, as the free fit parameter. In the above definition, t;
stands for the signal time measured for the j-th amplitude
fraction and t, ;/(a,, .4 b, stands for the time of the j-th
amplitude fraction calculated from the fitted curve f,(t).
The place of ionization x may also be determined from the
relationship a (x) obtained from previous calibration. In this
case, the I (t)=a st+b, function is being fit with both a _.and
b, as free parameters.

Next, following determination of the ionization place, the
signal amplitude is determined on the basis of the signal
discretized within the voltage domain from the relationship
a_,(Ax) or Xspzmm(A,x) obtained after previous calibration,
for example using a collimated beam of annihilation quanta.
Xspzmin is the minimum value of function
Kop sp_sianb o) =2t; il @gp_searbop)=1)

with both a,, and b, as free parameters. The signal ampli-
tude may also be determined as the highest reference voltage
at which a logical pulse has been generated by the discrimi-
nator.

With the knowledge of the signal amplitude and the
distance between the ionization place and the photomulti-
plier, the energy deposited within the scintillator is deter-
mined from previously prepared calibration curves. To this
end, one should establish independent calibration references
E(x,A)—for each position x, the relationship E(A), where E
is the deposited energy and A is the signal amplitude, should
be determined.

Next, the photomultiplier signal onset time (t;) can be
determined from functions V(1) and 1,,(t), for instance as a
weighted average with weights consisting of the uncertain-
ties of fitting, using the following equations: V,(t,)=0 and
£515)=0.

The photomultiplier signal onset time can be determined
after parameters of functions V,,(t) and {,(t) are established.
The functions are fitted to the measurement results. In the
example embodiment described herein, the function is a
straight line approximated to the rising edge of signal, but it
may also be another function that would better reflect the
shape of the signal onset. Regardless of the shape of the
function, the effective signal onset may be calculated, for
example as a solution of the equation V,(t)=0. Thus, in case
of a straight line, solution of the equation would involve
identification of a parameter t at which the line intercepts the
X axis.

Preferably, the shapes of the fitting functions V,,(t,x) and
{(t,x) are independently tabulated for every detection mod-
ule after being calibrated using appropriate radiation type,
for example annihilation radiation in case of detectors used
in positron emission tomography. Preferably, the light signal
from the scintillator is converted into an electric impulse in
more than one place.

FIG. 4 presents changes in the shapes of light pulses
resulting from propagation of the pulse from the reaction
place to the converter.

FIG. 5 presents an example of a strip detector with an
electronic readout system that facilitates signal sampling in
voltage and amplitude fraction domains as well as deter-
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mining signal charges. The chart presents a schematic dis-
cretization of signals for four voltage thresholds and four
amplitude fractions. Signals measured at the right end are
marked as squares while signals measured at the left end are
marked as circles. Based on the method disclosed herein,
sampling in the voltage and amplitude fraction domains
facilitates determination of the place and the time of the
reaction of the gamma quantum as well as of the energy
deposited within scintillator 1 on the basis of the signal from
the left photomultiplier 21 and independently on the basis of
the signal from the right photomultiplier 22. Signals from
converters 21, 22 are sent to two sampling systems 111, 112
and to respective ADC converters 71, 72 (as shown in FIG.
1). The sampling systems 111, 112 generate points presented
in the graphs. The ADC converters 71, 72 are used to
measure the charge of signals from the converters. Deter-
mination of the place of the reaction of a gamma quantum
may also be made on the basis of the difference in times
being determined on the left and on the right side of the strip
and application of the procedure disclosed in a PCT appli-
cation W0O2011/008119, with photomultiplier signal onset
time being determined using the above-described method of
the disclosed solution. The use of two converters 21, 22 on
the opposite sides of the strip 1 significantly enhances the
sensitivity of the method for determining the place of
ionization as it permits the method being disclosed in this
application to be used for determining the place of ionization
in several independent manners, including:

(a) from the result of sampling within the amplitude fraction
domain and application of the above-described method
independently for the left photomultiplier 21 and the right
photomultiplier 22.

(b) from the ratio of slope factors a_, ;. 4/a,, .4, (X) (based
on discretization in the voltage domain)

(b) from the ratio of slope factors asﬁleft/ayiyigh, (x) (based on
discretization in the amplitude fraction domain)

(d) from the relationship between the differences in the times
of flight At(f,x)=t,—t; (fx) and fraction f and the gamma
quantum reaction place x

(e) from the ratio of charges measured by ADC converters:
Q,/Qx (%)

FIG. 6 presents examples of detector responses for three
different places of the reaction of a gamma quantum within
scintillator 1: closer to the left converter (0L), at the center
(0), and closer to the right converter (OR). The right side of
the figure presents schematic graphs of the time differences
between the left and the right pulses (At=t,—t,) depending
on the amplitude fraction and place of the reaction of the
gamma quantum for these three cases. As illustrated in FIG.
6, not only the absolute value of the difference between the
times of signals from the left and the right converter
(At=t;—t,) as measured for a particular amplitude fraction
or a reference voltage allows determination of the place of
reaction of the gamma quantum, but also the shape of the
function f(At) as determined by multi-threshold constant-
fraction discriminator changes depending on the place of the
reaction of the gamma quantum x, thus facilitating indepen-
dent determination of x.

While the technical solutions presented herein have been
depicted, described, and defined with reference to particular
preferred embodiment(s), such references and examples of
implementation in the foregoing specification do not imply
any limitation on the invention. Various modifications and
changes may be made thereto without departing from the
scope of the technical solutions presented. The presented
embodiments are given as example only, and are not exhaus-
tive of the scope of the technical solutions presented herein.
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Accordingly, the scope of protection is not limited to the
preferred embodiments described in the specification, but is
only limited by the claims that follow.
The invention claimed is:
1. A method for determining parameters of a reaction of
a gamma quantum within a scintillator of a Positron Emis-
sion Tomography (PET) scanner, comprising transforming a
signal measured in the scintillator using at least one con-
verter into an electric measurement signal, wherein the
method comprises the steps of:
obtaining access to a reference parameters memory com-
prising reference signals represented in a time-voltage
(W,.,) coordinate system and in a time-amplitude frac-
tion (W, coordinate system and having associated
reaction parameters;
sampling the electric measurement signal (S) measured in
the time-voltage (P, ,) coordinate system by means of
a multithreshold leading edge discriminator and sam-
pling the electric measurement signal (S) measured in
the time-amplitude fraction (P, ) coordinate system by
means of multithreshold constant fraction discrimina-
tor;
comparing results of the sampling of the electric mea-
surement signal (S) measured in the time-voltage (P,._,)
coordinate system with the reference signals repre-
sented in the time-voltage (W, ,) coordinate system;
comparing results of the sampling of the electric mea-
surement signal (S) measured in the time-amplitude
fraction (P, coordinate system with the reference
signals represented in the time-amplitude fraction
(W, coordinate system;
selecting reference shape parameters so that the reference
(W) is best fitted to the results of the sampling of the
electric measurement signal (S) in the time-voltage
(P,.,) coordinate system and in the time-amplitude
fraction (P, ) coordinate system; and
determining the parameters of the reaction of the gamma
quantum within the scintillator for the electric mea-
surement signal (S) based on pre-calibrated functions
that determine the values of parameters of signal shape
depending on the parameters of the reaction of gamma
quantum within the scintillator;
wherein the parameters of the reaction of the gamma
quantum include energy deposited within the scintilla-
tor and a position and a time of the reaction.
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2. The method according to claim 1 wherein the fit quality
is determined from the minimum chi-square value (¢, ).
3. A system for determining parameters of a reaction of a
gamma quantum within a scintillator of a Positron Emission
Tomography (PET) scanner wherein the signal measured in
the scintillator is transformed using at least one converter
into an electric measurement signal (S), the system com-
prising
a reference parameters memory comprising reference
signals in a time-voltage (W, ) coordinate system and
in a time-amplitude fraction (W, o coordinate system
along with reaction parameters assigned to the refer-
ence signals;
a multithreshold leading edge discriminator configured to
sample the electric measurement signal (S) in the
time-voltage (P, ) coordinate system;
a multithreshold constant fraction discriminator designed
to sample the electric measurement signal (S) in the
time-amplitude fraction (P, ) coordinate system;
a comparator configured to:
compare the results of the sampling of the electric
measurement signal (S) measured in the time-volt-
age (P, ), coordinate system with the reference sig-
nals represented in the time-voltage (W, ) coordi-
nate system,

compare the results of the sampling of the electric
measurement signal (S) measured in the time-ampli-
tude fraction (P, ) coordinate system with the refer-
ence signals represented in the time-amplitude frac-
tion (W, coordinate system;

select the parameters determining the shape of the
reference (W) that are best fitted to the results of the
sampling of the electric signal (S) in the time-voltage
(P,.,) coordinate system and in the time-amplitude
fraction (P, ) coordinate system; and

determine the parameters of the reaction of the gamma
quantum within the scintillator from pre-calibrated
functions that determine the values of parameters of
signal shape depending on the parameters of the
reaction of the gamma quantum within the scintilla-
tor, wherein the parameters of the reaction of the
gamma quantum include energy deposited within the
scintillator and a position and a time of the reaction.
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