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The scintillation materials are currently relevant, and developing the technology to create them is a priority. It is
related to the search for new alternative scintillation materials and the development of detectors based on them in
solving a wide range of modern problems of radiation materials science and instrument engineering, such as
conducting the latest experiments in -energy physics, which requires the registration of high doses of ionizing radiation
with a short decay time. This work presents some features of the development of fast perovskite scintillators for high-

energy physics applications.
PACS: 29.40.Mc; 61.82.Fk;79.60.Bm

INTRODUCTION

Nowadays, the development of new scintillator
materials with short decay times is more urgent than ever.
This is due to the increased demand for such materials in
high-energy physics. The increasing power of
accelerators such as the LHC-HL (CERN, Sweden),
where the planned particle collision energy will reach
7 TeV, requires the use of faster scintillator materials in
new types of detectors. Cost is also a key parameter for
scintillators in  such applications, as large-scale
production of detectors based on them is planned.

In recent years, the technology for growing YAG:Ce
scintillator  crystals has improved, and their
characteristics are approaching the required level. The
main advantage of these garnets is that they can be grown
in inexpensive tungsten crucibles, significantly reducing
their cost. For example, the cost of a tungsten crucible is
50-100 times lower than that of an iridium one. The
lower cost of tungsten ones allows for the production of
crucibles with thicker walls, which also increases the
number of growth processes in these crucibles and,
consequently, their service life.

One option for scintillator materials that can be
produced using a similar, lower cost technology using
tungsten/molybdenum crucibles is also YAP:Ce. The
decay time of undoped YAP:Ce is 25 ns, and its density
is 5.4 g/cm?. Its structure can also be modified by adding
appropriate rare-earth oxides, which can form the
REAIO; structure, forming a solid solution (mixed
crystal). This can increase the crystal’s density and
potentially improve its scintillation properties, similar to
GAGG.

However, growing bulk perovskite crystals is
somewhat more challenging than growing garnets, due to
their tendency to crack upon cooling after growth. This is
due to their orthorhombic lattice, which causes
anisotropy in properties along different crystallographic
directions. Heterostructured materials, particularly
composites based on perovskite single crystal grains,
may offer a solution to this problem. The creation of a
composite material will enable the production of large-
scale scintillators from perovskite crystal fragments,
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which may possess properties similar to those of single
crystals.

Recently, the practical feasibility of growing YAG
crystals using the Czochralski method using tungsten
crucibles was demonstrated in [1], meaning that YAP
crystals can now be grown using a similar method. Thus,
evaporating oxygen from the melt surface reacts with
carbon present in the atmosphere according to the
following formulas:

0,+C=COy,
CO,+C=2CO (at >950 °C).
This prevents oxidation of the tungsten crucible.

1. EXPERIMENTAL

1.1. OBTAINING OF CRYSTALLINE INGOTS

Crystals of perovskites were grown in an “Oxide”
growth chamber (Fig. 1).

Fig. 1. Induction heating growth installation “Oxide”



The crystal extraction rate was 1.8...3.0 mm/h at
5...10 rpm. Three metal rods with a capillary inside were
used as a seed, as this increases the likelihood of forming
a seed with optimal growth orientation. After separation
from the melt, rotation was stopped and annealing began.
The temperature was decreased linearly from the melting
point to room temperature. The grown crystal was then
removed from the growth chamber.

The obtained crystal ingots are shown in Fig. 2. As an
example, we have presented here samples of YAP:Ce and
GAP:Ce.

Fig. 2. Grown crystals of YAP:Ce (top)
and GAP:Ce (bottom)

1.2. EXPERIMENTAL METHODS

Light output measurements were performed using the
standard method [2], analyzing scintillation amplitude
spectra. The 9208A photomultiplier tube was used as a
photodetector [3]. We used the following types of
ionizing radiations: alpha particles from 23Pu with
energy E.=5.15 MeV, conversion electrons from ¥Cs
with energy Ez = 0.622 MeV.

2. RESULTS OF STUDIES AND THEIR
ANALYSIS

After growth and annealing, the scintillation
characteristics of the resulting crystals were studied. The
light output was measured by irradiating samples of
varying crystalline compositions with the sources and by
the method specified in Section 1.2.

The most interesting results were obtained for
YAP:Ce and YGAP:Ce samples. They are shown below.

The data presented on Fig. 3 clearly demonstrate that
crystals measured immediately after growth and cooling
exhibit close to zero light output. This confirms the
necessity of annealing to obtain a scintillator crystal.
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Fig. 3. Scintillation amplitude spectra for the
unannealed (black points) and annealed (red points)
YAP:Ce crystals. Irradiated with 2%Pu

800 789 YAP, after annealing
o i * YGAP, after annealing
2600, ;
. i 2371
Ba00{ |}
B
2 |
=200 1 i
Z
0 . - '
0 1000 2000 3000 4000

Channel Number

Fig. 4. Scintillation amplitude spectra for the annealed
YGAP:Ce (black points) and annealed YAP:Ce (red
points) crystals. Irradiated with 2°Pu

From Fig. 4 it can be seen that the YAP:Ce sample has a
light output three times higher than that of the YGAP:Ce
sample of the same geometry. This is because of the F-
levels of Gd**, competing with the Ce** levels, are
capable of creating traps that partially absorb the energy
of ionizing radiation, reducing the number of photons
produced.
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Fig. 5. Scintillation amplitude spectra for the annealed
YGAP:Ce (black points) and annealed YAP:Ce (red
points) crystals. Irradiated with 3’Cs

From Fig. 5 it can be seen that the YAP:Ce sample
exhibits a superior light output compared to the
YGAP:Ce sample of the same geometry. Furthermore,
when processing the photopeak data, the position of
which is indicated in the figure, the value for YAP:Ce is
twice that of YGAP:Ce. This difference indicates that
YAP:Ce is more sensitive to gamma radiation than
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YGAP:Ce, and may, to some extent, indicate that
YAP:Ce is less sensitive to gamma radiation than to
alpha particles.

CONCLUSIONS

1. Technological aspects for growing single crystals
of rare-earth perovskites were worked out, and YAIO;
(YAP), Yo05GdosAlOs (YGAP), and GdAIOz (GAP)
crystals activated with 1% Ce were grown.

2. Preliminary studies of the optical transmittance,
luminescence, light output, and decay time of the grown
crystal samples were conducted.

3. The light output of unannealed crystals was below
the detection limit of the measuring setup. Annealing the
crystals for 48 h at 1400 °C in air resulted in an increase
in the light output of the rare-earth perovskite crystals.

4. The light output of the annealed YAP:Ce crystals
is 2-2.5 times higher than that of annealed YGAP:Ce
crystals when irradiated with gamma radiation (*¥7Cs)
and 3 times higher when irradiated with alpha particles
(®°Pu). This difference indicates that YAP:Ce is more
sensitive to gamma radiation than YGAP:Ce and may, to

some extent, indicate that YAP:Ce is less sensitive to
gamma radiation than to alpha particles.

5. It has been experimentally confirmed that rare-
earth perovskite single-crystal ingot are prone to cracking
upon cooling, both after completion of the growth stage
and after annealing. This makes them suitable for use in
the creation and characterization of composite
scintillators in the next stage of the work.
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PO3POBJIEHHSA HBUAKAX KOMIO3UIIMHUX COHUHTUIATOPIB
HA OCHOBI IIEPOBCKITIB JIJIsI 3AJIAY ®I3UKA BUCOKUX EHEPI T

A. Kpeu, /I. Koghanoes, 1. Xpomiok, O. Camoiinos, M. Ilasniouenxo, C. Cadienuua, JI. Jleeuyx, B. Ilonos

3aBiaHHAM. lle MOB'I3aHO 3 TOMIYKOM HOBUX AJIBTCPHATUBHUX CLUUHTHIALIHHHX MartepialiB Ta pO3pOOKO0
JIETEKTOPIB Ha X OCHOBI JUIs BUPIMICHHS OIMPOKOTO KOJIa CyYaCHHX MPoOIeM padiallifHOro MaTepialo3HABCTBA Ta
mpuiano0yIyBaHHS, TaKAX SK IMPOBEICHHS HOBITHIX EKCHEPUMEHTIB y (i3WIli BUCOKHX CHEPrii, IO BHMAarae
peectpalii BUCOKHMX [103 iOHi3yHOUOTro BHIIPOMIHIOBAHHS 3 KOPOTKMM dYacoM 3aracaHHs. [IpencraBleHO OesKi
OCOOJMBOCTI pO3POOKH MIBUIKUX MEPOBCKITHUX CIUHTIIISATOPIB IS 3aCTOCYBaHb Y (hi3UIli BHCOKUX SHEPTil.
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