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This work is devoted to the development of advanced method of scintillator energy
resolution test. Separation of scintillation photons for different groups in accordance with
statistical methods allows to extract some groups of photons that give better resolution
values comparing to conventional approach. It is shown that new method could be useful
for analysis of scintillation uniformity of detector.
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Paspaboran ycoBepIlI€eHCTBOBAHHLIN METOJ HM3MEPEHUS SHEPreTUYEeCKOro PaspelleHus CI[MH-
THLIATOPa. Pasienenne COMHTHILIANMOHHBIX (POTOHOB HA PAa3JIMYHBIE TPYIIILI B COOTBETCTBHU
CO CTATHCTUYECKAMU METOLAMMU ITO3BOJIAET BBIAEJUTH I'PYIIBI (POTOHOB, AAOIIVe JIYUIINe 3HAYE-
HUS DaspellleHrs II0 CPABHEHUIO ¢ TPASUIIMOHHBIM IIOAXOH0M. IIOKa3aHO, UTO HOBBIA METOL
MOKeT OBITH [OJIESeH IIPH AHAJN3e CIUHTULISAIMOHHOA OJHOPOIHOCTH JETEKTOPA.

BoockoHaneHuii mMeToJ BHMipIOBAHHA €HEPreTUYHOr0 PO3MiJeHHA CIHUHTIIATOPIB.
O.B.I'ekmin,B.C.Cy3danv, A.JO.Boapunyes, O.B.Cobosca.

PozpobiieHo BIOCKOHANIEHUIT MeTOH BHMIDIOBAHHA €HEPreTHUUHOrO PO3ILIeHHS CIUHTHUJIATO-
pa. Posnoxinennsa cruHTHIALIAENX (OTOHIB HA PisHI rpynu y BiamoBigHOCTI M0 cTaTHCTUUYHUX
MEeTOAIB M03BOJISIE BUILINTUA I'Pynu (POTOHIB, SKi MOSBOJAIOTE OTPUMATH KpAIlli 3HAYEHHS €Hep-
TeTUYHOI'0 PO3AiJIeHHS y IOPiBHAHHI is Tpamumiiinum migxomom. ITokaszamo, 1110 HOBUU MeETOL
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MOKe OyTM KOPHMCHUM IIPM aHAaMisl cuuHTMiIAIiiiHOl omHOpigHOCTI merekTopa.

1. Introduction

The history of the modern scintillation
physics and engineering [1] gives us exam-
ples of the permanent studies and develop-
ment. In [2] a description of the effects of
statistics on resolution is provided. It based
on simulation of theoretical limit for the
light yield and energy resolution. It is
shown that even the best parameters are far
from the limit and this is the subject for

the performance improvement.
In particular, a scintillator’s resolution

is most often quoted parameter for detec-
tor engineering. This is the reason for
the permanent search of more efficient scin-
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tillators [3—5] and improvement of conven-
tional scintillators [6,7].

The energy resolution, AE/E, of the full
energy peak measured with a scintillator
matched to a photomultiplier (PMT) can be
written as [8, 9]:

(AE/E)? = (8% + (8,)% + 3% + (5%

where §,. is the intrinsic resolution of the
crystal, 6}7 is the transfer resolution, §, is the
statistical contribution of PMT and §, is the
dark noise contribution. The intrinsic resolu-
tion of a crystal is usually mainly associated
with the non-proportional response of the
scintillator [8-10]. However, an experi-
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ments show connection of intrinsic resolu-
tion with many other phenomena such as
inhomogeneity of the scintillator causing
local variations in the light output. The sta-
tistical uncertainty of the signal from the
PMT, can be described as:

3y, =2.35- 1/NV2. (1 +¢)l/2

where N is the number of photoelectrons
and € is the variance of the electron multi-
plier gain, which is typically 0.1-0.2 for
modern PMTs [8-10]. The PMT contribution
can be determined experimentally based on
the measured number of photoelectrons and
it depends on the light output of the crystal
being studied, the quantum efficiency of the
photocathode and the efficiency of photo-
electron collection.

Last years studies [11-13] of the intrin-
sic energy resolution nature allows to as-
sume the complex structure of this phenom-
ena and necessity to keep this issue in mind
for more precise estimation of the energy
resolution value. Kinetics and efficiency of
emission and registration of scintillation
photons depend on the concentration of ex-
citations in the track region [13]. Some
terms in intrinsic energy resolution are con-
nected with fluctuations of the efficiency of
photon emission in regions with different
concentration of excitations. The fluctua-
tions in track structure produce important
additional term in intrinsic energy resolu-
tion of scintillators.

These additional terms in energy resolu-
tion can be partially compensated if the
technique of weighting signals from differ-
ent time windows is applied [11, 12]. Such
assumptions claim for more advanced ap-
proach to the energy resolution measure-
ments of that allows to receive better value
of the resolution.

In the frame of this study we try check
new approach to scintillation photon statis-
tics based on separation of their groups and
selection of the part of data that corre-
sponds to the better energy resolution data.
Other words, we would like to find only the
part of statistical data and cut off the part
of the data deteriorated the total statistics.

2. Experimental

2.1. Sample selection

For the evaluation of processing method
Nal(Tl) scintillation detectors were chosen as
the most typical commercially available
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scintillator. It has to be noted that the
spread of experimental data is very wide
[14] — from 5.5 to more than 9 % for
137Cs source. Such spread allows to assume
that many factors contribute to the finally
measured energy resolution.

1x1 (dia — 25 mm, length — 25 mm)
Nal(Tl) detector with 8.6 % resolution was
selected as medium or even lower quality. It
has to leave a room for investigation of
different aspects important for the energy
resolution. Each measurement was based on
42000 counts statistics.

2.2. Spectrum processing method

The core of the method is layer-by-layer
separation of the measured photons data-
base. Previously [12] the separation was
completed by decay time curve splitting. It
this work the energy spectrum was proc-
essed layer-by-layer to reduce the influence
of random factors. This set of data was
used for later clustering method apply.

The accumulated data were divided into
nS layers with a data volume Nsi in the i-th
layer, i.e. Nsi = N/nS.

A spectrum Si was constructed from the
data Nsi using the principle of superposi-
tion

N =YNsi, S=Y8i. (1)

The spectrum Si was divided by energy
into nZ sections with a length de in the
studied energy range dE, i.e. nZ = dE/de.
For each j-th part of the nZj spectrum Si, a
vector model v;; = [py...p,,] of size nv, was
built. v;; — a vector model of the j-th part
of the i-th layer/group of the spectrum,
p1---Ppy — the parameters of the vector
model. Thus, the vector model of the i-th
layer of the spectrum is a rectangular ma-
trix of size nZxnv, where nZ is the number
of divisions of a single data layer/group,
the size of a vector model of the division.

2.83. Clusterization method

Last years statistical methods of data
analysis were developed for different appli-
cations and demonstrated a high efficiency.
It is important to note that these methods
allows separate uniform from the first
glance large data base for several groups
and analyze each group separately. This ap-
proach allows to extract the most efficient
part of the database and finally receive bet-
ter quality of result analysis [15-22]. For
this study was selected vector-matrix model
of data representation [22] in particular.
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Fig. 1. Initial (curve I) and processed (curve
2) pulse height spectra acquired with a 13Cs
source of a Nal(Tl) crystal.

The method of implementing the matrix
data model in hierarchical structures is con-
sidered.

A set of rules for structuring informa-
tion for describing information using a ma-
trix data model is considered. The function-
ality of the matrix data model is described
by mathematical methods of manipulating
data based on the operations of the algebra
of multidimensional matrices.

Matrix of vector data layer models Nsi
interpreted as variable observations nZ.

The cluster-data hierarchical clustering
method was used to form a hierarchical tree
of binary clusters. Cluster tree formation is
based on combining the two underlying
nodes into one overlying node, and so on.
The criterion for joining nodes into a clus-
ter is the ratio of the distances between
pairs of objects or clusters.

3. Results and discusson

In the frame of the vector model (we
used in this work) of i layer we use in this
study all data (Nsi) were divided for two
clusters k, where £k =1 or 2.

Nsi= Nsiy + Nsis.

It has to be noted that a priory there are
no criteria for amount of clusters. More-
over, separation for three cluster did not
change significantly final results.

The square of the Euclidean distance was
used as the distance of the cluster points to
its centroid.
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Fig. 2. Deviations of the centroids.

All nS layers were sequentially proc-
essed.
From (1) following:

N = ZNsi1 + ZNsiz ;
- -

1

For each sum ZNsil and ZNsiz the spec-
13 1

tra S1 and S2 were estimated, correspon-

dently.

Fig. 1 presents initial (curve 1) and proc-
essed (curve 2) pulse height spectra ac-
quired with a '37Cs source of a Nal(Tl) erys-
tal. Even without physically backgrounded
cluster separation the best value — 5.66 %
— significantly (34 %) better than wvalue
for the all photons counting. It means that
statistics based on the whole phonons count-
ing do not allows receive an optimal energy
resolution.

When tuning the spectrum processing algo-
rithm, the data value, layer size and the length
of the segment de were chosen voluntary. At
the moment we have no strict physical cri-
teria for selection, but the difference for
various option is visible. It means that sta-
tistics for some specific photons selection
demonstrate better energy resolution value.

The following data was used to analyze
the results of spectrum processing:

— on the S1 spectrum data from 218 to
222 channel was taken along the "Channels”
axis;

— on spectrum S2 data from 185 to 218
channel and data from 222 to 250 channel
were taken along the "Channels’ axis.

For each of the three selected data
groups, the average pulses were found (cen-
troids, respectively, C1, C21, C22). As the
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distances of the data points, the output
pulses of the DM, to the centroid, while
minimizing them, the square of the Euclid-
ean distance was used.

Fig. 2 shows the deviations of the C21
centroids (solid line) and the C22 centroids
(dashed line) from Cl. The figure shows
that the output pulses of the scintillation
detector at the absorption peak maximum,
up to 7.5 % of the amplitude, differ in
shape at a distance of up to 2 microseconds
from the front. Over the next 4 microsec-
onds, these differences are reduced by 2
times and over the next 4 microseconds
they stabilize at more than four times less
than the initial one. It means that decay
parameters have to be keep in mind at clus-
terisation at the future development of
more advanced model.

4. Conclusions

In conclusion we have to note that pro-
posed advance statistic method allows to get
better value of energy resolution comparing
to conventional approach. It means that
counting all photons add the energy resolu-
tion some harmful artefacts. Decrease of
34 % resolution data demonstrate signifi-
cance of such contribution.

This study as well as previous analysis
for decay curves [12] does not allows to fix
fundamental reason for this phenomenon
but demonstrate efficiency of new statisti-
cal approaches to scintillation photons
counting and selection.

Statistical methods for processing an
array of scintillation photon data show the
need for their separation into separate
groups and further work with each of them.
We cannot say that the chosen method of
selection is optimal, but it is enough to cre-
ate a method of improved energy resolution
analysis.
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