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Results are presented of light output and uniformity of scintillation parameters of 1D
and 2D-matrices for different conditions of their preparation. It has been shown that with
grinded scintillators based on ZnSe(Te) and CdWO, light output is higher as compared
with the polished ones. Energy resolution and light output has been measured for 2D-scin -
tillators on the ZnSe(Te) base for O-particles from 23°Pu. Advantages of 2D-scintillators

over monolithic scintillators are shown.

IIpencraBieHbl Pe3yabTATHI MCCIEJLOBAHUIM CBETOBOTO BHIXOAA W OJHOPOJHOCTH CITMHTHJI-
JANMOHHLIX mapamMeTpoB 1D m 2D-MaTpul, B 3aBUCHMOCTH OT YCJIOBHM WX H3TOTOBJIEHUA.
IlokasaHO yBeJMUYeHMe CBETOBBLIXO[A IMIAM(OBAHHBLIX CIUHTULIATOPOB Ha ocHoBe ZnSe(Te) u
CdWO, oTHOCHTETEHO HOTMPOBAHHLIX 3JeMeHTOB. VccieqoBaHO sHEPreTHYECKOe pasperleHne
u cBeroBexof 2D cumETHMIIATOpoB Ha ocHOBe ZnSe(Te) maa O-uacrum 23°Pu. Iloxasamsl
npeumyiiectsa 2D MATpPUIL 0 CPABHEHUIO C MOHOJUTHBIMU CIUHTUJIATOPAMH.

In many fields of medicine, visualization
methods of internal structures of humans
based on tomographic studies are used more
and more extensively used. These methods
of computer graphics are known as volume
visualization.

Recently, substantial interest has been
noted in methods of image construction
using y- and X-rays. These methods can be
used in medical and technical introscopy, in
customs and security inspection systems, as
well as in systems for y-image construction.

At present, several types are known of
multi-element scintillation matrices and de-
tectors on their base. Fig. 1 shows several
types of scintillation matrices in the form
of mosaics made of scintillation crystals. To
decrease the probability for light from one
luminescent flash coming from one scintil -
lation cell to another, as well as to increase
emission efficiency of each element, an ad-
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hesive-reflecting material is introduced into
the inter-element space. However, in the

Fig. 1. General view of 1D and 2D scintilla-
tion matrices.
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Fig. 2. Block diagram of the installation used
for channel interference measurements.

case of Compton scattering, in order to pre-
vent the electron transition from one cell to
another, the interelement space is com-
monly filled with metal components, e.g.,
Wood’s alloy [1].

Linear or 1D matrices (arrays) of scintil -
lation crystals are used in scanning X-ray
introscopic systems for security & customs
inspection, technical defectoscopy, medical
computer tomographs. Design and size of
the arrays are determined by parameters of
the scintillation crystal, effective energy of
the radiation source, required spatial reso -
lution values of the introscopic system.

Main characteristics of scintillators that
are commonly used for these purposes are
given in Table 1. From the data presented,
it follows that the most suitable for fast
introscopic systems are BGO, CdWOy,,
ZnSe(Tl) and plastics. Accounting for light
output, the best among them are ZnSe(Tl) u
CdWO,.

As the use of Cd-containing materials is
forbidden in EC countries, the most widely
used material is Csl(Tl), because its light
output is rather high, and its production
and applications are technologically well de -
veloped.

At present, there is a tendency towards
creation of equipment that could function
on the real time scale, ensure obtaining of

of substances with specified atomic mass of
the components. In this aspect, we assume
that the most promising for future applica -
tions in multi-element detector systems are
ZnSe(Te) — for low energies, Csl(Tl) — me-
dium energies, CdAWO, — high energies.

In this work, we have studied 1D and 2D
scintillation matrices made of crystals
Csl(Tl), CdWO, u ZnSe(Te). With the aim of
studying the effects of scintillator surface
treatment quality, uniformity parameters,
channel interference under X-ray irradia-
tion, Yy-detecting properties, we have pre-
pared samples of multi-element 1D- and 2D-
arrays. The fabrication procedure involved
cutting of monolithic crystal pieces of
ZnSe(Te), Csl(Tl) u CAdWOy,.

It has been shown that for ZnSe(Te) and
CdWOQy,, it is preferable to have all surfaces
grinded. The signal value increase could
reach 15-20 %. This can be explained by
substantial difference of refraction coeffi-
cients between the scintillator and the opti-
cal adhesive connection to the photore-
ceiver.

Channel interference under X-ray excita-
tion was studied using an installation with
block diagram as shown in Fig. 2.

Histograms of the channel interference
values are presented in Fig. 3.

For 2D-arrays, scintillation properties were
studied in the spectrometry mode (Fig. 4,5).

It has been shown that, to ensure chan-
nel interference not higher than 10 %, the
gap between the channels, filled with a re-
flective-adhesive composition (TiO, + MgO +
epoxy adhesive), should be not less than
0.25 mm.

In conclusions, as a result of experimen -
tal studies of multi-element scintillators, it
has been established that:

— to exclude channel interference above
10 %, the gap between channels filled with

quasi-tri-dimensional images and detection reflecting-adhesive composition (TiO, +
Table 1. Properties of scintillators used in introscopic systems
Scintillator Density, Maximum Light yield, Refractive Decay Afterglov,
g/cm emission photons/MeV index constant, ns % /3ms
wavelength,
nm
CdwWO, 8.00 480 15000 2.25 1.1 0.05
BGO 7.13 480 9000 2.15 0.3 0.05
CsI(TI) 4.51 560 59000 1.84 1.0 5
Nal(TI) 3.67 415 38000 1.85 0.23 5
ZnSe(Te) 5.42 640 45000 2.58 10 0.05
Plastics 1.03 420 =10000 1.58 0.02 0.05
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Fig. 4. Pulse amplitude distribution spectrum
0 for a mosaic detector of dimensions
26.5%18.5%2.5 mm3, composed of 105 to-
mographic elements based on CWO of dimen-
sions 2.5%1.5%1.5 mm3, produced by STC RI,
under gamma-excitation from 2*'Am, E =
69.6 keV, R=33.6 %, t =4 Us, k=1, with

Fig. 3. Mutual interference of neighboring
channels for different scintillators and types

of scintillation elements: 1 — single crystal immersion C = 30.6 with respect to Csl(TI).
plate ZnSe(Te) with 2 = 0.8 mm; 2 — single
crystal plate ZnSe(Te) with 2~ = 0.6 mm; 3 — N, imp.
composite small-crystalline plate ZnSe(Te) 2500
(grain size 0.4 mm); 4 — individual single 2000 ——17ke‘\/
elements for each channel; 5 — single crystal Jm\
plate Csl(Tl) with z = 0.8 mm. 1500 N 59.6 ko
1000
MgO + epoxy adhesive) should be at least 500 m\y/ \,,\ /,”\\
0.25 mm thick; 0 N \._
— for ZnSe(Te) and CdWOy, it is prefer- 0 500 1000 1500 2000

able to have all surfaces grinded. The signal channel

value increase is 15—20 %;

— 2-D arrays fabricated from a mono-
lithic piece ensure high signal uniformity
over each channel and can be used in posi-
tion-sensitive detectors, as well as in spec-
trometric detectors.

Fig. 5. Pulse amplitude distribution spectrum
for a mosaic detector of dimensions
56x42x6.5 mm3, composed of 221 to-
mographic elements based on Csl(Tl) of di-
mensions 3%3x5 mm3, produced by STC RI,
under gamma-excitation from  Z4'Am.
E = 69.6 keV, E=17.6 keV, R=63.1 %,
t =4 ys, k=1, with immersion.
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Counrunaniini eaxementu 1D- ta 2D-maTpuns

Ha OCHOBI KpHMCTaJIiB
ZnSe(Te), CAWO,, CsI(TI).

B.J{.Puxcuroé, C.M.I'ankin, €.D.Boponkin
O.B.3enencovra, |B.B.Yepnirxoe|, €. M.Ilipozos,
A.M. Kosin, O.K.JIuceyvra, B.JI./Jlanunenko

IlpencraBieHo pe3yabTaTH IOCTiIKEeHb CBITJIOBOTO BUXOAY U OJHOPiMTHOCTI CIIMHTHUJI-
aaniiaux mapamerpis 1D i 2D-maTpunp y 3ajiesXHOCTI Bif yMoB iX BUroTOBJeHHA. IloKaszamo
30impITeHHA CBiT/I0BOrO BUXOAY HLTihOBAaHMX CHMHTHUIATOPiE Ha ocHOBi ZnSe(Te) i CAWO,
1070 TOJipOBaHUX eJeMeHTiB. JociigkeHo eHepreTuyHe pPo3AijieHHA Ta CBiTJ0BMit Buxing 2D
cruHTHIATOPiB Ha ocHoBi ZnSe(Te) mna d-uacrox 23°Pu. Benwunmua R, = 5 %. Ilokasano
nepesary 2D MaTpuIilhb B HOPiBHAHHI 3 MOHOJNITHUMU CIUHTUJIATOPAMU.
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