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International conference ISMART 2016 in Belarusian State University is
an important factor in the development of scientific relations in the field of
nuclear engineering. Our country will soon become a producer of nuclear
power. So, the establishment of educational, scientific and industrial relations
in the field of development and improvement of equipment for measurement
of ionizing radiation is relevant and meets the needs of high-tech
development in the country.

We welcome the participation in the conference of experts from domestic
and foreign production companies. It will strengthen the links between
science and industry, the creation of new high-tech products.

We are optimistic about the future of science in this field in our country. I
hope that the scientific topics discussed at the conference will contribute to
the progress in the creation of functional materials for experiments on a new
generation of colliders such as the LHC at high luminosity and FCC at
CERN, as well as their use in the field of security, environmental monitoring
and diagnostic systems.

The rector of the Belarusian State University
Academician S. V. Ablameyko
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PROGRAM

26.09.2016

14.00-20.00 Registration, INP BSU, room 200
27.09.2016

Chairman: Olshewski A.G.

Plenary Session (rectorate)

10.00-10.10 Ablameiko S.V., Rector of BSU. Opening of the Confer-
ence

10.10-10.20 Grinyov B.V., Welcome from the International Organizing
Committee

10.20-10.40 Maksimenko S.A., INP BSU, INP BSU. 30 years of sci-
entific activity

10.40-11.20 Coffee Break and Registration

Detectors and materials for radiation detection-I

11.20-11.50 Vasil’ev  A.N., SINP MSU, Microtheory of scintillation in
crystalline materials

11.50-12.20 Gektin A.V., ISMA, Scintillation development and produc-
tion, wishes and reality

12.20-12.50 Vasilyev M.A., Baker Hughes, Demand for a new instru-
mentation for well logging

13.00-14.30 Lunch and Registration

Detectors for high energy physics

Plenary Session (rectorate)

Chairman: Korjik M.V.

14.30-15.00 Shwartz B.A., Budker Institute of Nuclear Physics,
Scintillation detectors in experiments on High Energy
Physics

15.00-15.20 Kulchitskiy U.A., JINR, ATLAS experiment and upgrade
program

15.20-15.40 Suarez Juan, INP BSU, CMS-Experiment results and
future plans for upgrade

15.40-16.00 Dormenev V.I.,, Giessen University, Concept and
performance of electromagnetic calorimeter of the PANDA
detector at FAIR (GSI, Darmstadt)



16.00-16.20 Tamulaitis G., Vilnius University, Fast optical phenomena
in self-activated and Ce-doped materials prospective for
fast timing in radiation detectors

16.20-16.50 Coffee Break and Registration

Detectors and materials for radiation detection-1I

Plenary Session (rectorate)

Chairman: Gektin A.V.

16.50-17.10 Nikl M., Institute of Physics AS CR, COST Action
TD1401: Nanocrystalline and nanocomposite scintillators
for fast timing

17.10-17.30 Zhmurin P.N., ISMA, Increasing the radiation resistance
threshold of the plastic scintillators based on polystyrene

17.30-17.50 Boyaruncev A.Y., ISMA, Scintillation element for HEP
application

17.50-18.10 Vedda A., University of Milano-Bicocca, Rare-earth doped
silica-based optical fibers for high energy physics detectors

18.10-18.30 Dosovitskiy G.A., IREA National Research Center "Kur-
chatov Institute", Raw materials for novel complex oxide
garnet scintillators development

16.00-18.30 Poster session — High energy physics and materials for
radiation detection(INP BSU, 3™ floor)

Galunov N.Z., ISMA, Radiation-resistant composite scintillators for registra-

tion a large flux of ionizing radiation

Zosim D.I., ISMA, Some features of a homogeneous distribution of light

yield along the elongated scintillator based on CslI (T1)

Skoroteckiy M.S., ISPM RAS, Synthesis and properties of POPOP structura

lisomersandtheirtrimethylsilylderivatives

Danilenko J.A., ISMA, Application of international standards in

scinitillation equipment

Le H.T.Z., INP BSU, Initial ionization distribution in active volume of

ionization chamber

Podshibyakin A.V., JINR, The control system, data collection and

diagnostics beam mass separator MASHA

Vasilyev LI., JINR, The light yield of a long scintillation strip with WLS

fiber embedded into the co-extruded hole

Pushak A.S., Ukrainian Academy of Printing, Luminescent and scintillation

properties of K,BaX,:Eu*'(X=Cl, Br)



Yemialyanchyk LF., INP BSU, Large Hadron Collider at high luminosity:
large radiation damageof scintillators and a possible way of solving the
problem

Svertilov S.I., SINP MSU, Energy resolution of the flat, thin detector
based on the use of LaBr;:Ce crystal and PMT to be used for the light ions
detection with the energy of up to 20 MeV/nucleon

Svertilov S.I., SINP MSU, Timing resolution of LaBr;:Ce and CeBrs;
crystal scintillators in combination with different type photomultipliers, to be
used for detection of cosmic radiation.

Shtitelman V. A., ISMA, Spectral distortion caused stray light and its
correction

Rebrova N.V., ISMA, Crystal growth and scintillation properties of Eu*'
doped RbCaCl;

Gavrylovets V.V., INP BSU, Influence of a crystal scintillator structure on
the energy resolution of a homogeneous electromagnetic calorimeter
Mikhaylov V.A., INP BSU, Amplifier-discriminator for SiPM readout
Orsich P. O., INP BSU, Demand for radiation tolerant active materials for
hadronic calorimetry at collider experiments with a high luminosity

Sytov A.l., INP BSU, A way to observe channeling and quasichanneling
oscillations in a bent crystal

Drugakov V.V., INP BSU, A spectrometer system for luminosity measure-
ment in ep scattering experiments

Kravtchuk N.P., JINR, Trekker prototype on a base of cathode stray

Belsky A., Institut Lumiére Matiére, Relaxed electronic states of T1" and In”
dopants in CsI scintillators

28.09.2016

Instruments and equipment for measurement of nuclear radiation and
materials for radiation detection

Plenary Session (rectorate)

INTELUM

Chairman: Vasil’ev A.N.

9.00-9.30 Auffray E., CERN, 25 years of R&D on inorganic
scintillator and their applications in the Crystal Clear
Collaboration.

9.30-9.50 Pauwels K., CERN, Crystal fibers for future calorimeters

9.50-10.10 Petrosyan A.G., Institute for Physical Research NAS of

Armenia, Growth of garnet and perovskite scintillators with
non-isovalent minor components and related effects

10.10-10.30 Sidletskiy O.C., ISMA, Engineering of YAG-based scin-
tillators for new HEP calorimeters
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10.30-11.10
11.10-11.30
11.30-11.50

11.50-12.10

12.10-12.30

12.30-12.50

12.50-14.30

Coffee Break and Registration

Korjik M.V., INP BSU, The choice of active materials for
use in the experiments at high luminosity colliders
Lucchini M.T., CERN, Comparison of single crystalline
and composite scintillators for hadron calorimetry at high
luminosity LHC

Spassky D.A., SINP MSU, Self-trapping of charge
carriers in Li;Mo00, and ZnMoOQ, cryogenic scintillators
Tret'jak E.V., IPCP BSU, Optical and structural properties of
3Ca0-2S10,:Ce, 3CaF,-2S8i0,:Ce and 3CaBa,0-2Si0,:Ce
(x=0, 0.5, 1) glasses

Arhipov P.V., ISMA, Scintillation crystals of rare-earth
aluminates grown in reducing environments

Lunch

Instruments and equipment for measurement of nuclear radiation

Chairman:
14.30-14.50

14.50-15.10

15.10-15.30

15.30-15.50

15.50-16.10

16.10-16.30

16.30-17.00

Chairman:
17.00-17.20

17.20-17.40

Nikl M.

Singovski A.V., University of Minnesota, Radiation Hard
Electronics for Hadron Collider Experiments. LHC
Experience and Projects for HL LHC

Kalinnikov V.A., JINR, Design of homogeneous electro-
magnetic calorimeter with heavy crystals operating in mag-
netic fields

Taranyuk V.I., ISMA, Scintillation crystals growth meth-
ods for laboratory research and industrial production
Ahmadov F.I., Institute of Radiation Problem, New
phoswich detector based on MAPD and LFS& p-terphenyl
scintillator

Gorbacheva T.E., ISMA, Light collection in composite
and polycrystalline organic scintillators

Kazuchits N.M., BSU, Raman and photoluminescence in
diamonds irradiated with swift xenon ions

Coffee Break

Galunov N.Z.

Baranov V.Y., JINR, Research of properties undoped
crystals Csl

Pereymak V.N., ISMA, Improving the
characteristics of the plastic scintillator

temporal

8



17.40-18.00 Malkov A.P., JSC "SSC RIAR", Monitoring systems of
distribution of the starting material in the reactor target for
production of radionuclides by illumination of ionizing
radiation sources

18.00-18.20 Kalinov V.S., Pre-irradiation annealing influence on effi-
ciency of the near-surface color centers formation in lith-
ium fluoride nano-crystals

18.20-18.40 Batouritski M.A., INP BSU, Precision measurements RF
parameters of superconducting cavities

16.00-18.30 Poster session — Instruments and equipment for
measurement of nuclear radiation, Materials for radiation
detection, Detectors and detector systems for medical
diagnostics and security systems, Radiation damage of
materials and detectors (INP BSU, 3™ floor)

Zhukovsky A.Il., ATOMTEX, Scintillation gamma spectrometer for radia-

tion monitoring of water and sediments

Lukashevich R.V., ATOMTEX, Calibration of scintillation block-

comparators for metrological provision of measuring a dose rate of 0.1 uSv/h

on the calibration dosimetric installations

Komar D.I., ATOMTEX, Using the geometry of the thermal neutron

calibration unit of neutron radiation UPN-AT140, as a source of capture

gamma rays with energies up to 10 MeV for the calibration of the

scintillation detector blocks

Alekseichuk I.A., ATOMTEX, Intellecctual scintillation detection units for

use in harsh environments

Sytova S. N., INP BSU, Basic and applied science at the portal of nuclear

knowledge BeINET

Solomaha T.A., BSU, Synthesis and spectral-luminescent properties of

Bal,:Eu*"?*", M" powders (M =Li", Na", K')

Krutyak N.R., Physical Faculty MSU, Influence of fluorine doping on

luminescent properties of cadmium and zinc tungstates

Nichiporchuk A.O., ATOMTEX, Imitation of bulk metals activity measures

for the calibration of scintillation gamma spectrometers

Makarevich K.O., INP BSU, Applications of Monte Carlo methods in

medicine

Molchanova N.I., ISMA, On the role of metrological provision of in the

production process of crystals

Vasilyev D.A., Vasilyeva N.V., Prokhorov GPI RAS, Optical and

scintillation properties of Ce-doped (Pb,Gd);(Al,Ga)sO,, epitaxial garnet

films



Pedash V.Y., ISMA, Application of semi-transparent interpixel gaps for im-
provement of spatial resolution in pixilated scintillation detectors

Danilkin M.L., Vereshchagina N.Y., Lebedev PI RAS, Trapping centres
formation in Li,B,0;-based thermoluminescent materials

Velicheva E.P., JINR, Development of Geant4 optical model of LYSO
crystal

Yamny K.O., The system for intrascopy of the huge objects

Onufriyev Yu.D., ISMA, Lil(Eu) based composite detector for thermal neu-
tron registration

Onufriyev Yu.D., ISMA, Light collection in a scintillation element for HEP
applications

Nepokupnaya T., ISMA, Combined detector for the registration of low-
energy y-radiation

Tarasov V.A., ISMA, On the various concepts of quality evaluation for scin-
tillators light output measurements

Baranova M.A., JSC "SNIIP", Device of detection of inert radioactive gases
olume activity

Shalamova V.Yu., JCS "SNIIP", Device of detection of vapor I-131 volume
activity

29.09.2016

Plenary Session—I (Council conference room, INP BSU)

Detectors and detector systems for medical diagnostics and security

systems; neutron detectors

Chairman: Dormenev V.I.

9.00-9.30 Kazimirov A.S., RPE "AtomKomplexPrylad", Experience
and perspectives of scintillation spectrometry instruments
for radiation safety problems at nuclear power plants,
environmental control and monitoring

9.30-9.50 Drobot S.V., Gosatomnadzor, Regulatory infrastructure of
the Republic of Belarus in the field of radiation safety
during the construction of the Belarusian nuclear power
plant

9.50-10.10 Batyunin A.V., Institute "Project Center ITER", Wide-ICD
to measure fast neutron flux, designed for ITER

10.10-10.40 Coffee Break (INP BSU)

10.40-11.00 Galunov N.Z., ISMA, The detection of neutrons
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11.00-11.15

11.15-11.50

11.30-11.45

Kaschuk Y.A., Institute "Project Center ITER", The use of
fiber-optic in distributed systems of registration to ionizing
radiation

Obudovsky S.Y., Institute "Project Center ITER",
Radiometer to monitor gpse units flux density and neutron
fluence for nuclear facilities

Kvatchadze V.G., Andronikashvili Physical Institute,
TSU, On the possibility to use magnesium oxide for
selective detector of fast neutrons

Specialized scintillators and detectors based on their

Chairman:
11.50-12.10

12.10-12.30

12.30-12.50

12.50-13.10

Dosovitskiy G.A.

Borshchev O.V., ISPM RAS, Nanostructured organosili-
conluminophores as effective and fast spectral shifters in a
wide spectral region

Pandey I.R., Kyungpook National University (South
Korea), Growth and Scintillation Properties of NagMo;;0;34
single crystal

Omelkov S.I., Institute of Physics, University of Tartu,
Csl: A low cost scintillator for TOF-PET?

Mokina V.M., INFN, Improvement of the radiopurity level
of '"°CdWO, and ZnWO, crystal scintillators by
recrystallization

Plenary Session— II (Council conference room INP BSU)
Detectors and detector systems for security systems and medical imaging

Chairman:
9.00-9.20

9.20-9.40

9.40-10.00

10.00-10.20

Boyarincev A.Y.

Kozhemyakin V.A., ATOMTEX, New developments of
radiation monitoring equipment on the basis of scintillation
detectors

Pozdnyakov D.V., Kasiuk D.M., “ADANI”, Ionizing
radiation spectrum optimization for the personal inspection
X-ray systems

Svertilov S.I., SINP MSU, Energy resolution of LaBr;:Ce,
CeBr; and Ce:GAGG crystal scintillators in combination
with different type photomultipliers, as well as with Si-
photodiodes, to be used for detection of cosmic gamma-
rays

Bogomolov V.V., Svertilov S.I., SINP MSU, Scintillating
spectrometer for long-term study of the sea level gamma-
ray background variations caused by changes of
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10.20-10.40

10.40-11.20

11.20-11.40

11.40-12.00

12.00-12.20

12.20-12.40

12.40-13.00

13.00-14.30
14.30-18.00

18.00-21.00

30.09.2016

concentration of radioactive isotopes and particle
acceleration during thunderstorms

Fedorov A.A., INP BSU, GAGG:Ce scintillation detector
with SiPM readout

Coffee Break (INP BSU)

Galenin E.P., ISMA, Peculiarities of the crystal Srl, by the
Czochralski method

Voronov A.P., “Institute for Single Crystals” NAS of
Ukraine, Activated Crystals KDP group for the selective
detection of neutrons

Galunov T.Z., ISMA, Scintillators based on microcrystal-
line grains

Nagorny S.S., Gran Sasso Science Institute, ZnSe
scintillating bolometer with ionization readout — a new
approach for particle discrimination technique

Gritsyna V.T., Karazin Kharkiv National University,
Luminescence properties of irradiated spinel ceramics at
different temperature

Lunch

Excursion. Options: Victory Museum or
Belarus ethnovillage

Conference Dinner

(Council conference room, INP BSU)

10.00-11.30

11.30-12.00

Round table. Chairman: Gektin A.V.

New materials, new approaches and the interaction with the
industry

Korjik M.V., Closing of the conference
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NEW PHOSWICH DETECTOR BASED
ON MAPD AND LFS & P-TERPHENYL SCINTILLATOR

Ahmadov F.'”, Ahmadov G."?, Sadigov A.'”,
Sadygov Z."** Madatov R,
Suleymanov S. L3 Akberov R.™3, Zerrouk F.*
!National Nuclear Research Centre of MCHT, Baku, Azerbaijan
2 Joint Institute for Nuclear Research, Dubna, Russia
3Institute of Radiation Problems of ANAS, Baku, Azerbaijan
*Zecotek Photonics Pte, Ltd., Vancouver, Canada

farid-akhmedov@yandex.ru

This paper presents the results of phoswich detector which developed
based on the micro pixel avalanche photodiode (MAPD) and LFS+p-
terphenyl scintillators. Beta particle and gamma ray detection performance of
the phoswich detector (LFS+p-terphenyl) was investigated. The energy
resolution of monochromatic electron was 23% (625keV). The detected
count ratio of beta particle and gamma ray was about 37%. It was obtained
that this type phoswich detector discriminates between gamma ray and beta
particle due to the differences in the light decay time of scintillators.
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AMPLIFIER-DISCRIMINATOR FOR SIPM READOUT

Alexeev G.D.", Chichin A.S.?, Afanaciev K.G.%, Baturitsky M.A2,
Mikhailov V.A.>, Piskun A.A.!, Tokmenin V.V.!

! Joint Institute for Nuclear Research, Dubna, Russia,
’Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus

* Vit_mik@hep.by

The muon detection subsystem of PANDA detector will utilize the scin-
tillation counters in the gaps between mini drift tube modules. The readout of
these scintillators will be done with SiPMs. Technical require-ments for the
readout electronics can’t be satisfied with existing amplifiers, so specialized
amplifier-discriminator was designed for this application.

An amplifier-discriminator was developed for readout of SiPM photo-
detectors in pulse counting mode. An amplifier-discriminator has 8 channels
in one package, low power consumption and allows driving long trans-
mission line like twisted pair. A simple amplification stage was added to an
existing discriminator design which allowed to count input pulses with single
photoelectron precision.

A model of SiPM was developed and the readout system was simulated in
PSPICE CAD program. The resulting plot of counting rate vs pulse ampli-
tude in p.e. units was compared to the experimental data of the performance
of prototype amplifier-discriminator with MAPD-1 SiPM. There is a good
correspondence between experimental and simulation data.

The developed amplifier-discriminator could be used for the readout of
scintillator counters in the muon subsystem of PANDA detector. There are
possible application as well in NICA and ILC detectors.
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HHTEJVIEKTYAJIBHBIE CHUHTWIIALNOHHBIE
BJIOKU JETEKTUPOBAHUA
VIS PABOTBI B )KECTKHUX YCJIOBUSAX

Anekceitayk U.A., AaronoB A.B., Aaronos B.1.,
Bapuenko A.T"., Beictpos E.B., Boponskos B.H.,
Koxemsakun B.A., Jlykamesuu P.B.
Hayuno-npoussoocmeennoe ynumapnoe npeonpusimue « ATOMTEX»,

Mumnck, Benapycw, info@atomtex.com

Kontpons pagmanmoHHOW OOCTaHOBKM Ha OOBEKTaxX SAEPHOTO ITHKIIA,
Takux Kak ADC, XpaHWIWIIa oTpadOTaBIIETO SASPHOTO TOIUIMBA U T. 1., a
TaKKe B pailoHaX BO3ICHCTBUS MOTCHIHAIHHBIX HCTOYHHKOB DPaIHOAKTHB-
HOTO 3arps3HCHHS JUKTYeT CO3/JaHHE HOBBIX TEXHHYECKHX CpEACTB
JO3UMETPUYECKOT0 M pPagHOMeTpHueckoro KoHrtpoiss. Ilpm stom wacrto
BO3HHMKAEeT HEOOXOAMMOCTh HCCIICAOBAHUS M KOHTPOJS 3aXOpOHEHHH
SICPHBIX MATCPUANOB C HEU3BECTHBIM PAIMOHYKIHIHBIM COCTaBOM B
JKECTKHX YCIOBUSAX OSKCIUTyaTanuu. [l pemieHds Takoro pojaa 3amad
npeanpusitneM «ATOMTEX» Obuta paspabotana cepusi OJIOKOB JIE€TEK-
tupoBanus (b/]) B 3aIUIIIEHABIX KOPITyCax.

B nannoit cepum BJl B kadecTBe IeTeKTOpa NPUMEHSIOTCA CIIUHTHII-
nstopel Nal(Tl) pazmuaroro Tumopasmepa. Bapuantel wucnonnenus bJ]
OTIpEeNeNAIOTCS HCXOIS W3 TMOCTaBICHHBIX 3ajad: IIOJIydeHHe Ooee
IIMPOKOTO IHAana3oHa H3MepseMONd MOIIHOCTH aMOMEHTHOTO SKBHBAJICHTA
no3el ramMma-m3nydeHust (MJ[) wium Oonee BBICOKOH UYYBCTBUTEIHHOCTH
Ka)IbIM OTJCIEHBIM OJIOKOM, COOTBETCTBCHHO.

Kopnyca npubopoB pa3paboTaHbl CIIEHAIBHO C YIETOM CIOXHBIX YCIIO-
BUH mpuMeHeHUs. b/l MOTYT yCTaHAaBIMBATHCS B CKBaXXWHAX, HA BHCITHUX
CTCHaX 3J]aHM{, HA OTKPHITOM MECTHOCTH WM TOTPYXAaTbCs B BOAY Ha
riryouny 1o 50-T1 MeTpoB.

B noknanme mpuBOASTCS OCHOBHBIC XapakTepuCTHKH bJl m ocoOeHHOCTH
WX MPUMEHEHUS.
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COMBINED DETECTOR FOR THE REGISTRATION
OF LOW-ENERGY y-RADIATION

Ananenko A., Boyarintsev A., Bobovnikov A., Gektin A.,

Kovalchuk S., Nepokupnaya T., Onufriyev Yu. , Pedash V.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
nepokupnaya@isma.kharkov.ua

The basic means for detecting nuclear materials are radiation portals in
the production of which scintillation plastic is widely used. The advantages
of this scintillation material are large area and low cost. The main disadvan-
tage is low scintillation efficiency in the range of low energies while many
nuclear materials have the intrinsic gamma radiation in the range of low en-
ergies. In this work combined detector with the increased efficiency of the
registration of low-energy y-radiation compared to the one of the scintillation
plastic was manufactured.

The base of the combined detector is scintillation plastic UPS-923A with
an additional layer of the composite scintillator based on YSO:Ce or Csl: Tl
granules in the optically transparent polysiloxane. The composite scintillator
layer absorbs low-energy y-radiation with the light emission with the wave-
length of more than 400 nm for which plastic scintillator is a transparent ma-
terial. At the same time due to the small thickness the composite scintillator
does not register the radiation with the energy of more than 662 keV.

In the paper dimensions of granules, the optical medium material, concen-
trations of the scintillation layer components, the composite scintillator
thickness were specified. It was found that the efficiency of gamma radiation
registration with the energy of 59.5 keV (for **'Am) with the combined de-
tector is 4 times higher when using YSO:Ce composite scintillator and 5
times higher when using CsI: T1 composite scintillator if compared with scin-
tillation plastic.

The use of composite scintillators as part of combined detectors has such
advantages over single crystal scintillators as lower cost due to the use of
single crystals with mechanical damages, as well as availability of compo-
nents for the production of detectors.
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THE LIGHT YIELD OF A LONG SCINTILLATION STRIP
WITH WLS FIBER EMBEDDED
INTO THE CO-EXTRUDED HOLE

Artikov A., Baranov V., Budagov J., Chokheli D., Davydov Yu.l.,
Glagolev V., Kharzheev Yu., Kolomoets V., Shalyugin A.,
Simonenko A., Tereshchenko V., Usubov Z., Vasiliev 1.
JINR, Dubna, Russia, dagorr@gmail.com

The long scintillator counters light yield increase is a high priority task
for the wide spectrum of experiments, including the Mu2e [1].

In this paper we report the light yield measurement of a 5 meter long
extruded scintillation strip with a 1.2 mm Kuraray Y11 (200) MC WLS fiber
embedded in the co-extruded hole as a function of the distance from the PMT
photocathode. The strips with a central co-extruded hole were made of
polystyrene with the 2% PTP and 0.03% POPOP dopants at ISMA (Kharkiv,
Ukraine).

The light yield has been measured for strip with hole filled with an optical
transparent CKTN-MED(E) resin and with no filling ("dry" strip). The
technique developed in [2] was employed for the optical resin injection into
the 5 m long hole. The strips were irradiated by cosmic muons and
radioactive sources. In case of radioactive sources the signals from the PMT
were measured with a picoammeter.
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Fig. The PMT anode current in function of the distance for *’Sr
(left) and “Co (right) irradiation
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The results of the measurements with “°Co and *’Sr irradiation are
presented on Fig. The light yield of the strip with the filler is by factor 1.6—
1.7 greater than that for the "dry" strip. Mirroring of the fiber's far end
increases the light yield by a factor 1.1-1.7 comparing that of strip with
darkened fiber end (right frame of Fig.).

1. L. Bartoszek et al. Mu2e Collaboration. Mu2e Technical Design Report, arXiv:
1501.05241

2. A. Artikov et al. JINST 11 (2016), T05003
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CHUHTUWIIAHNOHHBIE KPUCTAJIJIbBI
PEAKO3EMEJIBHBIX AJITIOMUHATOB, BBIPAIIIEHHBIE
B BOCCTAHOBUTEJIBHBIX CPEJIAX

Apxunos II., Tkauenko C., Cugneuxutii O.,

Bacrokos C., I'epacumos 1.
Hucmumym cyunmunnayuonnvix mamepuanoe HAHY, Xapvkos, Yxpauna,
pavlentich@yandex.ru

Kpucramnel penko3eMenbHBIX aqtoMHHATOB Takue kKak YAG, YAP,
LuAG, guctele U TONMUPOBAaHHBIE PEAKO3EMENBHBIMU DJIEMCHTAMH, TaKUMH
kak Ce, Nd, Ti, Er, Pr u np., mUIpoKo UCMONB3YIOTCS B PA3IMYHBIX 00JIACTAX
HAyKAd ¥ TEXHUKH, 3a CYET COYCTAHHS TEIJIONPOBOIHOCTH, TBEPIOCTH,
XUMHYECKOH CTOHKOCTH, IPO3PaYHOCTH, BEICOKHX TTOKA3aTENI CBETOBBIXOA.
OpHako BBUAY TYTOIUIABKOCTH IAaHHBIX MAaTEPHAJOB [UIS BBIPAIIMBAHUS
KPHCTAJUIOB M3 THUX MAaTEPHUAIOB HCHOJIB3YIOT MPEUMYIIECTBEHHO HpPHIUC-
BbIE THIJIH, YTO CYLUIECTBEHHO YJOPOXKAET MOIy4aeMble KPUCTAILIbL.

B texymieli paboTe KpHCTaUIBI YUCTOTO M JOMUPOBaHHOTO LepueM Y AG,
OBUTH BBIpPAILCHBI U3 BOJB(PaMOBOTO THIIII MeTOM Yoxpanbckoro. B xadecT-
B€ TEIJIOM30JIALIUU UCIONB30BANINCh yIIepoaHble MaTepuansl. IloaydyeHHble
KpucTaiuisl yuctoro YAG HMMenH KelTO-KOPUUHEBBI OTTEHOK, KPUCTAJLIBI
YAG:Ce Taxxke UMeNH 3TOT OTTEHOK. Tarxke ONpenesieHO BIHUSHHUE OT)KHTa
00pa3oB B pPa3sIUYHBIX YCIOBHSIX HAa ONTHYECKHE M CHUHTHUIALNOHHBIC
cBoiictBa YAG.

[Toka3aHo, YTO HE OTOKKCHHBIE BBIPAIICHHBIE KPUCTAIUTBI YUCTOT0 Y AG
AMEIOT (OTOTIOMUHECIICHIINIO, OOYCIIOBIICHHYI0O BHYTPSHHUMHU Ac(PeKTamMHu.
Kpucrammer YAG ¢ Ce Takke ee UMEIOT OJJHAKO OHA CYIIECTBEHHO MEHBIIE
momuHecteHnuun Ce. Ilocne BBICOKOTEMIEPATYpHOTO OTXKHra B BOCCTa-
HoBuTeNbHOU atMoctepe (CO), okpacka BbI3BaHHas Ae(EKTaMU U JIIOMH-
HecueHus B uucToM YAGQG nponazgaet, a B YAG:Ce UHTEHCUBHOCTD JIFOMH-
HecueHuu Ce Bo3pacTaer.

Jnst kpuctamioB yucToro wiu aonupoBaHHoro YAG Takoe moBeneHHE
IpU BBICOKOTEMIEPATYPHOM BOCCTAHOBHUTEJIBHOM OTXKUT€ HE XapaKTEepHO,
OHH TEMHEIOT, T. K. Y HAX B PE3y/IbTaTe HACHIIEHNS KUCIOPOAHBIMA BaKaH-
CHSIMH BO3pAacTaeT MOTJIOIMIEHNE BO BCEM ONTHYECKOM JnamazoHe. Hanboiee
BEPOSITHOM TMPUYWHOW TaKOTO IOBEACHHS SBISAETCS YTIAEpOid, CIOCOOHBIN
JIETKO W3ME-HATh BaJCHTHOCTh M KOMIIEHCHPOBATH 3apsii KHCIOPOIHBIX
BaKaHCHH. YTJe-poj momazaeT B pacIulaB B IMPOIECCE BBIPAIIMBAHUS TPH
B3aMMOJIeicTBIM pactuiaBa ¢ atMochepoit CO.

OnTuyeckue CBOMCTBA OTOXKEHHBIX B BOCCTAHOBUTENBHOM cpene Kpuc-
TautoB Y AG, BBIpAIlCHHBIX B BOCCTaHOBUTEIBHOW aTMocdepe nu3 BOIb()-
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PaMOBOTO THIJIS, HE XyXKe 4eM Yy KpHCTALIOB Y AG, BBIPAIICHHBIX B c1a00
OKUCITUTEIbHOM atMochepe u3 Ir Turis.

Omxur B BOccTaHOBHUTENbHOU cpene kpuctamioB YAG:Ce mnpenmou-
TUTEJICH, TOCKOJBKY MO3BOJISIET NepeBOIUTH Ce B TPEXBAJIEHTHOE COCTOSIHUE.
Opnako Oe3 yriepoja B KPUCTA/UIC MPOBEJICHHE TAKOTO OTXKHra HEBO3MO-
*HO. IlosToMy Hamuyme yriaepoia B KpUCTaJUIE OKa3alloCh KIIIOUEBBIM
(akTOpOM W AN BBIPAIIMBAHWS KPHCTAUIOB, M JJIS MX OTXXHIa B BOCCTa-
HOBUTEIILHOU Cpejie.

1. P. Arhipov, S. Tkachenko, O. Sidletskiy et al. Functional Materials, 19 (2014) 472
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25 YEARS OF R&D ON INORGANIC SCINTILLATOR
AND THEIR APPLICATIONS
IN THE CRYSTAL CLEAR COLLABORATION

Auffray E.

CERN, Geneva, Switzerland, etiennette.auffray@cern.ch

The Crystal Clear Collaboration (CCC) has been created in 1991 in the
frame of the DRDC program at CERN. Its initial goal was to identify the
most suitable inorganic scintillators as candidates for an electromagnetic
calorimeter at the future Large Hadron Collider LHC. The R&D car-
ried out led to the choice of PbWO4 as material for the electromanetic
calorimeter of the CMS experiment.

Since 25 years the Crystal Clear Collaboration carries out intense
R&D on inorganic scintillating materials for novel ionizing radiation detec-
tors for use in high-energy physics, medical imaging and industrial appli-
cations. Such R&D covers generic activities such as the understanding
of the scintillation mechanism, to the conceptual design, test, implemen-
tation and integration of large detector systems. In this report, the main
results achieved by the CCC and the current domains of activities of CCC
will be presented.
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PRECISION MEASUREMENTS RF PARAMETERS
OF SUPERCONDUCTING CAVITIES

Azaryan N.S.', Batouritski M.A.?, Budagov Yu.A.',
Demyanov S.E.’, Karpovich V.A.?, Liubetski N.V 2,
Maximov S.I.%, Rodionova V.N.%, Shirkov G.D.!

! Joint Institute for Nuclear Research, Dubna, Russia, azarvan@yjinr.ru
’Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus

rodionova@inp.bsu.by
3The Scientific and Practical Materials Research Center NAB, Minsk, Belarus

The article concerns key problems of effective and accurate measure-
ments of high Q-factor of superconducting radiofrequency (SRF) niobium
resonant cavities of Tesla-type for ILC. The core outcomes of a Dubna—-
Minsk research project in the part dealing with creation of measuring system
for measuring of high Q-factor of single-cell 1.3 GHz SRF niobium cavities
of Tesla-type are presented and discussed.

Fig. 1. The measuring scheme (stand) for "warm" measurements based on the
VNA Agilent E5061B, Opt. 1E5

The automated measurement system and technique described in the article
can be considered as a useful scientific instrument for measuring Q-factors of
1.3GHz SRF single-cell resonant cavities of Tesla-type (with drift tubes on
both sides). The proposed technique uses direct method of measurements of
Q-factor when applying a standard measurement equipment, does not require
evacuating and sealing the cavity and thus the technique can be considered
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both effective and practical for quality control of the cavities directly at pro-
duction. In the series of "cold' experiments there have been registered the
values of Q about 10" which are well-consistent with the theoretical esti-
mates. The measurement equipment and the extra UHF parts are relatively
cheap so that our scientific instrument and measurement technique can be
seen as an alternative to more expensive tools and measurement methods that
are used for measuring Q-factor of such resonance cavities.

Fig. 2. The measuring scheme (stand) for "cold" measurements based on the
VNA Agilent ES061B and LPFRS-01

Further improvements of measurement accuracy with the automated
measurement system can be made when applying measurement techniques of
transmission coefficient Si,. That will improve signal to noise ratio in the
neighborhood of peak of AFR, and also isolation level of measurement UHF
channels of the VNA. Applying a VNA with a wider dynamical range would
be also preferable.
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INERT RADIOACTIVE GASES
VOLUMETRIC ACTIVITY MONITOR

Baranova M.A.
JSC "SNIIP", Moscow, Russia
mariya_baranova@list.ru

Monitoring of radiation factors generated by nuclear power plants is an
integral part of the overall system of radiation safety. Among the wide range
of radiation control tasks at nuclear power plants a special attention is paid to
the dedicated measurement of volumetric activity (VA) of inert radioactive
gases (IRG).

In JSC "SNIIP" it has been engineered the installation for control of
volumetric activity of the nuclides '**Xe, **Kr, *'Ar of inert radioactive gases
by beta radiation in a controlled gas atmosphere in a wide range — from
1.0-10% to 1.0-10" Bg/m’.

To implement the measurement of the VA of IRG in the range from 1000
to 1.0-10"" Bq/m’, the installation is divided into three sub-levels: a) sensitive
level — from 1000 to 10° Bg/m’; b) the average level — between 10° and
10"°Bg/m’; C) high level — from 10" up to 1.0-10'" Bg/m;

In sensitive detection unit 5 panels made of scintillating polystyrene are
used. Application of the detector of this type allows to increase the registra-
tion efficiency and to reduce temperature dependence of the measurement
results. However, this device demands highly stringent requirements to pro-
tection against external background, because the panels made of scintillating
polystyrene are sensitive to y-radiation.

Medium and high sub-levels are disposed in a single detection unit, pro-
viding measurements from 10% to 10'” Bg/m®. The detector unit contains two
silicon ion-implanted detectors, a chargeable preamplifier, the light-emit-ting
diode for operation control of the amplifier chain. To protect against external
gamma background the detection nodes placed in a tungsten protection.

Communications for air samples input and the trial samples input are
equipped with drop-protecting appliance, and with a system of filters to ex-
clude the ingress of aerosol fractions into the measuring volume of detectors.
The volume of the measured sample is controlled with the help of a
flow meter.
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RELAXED ELECTRONIC STATES OF TI' AND In*
DOPANTS IN CsI SCINTILLATORS

Belsky A.', Dujardin C.', Gektin A.%, Gridin S.'”, Iskandarova L.*,

Scherbinin A.%, Shiran N.%, Vasil’ev A.°
U Institut Lumiére Matiére, Université Claude Bernard Lyon 1-CNRS, France
2 Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
? Department of Physics, Wake Forest University, Winston Salem, USA
4 Kintech Lab Ltd., Moscow, Russia
3 Faculty of Chemistry, Lomonosov Moscow State University,
Moscow, Russia
8 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
Moscow, Russia
andrei.belsky@univ-lyonl.fr

The problem of ns’ centers in different matrices is again discussing in the
literature. The modern DFT calculations shows strong hybridization effects
between s-electrons of the dopants and the valence band electrons. Centers
with the same s electronic configuration, like In" and T1" in CsI can behave
in a different way depending on the position of the levels, strength of
electron-phonon coupling, etc. Comparative analysis of luminescent
properties of these two emission centers in Csl lattice was done using
fluorescence spectroscopy methods. The position of emission bands are about
the same for both activators — one UV band around 400420 nm and two
visible ones at 500 nm and 550 nm (560 for CsIl:Tl). Nevertheless, the widths
of indium induced bands are smaller than of thallium ones, and the excitation
spectra are quite different. In case of Csl:In crystals lower energy photons
(around 310 nm) excite only low energy emission band (550 nm). Increase of
the excitation energy results in appearance of 490 nm emission and then 420
nm one. On the contrary, in case of CsI:Tl crystals, all the three main
emission bands are excited around the lowest energy absorption band at
295nm. For higher energies the emission at 400 nm region disappears and
only two visible bands (490 nm and 550 nm) are present, which is consistent
with other works [1, 2].

In order to investigate the excitation mechanism of these bands we
perform calculation of ground and different excited and charge states in these
systems using DFT with hybrid exchange-correlation functional. It is shown
that due to different hybridization of s* states with iodine valence band states
the in case of In and Tl the excited states and charged states have quite
different configuration. The excited state of indium center is localized at the
dopant, whereas thallium excited state looks like T10+VK. There is also shown
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that a hole captured by TI" center has lower activation energy than a hole
captured by In" center. These calculations correlate with the experimental
TSL data.

1. V. Sivasankar, P. W. M. Jacobs. Philos. Mag. Part B, 51 (1985) 479
2. V. Nagirnyi, S. Zazubovich et al. Chem. Phys. Lett., 227 (1994) 533
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TIMING RESOLUTION OF LaBr;:Ce AND CeBr; CRYSTAL
SCINTILLATORS IN COMBINATION WITH DIFFERENT
TYPE PHOTOMULTIPLIERS, TO BE USED FOR
DETECTION OF COSMIC RADIATION

Bogomolov V.', Iyudin A.", Markelova A.', Rozhkov G.',

Svertilov S.!, Yashin L', von Kienlin A.%, Greiner J.?
'Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics,
Moscow, Russia
’Max-Planck Institute of Extraterrestial Physics, Munich, Germany
bogovit@rambler.ru, sis@coronas.ru

We have studied and report here the timing resolution of different
detectors of cosmic radiation, that are using modern type scintillating crystals
like LaBr;:Ce and CeBrs.

The detector itself is based on the use of scintillating crystal and either of
vacuum, or Si-type photomultipliers, that were tested with the conventional
set of radioactive isotopes.

Timing resolution of detectors that was derived for different combinations
of scintillating crystals and photosensors, and of detector potential use will be
discussed in this talk.
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SCINTILLATING SPECTROMETER FOR LONG-TERM
STUDY OF THE SEA LEVEL GAMMA-RAY BACKGROUND
VARIATIONS CAUSED BY CHANGES
OF CONCENTRATION OF RADIOACTIVE ISOTOPES
AND PARTICLE ACCELERATION
DURING THUNDERSTORMS

Bogomolov V., Iyudin A., Maksimov 1., Svertilov S.
Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics,
Moscow, Russia
bogovit@rambler.ru, sis@coronas.ru

In this talk we present an experiment for the long-term measurements of
flux and spectral variations of the sea level gamma-ray background radiation.
The instrument has moderately large (8080 mm) scintillating detector with
energy resolution ~7% at 662 keV. The data are recorded in event-by-event
mode with ~15 ps time resolution thus permitting detection of the terrestrial
gamma-ray bursts at the moment of lightning during thunderstorms. Regular
testing of YK background line position (E = 1.46 MeV) is used for calibration
of the spectrometer during the whole measurements session. This set-up helps
to exclude temperature variations of the signal in a long-term experiment.

The instrument design, as well as results of its long-term employment are
discussed in this paper.
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NANOSTRUCTURED ORGANOSILICON LUMINOPHORES
AS EFFECTIVE AND FAST SPECTRAL SHIFTERS
IN A WIDE SPECTRAL REGION

Borshchev O.V. ', Skorotetcky M.S.",
Surin N.M. ', Ponomarenko S.A.'*
!Enikolopov Institute of Synthetic Polymer Materials of Russian Academy of Sciences,
Moscow, Russia
’Moscow State University, Chemistry Department, Moscow, Russia
borshchev@ispm.ru

Recently we have developed a new class of highly efficient luminescent
materials with unique properties — nanostructured organosilicon luminopho-
res (NOLs) [1-3]. These are branched organosilicon molecules, where two
types of organic chromophores are connected to each other via silicon atoms,
which brake the conjugation between them and fix them specifically in the
space at 1-2 nm distance necessary for efficient Forster energy transfer [2—4].
NOLSs possess several advantages: absorption in a wide optical spectral re-
gion; 5-10 times higher cross-sections the those of the best low molar weight
organic luminophores; very high photoluminescence quantum yield; large
pseudo Stocks shift; short luminescence lifetime down to 0.8—0.9 ns. Photo-
luminescence study of several new NOLs has shown the intramolecular en-
ergy transfer efficiency up to 99% and luminescence quantum yield 95— 99%.

It should be noted that combination of different chromophores in the
NOL allows tuning their absorption and emission in a wide spectral region,
which opens possibilities for their wide application as highly efficient spec-
tral shifters — convertors of the emission with the energy of high frequency
photons (140—400 nm) into the emission in the visible spectral range (400—
700 nm) [2, 3].

We applied NOLs as spectral shifters in new highly effective plastic
scintillators. Since two different luminophores are fixed properly on the
nanoscale distance at the same branching molecule, the light output of the
plastic scintillators is significantly increased, while their timing resolution
improves. This lead to a new type of scintillating devices with nanostructured
luminophores [1].

Heat treatment of specially functionalized NOLs and organosilicon oli-
gomers having reactive vinyl and the hydride groups in solution, allowed to
obtain transparent fluorescent organosiloxane scintillating composites stable
over a wide temperature region [2].

NOLs are commercially available from a startup company Lumln-
noTech LLC. Further details can be found at www.luminnotech.com.
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SCINTILLATION ELEMENT FOR HEP APPLICATION

Boyarintsev A., Bobovnikov A., Gektin A., Gerasymov Ia.,

Grynyov B., Kovalchuk S., Nepokupnaya T., Onufriyev Yu.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
kovalchuk@isma.kharkov.ua

The increase of luminosity in HEP calorimeters requires the use of radia-
tion hard scintillation materials that can withstand doses of more than 20
Mrad. The application of scintillation plastic under high radiation doses is
limited by its radiation hardness at 5 Mrad. Inorganic single crystals are a
solution of the problem of scintillators selection for HEP. However, their use
is limited by high cost and complexity when creating the technology for mass
production of large crystals. An alternative to radiation hard single crystals
are composite scintillators on their base which represent a mixture of scintil-
lation granules in the optically transparent medium. The granules can be ob-
tained by crushing single crystals or scintillation materials obtained by solid-
phase synthesis without the crystal growth stage. Composite scintillators are
the optimal solution for application in megatiles and calorimetric modules of
Shashlyk type since the cost of their production is lower than the one for
analogous single crystals. Also it is possible to manufacture composite scin-
tillators of any size and shape.

In this paper a radiation hard scintillation element consisting of a compos-
ite scintillator and a light-conducting layer providing the efficient light-
collection from the scintillation layer to the WLS fiber or directly to a
photodetector is proposed. The scintillator of the element is oxide single crys-
tal granules in the optically transparent polysiloxane. The proposed design
allows changing the parameters of the scintillation element depending on the
application by varying the composition of materials for the scintillator, light-
conducting layer and light guide.

In this paper the radiation hardness of the proposed scintillation element
as well as of the materials for its manufacture was tested. The test samples
were irradiated with electrons with Eq = 8.3 MeV at the room temperature at
the integrated dose of 50+0.5 Mrad (500+5 kGr). After irradiation, the de-
crease of the light output of single crystals and composite scintillators of up
to 2% and the reduction of the transparency of single crystals, quartz glass
and polysiloxane in the area of 300-700 nm to 5% are observed. Radiation
damage of YSO:Ce composite scintillators obtained by solid-phase synthesis
are comparable to the changes of composite scintillators based on single crys-
tals. The light output of the scintillation element calculated as regard to UPS-
923A plastic scintillator before and after irradiation with 50 Mrad, made
150% and 145% respectively.
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LiI(Eu) BASED COMPOSITE DETECTOR FOR THERMAL
NEUTRON REGISTRATION

Boyarintsev A., Bobovnikov A., Gektin A., Grynyov B.,

Kovalchuk S., Nepokupnaya T., Onufriyev Yu., Tarasov V.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
onufrivev@isma.kharkov.ua

Composite scintillators allow creating large area detectors with high geo-
metrical radiation detection efficiency. To register thermal neutrons, compos-
ite scintillators based on ZnS:Ag with °Li or '°B isotopes are often used. In
this paper the characteristics of the composite scintillator based on Lil(Eu)
granules for the thermal neutrons registration placed in an optically transpar-
ent medium were studied. Compared to composite scintillators based on
ZnS:Ag with SLi or '°B isotopes, the scintillator based on Lil(Eu) granules is
more promising. In the first case, the formation of secondary charged parti-
cles takes place in the converter phase and the scintillation origination - in
ZnS:Ag phase where the particles lose different parts of their original energy.
In the second case, above mentioned processes take place within one scintil-
lator granule with equal total loss of particles energy. For Lil(Eu) based
composite scintillator there is still the problem of the scintillation light dis-
persion and the problem of the instability of scintillator hygroscopic disperse
phase arises.

These problems have been solved in our research. The selection of the
scintillator granules dimensions, of the optical medium and of the ratio of the
system components was carried out using experimental and computer
simulation. For the samples of the optimal composition the resolution better
than 40% at 4.78 MeV was obtained. It was found that the thermal neutron
detection efficiency for these samples is 70% of the efficiency of a single
crystal sample of the same thickness. It was found that for these samples the
registration of gamma radiation with the energy of more than 2.6 MeV takes
place in the region lying below the threshold of the thermal neutrons registration.

Besides the possibility of creating large area detectors, the advantages of
Lil(Eu) based composite scintillator over single crystal are the possibilities of
using single crystals with mechanical defects, producing detectors of differ-
ent shapes, industrial availability of all components and lower cost.

32



LIGHT-COLLECTION IN THE SCINTILLATION ELEMENT
FOR HEP

Boyarintsev A., Bobovnikov A., Gektin A., Kovalchuk S.,
Nepokupnaya T., Onufriyev Yu., Tarasov V.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
onufrivev@isma.kharkov.ua

Composite scintillators are the basis for the production of large area de-
tectors with high efficiency of the radiation detection. These scintillators have
such advantages over single crystals as the manufacturing of detectors of dif-
ferent shapes, the use of both crushed single crystals and scintillators ob-
tained by solid-phase synthesis or by sol-gel method, i.e. without the crystal
growth stage, as scintillation granules, the industrial availability of all com-
ponents and their low cost.

Along with the advantages one of the main problems is the non-
uniformity of the light-collection on the composite scintillator area when for
signal registration are used the WLS fiber or a locally placed photodetector.

Using mathematical simulation the selection of materials for the light-
conducting and scintillation layers was carried out, their geometrical dimen-
sions and shape were specified, dimensions of scintillation granules and the
concentration of the scintillation layer components were calculated. In the
paper the characteristics of elements based on composite scintillator of
YSO:Ce granules distributed in the optically transparent polysiloxane were
studied. Various materials were used in the element construction to manufac-
ture the light-conducting layer.

The conditions ensuring the light output uniformity of the plate shaped
scintillation element consisting of a composite scintillator 0.5-2 mm thick-
ness and a light-conducting layer 2 mm thickness above it, were specified.
Depending on the material of the light-conducting layer this parameter is at
the level of a plastic scintillator having similar dimensions and the thickness
of 4mm, or better. A scintillation element based on composite scintillator of
YSO:Ce granules in the polysiloxane with the uniform light distribution at
the distance of more than 30 mm from the WLS fiber or a locally placed

photodetector was created.
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RADIATION-RESISTANT COMPOSITE SCINTILLATORS
FOR REGISTRATION A LARGE FLUX
OF IONIZING RADIATION
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We have designed and studied a series of composites scintillators based
on inorganic single crystalline grains (GSO:Ce, GPS:Ce and Al,05:Ti) those
were introduced into a transparent radiation resistant gel composition Syl-
gard-184 [1]. Radiation resistance of these scintillators is studied. We meas-
ure the value of the relative light output of composite scintillators before and
after irradiation. The electron accelerator of the National Science Centre
"Kharkov Institute of Physics and Technology" irradiates the samples by
9.2 MeV electrons at the room temperature. During irradiation, the radiation
dose rate was practically uniform. We use two different dose rate namely 0.23+0.01
or 150045 Mrad/h. Inhomogeneity of irradiation of the samples did not exceed 5%.
The composite scintillators with grains of Tikor (Al,O5:Ti) were irradiated to dose
400 Mrad at the rate 1500 Mrad/hr and to dose above 125 Mrad at a rate of
0.2 Mrad/hr. The composite scintillators with grains of GSO:Ce and GPS:Ce
were irradiated to dose above 170 Mrad at rate of 0.2 Mrad/hr. GSO:Ce is
also irradiated at a dose rate of 1500 Mrad/hr to 250 Mrad. Relative light
output of the scintillators decreases less than 2-time. Therefore, such scintil-
lators can be regarded as radiation resistant materials to these doses. The pos-
sible mechanisms of such the processes as well as the specific of light collec-
tion is these systems are discussed.

1. Boyarintsev A.Yu., Galunov N.Z., Karavaeva N.L., Krech A.V., Lazarev L.V.,

Levchuk L.G., Nepokupnaya T.A., Panikarskaya V.D., Popov V.F., Sorokin
P.V., Tarasenko O.A. Functional Materials. 2013. Vol. 20, No.6. P. 471-476
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CONCEPT AND PERFORMANCE
OF THE ELECTROMAGNETIC CALORIMETER
OF THE PANDA DETECTOR AT FAIR

Dormenev V. on behalf of the PANDA Collaboration
Justus-Liebig-Universitdt, II. Physikalisches Institut, Giessen, Germany
valery.dormenev@exp2.physik.uni-giessen.de

The PANDA collaboration at FAIR, Germany, will focus on undis-
covered charm-meson states and glue balls in antiproton annihilations to
study QCD phenomena in the non-perturbative regime. For fixed target
experiments at the storage ring HESR a 4n-detector for tracking, particle ID
and calorimetry is under development and construction to operate at high
annihilation rates up to 20 MHz. The electromagnetic calorimeters are
composed of a Target Spectrometer (EMC) based on PbWO, crystals and a
shashlyk-type sampling calorimeter at the most forward region. The EMC,
comprising more than 15,000 crystals, is operated at a temperature of -25-C
and read-out via large-arca avalanche photo-diodes or vacuum photo-
triodes/tetrodes. The photo sensor signals are continuously digitized by
sampling ADCs. More than 50% of the high quality PWO-II crystals are
delivered and tested. The excellent performance with respect to energy, time
and position information was determined over a shower energy range from
10 MeV up to 15 GeV by operating several prototype detectors. In addition,
the concept of stimulated recovery has been investigated to recover radiation
damage on- and off-line during the calorimeter operation. Besides the overall
concept of the Target Spectrometer the response function of the shashlyk
spectrometer down to photon energies even below 100 MeV will be
presented.
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RAW MATERIALS FOR NOVEL COMPLEX OXIDE GARNET
SCINTILLATORS DEVELOPMENT

Dosovitskiy G.A.
Institute of Chemical Reagents and High Purity Chemical Substances (IREA),
National research center “Kurchatov Institute”, Moscow, Russia
george.dos@gmail.com

Production of a scintillator starts with raw materials, which largely deter-
mine its properties. So, it is sensible to take into account considerations on
raw materials in course of scintillator engineering. Important issues are avail-
ability, impurities content, producibility, price. Most of classic and new inor-
ganic scintillators, such as YAG, BGO, PWO, LSO, GGAG, etc., are com-
plex oxides, and composition is another major issue for them, as composi-
tional changes may induce defects or influence formation of the desired
phase. Ceramic scintillators are of rising interest for various applications,
among which medical imaging is one of the largest. Nanocrystalline powders
are widely used for production of such materials, so raw materials micro-
structure becomes of importance. These subjects will be covered in the talk
from the point of view of chemical technology, as it is applied to scintillator
development.

Particularly, raw material composition is an issue for novel highly effi-
cient scintillating material GGAG:Ce with high potential for medical imaging
and other applications. As scintillator production in a form of single crystal
or transparent ceramic is a costly and time consuming process, there is an
interest in a more rapid way to perform experiments during scintillators de-
velopment. Synthesized powders, as an intermediate stage between raw mate-
rials and crystal/ceramics, are good objects for express studies of composi-
tion influence on scintillation properties. Such studies were performed for
Gd;GazA,0,,:Ce material. Powders were prepared by a wet chemical route
and calcined at temperatures up to 1600 °C. Garnet phase and uniform micro-
structure with micron-sized grains were obtained. Powder scintillation prop-
erties depending on microstructure and composition were studied and com-
pared to other forms of GGAG scintillator.

Author expresses his gratitude to partners and colleagues in this work:
M.V. Korjik, A.A. Fedorov, A.E. Dosovitskiy, O.A. Buzanov, D.E. Kuznetsova,
E.V. Gordienko, P.V. Karpiuk. Work on GGAG scintillator is partially sup-
ported by Russian Ministry of Science and Education, Subsidy agreement Ne
14.625.21.0033 dated 27.10.2015, project identifier RFMEFI62515X0032.
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A SPECTROMETER SYSTEM FOR LUMINOSITY
MEASUREMENT IN ep SCATTERING EXPERIMENTS

Drugakov V. on behalf of the ZEUS Collaboration
Institute for Nuclear Problems of Belarusian State University,
Minsk, Belarus

drugakov@hep.by

Precise luminosity measurement is essential for determination of cross-
sections associated with physical processes. At ZEUS experiment at HERA
collider the luminosity was measured using photons from the bremsstrahlung
reaction, ep — epy. Produced photons followed the direction of the colliding
beam electrons and were detected about 100 m downstream using two
independent luminosity monitors. Their layout relative to the ZEUS central
detector is shown in Fig.
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Qém 95;m 104:1m 107m
Fig. The layout of the ZEUS luminosity system

At Z =92 m, photons from the interaction point exited the HERA vacuum
system; approximately 9% of photons converted into e'e pairs in the exit
window. Converted pairs were detected using monitor SPEC [1]. It consisted
of a dipole magnet and a pair of tungsten—scintillator sandwich calorimeters
located about 10 cm above and below the beam axis. Photons which did not
convert in the exit window were detected using monitor PCAL [2], a
radiation hard lead-scintillator sandwich calorimeter.

The main two challenges for luminosity measurements at ZEUS
experiment were high synchrotron radiation level and large event pile-up.
The SPEC design significantly reduced the impact of these problems on the
measurement. The problem of radiation damage in the calorimeters was
significantly reduced by positioning them away of the synchrotron radiation
plane. When back-scattered synchrotron radiation started becoming a
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problem, improved shielding and frequent calibrations addressed the issue.
The solution of the pile-up problem was achieved by reducing the event rate
by looking at photons which converted in the exit window. The rate was
further lowered by acceptance requirements in calorimeters.

Monitor SPEC provided a robust luminosity determination with a
systematic uncertainty of 1.8% [3]. The measurement is in good agreement
with the result obtained using PCAL. This method of luminosity
measurement is planned to be used at the future EIC collider [4].

M. Helbich et al. Nucl. Instr. Meth. Phys. Res. A 565 (2006) 572
J. Andruszkoéw et al. Acta Phys. Polon. B 32 (2001) 2025

L. Adamczyk et al. Nucl. Instr. Meth. Phys. Res. A744 (2014) 80
R. Petti. EPJ Web Conf. 112 (2016) 02011

bl
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LARGE HADRON COLLIDER AT HIGH LUMINOSITY:
SCINTILLATORS RADIATION DAMAGE EXCESS
AND A POSSIBLE WAY OF SOLVING THE PROBLEM

Emeliantchik I., Litomin A., Afanaciev K.
Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus

igor@hep.by

Scintillators of CMS endcap hadron calorimeter are degrading faster than
it was predicted at design time. If nothing will be done, the calorimeter will
not even withstand the expected term of operation at current luminosity, not
speaking about the High Luminosity mode.

The influence of irradiation rate is not negligible. At smaller dose rate the
scintillators degrade faster. It wasn’t taken into consideration at design time —
scintillators were tested at big irradiation rate to shorten the test time.

We’ve produced scintillator elements with the same design and same ma-
terial (SCSN-81) as in actual CMS endcap calorimeter. We’ve irradiated
them at Sosny irradiation facility (y-source ®°Co) at different dose rates and
measured the degradation.

We’ve made the graph “light yield versus dose rate”, which explanes the con-
tradiction between expected and real radiation damage of plastic scintillator.

We have tested a method of improving of calorimeter radiation hardness —
additional segmentation of tiles. We used the same scintillating material.

We have produced and irradianed tile segments. Measurements shown
that the calorimeter of this configuration will withstand the whole term of
operation in the mode of High Luminocity (3000 fbarn™).
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OPTICAL AND STRUCTURAL PROPERTIES
OF 3Ca0-28i0,:Ce, 3CaF,-28i0,:Ce
AND 3Ca,Ba,; ,0-2Si0;:Ce (x=0, 0.5, 1) GLASSES

Fasoli M.", Korjik M.%, Moretti F.",
Tratsiak Y.*, Trusova E.*, Vedda A.!
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At present time, a lot of research is focused on the study of luminescent
glasses. Glasses have several properties that make them desirable candidate
materials for scintillator applications. They are mechanically robust and
easier to synthesize in large volumes than single crystals. Glasses do not
cleave, and may be cut and polished with relative ease. The glass production
routes allow a great compositional flexibility and may be used to produce
compounds that do not melt congruently. More significantly, glass-ceramics
production methods are typically cheaper than crystal growth methods, or
than hot pressing routes used for polycrystalline ceramics.

In our work we focused on the study of the luminescent (photo — PL,
radio — RL, and thermally stimulated — TSL) properties of 3Ca0-2Si0,:Ce,
3CaF,-25i0,:Ce and 3Ca,Ba;_,0-2S5i0,:Ce (x=0, 0.5, 1) glasses.

RL spectra of all samples feature an unresolved doublet corresponding to
the 5d-4f (*Fs;, and 5d-’F,),) radiative transitions of Ce’". Increasing the Cce*
concentration in the 3Ca0-2Si0,:Ce and 3CaF,-25i0,:Ce samples from
0.05% to 1% leads to an emission red shift from ~380 nm to ~410 nm. In the
3Ca,Ba;0-2Si0,:Ce (x=0, 0.5, 1) samples, increasing the Ba’"content also
leads to an emission red shift from 410 nm to 440 nm. Moreover, no
significant scintillation efficiency increase is noticed by increasing Ba®"
concentration. The RL signals of all glasses are significantly weaker with
respect to a BiyGe;0,, (BGO) crystal measured as reference.

PL emission spectra, excited both at 300 and 360 nm, display different
bands, occurring at slightly longer wavelengths with respect to RL ones. Such
spectral differences depending on excitation source and wavelength call for
the presence of at least two kinds of different sites occupied by Ce*" ions and
characterized by a different crystal field. Indeed, Raman measurements
evidenced the presence of vibrations compatible with the presence of
orthosilicate and pyrosilicate clusters. Re-absorption of the emitted light
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contributes as well to spectral modifications observed by Ce concentration
increase both in RL and PL.

Finally, TSL properties were also investigated. In all cases the glow
curves featured very broad peaks, in accordance with the presence of
continuous distributions of trap levels as expected in amorphous structures.
Especially at low temperature weak signals were detected.

The weakness of the signals detected under ionizing radiation excitation,
in RL and TSL measurements, despite a relatively strong PL emission,
suggests the presence of non-radiative recombination channels in the glass
network.

The application perspectives of the glasses as wavelength shifters in
combination with UV emitting scintillators will be discussed.

41



GAGG:Ce SCINTILLATION DETECTOR
WITH SIPM READOUT
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Gadolinium-aluminum-gallium garnet Gd;Al,Ga;0,,:Ce (GAGG:Ce) is a
novel scintillation crystal having a garnet structure like well-known yttrium-
aluminum garnet with well-developed growing technology, Y;Al;0;,:Ce
(YAG:Ce), which is used though mainly for x-ray and electron counting due
to its low effective atomic number and density.

In the same time, GAGG:Ce possesses far larger effective atomic number
of 51 and density 6.7 g/cmz. This makes GAGG:Ce stopping power to
gamma-quanta comparable or even exceeding that of CsI(TI) or CsI(Na). Its
light yield amounts to about 40,000-50,000 photons/MeV, which also ap-
proaches that of iodides mentioned above. Finally, due to presence of gado-
linium, GAGG:Ce can also be used for neutron detection by gamma-radiation
accompanying neutron capture.

Silicon Photomultipliers (SiPMs) are yet another example of innovations
in radiation detection techniques. Currently available with dimensions up to
6x6 mm’, SiPM with its intrinsic gain comparable with that of conventional
vacuum PMT is the only solid-state photo detector able to detect scintillation
light at the single photon level.

Here we report on our very preliminary efforts to estimate potentiality of
GAGG:Ce with SiPM readout for conventional tasks of ionizing radiation
detection. Although GAGG:Ce production technology is still under develop-
ment and perfecting (some care still has to be paid to afterglow and intrinsic
energy resolution), results obtained by us to date with SiPM readout are op-
timistic ones. In particular, energy resolution of ~12% FWHM @ 662 keV
and energy noise equivalent < 30 keV were obtained with relatively large (~2
cm’) GAGG:Ce sample attached to a 6x6 mm” SensL SiPM.
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SCINTILLATORS BASED
ON MICROCRYSTALLINE GRAINS

Galunov N.Z."2, Karavaeva N.L.!, Krech A.V.', Lazarev L.V.!
Ilnstitutefor Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
’V.Karazin Kharkiv National University, Kharkiv, Ukraine
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New types of scintillators, namely the materials based on single crystal
grains are investigated. It is composite scintillator when grains are introduce
in gel-composition, and polycrystals obtained by hot pressure of the grains.
Crystalline grains were obtained by grinding single crystals. The fractions of
grains with required sizes were selected using the set of calibrated sieves. The
samples of organic polycrystals were prepared by hot pressing of grains at
pressure about 30 MPa. Such a low pressure ensures that organic grains does
not fissure during the process of polycrystal preparation.

For composite scintillators we showed that such a material can be created
both based on organic and inorganic grains. In the former case, efficient fast
neutron detectors can be created, with selection of neutron events in the pres-
ence of background gamma-radiation, which is close to organic single crys-
tals one. These materials can be used as selective alpha-particle or beta-
particle detectors as well. In the latter case (when the grains of inorganic
crystals are used), efficient detectors of thermal neutrons could be developed.
Variation of the grain size allows substantial reduction of the effects of back-
ground radiation. Technology of composite scintillators production has no
limitations on area and shape of the input window. Separate fragments of the
scintillator can be linked together, creating endless planes. A possibility to
use a base material with high radiation resistance, as well as possibility to use
any scintillation material to produce the grains allows thinking about possible
application of such technological approach not only for radioecological ap-
plications, but also for high-energy physics.

For a thin polycrystal stilbene, we obtain the technical light output higher
than for single crystals. These polycrystals are good to detect short-range
radiations. The possible applications of organic polycrystal scintillators are
discussed.

Current work was conducted with grant support of State Fund for Funda-
mental Research of Ukraine (competitive project No. F64/50-2015).
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SCINTILLATION DEVELOPMENT
AND PRODUCTION, WISHES AND REALITY

Gektin A.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
gektin@isc.kharkov.com

A lot of new scintillation materials were invented and partly developed
during last decade. But main part of them still is not available due to different
reasons. It relates both to halide and oxide materials.

This review is directed to the analysis of such status of new scintilators
and potential ability to resolve the problem. Such criteria of scintillation se-
lection like application pecificy, key properties, main and additional parame-
ters, correspondence to the light receiver and so on will be discussed.

The main aspect of this review relates to the balance between engineering
wishes and reality. Technological pile ups are dictated by limits for the crys-
tal growth, ingot size, yield and uniformity, the cost of the raw material and
price. It will be shown that these pragmatic issues limit the transfer of many
new scintillators to the practice. We will try to show the best options
available now.
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LIGHT COLLECTION IN COMPOSITE
AND POLYCRYSTALLINE ORGANIC SCINTILLATORS

Gorbacheva T.E., Tarasov V.A.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
gorbacheva@isc.kharkov.com

Characteristics of scintillation detectors based on composite and polycrys-
talline organic scintillators on the one hand depend largely on the conditions
of light propagation. On the other hand, a large area of the grain surface and
consequently a significantly larger number of defects in comparison to single
crystal influences the luminescence spectral characteristics and quantum
yield. Thus, accurate determination of the absolute light output requires sepa-
ration of these effects.

In this work light transport in polycrystalline scintillators based on stil-
bene, anthracene, and doped n-terphenyl was simulated using a discrete
model. The sample volume was divided into cells. Each cell contained the
dispersed phase particle of predetermined shape. Experimental characteristics
were obtained for samples with a diameter of 30 mm and a thickness of 5 mm
with various types of reflectors when irradiated by gamma quanta and con-
version electrons.

The measured technical light output of polycrystalline samples was lower
than that of single crystal. This difference increased in the case of excitation
with conversion electrons. These patterns were observed for samples with
and without a reflector. This is due to increase of the average path length of
light to the exit surface both in the case of transition from single crystal to
polycrystalline sample and in the case of transition from the volume excita-
tion to a local one, remote from the output window.

The calculated light-collection efficiencies repeated experimental pat-
terns. This indicates that the technical light output in considered detectors
depends largely on the light-collection conditions. Absolute light yields cal-
culated from experimental data were close for identical materials.
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LUMINESCENCE PROPERTIES OF IRRADIATED SPINEL
CERAMICS AT DIFFERENT TEMPERATURE
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The transparent magnesium aluminates spinel (MgAl,O4) ceramics pos-
sesses unique thermal, optical and mechanical properties to have different
technological applications. The specific spinel structure, which includes high
concentration of locally charged anti-site defects, experience at ionizing irra-
diation the charge rearrangement and storage of energy in the material. At the
heating of irradiated material the release of charges leads to thermo lumines-
cence (TSL), or illumination with light causes the elaboration of charges and
leads to optically stimulated luminescence (OSL). Both phenomena are con-
sidering spinel as dosimetric material [1]. Spinel ceramics with LiF as a sin-
tering aid and CeO as the dopant was prepared by the hot-pressed technique
demonstrate a prospective scintillating properties [2]. In this paper we inves-
tigate luminescence properties of spinel ceramics at different temperatures
and irradiated to gamma rays and high energy electrons.

The spectra of the stationary radio-luminescence (RL) of spinel crystals
and ceramics demonstrate three bands: at 253, 520, and 688 nm. The last two
bands are attributed to luminescence of impurity ions Mn®" and Cr’", respec-
tively. The first one is indentified with electron-hole recombination lumines-
cence on the intrinsic crystal defects. Investigation of intensity of each band
in dependence on the temperature of samples show the different temperature
intervals where given band is observed. The UV-band has maximal intensity
near room temperature and at temperature higher 400 K it practically de-
mises. The intensity of Cr’* luminescence is growing up from room tempera-
ture heaving maximum at about 450K. Finally, emission of Mn®" ions starts
to grow at 450 K having maximum at 600K. The practical meaning of this
result consists in possibility to obtain emission in different spectral range un-
der ionizing irradiation from the same sample by variation of its temperature.

To demonstrate the sensitivity of (RL) to preliminary irradiation of spinel
we investigated ceramics irradiated with 16 MeV electrons to different flu-
ences and subsequent annealed to given temperature measuring RL at room
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temperature. Irradiation with electrons up to fluences of 4.2:10'%, 1.1-10'"" and
3.3:10"7 el/cm® makes the rearrangement of electronic subsystem of crystals
and formation of optical absorption centers at cations and anions vacancies.
No systematic dependences of RL intensity on the electron fluences was de-
tected, also the change of RL for samples subjected to different annealing
temperatures demonstrates the same decrease of all band in samples annealed
to temperature about 400 K and maximal intensity of all RL bands was regis-
tered in samples annealed to 600 K.

TSL measurements of gamma-irradiated spinel ceramics demonstrate two
maxima at 340 and 530 K, which is in accordance with temperature depend-
ence of stationary RL. The first glow peak emits predominantly in UV range,
but spectra of the second one consist of bands related to emission of impurity ions.

1. E.M. Yoshimura, E.G. Yukihara. Radiation Measurements 41 (2006) 163—169

2. Ching-Fong Chen, F.P. Djny, R.J.T.Houk, R.O. Loufty, HM. Volz, Pin Yang. J.
Am. Ceram. Soc. 93 (2010) 2399-2402
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APPLICATION OF INTERNATIONAL STANDARDS
IN SCINITILLATION EQUIPMENT

Grynyov B., Lyubynskiy V., Danylenko Yu.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
j.danilenko@isma.kharkov.ua

In the frameworks of Technical Committee of Ukraine 99 Institute for
Scintillation Materials NAS of Ukraine actively participates in the work of
IEC Technical committee (TC) 45 “Nuclear instrumentation”.

The paperwork of IEC SC 45B “Radiation protection instrumentation”,
subcommittee of TC45, consists of development of the standards for ionizing
radiation control methods, which enable detecting radiation background
abnormalities in a timely manner; revealing and identifying radioactive
radiation sources; preventing non-authorized distribution of nuclear materials
and radioactive substances.

TC 99 actively participates in the activity of working groups IEC TC 45,
developing new projects of international standards and review all projects
developed by groups in IEC TC 45.

The first developed standard was IEC 62372:2006 "Nuclear
instrumentation — Housed scintillators — Measurement methods of light
output and intrinsic resolution" which was devoted to the measurements of
the main quality parameters of scintillators and their products, i.e. "intrinsic
resolution and light output" where absolute method intended for the
measurement of housed scintillator’s technical light output on the basis of
any scintillation material was proposed.

The was another very essential standard for scintillation instrumentation
IEC 60462:2010 "Nuclear instrumentation — Photomultiplier tubes for
scintillation counting — Test procedures", which has had a big impact both for
manufacturers of photomultiplier and for the customers, since it allows to
have the same approach to the determination of photomultiplier’s
characteristics.

The purpose of IEC 60412:2014 "Nuclear instrumentation — Scintillation
detectors — Nomenclature (identification) — Standard dimensions of scintilla-
tors" was to standardize the nomenclature of scintillation detectors which
contained the maximum quantity of the properties, as well to standardize
scintillator’s dimensions in order to facilitate interchangeability of the scintil-
lators without a housing, and to compare the measurements to the housed
scintillator.

Standardization of the indications within scintillation detector’s nomen-
clature is aimed to achieve the optimum degree of regulation by establishing
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provisions for the general and multiple applications of scintillation detectors
and for the unity in the measurements of the main scintillation parameters for
scintillation instrumentation tasks. It allows reducing the timing and costs
due to application of already developed indication charts, which significantly
simplifies the search while ordering the products and makes it easy to classify
the products.

As an example of the company which uses this standard, Scionix (the
Netherlands) can be named which has been extensively using developed
nomenclature. In our opinion, more and more companies producing
scintillation products will use these indications to designate their scintillation
products.

Introduction of the international standards is becoming a necessity
nowadays. Not only do they establish the image of the company, but they
also serve as a pass to the world market removing the trade barriers to settle
profitable agreements and to enable the free movement of the goods all over
the world.
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ABOUT VARIOUS CONCEPTS OF QUALITY EVALUATION
FOR SCINTILLATORS LIGHT OUTPUT MEASUREMENTS

Grynyov B.V., Gurdzhian N.R., Zelenskaya O.V .,

Lyubynskiy V.R., Mitcay L.I., Molchanova N.I., Tarasov V.A.
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
tarasov@isc.kharkov.com

The measurement results quality evaluation of various units is made now
with using «uncertainty concept» in accordance with international recom-
mendation GUM (Guide to the Expression of Uncertainty in Measurement).
However, many normative documents are oriented to traditional approach
based on «error concepty.

It is absent contrasting between error and uncertainty in GUM. It is indi-
cated there, that measurement uncertainty can by perceived as possible error
measure, because we can’t know error exactly. For this reason measurement
uncertainty occurs. GUM offers to different error concept as measure model,
approximate to reality, and measurement uncertainty as possible inaccuracies
measure of experimental results.
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Fig. Error and uncertainty of scintillators light output measurement

We investigated different scintillators with light output (relative to work-
ing standards) from 20 photons/MeV to 35000 photons/MeV: cylindrical
Nal(T1), CsI(TI), CWO, BGO, p-terphenyl, anthracene, stilbene and polysty-
rene strips. Estimation results are shown in Fig. Errors estimation are in the
interval from 9.2 % to 7.2 %, uncertainty from 8.2 % to 7.5 %.

The conclusion is made that logical conflict for joint using of «error con-
cept» and «uncertainty concept is absent.
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INFLUENCE OF A CRYSTAL SCINTILLATOR STRUCTURE
ON THE ENERGY RESOLUTION
OF A HOMOGENEOUS ELECTROMAGNETIC
CALORIMETER
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It was predicted and experimentally observed in 1980-th [1-3] that both
electron-positron pair production (PP) by gamma-quanta and gamma-quanta
emission from electrons and positrons are strongly enhanced in oriented crys-
tals at the energies exceeding tens of GeV. Scintillating crystals are widely
used in the electromagnetic calorimeters, e.g. the electromagnetic calorimeter
ECAL of Compact Muon Solenoid (CMS) at LHC is made of PWO crystals.
In spite of this, the influence of the crystal structure on the process of elec-
tron, positron and gamma-quanta energy measurements was neither analyzed,
nor taken into consideration in the determination of both the measured energy
value and energy resolution. We report the first results of simulations of the
electromagnetic shower development accelerated by the processes described
in [1-3] in the PWO crystals manufactured for the ECAL CMS.

To estimate the maximum PWO crystal structure influence on the energy
deposition, the GEANT4 simulation of electromagnetic shower development
in a structureless PWO standard sample was used as a benchmark. Then, the
characteristics of both ¢* PP and y-quantum emission in the PWO crystal
have been evaluated by the method [4, 5] for various y and e” energies. The
obtained PP probabilities and ¢ energy loss lengths, increased due to the in-
fluence of the PWO crystal structure, have been introduced into the GEANT4
simulations through the increase of the corresponding values for the struc-
tureless PWO. These simulations demonstrate that the maximum of the en-
ergy deposition by both ¢” and y with the initial energy of several hundred
GeV is shifted by 2—3 radiation lengths while the longitudinal energy leakage
is decreased by about 1%.

These estimates represent themselves the maximum effect of the PP and
radiation enhancement [1-3] reached at submilliradian angles of e, y inci-
dence w.r.t. PWO main crystal axes. Most of ¢” and y hit the PWO crystals in
CMS at considerably larger angles, inducing the less, however also consider-
able electromagnetic shower acceleration [1-3], strongly dependent on the
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angle between particles’ incidence directions and a crystal axis. Considerable
spread of ¢, y incidence directions makes the latter to be a source of addi-
tional energy measurement uncertainty in the existing electromagnetic calo-
rimeters. However in future detectors, intentionally designed to make the
direction of ¢”, y incidence to be coordinated with that of main axes of scintil-
lator crystal at the milliradian level, the same effects of the PP and radiation
enhancement [1-3] will be able to provide a considerable decrease of the ab-
sorption length of electromagnetic showers induced by all the ¢*, y of arbi-
trarily high energies.

1. V.G. Baryshevsky, V.V. Tikhomirov. Sov. J. Nucl. Phys. 36 (1982) 153; Sov.
Phys. JETP 58 (1983) 135

V.V. Tikhomirov. Vestn. Belorussk. Univ. Ser. 1, 3 (1983) 27 [in Russian]

V.G. Baryshevsky, V.V. Tikhomirov. Sov. Phys. Uspekhi 32 (1989) 1013

V. Guidi, L. Bandiera, V.V. Tikhomirov. Phys. Rev. A86 (2012) 042903

L. Bandiera, ..., V. Tikhomirov et al. Phys. Rev. Lett. 111 (2013) 255502

Rk
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ENERGY RESOLUTION OF THE FLAT THIN
DETECTOR BASED ON THE USE OF LaBr;:Ce CRYSTAL
AND OF VACUUM TYPE PHOTOMULTIPLIER TO BE USED
FOR THE LIGHT IONS DETECTION WITH THE ENERGY
OF UP TO 20 MeV/NUCLEON

Iyudin A.", Svertilov S.?, Bogomolov V.V.% Bishop S.?
'Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics (SINP),
Moscow, Russia, aiyudin@srd.sinp.msu.ru
Lomonosov Moscow State University, Physics Department, SINP, Moscow, Russia
sis@coronas.ru, bogovit@rambler.ru
3Technical University of Munich, Physics Department, Munich, Germany,
shawn.bishop@tum.de

We report on the performance of the flat shape, thin frontal wall
scintillating crystal detector of the light ions with energies up to 20 MeV per
nucleon.

The detector that is based on the use of LaBr;:Ce crystal and of the
vacuum type photomultiplier was exposed to the tandem van-der-Graaf
accelerator beam of protons and ions of ‘He, after being calibrated in
laboratory with the use of conventional set of radioactive isotopes.

Energy resolution of the detector to the light ions as derived and of
detector potential use will be discussed in this talk.
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DESIGN OF HOMOGENEOUS ELECTROMAGNETIC
CALORIMETER WITH HEAVY CRYSTALS OPERATING
IN MAGNETIC FIELDS

Kalinnikov V.', Velicheva E.', Lobko A.? Missevitch O.>
! Joint Institute for Nuclear Research, Dubna, Russia,
vkalinni@jinr.ru, velicheva@yjinr.ru
’Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus

In physical experiments the electromagnetic calorimeters (ECAL) are
used to measure the deposited energy and particle identification. Homo-
geneous segmented ECALs are universal, as they are able to provide the
necessary length of interaction and compactness, using high density crystals,
having a minimum value of radiation length. However, the energy resolution
of homogeneous segmented ECAL may deteriorate, because of the
fluctuations caused by loss of the electromagnetic shower in the active
(scintillator) and absorption (reflective wrapper) layers of the optical
medium. In addition, when one uses crystals with a high index of refraction a
significant part of emitted photons falls into the "optical trap" due to total
internal reflection from the polished surfaces of the crystal, and therefore,
more than 50% of the light doesn’t reach the photo-detector.

It should be noted that for homogeneous segmented ECAL, located in a
magnetic field, the electromagnetic showers can be developed in various
directions relatively to crystal axis, so they not paraxial anymore. In turn the
distance from the crossing point of electron tracks in the crystal to the photo-
detector also varies and so does the light yield due to varying light losses.
This raises the non-uniformity of light collection of the scintillation photons
along the crystal length, which degrades the energy resolution and the
accuracy of the measurement of the deposited energy in the calorimeter.
Thus, for homogeneous segmented ECAL, located in a magnetic field, the
accuracy of measurement of energy deposited and energy resolution is
influenced by: 1) electromagnetic shower losses in construction materials
(reflective wrapping etc.) and leakage outside the material of the scintillator
during passage of high energy particles through alternating layers of the
calorimeter; 2) scintillation photons losses in calorimeter cell, depending on
the track location in the crystal; 3) dependence of the deposited energy in the
cell on the angle between particle track and cell axis (the angular energy
dependence).

Therefore, the aim of this work was to study the processes which affect
the accuracy of measuring the energy deposited in the segmented ECAL by
passing 105 MeV electron beam through the cells, and the development of
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methods and algorithms to improve the accuracy of determination of the
energy during measurements and data handling.

The processes affecting on light collection of emission of photons in the
crystal — the self-absorption of light in the scintillator; losses associated with
the reflection of light on crystal surfaces — depending on the position of the
particle track in the crystal were investigated. The techniques of the reducing
of light collection of light yield non-uniformity, consisting in optimization of
crystals wrapping by the reflective materials (tape type, thickness) were
developed. It was experimentally found the best results in terms of energy
resolution can be obtained for the combined-type wrapping: the lateral
surface of the crystal first wrapped with two layers of Teflon, and then a layer
of ESR tape outside; end surface of the crystal is covered by the mirror-type
reflector.

Algorithm of measured energy correction for light yield non-uniformity
and angular effects for non-paraxial electromagnetic showers in the crystal
ECAL based on spatial track reconstruction is proposed and successfully
tested with prototype LYSO crystal matrix. From the obtained results it was
found that measurement error of energy deposited by cosmic muons at an
angle of 20 degrees was approximately 6.7 %, which agrees well with the
results obtained in the calorimeter prototype test at Tohoku.
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DEVELOPMENT OF GEANT4 OPTICAL MODEL
OF LYSO CRYSTAL

Kalinnikov V., Velicheva E.

Joint Institute for Nuclear Research, Dubna, Russia,
vkalinni@jinr.ru, velicheva@yjinr.ru

Geant4 simulation is an important task when creating the electromagnetic
calorimeters. In such simulations many design parameters can be varied
much more easily than in measurements. Geant4 simulation includes the
following tasks: determining the expected parameters of the calorimeter using
different types of crystals and wrappers; determination of the optimal
structure and geometry of the calorimeter.

Optical photons are primary information carriers in any scintillation
detectors: the scintillation process, the transport of the scintillation photons
through the crystal towards the photo-detector and the conversion of these
photons into electronic signals all have a major influence on the calorimeter
performance. Thus, for many experiments, for example COMET, where
requires high energy resolution and accuracy of energy measurement, the
optical model of actual crystal should to be taken into account in Geant4
simulation of electromagnetic calorimeters to obtain accurate results.

A comparison of simulations and measurements of LYSO crystals shows
that the optical models of Geant4 enable accurate prediction of the spatial and
energy resolutions of such scintillation detectors, provided that all necessary
input parameters are known with sufficient accuracy. To create the optical
model of actual scintillator some required optical parameters as a function of
wavelength or energy was obtained within SLitrani package. Also experi-
mental measurements of some optical parameters (light output, the loss along
the length of the crystal, energy resolution of the crystals, time decay,
emission spectrum) were carried out.

In the first stage, the optical model of actual scintillator was developed
using SLitrani simulation and then after verification, it was included in the
Geant4 simulation.

A validation of Geant4 optical models was performed by simulation of
energy spectra of LYSO crystals and comparing the predicted spatial and
energy resolution to experimental spectra obtained under the same
conditions. From the comparison of results simulation and measurements it
was found that the optical model describes well the optical processes of the
actual scintillator and can be used for Geant4 simulations.

56



Geant4 simulation of the optimal structure and geometry of the
calorimeter were made, the energy resolution of 4.8 % for LYSO crystal was
obtained.

As results in this work, optical Geant4 simulation require accurate
knowledge of a relatively large number of input parameters. Not all of these
parameters may be readily available. This work demonstrates how the
required optical parameters can be determined such that accurate simulations
become possible.
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IONIZING RADIATION SPECTRUM OPTIMIZATION
FOR THE PERSONAL INSPECTION X-RAY SYSTEMS

Kasiuk D., Pozdnyakov D., Linev V., Sosenko K.
ADANI, Minsk, Belarus
kasiuk(@adani.by, pozdnyakov@adani.by, v.linev@adani.by, sosenko@adani.by

Expanding application of personal inspection X-ray scanners to detect re-
stricted or prohibited objects in/on the human body sets problem of their pa-
rameters optimization. Image quality and dose during inspection are the most
significant among such parameters [1, 2]. Mathematically this is multi-
objective multi-parameter optimization problem. In general, the main pa-
rameters are determined by the spectrum of the detected X-rays, which de-
pends on the material of anode target, accelerating voltage, composition and
thickness of additional filter.

Some optimization parameters have narrow range of allowable variation
and can be set a priori. For example, tungsten is widely used for anode target
having the highest operational performance and very large radiation output.
Also, the set of materials for additional filtration is highly constrained. In
particular, only aluminum and copper are widely applied as filtration materi-
als in personal inspection x-ray systems for the reasons connected with the
manufacturability. Brass Cug3;Zng 37 was considered as a promising filtration
material which is more technologically suitable and at the same time having
comparable attenuation properties like copper.

Thus, the aim of this investigation is to define brass filter thickness at
which the optimal spectrum is formed using x-ray source with tungsten anode
target. The quality of image acquired was estimated with relative contrast of
test object to the background of the water phantom. The dose was evaluated
assuming complete absorption of scattered ionizing radiation inside phantom.
This problem was solved with mathematical simulation in the framework of
phenomenological approach [1, 2] taking into account angle distribution of
photons emitted and geometrical configuration of inspection system. Addi-
tionally, the solution of digital detector signal profiling in the region of in-
spection interest was obtained.

As a result optimal values of brass filter thickness and anode voltage for
personal inspection x-ray scanner model are obtained. Also the profile of fil-
ter thickness required for desirable digital x-ray detector signal profile was
evaluated.

1. Seibert J.A., Boone J.M. J. Nucl. Med Technol. 2005 Mar. 33(1):3-18
2. Tomal A., Poletti M.E., Caldas L.V. Appl. Radiat. Isot. 2010 Apr-May.
68(4-5):755-9
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OIIBIT U IEPCIIEKTUBbBI IPUMEHEHUSA ITPUBOPOB
CIVMHTAWLISIIIAOHHOM CIIEKTPOMETPUH JJIS 3AJAY
PATMAIIMOHHOMN BE3OITACHOCTH HA ADC,
IKOJIOI'HYECKOI'O KOHTPOJISA U MOHUTOPHUHI'A

Kasumupos A.C., Kazumuposa I'.®., Mapteiaok JI.b.,
Hesne C.M., Yepwnsrii E.B.
00O Hayuno-npoussodcmeennoe npeonpuamue «ATOMKOMIIVIEKCIIPUEOP»,
Kues, Yxpauna, akp@akp.kiev.ua

Hcxons w3 ombITa SKCIUTyaTalldll CIIEKTPOMETPHUIECKUX CHCTEM COOCT-
BEHHOU pa3pabOTKH OICHUBAETCS IOCTATOYHOCTh KOHTPOJIS OaphepoB 0e30-
nacHoctd ADC | JenaloTcs BBIBOJBI O BO3MOXKHBIX MYTSAX YIYUIISHHS CO-
CTOSIHUS JIeT B 00JIACTH alMapaTHOTO 00CCICUCHHS PaIHAIHOHHOTO KOHTPO-
ns.  IlpeacraBieHbl OCHOBHBIC XapaKTEPUCTUKHA TramMma, OeTa-CIeKTpO-
METPOB, CIICKTPOMETPOB H3IIyUCHHS YCIOBEKA, CICKTPOMETPUYCCKHX KOM-
riexcoB st ADC.

JJist M3roTOBJICHUS OOJBIIMHCTBA MPHOOPOB MPEUMYIICCTBEHHO UCIIONb-
3YIOTCS CUUHTHJUIAIIUOHHBIC IETCKTOPHI 3- U Y-U3IYYCHHUS, CPEIU KOTOPBIX:
— JlabopaTopHbIE CIIEKTPOMETPHI SHEPTHH 3- U Y-U3TydeHUS.
CriekTpomeTphl u3mydeHus genoeka cepun «CHUY-AKIy.

[lepenBmkHBIE Y-CIIEKTPOMETPHYECKIE YCTAHOBKH IS

=  OmpeneNeHHs AaKTHBHOCTH W PAJHOM30TOIHOTO COCTaBa TBEPIBIX
paguoakTuBHEIX oTXx0moB (TPO) mepBoii m BTOpoW Tpymm 63
MPOBEICHUS MPOO0OTOOPA;

"  [IOWCKa PaJHOAKTHBHBIX UCTOYHHUKOB W OTPEICIICHUS PaJIUOAKTHBHOTO
3arpsi3HEHUS TEPPUTOPHI B 30HAX aBapHil (IIOJICBask CIIEKTPOMETPHS);

= ONpENeNICHUs COCTaBa PAJHOHYKIUIOB B CYXUX W 3alOIHCHHBIX BOIOM
CKBa)KHHaX.

— VcerpotictBo aerektupoBanus tuna Y KD mms usMepeHuss oObeMHOM

AKTUBHOCTH Y-M3IYYaIOUINX HYKJIHAIOB B JKAIKOCTH TEXHOJIOTHYECKIX

koHTYypoB ADC.

— IIporpaMMHO-TEXHUYCCKUI KOMIIIEKC ~ ONpENeNeHUs ~ MpoTeyek B

nmaporeHepaTopax Mo akTUBHOCTH N B ocTpoM mape «A30T-16-T1».

— CHeKTpOMETPHYECCKHIA KOMIUIEKC KOHTPOJII aKTHBHOCTH TEILIOHOCHUTEIIS

nepBoro koHTypa CTIIK-01 Ha ocHOBe NOTYIPOBOJHUKOBOTO JETEKTOPA.

PaccMOTpeHBI BO3MOXHOCTH M MEPCICKTHBBI HCIIONB30BAHUS TPHOOPOB
CIMHTWUISAIIMOHHON CICKTPOMETPUH ISl pEIICHHS [IMPOKOTO KpyTra
BOIIPOCOB  PAJMAIMOHHOTO KOHTPOJS TEXHOTCHHBIX U ECTECTBCHHBIX
PamIMOHYKIMIOB B OKpyXkatomel cperme. Taxoke ommcaHbl pa3paOOTKU IS
cucreM paauaronHoro koutpons (CPK) ADC.
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RAMAN AND PHOTOLUMINESCENCE IN DIAMONDS
IRRADIATED WITH SWIFT XENON IONS

Kazuchits N.M.", Rusetsky M.S. ", Korolik O.V. ",
Skuratov V.A.2, Strukova T.S.’
'Belarusian State University, Minsk, Belarus,

2 Joint Institute for Nuclear Research, Dubna, Russia
kazuchits@bsu.b

Synthetic diamonds of type Ib irradiated with 167 MeV Xe ions were
studied using Raman spectroscopy and photoluminescence (PL) techniques.
The samples were irradiated at the IC-100 FLNR JINR cyclotron (Dubna,
Russia) with fluences ranging from 10" to 6.2:10" cm™. Raman and PL
spectra were registered in backscattering mode using ‘“Nanofinder High End”
(LOTIS TII, Tokyo Instruments) confocal spectrometer. The measurements
were performed with excitation wavelength 532 nm at room temperature in a
Raman shift range of 50-6000 cm™. The spectra were measured across a
thickness of the irradiated layer with spatial resolution about 1 micron.

Main aim of this work was to study the radiation damage/impurity pro-
files in the irradiated material and comparison with those predicted by SRIM-
2000 code calculation.

Raman spectra of structurally perfect diamond contain single narrow
(~1.6 cm™) line due to light scattering by crystal lattice vibrations peaked at
1332 cm™ [1]. In irradiated samples additional lines, associated with both
Raman scattering and photoluminescence are registered. In particular, the PL
spectra of irradiated diamond have narrow lines ascribed to point defects:
575, 638 nm (NV°, NV~ centers [2]) and 743 nm (neutral vacancy [2]). Ra-
man scattering demonstrates a narrow line at 1635 cm™' associated with inter-
stitial carbon atoms [2].

As was found the intensity of 1332 cm™ line decreases and its width in-
creases from the surface to a depth of 8.4 microns in the irradiated layer
while from 8.4 to 11 microns the line width and intensity of 1332 cm™ are
restored to the values corresponding to the non-irradiated diamond. Position
of this line is 1332.15 cm™ and is not changing along the ion path. Character-
istic depth of 11 microns is very close to calculated ion projected range
10.67 microns. It should be noted the inhomogeneous (low frequency) broad-
ening of that line is due to nonuniform distributions of defects and associated
stress in the irradiated region.

Luminescence intensity of all centers is gradually reduced along the ion
path. Nevertheless the 743 nm PL line and Raman line 1635 cm™ are detect-
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able up to 11 microns while the lines of NV center disappear at depth about
9 microns.

The ability to register both vacancy luminescence and interstitial Raman
lines along whole ion range allows using them as markers of damaged area,
while non monotonic behavior of main Raman line could be used for moni-
toring of stress in the irradiated layer.

1. N.V. Surovtsev, .N.Kupriyanov, V.K.Malinovsky, V.A.Gusev, Yu.N.Pal’yanov.

J. Phys.: Condens. Matter 11 (1999) 47674774
2. AM.Zaitsev. Optical Properties of Diamonds: A Data Handbook, Springer, 2001
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HUCITIOJBb30OBAHUE 'TEOMETPUHA TEIIJIOBbBIX
HEATPOHOB IOBEPOYHOI YCTAHOBKH
HEUTPOHHOT'O U3JIYYEHUSA YITH-AT140
KAK HCTOYHHUKA 3AXBATHOI'O TAMMA-U3JIYUYEHUSA
C OHEPTUSAMMU 10 10 M3B JJIsA KAJIMBPOBKH
CIIMHINJIIAIAOHHBIX BJIOKOB JETEKTUPOBAHU A

Komap I[.I/I.l, I'y3oB B.JL.', JlykameBuu PB.,
Kosxemsikun B.A.', Kyrens C.A.°

! Hayuno-npouseodcmeennoe ynumaproe npednpusmue « ATOMTEXy,
Munck, benapyco
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Pa3BuTHE U pacnpocTpaHeHHEe TEXHOTC€HHBIX HCTOYHUKOB BBICOKODHEPTE-
TUYECKOT0 TaMMa-MU3JIy4YeHUsl, TAKUX KaK JIMHEHHbIE YCKOPUTENIH DJIEKTPO-
HOB, MTPUBOJHUT K MOSIBIICHHUIO PsAAa MPUKIAJIHBIX 33734 pagHalliOHHON 3allu-
TBI, B KOTOPBIX CIIEKTPOMETPHUYECKUE W JO3UMETPHUCCKUE H3MEPHUTEIBHBIC
MIPUOOPHI UCTIONB3YIOTCS B MOJIAX (POTOHHBIX MICTOYHUKOB B IMAIIa30HE dHEP-
raii ot 4 o 10 M»B.

Jns merposnornyeckoro oOecredeHnss M3MEpPeHni HeoOXOAWMO 3HAaHWE
OTKJIMKA CPEACTB M3MEpPEHHWH B MpeAesiax M3MepsAEeMOro >HEPreTHYECKOTro
nuana3zoHa. Kpome toro, pacimpenue sHepreTHYecKoro Auana3oHa u3Mepe-
HUI MOIIHOCTH NI03BlI TaMMa-m3nydeHus A0 7 M»dB nukryercs m tpeboBa-
HUSIMH MEXTyHapOAHBIX CTaHAApPTOB [1].

Takum 00pa3oM, CYIIECTBYET MpPaKTUIECKas HEOOXOIUMOCTh KaauOpOB-
KH CIIEKTPOMETPUYCCKUX U TO3UMECTPHUCCKUX MPUOOPOB B JAHMANA30HE JHEP-
T raMmma-u3iaydeHus 1o 7 MaB u go 10 M»aB. Jlns koppeKTHOH KanuOpoB-
KA HEOOXOIUMO HaJH4YUE B ATAJOHHOM CIIEKTPE M3ITYHYCHUS OIMHOYHBIX JIH-
HUH ¢ u3BecTHOM 2Heprueid. [Ipu kanubposke 10 3 MaB 3Ty mpobieMy Mox-
HO PEIINTH IPY TMOMOITH HAabopa pagroHyKIHIHBIX FaMMa-MCTOYHUKOB (Ta-
kux kak Cd-109, Am-241, Co-57, Cs-137, Co-60, Ra-226 u np.)

l'amma-kBaHTHI ¢ dHEPTHUAMH Oojiee 3 MaB MOryT OBITH MOTYYECHBI B pe-
3yNbTaTe PaIUaIlOHHOTO 3aXBaTa HEHTPOHA SOPOM MHIIEHH, T. €. SICPHOU
peakuuu. CedyeHHe peakUMH PaJHALMOHHOTO 3aXBaTa HEUTPOHOB SApaMU
MUIICHH YBEJIUYHUBAECTCS C YMEHBLICHHUEM JHEPruu HEUTpoHOB. BricTpble
HEHTPOHBI OT PATUOHYKIIUIAHBIX HCTOYHUKOB HEHTPOHOB MOTYT OBITh 3aMe]I-
JIEHBI JIO TEIUIOBBIX SHEPTUH MpU MOMOIIM BOJOPOIOCOAEPKAIINX 3aMe TN~
Tened (MoMMITHIICH, mapaduH, BOJIAa) U HANPABJICHBI HA MUIICHb. TakuM 00-
pazoM, IpOCTeHIINH UCTOYHUK MTHOBEHHOT'O 3aXBAaTHOTO T'aMMa-WU3ITy4YeHUs
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JIOJDKEH COCTOSITh W3 UCTOYHHKA OBICTPHIX HEHTPOHOB, 3aMEITUTEINST HEHTPO-
HOB U 00JIy4aeMOi TEIJIOBEIMH HeHTpoHamu MutieHu. [Ipu npoekTHpoBaHUU
TAKOTO WCTOYHUKA HEOOXOJWMO YYHTHIBATH, YTO B CIIEKTPE TaMMa-
U3JIY4YCHUS OYAyT MPUCYTCTBOBATh XapaKTCPUCTUYCCKUC JIMHUU 3aXBATHOTO
U3Iy4EHUS OT MaTepHajIoB 3aMeJIUTENs, OT KOHCTPYKIIMOHHBIX MaTepHaoB,
0T OMOJIOTHYECKOH 3aIIUTHl UCTOYHHKA, CTEH ITOMEIICHHs U BO3ayXa. Takue
raMMa-JIMHUM MOTYT HaKJIQAbIBAThCAd HA STAJOHHBIC JUHUHA OT MHIICHH H
YXYAIIaTh “KadecTBO” W3JIydeHus. [lodTomy mMarepuaiibl HEOOXOIUMO TOJI-
OupaTh ¢ HAUMCHBIIINMHI 3HAYCHUSIMH CEUCHHS PaJHaIlIOHHOTO 3aXBaTa Hell-
TPOHOB U C XapaKTEPUCTUIECCKUMHU JIUHUSAMH, 3HAYUTEIHHO OTINIAOIIIMHICS
10 PHEPTUH OT JTMHUN MUIICHH.

Tak kak >Heprus ramMma-u3JIy4eHHs MPU PaJUAlIOHHOM 3aXBaTe COOT-
BETCTBYET NEPEXOAAM MEXIY YHEPTeTUUECKUMU YPOBHIMHU Apa MHUILIEHH, TO
Ka)XIplii MaTepuan OyaeT o01amaTh CBOUM YHHKAIBLHBIM HAOOPOM SHEPreTH-
yeckux JuHUE [2]. g KaduOpOBKU CHEKTPOMETPOB HEOOXOIUMO, YTOOBI
MaTepuall MUILICHH MMEJ Ha0Op OMMHOYHBIX JIMHUN B IIMPOKOM JHAINa30He
SHEPTUH C I0CTaTOYHO OOJBIIMMHU CEYEHHSIMH 3axBaTa HEHTpPOHOB. [lyis Ka-
TUOPOBKY TIO 3HEpTHH 10 7 MdB B kKauecTBe MUIIIEHH MOXHO HCTIOJIh30BaTh
THTaH, a 1o dHepruu a0 10 MaB — nukens [3, 4].

K Hacrosmemy BpeMEeHH M3BECTHBI IPHMEPHI MOCTPOSHHUS MCTOYHHUKA 3a-
XBaTHOTO ramMMma-m3inydeHus Ha ocHoBe Cf-252 m Am-Be-ucTouHHKOB HeEl-
TPOHHOTO W3Iy4IeHHS [5, 6].

Lenpro TaHHOTO WCCIENOBAHMSA SBISACTCA M3YYCHUE IPH IMOMOIIU MOJeC-
nupoBaHus MeronamMu MonTte-Kapiao BO3MOXHOCTH HCIONB30BaHUS CTaH-
JApTHOTO KOJUIMMATOPa TEIUIOBBIX HEHTPOHOB YCTAHOBKU MOBEPOYHON HEil-
tponHoro m3nydenust YITH-AT140 (reomerpus YKIIH) ¢ 238Pu-Be ucrou-
HUKOM HeiiTpoHOB (Tuma MBH-8-6), Kak HMCTOYHMKA raMMa-u3JIydeHHs B
JanasoHe SHeprui 10 9 MsB 11 noBepky M KaaTMOpOBKH CIIEKTPOMETPOB U
JI03UMETPOB raMMa-U3Iy4eHUs B paCIIUPEHHOM AHANa30HE SHEPrUil.

IIpeumymiectBo Metoga MonTe-Kapio nepen ApyrumMu MeTogamMu Ompe-
JIeNeTCST BO3MOYKHOCTBIO PACCMOTPEHHS YaCTHI[ B CKOJb YTOTHO CIIOMKHBIX
M0 TEOMETPHUYECKUM YCIIOBHSIM M IO COCTaBy cpefax 6e3 HeoOXoauMocTh
WCIIOJIB30BaHUS CYIIECTBEHHBIX YIPOIICHUH B BRIYHCINTEIHHOM aJrOPUTME.

Momnte-Kapno MomenupoBaHre TpoOBOAUIIOCH ¢ Momomisio koga MCNP
(Bepcusst MCNP 4b) [7]. JaHHBI KO MO3BOJSLCT MOJIYYUTH XOPOIIYIO CXO-
JTUMOCTh C 3KCIIEPHUMEHTAILHBIMU JTaHHBIMH. bbluta paspaborana moxpoOHas
MOJIeNIb KOJUIUMAToOpa TEIUIOBBIX HEUTPOHOB YCTAaHOBKU MOBEPOYHON HEil-
TponHoro uznydenus: YIIH-AT140, 238Pu-Be-uctounuka HEHTPOHOB U MO-
MEILEHUs.

B xozme paboThl mpu moMomy MoJAeIupoBaHus MeTogaMu Monte-Kapio
OTIpeNIeNIeHBl YHEPreTHIECKNEe PAcIpeNeNeHus IIOTHOCTH IOTOKa (POTOHOB

63



JUIl MUIIEHW W3 THTaHa W U3 HUKENd, a Takke Oe3 mumieHu. [IpoBenena
OIIEHKa MOIITHOCTH KEPMBI MPH Pa3INUHbIX BapHaHTaX MHUIICHEH U QuiIbTpa-
LM PACCETHHOTO raMMa-H3JTydeHHs.

[Momy4ueHs! KcTIepUMEHTAIBHBIE CIEKTPHI 3aXBATHOTO TaMMa-U3IydeHHs,
JUIl  CHEKTpOMeTpru4ecKux OyiokoB perektupoBanus BJIAKI-11M Nal(Tl)
63x63mm u BJIKI-19M Nal(Tl) 63x160MM ¢ pacumMpeHHBIM SHepreTuie-
CKMM Iuara3oHom 1o 10 MaB.

JlanHble, chOopMHUPOBaHHBIE B PE3yJIbTaTeé MOJCIUPOBAHHUA M SKCIEPH-
MEHTOB, OyIyT HCIONIb30BaHBl MPU BHIOOPE ONTHMAIbHOM TE€OMETPHU
(GUIBTPaLUK TaMMa-U3IIydeHUS] 1 HEHTPOHOB.

1. IEC 61017 Ed.1: Radiation protection instrumentation — Transportable, mobile or in-
stalled equipment to measure photon radiation for environmental monitoring

2. Motz H.T. Neutron Capture Gamma-Ray Spectroscopy. Los Alamos Scientific
Laboratory, 1970

3. Choi, H.D., Firestone, R.B., Lindstorm, R.B. Database of promt gamma-rays
from slow neutron capture for elemental analysis. IAEA, 2006

4. Troubetzcoy E., Goldstein H. A Complication of Information on Gamma-Ray
Spectra Resulting from Thermal-Neutron Capture. Oak Ridge National Labora-
tory , 1960

5. Kroupa M., Granja C., Janout Z. Journal of Instrumentation. 2011. Ne6

J.G. Rogers, M.S. Andreaco, C. Moisan. Nucl. Instr. Meth. Phys. Res. 1998

7. Briesmeister J.F. MCNP-A General Monte Carlo N-Paticle Transport Code, Ver-
sion 4B. LA-12625-M. Los Alamos National Laboratory, 1997. 736 c.
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THE CHOICE OF ACTIVE MATERIALS FOR USE
IN THE EXPERIMENTS AT HIGH
LUMINOSITY COLLIDERS

Korjik M.
*Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus
korzhik@inp.bsu.b

Further physic programs at the LHC accelerator will require an increase
of the luminosity up to 300 fb™' per year from 2023 with an integrated lumi-
nosity of 3000 fb"' by 2023 to 2033. At such luminosities, charged hadrons
with fluence higher than 10'* p/cm? per year in a large pseudo-rapidity region
of the detectors will have a non-negligible influence on the radiation damage
of materials. Even stronger damage effects are expected at Future Circular
Collider (FCC) experimental facilities. Moreover, with the increasing active-
tion of the experimental setups, it will become more difficult to periodically
replace and maintain the detector elements for radioprotection issues for the
personnel. Therefore for the selection of the materials for new detectors in
such high radiation environment, a more reliable assessment of the risks of
detector failures due to high radiation environment is required. Such
assessment can be made through the consideration of the radiation damage
effects occurred in the chosen components of the detector.

For last six years we carry on systematic study the damage effects under
high-energy protons. The unique possibility to irradiate the crystal samples
with 24 GeV protons of the PS accelerator with the 10° p/cm’s flux with
fluence up to 10" p/cm? contributed to the progress in this research.

Recently, to the elation of many researchers, it has been established that
the damage effects at 150 MeV protons is similar to the effects measured
after the irradiation with 24 GeV protons. It is well known [21] that the cross-
section o¢ of the heavy nucleus fission under protons strongly depends on the
energy of the incidental particle. For instance, for a **Pb nucleus, it shows a
fast growth from 107 to 0.1 b in the incident particle energy range from 20 to
90MeV followed by an increase up to 1bn at the energy of 1GeV. Smooth
behavior of the of energy dependence in the range above 100 MeV allows
extrapolating this behavior to the range of a few tens of GeV. Thus, the effect
of the irradiation under 150 MeV protons will be the same than 24 GeV for
the same order of fluence but smaller in magnitude because 64150 MeV)<
0124 GeV). The observed identity of the damage effects under low energy
protons considerably simplifies the investigations of the effect of hadron
damage. Several accelerating facilities, having relatively cheaper proton
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machines with energy in the range 150-200 MeV became suitable for routine
measurements of the damage effects.

We give a review of the last results of the radiation damage effects in
scintillation materials used in high energy physics experiments, that are
caused by high energy hadrons, the main contributors to the irradiation envi-
ronment at experimental facilities of forthcoming High Luminosity LHC and
future FCC.

Author cordially thanks Dr. E.Auffray, Dr. R.Novotny, Dr. P.Lecoq, Dr.
A.Fedorov, Dr. V.Dormenev, V.Mechinsky Dr. A.Singovski, Dr. M.T.Lucchini,
Dr. F.Ravotti, Dr. M.Glasier, Dr. R. Zuevsky for their collaboration in the
study of radiation damage effects in scintillating materials. AIDA-II Project
of Horizon 2020 also is appreciated for support of the activity.
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IONIZING RADIATION SOURCES-BASED SYSTEMS
TO CONTROL THE STARTING MATERIAL DISTRIBUTION
IN REACTOR TARGETS FOR RADIONUCLIDES
ACCUMULATION

Kremer A.V., Leonenko A.A., Leonenko D.A., Leshchenko Yu.l.,
Malkov A.P., Romanovskiy V.S., Tellin A.L
Joint Stock Company "State Scientific Center —Research Institute of
Atomic Reactors" (JSC "SSC RIAR"), Dimitrovgrad, Russia
malkov@niiar.ru

One of the areas where nuclear research reactors (RRs) are used is the ac-
cumulation of radionuclides for medicine, science and industry. As a result of
the nonuniform distribution of the starting material, a target may leak due to
localized overheating, that is unacceptable.

JSC "SSC RIAR" operates six research reactors and has equipment to
control the starting material distribution in radionuclides accumulating targets
of various geometry: flat, cylindrical, ring. All nondestructive testing tech-
niques are based on the method of targets exposing to emission from pur-
posely-made sources and recording its attenuation. Depending on the target
thickness, an appropriate emission source is selected: generally, “Fe is se-
lected for thin targets and '’Ba is selected for thicker ones.

The *Fe-based source shows continuous emission in the range of 30-220
keV and is made as an X-ray tube. The radiant energy being low, this source
is acceptable to work with thin materials (up to 0.6-0.7 g/cm®). The '*’Ba
source shows a characteristic radiation line of 356 keV and allows exposing
the materials with the surface density more than 1 g/cmz. All unique design
sources were developed and manufactured in JSC "SSC RIAR". The material
for the sources was also accumulated in the RIAR’s reactors.

The paper presents some options of the implemented measurement
equipment. All devices are equipped with a purposely-made emission source,
scintillation or semiconductor detector, mechanism to move a target along the
predetermined path in relation to the source collimator as well as specialized
software to operate the target movement mechanism and for mathematical
processing of emission spectra.

A device to determine the uniform distribution of the starting material in a
target, which accumulates transuranium elements (TUEs), is designed to con-
trol cylindrical targets. The specific feature of these targets is that the core
contains radioactive nuclides (Pu, Cm and Am heavy isotopes). Therefore,
measurements can be taken in the hot cell only.
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Devices to measure the uranium distribution in the rod-type (UIRUM-S)
and ring-type (UIRUM-K) targets are designed to control targets for *’Mo
accumulation. The emission source is based on *Fe.

A device to control surface density of the uranium cores is designed
to control flat samples up to 10-mm thick using gamma emission from
the '*’Ba source.
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CUCTEMA YIIPABJIEHUS, CBOPA TAHHBIX
N IJUATHOCTHUKA TYYKA MACC CEITAPATOPA MASHA

Kpyna J1.'#, Poqun A.M.", Benosepos A.B.!, Uepnsimesa E.B.",
I'ynses A.B.l,' I'ynseBa A.B.l, Kamac I[.1’3, Kinuman 51.3,
Komapos A.B.', Motycak S.'”, Hosocenos A.C.',
MMommu6sxun A.B.!, Conomarun B.C.!, Crenanmos C.B.,-
Benenees B.10.!, FOxumuyk C.A. "

! Jla6opamopus sdepuvix peaxyuii um. I H. @neposa, OUAH, Ilybna, Poccus
’Hnemumym skenepumenmansnoti u npuknaduoii gusuxu,
Yewckuii mexnuweckuti ynugepcumem, Ilpaea, Yexus

3 N
Hnemumym gusuxu Cnosayxou AH, bpamucnasa, Cnosaxus
shura.pod@gmail.com

OmnwcaHbl CUCTEMBI yIpaBIeHUs, cOOpa NaHHBIX M TUATHOCTHUKH ITyYKa
JKCIIEpUMEHTAITLHON (pm3mdeckoii ycrtaHoBku “MASHA”, paspaboTanHOM
JUTS TIPSIMO MIICHTH(UKAIIIH 110 Macce CBEPXTSIKEINBIX JIEMEHTOB B XOJI€ UX
CHHTE32a Ha ITyJKaX YCKOPEHHBIX TSKEIBIX HOHOB.

Cuctema ympasneHuss yctaHoBku MASHA paspensercs Ha TpHu
JIOTUYECKHE YaCTH:

—  YnpaBiieHHE Macc-CIIEKTPOMETPOM;
—  VYmpasnenue D[P ncTOUHUKOM HOHOB;
—  VYmpasneHue ropsiueil J10ByIIKON U MUIIEHHBIM YCTPOUCTBOM.

IIpu nocTpoeHnN anmapaTHOH apXUTEKTYphl CUCTEMBI YIIPaBICHHUS ObUTH
3a/1efiCTBOBaHbI JIOTHYECKHE KOHTPOJUIEphl Smartbox, mpeaHa3HaueHHBIE IS
CO3/1aHMs MOIYJIBHBIX MacIITaOMPYyEeMBIX paclpeleieHHBIX CHCTEM aBTOMa-
TH3AIMH TPOMBIIUICHHBIX W HAYYHO-HCCIIEAOBATEILCKUX YCTAaHOBOK, pa3pa-
6ortannsie B JISIP OMSN. I[TomrMo 3TOTO, B CHCTEME MMPUCYTCTBYET OOJIBIITOE
KOJIMYECTBO YCTPOHUCTB ¢ mudpoBbiMu HHTepdeiicamu RS-232/485. Ympas-
JICHUE TIPOU3BOJUTCS C IOMOINBIO KOMIIBIOTEPHOH TNporpaMMbl pa3pado-
TaHHOH Ha LabVIEW.

Pa3Butne cucTeMBbl yIpaBIICHHUS BEICTCS B HAMPABICHUH ITOBBIIICHUS
THOKOCTH W o0miero ynpoueHus. [Ipeamnonaraercs,, 4To OCHOBHOM CHCTEMOHA,
VBSI3BIBAIOIICH pa3IMYHBIC MCIIOMHUTEIBHBIC YCTPOUCTBA M ATYUKU B Macc
cenmaparope  MASHA, craner cereBas Maructpaib CAN, B KOTopoit
HaxoasaTcst koHTpoiuiepsl WAGO 750-837, obpabarthiBarorme JaHHBIE Ha
mae CAN cormacHo mpotokosia CANopen. [Ipotokon CanOpen mo3BomseT
coequHATh HecKoibko cetei CAN M KOMIBIOTEPHYIO CEThb ITOCPEICTBOM
pa3NUYHBIX MUTI030B. [IpoBepka BXOAHBIX NAaHHBIX C JATYMKOB W yCTAaHOBKA
MapaMeTpoB Ha HCIIOJHUTENBHBIE YCTPOWCTBA B pEalbHOM BPEMEHH

69



NIPOM3BOMATCS B NporpaMMHOM Onoke koHTpoiiepa WAGO 750-837, a
KOH(UTYpUpPOBaHHE, MOHHMTOPHHT W YNpaBICHHE IPOU3BOJIUTCS UeEpe3
Ethernet-utio3 B KOMIBIOTEpHOI ceTH B porpamMMe paspadoTanHoii Ha Lab-
view.

MOHHTOPHHT ITapaMeTpoB My4Ka U cOOp JTaHHBIX O CBOWCTBAX MPOAYKTOB
peaKnuii MpoM3BOAATCS Yepe3 pas3IndHbIe U(POBBIC ¥ aHAJIIOTOBBIC MOIYIIH,
obwenuHennable B cranmgapte PXI. Tak cucrema cOopa JaHHBIX COCTOUT M3
BbicOKOCcKOpocTHRIX AIIIT XTA PIXIE 16, cCHHXpOHH30BaHHBIX TIOCPEICTBOM
muHbl cuaxporm3anuu PXI. CoxpaHeHHe MaHHBIX MPOU3BOIUTCS IO Mepe
3alIOTHCHUSA BHYTPEHHEH MaMATH KaXJOro W3 NHQPOBBIX MOIYIEH,
BoInoHseTcs 1o 1muHe PXI W KOHTponupyeTcs HEMOCPEACTBEHHO U3
BCTPOEHHOH omnepannoHHoi cucrtembl Windows. B mporecce coxpaneHus
JAHHBIX J00aBisieTcs: MH(GOpPMaLUs O MapaMeTpax Iydka, Mojydaemas IIo
cetu Ethernet.
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INFLUENCE OF FLUORINE DOPING
ON LUMINESCENT PROPERTIES
OF CADMIUM AND ZINC TUNGSTATES

Krutyak N.', Spassky D.?, Tupitsyna 1.’
Dubovik A.%, Shekhovtsov A.*

!Physics Department, Moscow State University, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics, Moscow State University,
Moscow, Russia
31nstitutefor Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
*Institute for Single Crystals NAS of Ukraine, Kharkiv, Ukraine
krutyakn@yahoo.com

Tungstates single crystals are interesting as effective converters of the
high-energy radiation to the visible light. New tasks arising in different areas
of science and technology, for example, the registration of rare events in the
physics of elementary particles, require the improvement of optical and
luminescent properties of tungstates by doping and co-doping.

Previously it was shown that the fluorine doping of PbWO, crystals leads
to the increase of lattice constants, decrease of the oxygen vacancies
concentration, formation of WOs3F centers and improvement of radiation
hardness [1, 2]. Also co-doping with univalent metals and fluorine ions
improves the transparency and scintillation yield of ZnWO, [3]. In the
present paper we have studied the influence of fluorine doping on the optical
and luminescent properties of ZnWO, and CdWO, crystals. It was
demonstrated that fluorine doping does not modify the spectral composition
of luminescence, but leads to decrease of emission intensity at the intraband
excitation. The effect is connected with decrease of the energy transfer
efficiency of separated e-h pairs to the intrinsic luminescent centers.

All investigated ZnWO, and CdWO, single crystals were grown using
Czochralski method. Measurements were performed at the SUPERLUMI
station (DESY) and at the laboratory set-up.

1. N. Krutyak, R. Gladyshevskii, Z. Moroz, S. Mudry, M. Pashkovskii, I. Solskii
Rad. Measur. 2004. V. 38. P. 563-566

2. N.R. Krutyak, V.V. Mikhailin, D.A. Spassky, V.N. Kolobanov, M.B. Kosmyna,
B.P. Nazarenko, V.M. Puzikov, A.N. Shekhovtsov. J. Appl. Spectr. V. 79. 2012.
P.211-218

3. L. Nagornaya, A. Dubovik, Yu. Vostretsov et al. IEEE Transactions on Nuclear
Science. V. 55.2008. P. 1469
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ATLAS EXPERIMENT AND UPGRADE PROGRAM

Kulchitsky Yu. on behalf of the ATLAS Collaboration
Institute of Physics, National Academy of Sciences, Minsk, Belarus,
Joint Institute for Nuclear Research, Dubna, Russia,
Yuri.Koultchitski(@cern.ch

Run-I at the LHC was very successful with the discovery of a new boson
with properties compatible with those of the Higgs boson predicted by
Standard Model. Precise measurements of the boson properties, and the
discovery of physics beyond the Standard Model, are primary goals of the
restarted in 2015 LHC running at 13 TeV collision energy and all future
running at the LHC. Meanwhile, plans are actively advancing for a series of
upgrades of the accelerator, culminating roughly ten years from now in the
high-luminosity LHC (HL-LHC) project, delivering of the order of five times
the LHC nominal instantaneous luminosity along with luminosity levelling.
The ultimate goal is to extend the dataset from about few hundred fb™' ex-
pected for LHC running to 3000 fb ' by around 2035 for ATLAS experiment.
In parallel, the experiments need to be keep lockstep with the accelerator to
accommodate running beyond the nominal luminosity. Along with mainte-
nance and consolidation of the detector in the past few years, ATLAS has
added inner b-layer to its tracking system. The challenge of coping with the
HL-LHC instantaneous and integrated luminosity, along with the associated
radiation levels requires further major changes to the ATLAS detector. The
designs are developing rapidly for a new all-silicon tracker, significant up-
grades of the calorimeter and muon systems, as well as improved triggers and
data acquisition. ATLAS is also examining potential benefits of extensions to
larger pseudorapidity, particularly in tracking and muon systems. This report
summarizes various improvements to the ATLAS detector required to cope
with the anticipated evolution of the LHC luminosity.
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ON THE POSSIBILITY TO USE MAGNESIUM OXIDE
FOR SELECTIVE DETECTOR OF FAST NEUTRONS

Kvatchadze V.G.', Gritsyna V.T.?, Abramishvili M.G.",
Dekanozishvili G.G.', Galustashvili M.V.!
'L Javakhishvili Tbilisi State University, E. Andronikashvili Institute of Physics,
Tbilisi, Georgia
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’V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
vitgritsyna@karazin.ua

In the field of luminescent dosimetry the most complex and unsolved
problem is the selective detection of fast neutron fluxes. One of the reasons
of this problem is the fact that all real neutron sources have either gamma-
radiation (y) background or background radiation of charged particles. This
significantly complicates the dosimetry of fast neutrons. Some approach for
solution of this problem for neutron fluences in the range of 10'°-10"® n/cm’
on the basis of MgO is discussed in [1, 2]. However, the sensitivity of detec-
tors based on nominally pure MgO is rather low, especially, at fluences lower
than 10'® n/cm?, making it difficult to use them in practice. The possible way
of increasing the sensitivity is the introduction of impurities (doping). In par-
ticular, in case of reactor irradiation in mixed n, y field (IBR-2) at compara-
tively weak fluences (< 1:10'® n/cm?) the impurity of Mn*" in MgO increases
the intensity of luminescence of irradiated crystals, so the slope of dosimetric
curve is becoming considerably steeper in the range 10"°~10'° n/cm® than in
case of samples without impurities.

In this paper we present the results of investigation of perature thermo-
luminescence (TSL) in the high tem range 300-775 K in MgO-LiF ceramics
after irradiation in reactor IBR-2 (Dubna). Most intense glow peaks at
maxima of 456, 556 and 693 K was observed for samples irradiated with low
fluences of neutrons (4.1-10" n/cm?). At the increasing of fluence the TSL
peaks at 556 um 693 K demise, intensity of 456 K peak decreases, but there
appears new peak at 612 K. To clarify the role of influence of accompanied y
irradiation on the resulting TSL curves we provided measurements of TSL
curves irradiated from “°Co source. The glow curves of y-irradiated samples
are similar to that of irradiated in reactor at low fluences except peak at 612
K, which can be served as dosimetric characteristic for detection of neutrons.

The new information was obtained from the measurements one of the
same sample by using two independent methods (EPR and optical spectros-
copy) [3]. Finally we obtained the correlated data on the dependences of TSL
intensity peak and concentration of F-type centers on the neutron fluence in
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the range of 2.0-10"-1.0-10"7 n/cm®. Therefore, we show the possibility
for creation of the combined Optic-EPR-TSL detector on the basis of
MgO-LiF that provide the high reliability of results. At least, it is obvi-
ous that the ceramic samples of this composition are very prospective
for dosimetric purposes.

1. S. Dolgov T. Kérner, A. Lushchik, A. Maaroos, W. Mironova. Radiat. Prot. Do-
sim., 100 (1-4) 127 (2002)

2. V. Kvatchadze, G. Dekanozishvili, T. Kalabegishvili, V. Vylet, M. Galustashvili,
Z.G. Akhvlediani, N.G. Keratishvili, D.G. Zardiashvili. Rad. Eff. and Def. in
Solids 162, 17 (2007)

3.  V.G.Kvatchadze, T.L.Kalabegishvili, V. Vylet, M.G. Abramishvili, Z.G.
Akhvlediani, M.V. Galustashvili, K.A. Garibashvili, S.V. Sobolevskaya. Radiat.
Eff. Defects in Solids 161 (5) 305-311 (2006)
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INITIAL IONIZATION DISTRIBUTION
IN ACTIVE VOLUME OF IONIZATION CHAMBER
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Spatial distribution of ion pairs in the sensitive volume of the fission ioni-
zation chamber is under consideration in a few papers. They present various
formulas for this quantity having different, sometimes unphysical, behavior
near and far from the fissile material surface.

Correct expressions for the ionization density N(7, z) inside workspace of
cylindrical fission chamber have been derived. When the layer of fissile ma-
terial is put on the internal electrode of the chamber, simple physical consid-
eration of the ionization mechanism in the gas gives us the following expression:

N(r,z)=
[rcos(0")-R, |dz'do’

NoR, J‘@m (1) [ Zome

X(r'VH{-7'
27 96, (r) Yz, () Hd=r)

R R 5\32
(r +R, —2chos(9’)+(z—z’))

In another case, when the layer of fissile material is put on the external
electrode the spatial distribution of ion pairs can be written in the form:

N(r,z)=
[R-rcos(0')]dz'do

NORJ‘HZW(V) IZWX(I”)H(I—I")

27 9O (1) 2, 32

(r2 +R? —2chos(9')+(z—z’)2)
where N, is the surface density of the fission fragments, z is a coordinate
along the chamber. (Ra,e’,z') is a cylindrical coordinate of the fissile mate-
rial surfaceelement, » is a radial distance of the point of interest inside the
workspace. R and R, is cathode and anode radius. 7’ is the length of fragment
trajectory in chamber workspace. X(r’) is the average number of ion pairs
created by a fission products per unit of length traveled in the gas (linear
ionization density along the trajectory).

R R R
O max (77) = arccos [—a) 3 05 max (7)) = arccos (?"] + arccos (—“] .
r

r
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The integration in (1) and (2) is performed over the part of the layer
surface, that can be seen from the point 7 = (r,0,z) of interest inside the

workspace. H(l-r’) is Heaviside function which reflects the fact that
integration in (1) and (2) is performed also under condition that the length of
fragment trajectory is restricted by the minimal value which is the length of
mean free path / of the fission fragments.

Formulas (1) and (2) give the correct behavior of the spatial distribution
of the ionization density in any point in the sensitive volume of the
cylindrical fission chamber.
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Further physical programs at the LHC will require a significant increase
of the accelerator luminosity throughout the High Luminosity phase of LHC.
During this period, charged hadrons with fluences higher than 10'* p/cm” per
year in the largest pseudo-rapidity regions of the detectors will have a non-
negligible influence on the radiation damage of materials. Moreover, with the
increasing activation of the experimental equipment, it will become more
difficult to periodically replace and maintain the detector components. There-
fore, the selection of materials for new detectors to be used at the upgrade of
experimental setup requires a more reliable assessment of the risks of detec-
tor failures due to severe radiation damage. During last few years we per-
formed systematic studies of the damage effects in inorganic scintillation
materials. The results obtained confirmed that Y3Al;0,:Ce (YAG:Ce) crystal
has a very low optical transmission damage after irradiation with 24 GeV
protons up to the fluence of 5x10"p/cm?.

In addition to the single crystalline option we developed and tested a
composite scintillation material consisting of YAG:Ce grains compacted by
gluing (Sylgard-184) in a translucent body with density up to 65% of the sin-
gle crystal, i.e. around 3 g/cm’. As all the components of the composite mod-
ule are selected to be radiation hard, such technology can be considered a
suitable option to replace plastic scintillators in the region of the detector
where high radiation hardness is required.

In this study, we report the results of a comparative tests of the YAG:Ce
single crystals and YAG:Ce/quartz composite modules scintillation proper-
ties and radiation tolerance.
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KAJIMBPOBKA CHUHTUJIJIAIMOHHBIX
BJIOKOB-KOMITAPATOPOB UIAA METPOJIOI'MYECKOI'O
OBECIHEYEHUS U3MEPEHU MOIITHOCTH JIO36I
OT 0,1 MK3B/4 HA IIOBEPOYHbBIX JOZUMETPUYECKHUX
YCTAHOBKAX

Jlykamesud P.B., AaronoB A.B., Aaronos B.U., bapuenko A.Tl'.,
I'yzoB B.JI., KonoBanos E.A., Koxemsixun B.A., ®okos I'.A.
Hayuno-npoussoocmeennoe ynumapnoe npeonpusamue « ATOMTEX»,
Munck, benapyco

AtTecranus W TOBEpKAa JO3UMETPHYCCKHX YCTAHOBOK C THIIOBBIM
KOJUTUMATOPOM (POTOHHOTO M3ITyYCHHS B HACTOSINEE BPEMs OCYIICCTBISICTCS
C WCIIONb30BAHMEM HOHHM3AIMOHHBIX KaMep M3 COCTaBa TOCYIapCTBEHHBIX
STaJIOHOB, HWXHSA TPAHUIA MU3MEPEHUS KOTOPBIX COOTBETCTBYET AECATKAM
MK3B/4. OOecrieuenre auanazoHa wmoinHocredl 103 or 0,1 Mk3B/4 Ha
MTOBEPOYHBIX JTO3UMETPHUUECKUX YCTAHOBKAX MPOAMKTOBAHO HEOOXOIH-
MOCTBIO PACIIMPEHHUs] JHama3oHa KaJHOpPOBKH BBICOKOYYBCTBUTEIHHBIX
JIO3UMETPOB paguanuoHHOW 3ammrtel. g pemenus stoi 3amauun B YII
«ATOTMEX» Obutn  pa3paboTaHbl  OJIOKH-KOMIApaTopbl  (POTOHHOTO
U3IyYeHUsT Ha 0a3e CepUIHO BBITYCKACMBIX CHUHTHUIAIUOHHBIX OJIOKOB
JIETCKTHPOBAHUSL.

Jns  co3maHus OJIOKOB-KOMITAPAaTOPOB  HCIOJIB30BAJCS CIIEKTPOMET-
pUYECKUI METOJ JO3MMETPUU HA OCHOBE IPEeoOpa3oBaHUS HM3MEPCHHOTO
anmapaTypHOro CIEKTpa. B OCHOBY MeETOJa TMOJIOKEHO BBIYHMCIICHHE
MOIIHOCTH JI03bI C IMOMOIIBI0 OIepaTropa NMpeoOpa3oBaHUs «CIIEKTP—I03ay,
IIPU ATOM TIOJIHASI MOIIHOCTH 03Bl HAXOIUTCS C MCIIOJIB30BAaHHEM (YHKIHN
G(E) 6e3 mpuMeHeHHsT BOCCTAHOBJICHHUS CIIEKTpa M3 WU3MEPEHHOTO aMIUIH-
TYJHOTO pacipeesieHus POTOHHOTO H3JTydCHHUSI.

Hcnonp3oBaHue CHEIHMAIbHO OTOOPAaHHBIX JETEKTOPOB C  BBICOKOM
CTaOMIIBHOCTHI0 U3MEPUTEIHFHOTO TPAKTa U JIyUYIIAM Pa3pEIICHHEM, a TaKKe
MIPUMEHEHNE ONHMCAHHOTO BBINIE MOAXOJa C HCIIOIB30BAaHHEM OIepaTopa
mpeoOpa3oBaHUsl TO3BOJIIOT HCIIONB30BATh OJOKM JETEKTUPOBAaHHUA B
METpOJIOTUH (POTOHHOTO U3JIYHEHHs C LEJbIO MMOBEPKH Pa0OYMX ITATIOHOB U
CPEICTB U3MEPEHHI C TOTPEIIHOCTRI0 He Oonee 5—7 % ¢ HMCIOJIb30BaHHEM
HCTOYHHUKOB (DOTOHHOTO W3IYyYEHHUS HU3KOH HWHTCHCHBHOCTH B WHTEpBAJIC
suepruit 5-3000 k3B.

Jns TmoATBEpKICHUS METPOJOTHYCCKHX XapaKTEPUCTHK OJIOKOB-
KOMIapaTOpOB OBIM TPOBEACHBI HCCIEJOBAHHUS OCHOBHBIX Xapak-
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TEPUCTUK, a TaKxke KanuOpoBka OJIOKOB-kKoMmapaTtopoB Bo OI'VII
«BHUUM um [A.H. MenpeneeBa» Ha ToCylapCTBEHHBIX BTOPUYHBIX
stanoHax PO.

B noxnane npencraBieHs! OJIOKH-KOMIapaTopsl (POTOHHOTO H3ITyYEHHUS C
OCHOBHBIMH METPOJIOTHUECKUMH XapaKTEPUCTUKAMU, PE3yIbTaThl HCCIE-
JIOBaHUH THX XapaKTEPHUCTHUK, a TAKKE BO3MOXKHOCTH IPUMEHEHUS JNaHHBIX
KOMITapaToOpOB.
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APPLICATIONS OF MONTE CARLO METHODS
IN MEDICINE

Makarevich K.O., Minenko V.F., Verenich K.A., Kuten S.A.
Institute for Nuclear Problems of Belarusian State University,
Minsk, Belarus
kristinanevdokh@tut.by

Different problems in medicine connected with interaction of radiation
with matter are successfully solved using the Monte Carlo method because
this method is very realistically reproduces real interaction of particles with
matter. Examples of such applications of the Monte Carlo method in medi-
cine are the following:

e External and internal radiation dosimetry (e.g., estimation of radia-
tion doses to patients from X-ray irradiation during fluorography or from
brachytherapy);

e Development of medical equipment (e.g., obtaining trajectories of
gamma rays emitted from radiopharmaceuticals in PET and SPECT, assess-
ment of an X-ray tube spectra);

e Treatment planning (e.g., predicting the dose distribution in a proce-
dure of radiotherapy);

e Imaging correction (e.g., quantifying and correcting photon scatter-
ing that usually produces blurring of the image and loss of contrast in nuclear
medicine imaging procedures).

The work is mostly devoted to Monte Carlo modelling of different X-ray
procedures with the aim of estimating doses to patients. Such simulations
require "source-phantom-detector”" assembly and allow obtaining the ab-
sorbed energy distribution within the human body. Thus, one has an opportu-
nity to calculate the equivalent doses to organs and tissues and then estimate
the effective dose on the basis of received information.

In this work the model of X-ray unit was developed taking into account
various parameters of an X-ray examination procedure (high voltage, total
beam filtration, X-ray unit spectrum, radiation field, focus-surface distance,
X-ray tube radiation yield, collimator characteristics, etc.). A tungsten anode
spectral model using interpolating polynomials (TASMIP [1]) was applied to
generate the X-ray spectra of the unit. Reference male and female voxel
phantoms that are recommended by ICRP for dosimetry calculations [2] were
adapted to the Monte Carlo N-Particle Transport Code (MCNP [3]) and op-
timized for modelling X-ray irradiation. Positioning of the X-ray source rela-
tive to the patent was modeled in compliance with the corresponding exami-
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nation protocols. All calculations of the effective dose were performed in line
with the ICRP Publication 103 [4].

The simulations were carried out for dental X-ray examinations and for
the most frequent X-ray procedures. Computations were performed both for
constant value of X-ray tube voltage with different total beam filtration and
different high voltage values with constant filtration. The results revealed a
rather clear dependence of these coefficients on the high voltage and total
beam filtration. The ignoring of these relationships in evaluating the dose
leads to a marked increase in uncertainties of dose assessments. The results
obtained can be used in practically public health services for development of
optimal exposure conditions of patients.

1.  Boone J.M., Seibert J.A. Med. Phys. 1997. Vol. 24, No. 1. P.1661-1670
Briesmeister J. F. et al. MCNP-A General Monte Carlo N-Particle Transport
Code, Version 4B2. NM: Los Alamos National Laboratory, 1997. 736 p.

3. International Commission on Radiological Protection. Adult Reference
Computational Phantoms. ICRP Publication 110. Ann. ICRP. Pergamon Press,
2009. 165 p.

4. International Commission on Radiological Protection. The 2007 Recommenda-
tions of the Commission on Radiological Protection. ICRP Publication 103 Ann.
ICRP 37 (2-4). Pergamon Press, 2007. 332 p.
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IMPROVEMENT OF THE RADIOPURITY LEVEL
OF "CdWO, AND ZnWO, CRYSTAL SCINTILLATORS
BY RECRYSTALLIZATION

Mokina V.M."*", Barabash A.S.%, Belli P.*, Bernabei R.*’,
Borovlev Yu.A.5, Cappella F.’, Caracciolo V.”, Cerulli R.,
Danevich F.A.", Incicchitti A.**, Kobychev V.V.", Konovalov S.1.°,
Laubenstein M.”, Polischuk O.G.', Safonova O.E.’, Shlegel V.N.°,
Tretyak V.1."%, Tupitsyna L.A.'’, Umatov V.L.*, Zhdankov V.N."

! Institute for Nuclear Research, Kyiv, Ukraine; 2 INFN, Rome, Italy;
*National Research Centre "Kurchatov Institute”, Institute of Theoretical and Experi-
mental Physics, Moscow, Russia; *INFN, Sezione di Roma "Tor Vergata”, Rome, Italy;
5Dipartimento di Fisica, Universita® di Roma "Tor Vergata", Rome, Italy;
SNikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia;
71NFN, Laboratori Nazionali del Gran Sasso, Assergi (AQ), Italy;

8 Dipartimento di Fisica, Universita’ di Roma "La Sapienza", Rome, Italy;

7 V.8. Sobolev Institute of Geology and Mineralogy of the Siberian Branch of the RAS,
Novosibirsk, Russia; 1 Institute for Scintillation Materials NAS of Ukraine, Kharkiv,
Ukraine; " opmr Ltd., Novosibirsk, Russia
*vmokina(a)kinr. kiev.ua

Radioactive contamination is one of the most crucial characteristics of
crystal scintillators for low counting experiments. Cadmium tungstate and
zinc tungstate crystal scintillators are promising detectors to search for
double beta decay, dark matter, and to investigate rare alpha and beta decays.
The radioactive contamination by thorium (***Th) as well as by alpha active
uranium, thorium, and their daughters in a cadmium tungstate crystal enriched in
"5cd (M'°CdWO,) was reduced by factors of 10 and 3, respectively, using
recrystallization; levels of 0.01 mBq kg and 1.6 mBq kg, respectively,
were achieved. This finding, as well as the much higher concentration of
potassium, radium and thorium in the remaining material after the crystal
growing process, indicates strong segregation of the radionuclides in the
CdWOQO, crystal growing process. This property can be used to produce highly
radiopure CdWO;, crystal scintillators for double beta decay experiments. A
possible higher concentration of radioactive elements (***Th and o active
radionuclides of uranium, thorium and their daughters, in general) in a thin (=
0.4 mm) surface layer was not observed in the ZnWO, crystal. Therefore the
concentration of uranium and thorium and their daughters in a thin surface
layer of the enriched H6CdWO, crystal scintillator reported in [1] was most
probably not due to the growing process but to the diffusion of radioactive
elements into the crystal during the annealing process in the ceramic oven.

1.  F.A.Danevich et al. Phys. Lett. B 344 (1995) 72
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HOBBIE PABPABOTKU AIIITAPATYPbBI
PAAUAIIMOHHOTI'O KOHTPOJISI HA OCHOBE
CIMHTWIAIIUMOHHBIX JIETEKTOPOB

Koxemskun B.A.
Hayuno-npoussoocmeennoe ynumapnoe npeonpusmue « ATOMTEX»,
Munck, Pecnyonuxa benapyco

Hayuno-npousBoacteeHHoe yHuTapHoe mpeanpustue «ATOMTEX»
pa3pabaTbiBa€T W BBIMYCKAaeT  IIMPOKYID HOMEHKIATYPY  HPOJLYKLHH
ANEPHOTO  HPUOOPOCTPOEHMS,  OCHOBAHHYI0  Ha  HCIIOJIb30BAaHHUU
Pa3HOOOpa3HBIX JAETCKTHPYIOIIUX 3JIEMEHTaX, B T.4. U CHUHTHWIISLUOHHBIX
JETEKTOPOB. 3HAYNTEIBHBIN yIIOp JENACTCs Ha CO3/laHNE MHTEIUICKTYalIbHbIX
OJIOKOB [IE€TEKTUPOBAHUSI C BBICOKUMHM TEXHHUYECKHMH XapaKTEPHUCTHUKAMU
JO3UMETPUYECKOTO,  PAAMOMETPHYECKOTO M CHEKTPOMETPHUYECKOTO
Ha3HaueHWs. VX TPOMBIIUIEHHOE OCBOEHHME CO3JaéT  paJguKabHbIC
OPEANOChUIKM Kak JUIl CO3JAHUS HOBBIX THUIIOB CPEACTB H3MEPEHUs
UOHU3UPYIOIIMX W3JIyYeHUH, Tak U [ ONEPaTHUBHOTO PACIIMPEHUS
BO3MOXKHOCTEH BBIITyCKAEMOU MPOAYKIIUH.

3a ngBa roma, mpomemmue mociae kKoH(epeHiuu «MCMAPT-2014»
Onarofapsi MPUHATOMY TOAXOAY CO3/IaH PsiJl HOBBIX M MOIU(HUIUPOBAHHBIX
BUJIOB NPHOOPOB W alMapaTypbl, MPUBJICKATEIBHBIX C TOYKUA 3PEHHS HX
(hYHKIIMOHATIPHOTO HA3HAYCHUS, CQPephl TNPUMECHEHUSH METPOJIOTHUYCCKUX
napaMeTpOB.

B nokmage paccMaTpuMBalOTCA  COOTBETCTBYIOIIME — pPEIIEHHS  C
UCTIONIb30BAaHUEM JIMHEHKHM CHUHTWIISLUOHHBIX OJIOKOB JETEKTHPOBAHHUS,
CO3JaHHBIX B YKa3aHHBIH IEPHOA BPEMEHM KaK [0 HHUIHMATHBE
NpeANpUsTHs, TaKk M 1O TPEUIOKEHUSIM  IOTpeOUTeNel  siaepHo-
M3MEPHUTENILHOM anmapaTypbl ¥ IPHOOPOB paMalliOHHOTO KOHTPOJIS.
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ZnSe SCINTILLATING BOLOMETER WITH IONIZATION
READOUT — A NEW APPROACH FOR PARTICLE
DISCRIMINATION TECHNIQUE

Nagorny S.!, Bakhlanov S.V.z, Derbin A.V.% Galkin S.°,
Lalayants A.°, Litichevskyi V.*, Pattavina L.%,
Pirro S.*, Schéffner K.!
'INFN, Gran Sasso Science Institute, L Aquila, Italy

2St. Petersburg Nuclear Physics Institute, Gatchina, Russia
*Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine

‘INFN, Laboratori Nazionali del Gran Sasso, Assergi, Italy

nagorny@lIngs.infn.it

The registration of elusive particles requires the use of new high quality
detectors with enhanced characteristics. Scintillating bolometers are among
the most promising detectors used in rare event physics, what have clearly
demonstrated by the excellent background rejection capabilities that arise from the
simultaneous, independent, double readout of heat and scintillation light.

The main goal of CUPID-0 experiment is to search for neutrinoless dou-
ble beta decay of *’Se isotope with ZnSe crystals that work as scintillating
bolometers. At the same time, the ZnSe is also wide band gap semiconductor
material (2.8 eV at room temperature). According to the published data the
electron mobility in ZnSe is about 530 cm”/V-s with a concentration of free
carriers ny ~ 10'™"® cm™ at 300 K. Going down to the lower temperature dras-
tically increases the electron mobility up to 12 000 cm*/V-s at 60 K. Based on
these preliminary data, it looks possible to collect even tiny charges induced
by single particle interaction.

The present report relates to results on the development and study of
semiconductor detectors based on ZnSe crystals in order to develop of triple
read-out detector — heat, light and ionization channels. Such experimental
technique, as we expect, will allow getting more information about interact-
ing particle and helps to reduce the radioactive background to virtually "zero"
level. Additionally, these investigations will help to understand energy distri-
bution into scintillating crystals.

84



COST ACTION TD1401: NANOCRYSTALLINE
AND NANOCOMPOSITE SCINTILLATORS
FOR FAST TIMING

Nikl M. on behalf of COST FAST, TD1401 project consortium
Institute of Physics, AS CR, Prague, Czech Republic
nikl@fzu.cz

Fast and efficient scintillators are required by a number of applications,
namely in high energy physics and medical imaging (Positron Emission
Tomography — PET) where so call time-of-light (TOF) techniques are used
and timing coincidence resolution (TCR) is of critical importance. Using one
of the most advanced single crystal scintillators today, LYSO:Ce,Ca, TCR
value below 200 ps has been demonstrated, but it seems improbable to reach
values below 100 ps using single crystal scintillators of this kind. The goal of
COST FAST project is to seek the concept(s) to advance TCR up to by one
order of magnitude, down to 10 ps which would give an unprecedented
improvement in the applications using TOF techniques, e.g. a direct image
reconstruction could be used in TOF-PET imaging.

To advance the value of TCR one needs to register sufficiently high
number of scintillation photons in the time scale of about 100 ps after the
absorption of high energy photon (particle) by the scintillator. To achieve it,
scintillator should posses high light yield, as short as possible decay time and
rising components in scintillation response should be diminished to a
maximum extent. In COST FAST TD1401 project it is Work Package 2
which searches for materials of such potentionality. Wide band gap
semiconductors with direct gap as ZnO, GaN, but also e.g. Pbl,, CdSe or
CsPbX; (X = Cl,Br) [1-3] could be particularly useful for this concept as
their luminescence is based on Wannier exciton the radiative lifetime of
which is below 1 ns and theoretical light yield could exceed 100 000
phot/MeV due to smaller value of band gap compared e.g. to above
mentioned LYSO. If these materials are prepared in a nanocrystalline form
and quantum size effect can take place, the radiative lifetime can be
shortened further down to tens of picoseconds [3]. However, small Stokes
shift, which is a consequence of Wannier exciton nature, practically disable
to use these materials in a bulk form due to huge reabsorption losess [4].
Moreover, due to the fact that such excitation is not localized, nonradiative
quenching e.g. at the surface or interface of these materials becomes a critical
problem. Using these materials in a powder extremely fast scintillation
response has been demonstrated with the dominant component well below 1
ns [1]. The powder form, however, is unsuitable for practical applications and
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the transparent composite materials, in which the scintillation nanophase is
embedded in an optically transparent host, became intensively studied [5].
Recently, ZnO:Ga nanocrystals in a polystyrene matrix have shown very
promising timing chracteristics demonstrating superfast energy transfer from
polystyren host to ZnO:Ga nanocrystalline phase which migh pave the way to
such superfast composite scintillators. The results and such a concept will be
further discussed in the presentation.

Acknowledgement. This work is based upon work from COST Action
(TD1401, FAST), supported by COST (European Cooperation in Science
and Technology).
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NMMHUTALMA OBBEMHBIX MEP AKTUBHOCTH
METAJUUIOB JUIAA KAJIMBPOBKHU CIHIMUHTUWIJIAIIMOHHBIX
I'AMMA-CIIEKTPOMETPOB

Huuumopuyk A.O.', XKykosckuii A.1.', Kyrens C.A.°
' Hayuno-npoussodcmeennoe ynumaproe npednpusmue « ATOMTEX»,
Munck, benapyco
ZHHcmumym sa0epuvix npoonem bBI'Y, Munck, benapyco
andrei.nichipor@gmail.com

PamuaninoHHBIA KOHTPOJE BBHIILIABIIEMOrO METaia OJDKEH oOecredn-
BaTh MOJIy4eHUEC HH(OOPMAIMH O HAJTHUYUU I OTCYTCTBHH PaIUOHYKIHIOB
TEXHOTEHHOTO WJIM TPUPOJHOTO MPOUCXOXJICHUS B Tpobax meramia. Mc-
MO0JIb30BaHUE CUUHTWUISIUOHHBIX CHEKTPOMETPOB raMMa-u3JIy4eHUs ¢ Je-
texktopoM Nal(Tl) mo3BonseT oCyIIecTBIATh HACHTHOUKALIUIO U H3MECPCHHE
YAETbHON aKTUBHOCTH KOHTPOJHPYMBIX PaAHOHYKIHIOB B IPEACTABUTEIh-
HBIX TIP00ax TUIaBKU MeTaJlia.

Jis TpamynpoBKH M KamHOpPOBKHM raMMa-CIEeKTPOMETPOB TpeOyeTcss Ha-
nu4ue GYHKIMU OTKIMKA CIIEKTPOMETPA K TAKMM PaJIUOHYKIIHIAM, KaK ¢,
1340, 15%gy 146y, ©Co, S*Mn, 22Th, 2*Ra, ©Zn, '2Sb+2™Te, %Ry+!*Rh,
94Nb, 110mAg, 233U, 234U, U 238U, MIPECTaBIAIONIEH COO0H anmapaTypHbIe
CIIEKTPBl B KCIIOJIb3YEeMOIl reoMeTpuu uaMepenus. st ux mosyyeHus: uc-
MOJB3YIOTCA 00BEMHBIC MEPhI AKTHBHOCTU METAJUIOB, OJOOHEIC IO pa3Me-
paM u coctaBy Marepuaia. BmecTte ¢ TeMm, U3rOTOBIEHHE MEpP aKTUBHOCTHU
SIBIISICTCS. JOPOTOCTOSIIIUM, a C OTICIBHBIMH PAIUOHYKIHIAMH 3aTPyIHU-
TeabHBIM. {715l peleHus 3ajauu B TJaHHOM CJIydae MCIOJIb30BaHO MOJENIUPO-
BaHue meTosioM MonTte-Kapio.

Jnst monydeHust QyHKUME OTKIMKA CHEKTPOMETPa C HCIIOJIb30BaHHEM
Mep aKTHBHOCTH HAa OCHOBE HEJOCTYIHBIX PAJAHOHYKIHIOB, a TaKXKe IS
MOATBEPIKIICHHSI IPAaBUIBHOCTH pe3ynbTaToB MoHTe-Kapiao MomenrpoBaHus
C TaKUMH pPaIUOHYKIHIAMH, Kak 152Eu, 154Eu, mTh, 226Ra, 94Nb,
158b+'%™Te 1 T.1., UIMEIOLMX HECKOJIBKO BHICOKOMHTEHCHBHBIX JIMHAMN raM-
Ma-HU3Iy4eHus ¢ dHepruamu B quanaszone ot 50 go 3000 x»B, npennaraercs
UCIIOJIE30BaTh WUMUTAHTHl B BHJIE Ha0Opa paccewBareiel (MeTaITHYSCKUX
JIUCKOB PA3JINYHON TOJIIUHBI) H TOYCUHBIX UCTOYHUKOB THa OCIT'U.

Hcnonp3oBaHne KOMOHMHAIMA TOYCYHBIX MCTOYHHUKOB raMMa-HU3Iy4CHUS
U paccemBarelell Mo3BOJsIET COPMHUPOBATH HEOOXOIUMBIH OTKIHK B (OTO-
MUKE U 00JIaCTH MHUKa KOMITOHOBCKOTO PAcCesHUs, U B UTOTE MOIyYUTh aM-
IUINTYJHOE pacIipeqesieHie, SKBUBAJCHTHOE pe3yibTaTaM B3aWMOJCHCTBHUS
M3IY4eHHUS B OOBEMHOM HCTOYHHKE C PABHOMEPHO pPAacCIpeleEHHBIM IO
00BeEMY paIMOHYKIHIOM.
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[onyueHHBIE SKCHEPUMEHTANBHBIE U TeopeTHYecKrue (QYHKIMH OTKJIMKA
CHEKTPOMETPa Ha H3Iy4EHHE KOHTPOIUPYEMBIX PAaJUOHYKIUJIOB MOKAa3aId
XOpollee COOTBETCTBHE pa3pabOTaHHOW MOJIENIN pealbHOMY 00pasily U Moj-
TBEpPAWIH IPABUILHOCTH pe3ynbTaToB MoHTe-Kapno-moaenupoBanus s
psna pagvoHYKJINAOB, a TaKKe MOKa3aIM 00OCHOBAHHOCTH METOJMYECKOTO
MOJIX0/1a B IPOLIECCE UMUTUPOBAHUS MEP AKTUBHOCTHU.
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WIDE-RANGE FISSION CHAMBERS
FOR ITER NEUTRON FLUX MONITOR

Obudovskii S.Yu., Batyunin A.V., Vorobiev V.A., Kashchuk Yu.A.
Institution "Project Center ITER", Moscow, Russia,
but1952@triniti.ru

The paper describes the wide-range fission chambers (FC) developed to
measure total neutron flux in ITER. ITER is International Thermonuclear
Experimental Reactor being built at the moment in France and designed to
demonstrate the feasibility of fusion power engineering in future.

ITER neutron diagnostic has to provide measurement of fusion power in
the range from 1.0 kW up to 1.5 GW. That corresponds to the total neutron
yield range from 3x10'* up to 5x10%n/s. It’s necessary to carry out
measurements with temporal resolution 1 ms to control the processes taking
place in fusion plasma. The French nuclear regulator prescribes to detect the
absolute value of the total neutron flux at any given time with accuracy less
than 10%.

In order to ensure these requirements we are developed multi-detector
neutron flux monitor system with FC. The simulation of neutron fields at the
FCs location was carried out to determine the radiation and thermal loads.
The result of calculation confirmed that application of wide-range FC with U-
235 and U-238 radiators is the optimal solution to cover the full ITER
dynamic range.

The required dynamic range (6 orders) is provided both by using FC with
different sensitivities, and by operating in the count-rate, Campbell and
current mode. We designed two types of 3-sectional FC: with high-purity U-
238 (the state standard sample of the isotopic composition of uranium GSO
7516-99) and U-235 enriched to 90%. Product is assigned a name KNT 30-8
and KNT 30-5 respectively.

FC tightness is determined by the helium leak rate and is less than
1.3x10"°W. Quality manufacturing provides a mean time to failure at least
75 000 hours at the temperature 100°C. The assigned life of KNT 30-5 and
KNT 30-8 FC is 20 years.

FC KNT 30-8 features:

1. Pulse sensitivity to detect 14,8 MeV neutrons: section 1 — 1107 em?;
section 2 — 1x10™* cmz; section 3 — 1x107° sz;

2. Current sensitivity to detect 14,8 MeV neutrons: section 1 — 2x107"¢
A-cmz; section 2 — 2x107"7 A-cmz; section 3 — 2x107'® A-cmz;

3. Charge collection time — 1x107s;
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Charge in pulse — 2x10™"°C;

Slope of count-rate curve — less 0.1 %/V;

Slope of U-A curve — less 0.05 %/V;

FC KNT 30-5 pulse sensitivity to detect thermal neutrons: section 1 —

5x107 cm?; section 2 — 1x107 cm?; section 3 — 2x107 cm?.
Factory acceptance tests of FC KNT 30-8 were performed in JSC
"TRINITI" Neutronic Laboratory with several neutron generators: ING 07T
(E,=14.5 MeV; Y,=10°n/s), ING 07D (E,=2.5 MeV; Y,=10" n/s) and NG-
24M (E,=14.7 MeV; Y,=5x10"" n/s).

Factory acceptance tests of FC KNT 30-5 were performed by a compari-
son method according to the Russia Standard GOST 8.031-82.

Factory acceptance tests of FC KNT are planned to be completed in Nov.
2016. According to the test program FC KNT are applicable for the use in the
ITER experimental reactor, as well as in nuclear power plants. Finally the
wide-range FC KNT will be included in a JSC "NIITFA" catalogue of com-
mercial available products.

The works carried out in the framework of State Contract Ne H.4x.52.95.
16.1042.

Nk
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NEUTRON FLUX MONITOR FOR RUSSIAN STATE
PRIMARY SPECIAL STANDARD WITH 14 MEV
NEUTRON SOURCE

Obudovskii S.Yu., Vorobiev V.A., Batyunin A.V., Kashchuk Yu.A.
Institution "Project Center ITER", Moscow, Russia,
S.Obudovsky@iterrf.ru

In this work we present a description of the fast neutron flux monitor
(NFM) which is used in Russian State Primary Special Standard (SPSS) GET
51-80 with 14 MeV neutron source. This etalon is used for fast neutron flux
density and fluence metrology at nuclear facilities. The SPSS GET 51-80
facility is hosted in FSUE "VNIIFTRI" (Mendeleevo, Moscow region).

SPSS GET 51-80 consists of a set of measuring tools, including sets of
neutron activation and fission detectors, measuring system of induced activity
and modeling neutron reference fields based on 14 MeV neutron generator
NG-150.

The NG-150 facility carried an "associated alpha-particles method", in
which the intensity of the neutron source is determined by count rate of o-
particle produced in the reaction T(d,n)*He.

However, this method is complicated for implementation in case of the
rotating target used in a high yield NG-150. To ensure the stability of
metrological characteristics of NG-150 reference neutron fields the SPSS
GET 51-80 has been supplemented by additional high performance NFM
with threshold FC (U-238).

The structure of NFM for the SPSS GET 51-80 is shown in figure below.

|
e Onpidl . Shaping
-Fiber- Op”ﬂ Receiver Amplifier MCA
USB

] 1
|| FC (U-238)09-BELDEN 9222
I I

FC (U-238) signal is amplified by charge-sensitive preamplifier (Preamp)
and transferred to the Shaping Amplifier. The shaped signal sends to the
multi-channel analyzer (MCA).

NFM acquisition system can operate in pulse height analysis mode or as a
multichannel pulse counter with a fixed low level threshold.

To provide high metrological characteristics of GET 51-80 standard
reference neutron fields and to avoid NFM signal corruption due to
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electromagnetic interference caused by the powerful neutron generator with
RF ion source, we implemented several technical solutions:
e NFM structurally is split into two parts: FC and Preamp indoors NG-
150 Laboratory while acquisition system indoors Control room;
e FC housing is galvanic isolated from the detector assembly housing;
e FC signals are transmitted to the Preamp input via triax RF cable
BELDEN 9222;

e Preamp output signals are transferred via fiber-optic link to the ac-

quisition system in the Control room.

Finally NFM with threshold FC (U-238) provides measurement of NG-
150 intensity at Russian State Special Standard GET 51-80 with an average
standard deviation less than 0.3% and non-exceptional systematic error of
measurement less than 0.7%.
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CsI: ALOW COST SCINTILLATOR FOR TOF-PET?

Omelkov S.I. *, Gundacker S.2, Nagirnyi V.!, Kirm M.
!Institute of Physics, University of Tartu, Tartu, Estonia
>CERN, Geneva, Switzerland
*omelkovs@gmail.com

Recent progress in various fields of scintillator applications has created a
high demand for fast scintillators. In particular, for medical applications the
Time-Of-Flight Positron Emission Tomography (TOF-PET) technique
requires coincidence time resolutions (CTRs) better than 100 ps FWHM in
order to improve the image signal to noise ratio and thus to offer the benefit
of shorter scanning times and better image quality. Also developments in
high energy physics demand improving the timing capabilities of calori-
meters down to 10 ps. Conventional L(Y)SO scintillators were demonstrated
to provide a CTR of about 100 ps FWHM when used with Silicon
Photomultiplier (SiPM) detectors. The time resolution in this case is limited
by the photon time-density at the onset of the scintillation process and can be
further improved by using a different scintillation mechanism featuring a
prompt response.

Hot intraband luminescence (IBL) is a low yield ultrafast emission
connected with the radiative transitions of hot electrons or hot holes between
the sub-levels of the conduction or valence band of a crystal, respectively [1].
The continuous and structureless spectrum of IBL covers the whole
transparency region of a material, with increase of the intensity in NIR [2].
The IBL decay time and yield are to a large extent defined by the competitive
process of nonradiative transitions which are far more probable than the
radiative ones. The decay time is expected to be below 1 ps, while the
quantum yield has been reported as 10™* photons per electron-hole pair for
potassium iodide [1]. Despite its low yield, IBL can potentially improve the
scintillation time resolution by providing an almost instant time marker for
the event.

In this regard, the search for materials with high IBL yield is of particular
importance. It has been shown [3], that to reach an ultimate goal of 10 ps
CTR at least 500 prompt photons are required per absorbred 511 keV vy-
quantum. However, if combined with conventional fast scintillation, already
40 prompt photons can significantly improve the CTR of a scintillator. We
report our latest investigation of the yield of IBL in different materials,
including the leading compound among those tested so far — Csl, which
provides about 30 detectable IBL photons per MeV. Combined with
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Cherenkov radiation of secondary electrons created by an absorbed gamma
quantum, a substantial CTR improvement can be achieved.

Measurements of the time resolution on pure Csl have revealed that it
performs very well indeed, showing up to 120 ps CTR. It is the second best
result shown so far, losing only to L(Y)SO family of compounds. The best
material — LSO:Ce,Ca — has been specifically designed to achieve up to 73 ps
CTR [4]. We believe that the availability of prompt photons in Csl plays a
crucial role in such excellent time resolution. The further optimization of this
classical scintillator could possibly yield a low cost material for TOF-PET
applications.

D. Vaisburd, S. Kharitonova. Russian Physics Journal 40 (1997) 1037

S. Omelkov, V. Nagirnyi, A.N. Vasil'ev, M. Kirm. J. Lumin. 176 (2016) 309
S. Gundacker, E. Auffray, K. Pauwels, P. Lecoq. Phys. Med. Biol. 61 (2016) 2802
S. Gundacker et al. Submitted to JINST (2016)
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GROWTH AND SCINTILLATION PROPERTIES
OF NagMo,,03; SINGLE CRYSTAL

Pandey I.R., Kim H.J. on behalf of AMoRE collaboration

Department of Physics, Kyungpook National University, Daegu, South Korea,
hongjooknu@gmail.com

The AMoRE (Advanced Mo Based Rare Process Experiment) colla-
boration is using molybdenum based crystal *Ca'®Mo0, for searching the
extremely rear event process of neutrino less double beta decay of Mo
isotopes and also looking for new scintillators which contain molybdenum. In
the present work, we discuss the Czochralski technique for growing
NagMo; 056 single crystal for the first time. The polycrystalline material was
synthesized on the basic of Thermogravimetry Analysis and Differential
Scanning Calorimetry (TGA/DSC) result. The crystal structure was studied
by X-Ray diffraction (XRD) analysis. The luminescence properties and
lifetime of the crystal at low temperature was studied by using 266 nm pulse
laser source. By using the transmittance spectra measurement we estimate the
optical quality and band gap information of the crystal. Total energy intensity
and total intensity of the crystal at low temperature (10 K) was calculated and
it was normalized with CaMoQ, crystal result. In future, this crystal might be
one of the candidates of Mo-containing crystal for the Ovpp decay search.
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Future high energy physics experiments, such as HL-LHC, CLIC, ILC
and FCC, need major improvements in the performances of hadron and jet
calorimetry. Because of the challenging conditions in which they will be op-
erated, unprecedented levels of energy and timing resolutions, as well as effi-
cient particle identification are required. We proposed earlier an approach
based on heavy inorganic crystal fibers to form a fully homogeneous calo-
rimeter. Designs based on assemblies of small elements of undoped and
doped materials can simultaneously obtain excellent energy resolution and
perform particle identification with its dual readout and vertexing/tracking
capabilities.

This contribution explains the motivation of the work being performed
within the Marie Curie Action INTELUM. More specifically we will explain
how crystal fibers can be used to achieve the required high performances in
future calorimeters and give a review of the R&D performed during the last
years. In these studies, garnet materials (LuAG and YAG) grown in various
fiber geometries were considered. Two lines of work will receive emphasis.
First, the improvement of the growth of fiber-shaped single crystals enhanced
the optical quality and the propagation of the light through the crystal fibers,
which in turn reduces significantly the constant term of the energy resolution.
Second, multiple test beam campaigns with the grown crystal fibers were per-
formed to evaluate the crystal fibers performances in various configurations.
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The flexibility of this innovative type of calorimetry was demonstrated
and Physics results were obtained in both transverse and projective designs,
with modules either with very fine granularity or rather loose sampling frac-
tion. Based on Geant4 simulations, we also studied the best way to find a
good compromise between cost and performances by smartly sacrificing the
homogeneity of the calorimeters in specific regions.

The research conducted in the frame of the Crystal Clear Collaboration
was partly funded by the French National Agency for Research under grand
agreement ANR-10-BLAN-0947 (INFINHI), by a Marie Curie Early Initial
Training Network Fellowship of the European Community’s FP7/2007-2013
under contract number PITNGA-2011-289355-PicoSEC-MCNet, by a Marie
Curie Action under grant agreement number 644260-INTELUM-H2020-
MSCA-RISE-2014, by the Competence Centers of the Technology Agency
of the Czech Republic under grand agreement RANUS-TDTE01020445, by
the PHC DNIPRO program under grant agreement number 28317ZC and an
Eiffel grant.
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APPLICATION OF SEMI-TRANSPARENT INTERPIXEL
GAPS FOR IMPROVEMENT OF SPATIAL RESOLUTION
IN PIXILATED SCINTILLATION DETECTORS

Pedash V.Yu.
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The size of individual pixels determines spatial resolution in position-
sensitive scintillation detectors based on pixilated crystals. In detectors, based
on monolithic crystals, spatial resolution depends on a number of things in-
cluding crystal shape, absolute light-yield, type and size of photodetector,
and signal processing in DAQ system. For the typical PET detector the
mathematical task of restoration of the interaction point is poor conditioned
because of strong light spread in the crystal and, consequently, light sharing
between photodetectors.

In this work, pixilated detectors with semi-transparent gaps are studied
using Monte-Carlo simulation of scintillation light transport. Two types of
pixilated detectors are considered. In the first one interpixel gaps are filled
with silicon grease mixed with BaSo, powder as an effective reflector. The
content of powder in the mixture allowed adjustment of light scattering dis-
tance in the gaps. Optical properties of mixtures with different powder con-
tent were determined experimentally. The second model described the detec-
tor where pixels are formed inside continuous crystal with excimer laser.

It is shown that light spread function on the detector output window can
be controlled by adjusting optical properties of gap material. Two detector
configurations belonging to different models are considered in details. In
comparison to continuous crystal, reduced light sharing between photo sen-
sors makes spatial resolution less sensitive to Poisson noise on the one hand.
On the other hand the coordinate of the point of interaction inside particular
pixel can be restored due to light leakage between neighbor pixels.

98



THE PLASTIC SCINTILLATOR TEMPORAL
PROPERTIES IMPROVEMENT
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New compositions of fast PS, which have, unlike known, both the short
scintillation flash rise time and the high light yield. In known fast PS, the
scintillation process quenching mechanism is used, that leads to significant
light yield decrease. The principal difference of new PS is that the scintilla-
tion flash rise rate increase mechanism in the new PS is realized by use sub-
stances with the strong electron-donating properties, such as triphenylamine
and tolylcarbazole. That leads to accelerated recombination of electrons with
holes in the ionizing particle track and, consequently, to accelerated genera-
tion of singlet excited states.

Kinetic curves for the new fast PS are obtained and their light yield is
measured. The front rise time of PS, with base of polystyrene with 40%
triphenylamine or 40% tolylcarbazole amounts 0.7 ns and 0.4 ns, and the
light yield relatively to the “standard” PS is of 122% and 143%, respectively.

Light yield increase of the new fast PS is associated with the lower
ionization potential of triphenylamine and tolylcarbazole relatively to
polystyrene.
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Co-doping of Ce-doped oxide scintillators with divalent impurities is
among the most promising concepts developed in recent years to improve the
time-response properties and the light yield [1, 2]. The observed positive ef-
fects have been related to formation of Ce*" centers which trap excited elec-
trons directly from the conduction band leading to excited Ce’" and their ra-
diative de-excitation. The studies on aluminum garnets (LuAG:Ce,Mg) were
performed on single crystals grown by the micro-pulling method [2]. Compe-
tition in electron capture between Ce*" and other traps was found to improve
the radiation hardness as well (LuAG:Ce,Ca grown by Bridgman) [3].

In this presentation various types of non-isovalent co-doping in aluminum
garnets and perovskites will be considered. Selected examples on LuAG,
YAG, LuAP and YAP doped with Ce or Pr and containing divalent (Ca,Mg)
or monovalent (Li) impurities will be described. Compositions based on
YAG, LuAG and LuAP were grown by the vertical Bridgman; YAP crystals
were grown by Czochralski. The quality of crystals and defects originating at
high co-dopant concentrations have been studied by means of optical and
electron microscopy. Absorption and radioluminescence measurements were
performed on as-grown and oxidized samples.

No appreciable degradation of quality was found in YAP:Ce,Ca in the
range of tested concentrations of Ca (up to 500 ppm) assuming higher
amounts can be tolerated by this matrix. However, as reported [4, 5], im-
provement in the overall scintillation decay time is being achieved at quite
low Ca contents, while at higher amounts this positive effect is counterbal-
anced with increasingly stronger reduction in the luminescence efficiency. As
for the garnets, introduction of Ca or Mg above 150-200 ppm leads to degra-
dation of crystalline quality due to interface instability and liquid capture by
advancing interface, even at growth rates below 1.0 mm/h (inclusions en-
riched with second phases and Ce). The overall strain coming from growth
striations and facets is also noticeably increased. The solubility limit of Ca
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preserving structural quality is 100—150 ppm which nonetheless is sufficient
to improve the timing performance [3].

Introduction of Li to YAG:Ce up to tested amounts of 2000 ppm does not
worsen the structural quality and optical transmittance (the latter is even im-
proved in the 250-300 nm range). The lattice constant measurements do not
give any evidence for substitution for either of Y or octahedral Al sites. Pres-
ence of Li in the lattice is however evidenced by lower radioluminescence
intensity and longer decay, as compared to Li-free crystals with similar Ce
contents. Preferential incorporation in interstitial positions is realistic, as sug-
gested for YAG:Nd,Li basing on spectroscopic studies [6].

This work was performed in the scope of the International Associated
Laboratory (CNRS-France & SCS—Armenia) IRMAS, Crystal Clear collabo-
ration and European Union Horizon 2020 Program under grant agreement no.
644260 (INTELUM).

S.Blahuta et al. IEEE Trans. Nucl. Sci. 60, 3134 (2013)

M.Nikl et al. Crystal Growth & Design 14, 4827 (2014)

A.G.Petrosyan et al. J. Cryst. Growth, 430, 46 (2015)

F.Moretti et al. Intern. Conf. Defects in Insulating Materials, Lyon (2016) Tu-O-2
K.Hovhannesyan et al. ibid, Tu-P-26

P.A.Arsenev et al. Phys. Stat. Sol. (a) 15, K71 (1973)
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CRYSTAL GROWTH AND SCINTILLATION PROPERTIES
OF Eu** DOPED RbCaCl,

Rebrova N.V., Grippa A.Yu., Gorbacheva T.E., Pedash V.Yu.,

Viagin O.G., Cherginets V.L., Tarasov V.A.
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Single crystals of complex compounds CsMX;:Eu®" (M=Ca, Sr; X=ClI,
Br, i I) are now considered among the most promising materials for detec-
tion of ionizing irradiation. However, the Rb-containing analogs of the men-
tioned compounds practically are not studied although their physicochemical
and functional properties may be rather different from those of CsMX;:Eu*'.
Thus, the presented work is devoted to crystal growth and scintillation prop-
erties of RbCa,_Eu,Cl;.

Single crystals of RbCaCl; containing 3, 5 and 8 mol.%Eu’" were grown
by the vertical Bridgman—Stockbarger technique. CsX (99.9%), CaX,, and
EuX, (X=Cl, Br) were used as starting chemicals. Before the crystal growth
RbX (99.9%) was dried at 200 °C; CaX,, and EuX, were obtained prelimi-
nary from CaCOj3 (99.999%) and Eu,03 (99.99%), respectively.

The grown boules of RbCaCls:Eu”" were 70 mm long and 12 mm in di-
ameter. The single crystals had slightly green coloration confined to the re-
gion in contact with the quartz ampoules and slightly violet coloration inside
the crystal. All the crystals had good transparency.

Radioluminescence spectrum of RbCaCly:5%Eu’" had a sharp emission
band with a peak maximum at 441 nm (the emission band width is 19 nm).
The emission spectrum of photoluminescence is characterized by a sharp
band with a maximum placed at 433 nm (the emission band width is 22 nm).
The shape of photoluminescence excitation spectrum for RbCaCly:5%Eu”"
are typical for Eu**-doped scintillators and include a broad band between 250
nm and 420 nm. The decay curves were measured for RbCaCl; containing 5
and 8 mol.% of Eu*". The scintillation pulse decay curves are simple and they
may be described using one exponent with the decay constants equal to
2.48+0.008 ps for RbCaCls:5%Eu”" and 2.73+£0.08 us for RbCaCls:8%Eu*".

The maximal value of relative LY (in respect to Nal:Tl) has been ob-
served for RbCaCl;:8%Eu”". It is approximately equal to 50% with energy
resolution of 12%.
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Dihalides can react with alkali-metal halides to form ternary halides with
the formula types AM,Xs, AMX;, A,MX, and A;MX, where A = alkali
metal, M = alkali earth metal, and X = chlorine, bromine or iodine. Some
AM,X5, AMX; materials have been recently reported to be very efficient
scintillator. KX-BaX, (X=Cl, Br) systems have only one compound K,BaCl,
and K,BaBr,. In this work we present the crystal growth, luminescence and
scintillation properties of Eu*'- doped K,BaCl,:Eu*" and K,BaBr,:Eu*".

Single crystal of K,BaX,:Eu’" (X=CI, Br) was grown by the vertical
Bridgman—Stockbarger technique. KX (99.9%), BaX,, and EuX, (X=Cl, Br)
were used as starting chemicals. Before the crystal growth KX (99.9%) was
dried at 200°C; BaX,, and EuX, were obtained preliminary from BaCO; and
Eu,0;, respectively. Single crystal of K,BaXsEu** showed significantly
lower moisture than Nal:Tl. The emission spectra of crystals consist of a
broad band from 370 nm to 520 nm with maximum intensities at 421 nm for
K,BaCly:Eu*", 425 nm for K,BaBr,:Eu*". The emission bands are attributed
to the 4£°5d"-4f” transition of Eu®" The excitation spectra of these two crystals
are very similar to each other, which could be ascribed to close structures of
K,BaCl,:Eu*" and K,BaBr,:Eu”".

The maximal values of relative LY (in respect to Nal:T1, 43,000 ph/MeV)
are observed for the samples doped with 5 mol% of Eu*" and it is approxi-
mately equal to 20% for the chloride material and 34.3% for the bromide one.
In order to achieve better scintillation characteristics, future investigations
will focus on improving the quality of the single crystal, which includes puri-
fication of the raw material, optimization of growth parameters and different
polishing method of the crystal surface.
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THE VOLUMETRIC ACTIVITY
OF I-131 VAPOR DETECTION DEVICE

Shalamova V.Yu.
JSC SNIIP, Moscow, Russia,
VYShalamova@sniip.ru

Activity of Iodine-131controle in NPP rooms and ventilation systems is
important for the radiation safety assurance of in-plant personnel and civil-
ians because of lodine-131’s high cumulative yield when nuclear fission into
nuclear debris is taking place, lodine-131’s bioactivity and mobility. Current
reducing trend of maximum permissible discharge and radioactive waste dis-
posal to the environment requires improvements of methods of control of
radionuclides including radioiodine.

In connection with above new volumetric activity of I-131 vapor detec-
tion device is developed by JSC SNIIP. The detection device provides per-
manent monitoring of I-131 vapor concentration in working room and venti-
lation systems in autonomous mode and as a part of radiation control sys-
tems. The device consists of the control unit, the detector unit based on
scintillation detector (Fig.), the tungsten body and the flow-measuring unit.
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Fig. Control unit and detection unit

The device has two modifications — with detector unit based on sodium
iodide or lanthanum bromide according to required energy resolution. Appli-
cation of tungsten body as an external gamma background shieling material
and development of new algorithm of volumetric activity permanent
measurement using one detector unit, allowed to improve weight-size pa-
rameters of the device.
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Spectral distortions caused by scattered light are studied. To register the
luminescence and excitation spectra, the usual technique is used: "white"
light of excitation source, a monochromator to select a narrow band from its
spectrum and another monochromator to select a narrow band from the lumi-
nescence spectra of the crystal. However, a small amount of light of un-
wanted wavelengths (named stray light) always emerges from a monochro-
mator owing to optical scattering [1]. Profiles of stray light were studied by
an optical spectrometer, where emission of a xenon arc lamp XBO-150 is
focused onto the entrance slit of a high-aperture single-grating monochroma-
tor MDR-2, which resolved the emission into its discrete wavelengths and
directed that dispersed radiation on a sample fixed in the holder placed in the
focus of a parabolic mirror at an angle of 45 degrees to the incident beam of
the excitation radiation.
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Fig. Stray light profiles: 1 — empty sample holder, 2 — specular reflector,
3 — polished CslI crystal

The mirror projected the sample image to the entrance slip of a prism
monochromator SF-4 which analyses the luminescence. A photomultiplier
tube FEU-100 was used as a photo receiver. The stray light profiles were reg-
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istered when (i) the sample holder was empty, (ii) a specular reflector was
used as a sample, (iii) a polished Csl crystal was selected as a sample, which
responding to excitation with a pulsed electron beam only with one band
luminescence at 310 nm.

It was found that the grating monochromator selecting a UV-light line
from 240 to 340 nm gives raise stray light, whose profile is the wide struc-
tured band with maximum, which is found from 410 to 430 nm, respectively
(Fig.). Both samples the specular reflector and polished Csl stimulate the
specular reflection of stray light and as a result the band intensity increases
and a series of prominent narrow lines named ghost images appear. UV-pass
filter on the exit slit of the grating monochromator block all these ghost images.

The stray light profile caused by the prism monochromator is band with
maximum 330 nm. Installation of three additional absorbing screens inside
the monochromator eliminates the stray light. Although stray light distorts
only spectra of weak luminescent specimens, but the ignorance of the fact
might lead to a misconception about origin of luminescence caused by
dopants, such as Eu”*" ions in lightly-doped alkali halides, oxygen ions in al-
kali iodides, T1"-like ions in alkali halides at temperature lower 30 K.

1. S. Brown W.S. Tarrant. Optica Acta, 1978, 25, No. 12, 1175-1186
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Since early times of nuclear physics scintillation counters have been
served as one of the main detectors of nuclear radiations. In the first experi-
ments charged particles had been detected by the light flashes emitted when
the particles hit a zinc-sulphate screen. This light was registered with a na-
ked eye. By now a number of scintillation detectors types and detector sys-
tems were developed and used widely in high energy physics experiments to
detect charged and neutral particles in a large energy range from 1 keV to
hundreds of GeV.

Main classes of the scintillation materials are inorganic and organic scin-
tillators. Inorganic scintillators (mosly, inorganic crystals) are used first of all
for gamma detection providing high energy resolution up to 1% in a wide
energy range. A disadvantage of this material is a high price of the crystals
and its limited availability. Organic scintillators are used both for the calo-
rimetry and for precise time measurements. These are much cheaper than
crystal scintillators and provide a possibility to construct counters of various
shapes and very large sizes. The time resolution achieved with large size
counters based on the plastic scintillators is better than 100 ps.

It should be noted that a liquid and gaseous scintillators are exploited as
well in some experiments.

This review includes the present status of the scintillation technique use in
high energy physics experiments, main characteristics of the existing scintil-
lators, examples of experiments and a consideration of the further develop-
ment of this type of detectors.
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The present work deals with an optimization of composition and growth
parameters of YAG-based fibers and bulk single crystals to meet the re-
quirements to new HEP calorimeters. The key requirements to scintillation
fibers are light attenuation length of not less than 20—40 cm and fast scintilla-
tion decay time < 40 ns. Meanwhile, a reasonable fiber production cost may
be achieved by using cheap raw materials and fast fiber growth rates. As the
fast component decay time in “standard” YAG:Ce and LuAG:Ce garnets is
around 100 ns, two approaches to its reduction were proposed:

—  codoping with divalent cations (Mg®", Ca*") [1];
— transfer to Y;Al; ,Ga,O;,:Ce mixed compositions [2].

Light output, scintillation decay time and light attenuation length of
YAG:Ce and YAG:Ce,Mg fibers grown using raw materials from different
suppliers were tested in the present work. Fibers of 20-25 cm length
and various shapes and diameters were fabricated with the growth rate of
0.3 mm/min. No significant effect of raw material origin, fiber shape and crystallo-
graphic orientation on the parameters of YAG:Ce fibers was noticed. While the
light output of YAG:Ce,Mg fibers is rather good (>10000 phot/MeV), the
decay times and attenuation lengths are out of the target values. Mg codoping
reduces the decay times of the fast component down to 41-55 ns, but its con-
tribution is below 50 %. The Ce and Mg radial segregation in fibers is evi-
dently the main factors decreasing the attenuation length. We are attempting
to minimize the segregation by decreasing the fiber growth rate and tuning
the Ce/Mg ratio.

At the same time, the scintillation decay constant decrease down to 21 ns
was achieved in bulk YAGG:Ce mixed crystals by optimization of Al/Ga
composition in the host.

Y;Al5,Ga,0,:Ce crystals at 0.6 < x < 0.8 demonstrate a reasonable com-
bination of light output, decay constant, and show a good radiation hardness.
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(2014) 102
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RADIATION HARD ELECTRONICS FOR HADRON
COLLIDER EXPERIMENTS. LHC EXPERIENCE
AND PROJECTS FOR HL LHC

Singovski A.
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Alexander.singovski@cern.ch

The design of the LHC experiments presented an unprecedented
challenge for both detection technique and readout electronics . For the first
time the hadron collider experiments were equipped with the high resolution
high granularity detectors working with the extremely intense colliding
beams in radiation hard conditions and strong magnetic field.

The choice of the on-detector electronics technologies made at the time of
construction of the main LHC experiments with be reviewed. The expected
performance will be compared with the real achievements.

New challenges related to the HL-LHC upgrade and the currently
considered solutions will de discussed.

110



SYNTHESIS AND PROPERTIES OF POPOP STRUCTURAL
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Organic molecules which emit light in various spectral regions are widely
used in many fields of science and technology. For instance, aryl-substituted
violet-emitting oxazoles are among highly efficient luminophores. A burst of
interest towards this class of materials was triggered by their discovered ap-
plicability as activators in liquid and plastic scintillators. Moreover, they are
widely used as dyes for organic lasers and spectral shifters.

In previous works, we reported preparation of nanostructured organosili-
con luminophores (NOLs) which combine the best properties of quantum
dots with those of organic luminophores [1, 2]. One of the prospective com-
pounds to be applied for NOLs architecting is a blue-emitting luminophore
1,4-bis(5-phenyloxazolyl-2)benzene (POPOP). It has a high PLQY along
with a large Stokes shift. The main technique for its preparation is Robinson-
Gabriel synthesis. This method is yet not suitable for the preparation of POPOP
organosilicon derivatives as the latter are not stable in acidic conditions.

In this work novel trimethylsilyl derivetives of 1,4-bis(5-phenyloxazolyl-
2)benzene (POPOP) and 1,4-bis(2-phenyloxazolyl-5)benzene (iso-POPOP)
structural isomers — TMS-POPOP-TMS and TMS-isoPOPOP-TMS were
synthesized. The investigation of spectral luminescent properties of the syn-
thesized linear oligo phenyloxazoles and their organosilicon derivatives re-
vealed that all of them possess high PLQY's (85-96%) and molar extinction
coefficients up to 70200 L-mol”-cm™. Absorption and emission maxima vary
within 357-366 nm and 406422 nm respectively. Single-crystal X-ray dif-
fraction experiments reveal important structural differences between the lat-
tices. The angle between the molecular planes and positions of the nitrogen
atoms is different for POPOP and iso-POPOP structure. Quantum mechani-
cal characteristics of the linear oligo phenyloxazoles synthesized also were
calculated via TD DFT. The obtained values were compared to experimental
data of optical spectroscopy and cyclic voltammetry.

In addition, we examined the photooxidation stability of synthesized lu-
minophors in THF solution under UV irradiation. It has been found that
compounds containing POPOP-like fragment more resistant to degradation
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than the isoPOPOP derivatives. Moreover, the calculated half-life of TMS-
isoPOPOP-TMS and isoPOPOP luminophores was 19+/-4 and 21+/-4 min
respectively. Whereas half-life for POPOP and TMS-POPOP-TMS was
twice more and reached 37+/-4 and 39+/-4 minutes, respectively.

The novel trimethylsilyl derivatives of phenyloxazole synthesized in this
work may find application in organic photonics due to high photolumines-
cence quantum yields, large molar extinction coefficients as well as suffi-
ciently high photo- and thermostability.

This work was supported by Russian Foundation for Basic Research
(Ne 16-33-01100).

1. Ponomarenko S.A. et al. Sci. Rep. (2014) 4:6549
2. Skorotetcky M.S. et al. Silicon (2014) 7:191-200
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SYNTHESIS AND SPECTRAL-LUMINESCENT
PROPERTIES OF Bal,:Eu’"**, M POWDERS (M = Li*, Na*, K"

Solomakha T.A., Tretyak E.V.
Research Institute for Physical Chemical Problems of the Belarusian State University,
Minsk, Belarus

tanja_313@mail.ru

Nowadays there is a large variaty of scintillator materials which find ap-
ply as detectors of photons and high-energy particles in areas such as high
energy physics, nuclear physics, medicine, national security, exploration and
so on. Among the scintillation materials halide compounds in comparison
with oxide holds the record in energy resolution (LaBr;:Ce) [1] and light out-
put (Srl,:Eu) [2]. Due to the relatively low cost and availability halides of
alkaline earth elements are sufficiently attractive for mass use. However,
their high hygroscopicity and structural anisotropy does not allow to obtain
these compounds as a high quality single crystals. Thus, the actual problem is
the synthesis of these compounds as powders with different morphology for
further creation of various fluorescent materials on their basis, such as ceram-
ics or glassceramics. In accordance with the foregoing, the aim of this work
was to develop a reliable method of the synthesis of barium iodide powders
doped with europium, and investigate the influence of synthesis conditions
on the spectral-luminescent properties.

Bal,:Eu powders were obtained by heat treatment of an equimolar mix-
ture of BaCO3: Eu and ammonium iodide in an inert atmosphere at 380°C [3].
It was found that the spectral-luminescent properties of Bal,:Eu powders, in
particular the ratio Eu”"/Eu’", in a large extent depends on the synthesis pa-
rameters, such as the synthesis temperature, concentration of the ion-
activator, the ratio of the components, the morphology of the precursor parti-
cles, etc. In order to influence the ratio of ions Eu’’/Eu’" in the samples the
effect of the addition of single-charged cations, such as: Li" Na', K" was in-
vestigated. It was found that with monovalent cation radius decreasing occurs
shift of the luminescence band maximum characteristic for Eu*" ions in the
structure of Bal, to longer wavelengths. The mechanism of single-charged
cation additions effect will be discussed in details in the report.

1. Alekhin M.S. et al. Applied Physics Letters. 2013. Vol. 102
. Rowe E. et al. IEEE transactions on nuclear science. 2013. Vol. 60. P. 1057
3. Solomakha T.A. International Conference Condensed Matter Research at the
IBR-2. 2015. P. 9697
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SELF-TRAPPING OF CHARGE CARRIERS IN Li,M0O,
AND ZnMoO, CRYOGENIC SCINTILLATORS
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Moscow, Russia
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Molybdates are perspective materials for the cryogenic scintillating
bolometers that operate in an ultra-low temperature environment (tens of
mK). Crystals with light cations of Zn and Li are of particular interest for this
application. The absence of heavy elements and relatively high mass concen-
tration of molybdenum in the crystal make them very promising for registra-
tion of extremely rare processes. Nowadays, ZnMoO, crystals are used for
the construction of a next-generation Neutrinoless Double Beta Decay ex-
periment within the LUMINEU project [1]. Extensive studies of luminescent
and scintillation properties for Li,MoQO, are performed as well [2, 3]. The
advantage of Li,MoO; is that the growing of bulk crystals is easier in com-
parison to ZnMoO,. However, the disadvantage of both crystals is low light
yield — 0.7 keV/MeV for Li;Mo0O, and 1.2 keV/MeV for ZnMoQ,. Here we
discuss the origin of the trap centers in the ZnMoO, and Li,MoO, scintilla-
tors and their influence on the scintillation light yield.

The ZnMoO, and Li,MoO, single crystals were grown by low tempera-
ture gradient Czochralski technique. Luminescence under UV- and X-ray
excitation, TSL glow curves and spectra were measured using a laboratory
setup. The EPR measurements on the ZnMoO, and Li,MoQO, samples were
performed at X-band (microwave frequency f'~ 9.2-9.5 GHz) on a standard
EPR spectrometer in the temperature range 10-290 K using an Oxford In-
struments cryostat.

The origin of the hole and electron traps is studied for Li;M0QO, using the
EPR and TSL techniques. It was shown that charge carriers are trapped by
the regular complexes at low temperatures. A similar effect was observed in
ZnMoOQ,. The co-existence of self-trapped electrons and holes prevents their
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migration to emission centers and results in a considerable decrease of lumi-
nescence intensity at low temperatures in ZnMoQO,. However, a different
temperature dependence is observed for Li,MoQ,. In spite of the different
influence of the self-trapping effect on the temperature dependence of lumi-
nescence intensity its value is comparable in both studied crystals at low
temperatures (T < 10 K). The influence of charge carriers self-trapping on the
scintillation process at low temperature is discussed.

1. http://lumineu.in2p3.fr/

2. T.B.Bekker, N. Coron, F.A. Danevich et al. Astroparticle Physics 72 (2016) 3845
3. D.A. Spassky, V. Nagirnyi, A.E. Savon et al. J. Lumin. 166 (2015) 195-202
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CMS-EXPERIMENT RESULTS
AND FUTURE PLANS FOR UPGRADE

Suarez J.
Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus
Suarez@hep.b

A detailed review of latest results of the experiment CMS (Compact
Muon Solenoid) at LHC (Large Hadron Collider) is given. Special attention
is put to results presented by CMS during the summer conference ICHEP
2016 (38" International Conference On High Energy Physics) in Chicago,
USA. The bulk of CMS results in ICHEP 2016 was presented for analysis,
carried out with 3 b of data, collected at LHC during the first half of 2016.
The second half of the review is devoted to considering the plans for CMS
Upgrade during Phase II and the completion of works during phase I.
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ENERGY RESOLUTION OF LaBr;:Ce, CeBr; AND Ce:GAGG
CRYSTAL SCINTILLATORS IN COMBINATION WITH
DIFFERENT TYPE PHOTOMULTIPLIERS,

AS WELL AS WITH SI-PHOTODIODES, TO BE USED
FOR DETECTION OF COSMIC GAMMA-RAYS

Svertilov S., Bogomolov V., Iyudin A., Maksimov 1.,
Markelova A., Rozhkov G., Yashin 1.

Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics,
Moscow, Russia
sis@coronas.ru, bogovit@rambler.ru, aivudin@srd.sinp.msu.ru,
maximovl234@yandex.ru, iskandera@inbox.ru, egorrgv@mail.ru ,
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We have studied and report here the performance of different detectors of
cosmic gamma-rays, that are using modern type scintillating crystals like
LYSO, YSO, LaBr;:Ce, CeBr; and Ce:GAGG.

The detector itself is based on the use of scintillating crystal and of
different type photosensor which were exposed to the conventional set of
radiuoactive isotopes.

Energy resolution of gamma-ray detectors as derived for different
combinations of scintillating crystals and photosensors, and of detector
potential use will be discussed in this talk.
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A WAY TO OBSERVE CHANNELING
AND QUASICHANNELING OSCILLATIONS
IN BENT CRYSTALS

Sytov A. L."%, Tikhomirov V. V.!
!Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus
2Universita di Ferrara & INFN Sezione di Ferrara, Ferrara, Italy
alex_sytov@mail.ru

The report is addressed to the peculiarities of charged particle trajectories
under the conditions of channeling effect and beyond but close to these con-
ditions, so-called quasichanneling. Charged particles oscillate in a bent crys-
tal in a transverse direction under both channeling and quasichanneling
conditions.

We demonstrate both by theory and simulations [1, 2], that these oscilla-
tions are transformed into series of peaks in the deflection angle distribution
and, therefore, can be directly observed experimentally.

For channeling oscillations it is possible only for positive particles while
for quasichanneling for particles of both signs. Also, in the first case the
peaks in the deflection angular distribution are equidistant, while in the sec-
ond one the interpeak angular distance is changing proportionally to the
length of oscillations.

We provide the theoretical constraints for experimental observation of
both effects. In addition, we discuss their possible applications. In particular,
it is possible to use the measured interpeak distance to specify the bent crys-
tal parameters as well as to considerably increase the accuracy of crystal
alignment. The latter has a crucial significance in the application of the bent
crystal in beam collimation, extraction and e.m. generation.

1.
2.

L. Sytov et al. Eur. Phys. J. C 76 (2016) 77
I. Sytov, V. V. Tikhomirov. Nucl. Instr. and Meth. in Phys. Res. B 355 (2015)
383-386

A.
A.
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BASIC AND APPLIED SCIENCE AT THE PORTAL
OF NUCLEAR KNOWLEDGE BelNET

Sytova SN., Charapitsa S.V.! Kovalenko A.N.',
Mazanik A.L.!, Sidorovich T.P.?
! Institute for Nuclear Problems of Belarusian State Univesity, Minsk, Belarus
’Brest State Technical University, Brest, Belarus

Creating specialized educational and research portal of nuclear knowledge
BeINET (Belarusian Nuclear Education and Training) is an important step at
the stage of the Belarusian nuclear power plant construction, since by the
IAEA recommendations, each country forming nuclear industry must have an
original national portal of nuclear knowledge, integrated into the global nu-
clear knowledge management system.

BeINET was developed on the basis of the Belarusian content manage-
ment system (CMS) for educational and scientific portal eLab-Science based
on free software. Here we realized all necessary functions of the portal, in-
cluding the ability to remotely edit the portal structure and recording docu-
ments, various sorting and filtering tools, as well as some levels of access to
documents depending on the user rights. CMS eLab-Science provides, inter
alia, the ability to enter text, formulas in LaTeX-like form, input of different
types of files, photos, images, video etc. Principles of organization of users
access in the portal BeINET are in multiplayer mode with on-line data entry
by filling in web forms, separation of access rights of different categories of
users to data and user interface. Work is occurred through the Web-based
interface of the widespread browserss.

At present a pilot version of BeINET is located here:
https://bsu.inpnet.net/belnet. Now the portal content includes more than 400
different documents on the following themes: management of nuclear knowl-
edge, nuclear energy as a factor of sustainable energy development, basic
science, applied science, glossary, analytical review of the terms, laboratory
works for students, radiochemistry, water-chemical regimes of nuclear power
plants, biographies of Belarusian scientists, news, useful links, forums, re-
sources and others.

Sections "Basic Science" and "Applied Science" (see Fig.) include the
most interesting and important materials of several international conferences,
which took place in Belarusian State University in 2014-2015. There are the
4th International Conference ISMART 2014 (“Engineering Scintillation Ma-
terials and Radiation Technologies”, October 12—16, 2014), the 64-th Interna-
tional Conference "Nucleus-2014" (“Fundamental Problems of Nuclear Phys-
ics, Atomic Power Engineering and Nuclear Technologies”, July 1-4 2014),
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the International Workshop "Modern Nuclear-Physical Methods of Research
in Condensed Matter Physics" (September 15-16, 2015). This section in-
cludes also materials of monographs and scientific works of Belarusian scien-
tists. The materials of ISMART 2016 will be placed on BeINET immediately
after its finish.

-
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Belarusian Nuclear Education and Training Portal -
BeINET

Fig. Section “Applied Science” at BelI\}ET N

Why is it important to include materials from the field of basic and ap-
plied science, conference proceedings in the portal content? Portal users, es-
pecially the younger generation, interested in nuclear knowledge (students
and pupils) need to have always serious materials on hand. The user can use
the Google search of course. But such a search often yields a great number of
references to journal articles, offered be bought for the money, that is unac-
ceptable for our users. Also, in such a search links to dubious or erroneous in
the scientific sense materials can mislead the user. The portal developers are
very responsible in selection of materials and ensure that all the materials on
BeINET are useful and interesting to users.

Work is executed in frame of State Scientific Program "Energy systems,
processes and technology", the Subprogram 3 "Nuclear energy and nuclear
physics technology".
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FAST OPTICAL PHENOMENA IN SELF-ACTIVATED
AND CE-DOPED MATERIALS
PROSPECTIVE FOR FAST TIMING
IN RADIATION DETECTORS

Tamulaitis G.'*, Auffray E.%, Augulis R.", Buganov O.*, Fedorov A.",
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The time resolution of the next generation radiation detectors for high-
energy physics experiments and medical applications is targeted at 10 pico-
seconds. Consequently, novel pproaches in scintillation detectors and their
application techniques are necessary to meet his ambitious target. In this re-
port, a review of the recent results on fast optical phenomena in scintillation
materials, which have been obtained in collaboration between the researchers
of CERN, Vilnius University, Institute for Nuclear Problems and the Ste-
panov Institute of Physics in Minsk is presented.

Our study was aimed at verifying the potential of scintillation materials
for fast timing in high-energy physics experiments, positron emission tomo-
graphy, and positron annihilation lifetime spectroscopy. Two-photon absorp-
tion, free carrier absorption and the fast rise in photoluminescence (PL) re-
sponse to short-pulse excitation have been investigated. Two types of scintil-
lation materials, self-activated lead tungstate (PWO, PbWO,) and Ce-doped
garnets (gadolinium aluminum gallium garnet Gd;Al,Ga;04,, GAGG, and
yttrium aluminium gallium garnet Y;Al,Ga,Oy, , YAGG) were under study.

The optical pump and probe technique was exploited for the study of the
two-photon absorption and free carrier absorption. The time resolution in
these experiments was limited by the duration of the laser pulses used and
was in femtosecond domain. The effect of irradiation on the two-photon absorp-
tion was demonstrated by using a >’Co source of gamma radiation (122 keV,
2 mCi). A streak camera was used to accomplish the time-resolved photolu-
minescence (TRPL) spectroscopy, which was exploited to study the lumines-
cence response to a short-pulse excitation. The best time resolution in the
TRPL experiments was 3 ps.

We show that the pump-induced absorption in PWO is caused by two-
photon absorption involving one probe and one pump photons, has the rise
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time shorter than the pump pulse width of 200 fs and is influenced by gamma
irradiation. We demonstrated that the free carrier absorption in PWO and
YAGG:Ce crystals is caused by free electrons appearing in the conduction
band in the sub-picosecond time domain, whereas the free carrier absorption
in GAGG:Ce is dominated by free hole absorption appearing in the valence
band via 8S—>6D7/2’9/2 intra-center transition of Gd*" ions with characteristic
time of few nanoseconds. A sub-picosecond PL rise time is observed in
PWO, while longer processes in the PL response in GAGG:Ce are detected.
The mechanisms limiting the rise time of PL response are discussed.
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SCINTILLATION CRYSTALS GROWTH METHODS
FOR LABORATORY RESEARCH AND INDUSTRIAL
PRODUCTION

Taranyuk V.IL
Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
taranyuk@isma.kharkov.ua

From R&D to industrial production the success in obtaining scintillation
crystals with a high scintillation performance depend on the choice of crystal
growth method. In laboratory, when researcher chooses the crystal growth
method his purpose is to obtain series of small experimental samples of crys-
tals. In the case of mass production it is necessary to use high productivity
methods with cost minimization. The choice can be done as between tradi-
tional crystal growth methods like method Bridgman [1], method Czochralski
[2] and their modifications [3] so between alternative approaches [4, 5].

The aim of this work is to make a review of the state of the art of scintilla-
tion crystals growth methods which are used in laboratory research and in-
dustrial production. It will be considered traditional methods of crystal
growth and alternative solutions aimed at simplification of technological
process, increase of growth equipment productivity and decrease of
crystal cost.

1. P.W.Bridgman. Proc. Am. Acad. 1925. 60. P. 305
. Czochralski J. Zs. Phys. Chem. 1917. 2. P. 219

3.  L.G. Eidelman, V.I. Goriletsky, V.G. Protsenko et. al. Journal of Crystal Growth.
1993. V. 128. P. 1059-1061

4. V. Taranyuk, A. Gektin, I. Kisil et al. Journal of Crystal Growth. 2011. Ne 318.
P. 820-822

5. T. Berthold, H.B.Kdinger, J. Stielfried. Journal of Crystal Growth. 2000. V. 217.
P. 441-448
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MICROTHEORY OF SCINTILLATION
IN CRYSTALLINE MATERIALS

Vasil’ev A.N.

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University,
Moscow, Russia
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The review of the processes in solid state scintillators is presented. All
steps of the transformation of energy in scintillators (production of secondary
electronic excitations, thermalization, migration and recombination, photon
emission) are observed. The processes at these steps are characterized by
quite different spatial and time scales. These scales differs for various classes
of scintillators, depending on electron structure of conduction and valence
bands, energy position of core levels, phonon spectrum, presence of activa-
tors and dopants. Therefore the microscopic structure of electronically and
vibrationally excited regions is material dependent. In general this structure is
characterized by high non-homogeneity. For instance, in crystals consisted
from heavy ions with several low-energy core bands the effect of the clusteri-
zation of secondary electronic excitations plays important role in formation
of new emission centers. We discuss the estimation of the scintillation yield,
non-proportionality, energy resolution and decay characteristics based on the
analysis of elementary processes in scintillators.
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OPTICAL AND SCINTILLATION PROPERTIES
OF Ce-DOPED (Pb,Gd);(AL,Ga)sO,; EPITAXIAL
GARNET FILMS
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The garnet single crystalline films of Ce-doped (Pb,Gd);(Al,Ga)sO,
(Ce:GAGQG) which are grown by liquid-phase epitaxy (LPE) from a super-
cooled PbO-B,0; based melt solutions possess scintillation properties [1]
and have been already applied as a phosphor in the construction of an elec-
tron-optical converter [2]. During the epitaxial process the film captures sol-
vent impurities from the melt solution: Pb>*, Pb*'ions and also Pt*" ions due
to the dissolution of a platinum crucible. The concentration of these ions can
be controlled. For example, the Pb*" and Pb*" ions can be avoided by chang-
ing of the oxide concentration in the melt solution and the growth tempera-
ture. However this method does not allow to get rid from Pb*" ions. In this
regard, one can assume the formation of Ce*" centers in the epitaxial films
Ce:GAGG in the case of the presence of Pb>" impurity ions.

Here we report the results on the growth, optical and scintillation proper-
ties of Ce-doped (Pb,Gd);(Al,Ga)sO,, epitaxial garnet films.

The garnet films were grown on (111)-oriented single crystal Gd;GasO,
substrates by LPE from a supercooled PbO-B,0; based melt solutions with
gadolinium oxide (C(Gd,0s)) concentrations between 0.2 and 0.5 mol% in
the mixture, C(CeO,) concentrations 0.2 and 0.3 mol% and C(Al,05) concen-
trations between 2.1 and 4.5 mol%. Studies of the optical absorption of the
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grown films have shown that the increase of aluminum concentration shifts
the absorption band of the 5d, level to longer wavelengths and the absorption
band of 5d, level — to shorter wavelengths. The films grown from the melt
solution with C(Gd,03) = 0.5 mol% in the mixture have shown broadening of
the absorption band of the 5d, level. The effect is attributed to the formation
of Ce*" centers near the bottom of the conduction band. The emission spectra
of the Ce-doped (Pb,Gd);(Al,Ga)sO,, films at interband excitation contained
a broad luminescence band in the 475-700 nm range with maximum at 532
nm (2.33 eV). The most intensive luminescence was observed in the
Pbg1Ce.03Gd; 06Al5.14Ga; 3601, film which was grown from melt solution
with C(CeO,) = 0.2 mol% and C(Gd,03)=0.4 mol%. The luminescence decay
curve for this film was modeled by triple-exponential decay law with parame-
ters ;= 2.1 ns (2%), 1, = 24.9 ns (30%) and 3= 61.0 (68%). The mean scin-
tillation decay time in this film was 43 ns. The light output was ~25000 pho-
ton/MeV by electron excitation at 50 keV and ~20000 photon/MeV by the
Radio Isotope source at 32 keV.

1. Vasil’eva. N. V., Spassky D. A., Randoshkin I. V. et. al. Materials Research
Bulletin. 2013. V. 48. Issue 11. P. 4687

2. Vasil’ev D. A., Vereshchagin K. A., Vereshchagin A. K. et. al. Prikladnaya
Fizika. 2015. No.4.P. 5
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DEMAND FOR A NEW DETECTING MATERIALS
FOR OIL AND GAS EXPLORATION

Vasilyev M. , Khabashesku V.
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Oil well logging has been known for many years. It provides an oil and
gas well driller with information about the particular earth formation being
drilled. In conventional oil well logging, during drilling and/or after the well
has been drilled, radiation detectors and a radiation source, combined into a
tool, may be conveyed into the borehole and used to determine one or more
parameters of interest for the formation. Well logging progress has also fol-
lowed the progress in the development of scintillation materials. The first
generation of the tools was able to measure formation natural gamma
radioactivity (NGR). The modern NGR tools can provide a log of total
gamma ray intensity as well as spectral gamma ray measurement. The
spectral measurement is important to discriminate the presence and
contribution of Potassium (K), Thorium (Th) and Uranium (U). Reading from
NGR logging tools can be correlated with NGR spectrometric systems used
on the surface to measure geological cores. Another category of wireline
tools use radiation sources to expose the formation. A typical tool includes
one of gamma ray source, chemical neutron source or pulse neutron generator
(PNG) (14 MeV neutrons source) and one or more detectors placed some
distance from the source of radiation. Moreover, modern detectors have to
survive temperatures above 175°C. The requirements for scintillation
materials are even stricter when the tool is used while drilling. Such Logging
While Drilling (LWD) tools are powerful instruments for in-earth navigation.
However, these tools are subject to vibration while drilling. Therefore, the
mechanical stability of the scintillation material and its resistance to cracking
are crucially important requirements for LWD applications. In this paper, we
discuss the requirements for new detectors and new detecting techniques used
in the nuclear well logging in both wireline and LWD logging modes. The
selection of the scintillator crystals is usually application dependent. Among
many new crystals, there are some with very desirable attributes but with
internal radioactivity. Some might perform quite well at higher temperature.
A detailed discussion of crystal scintillators with and without internal
radioactivity, nanostructured glass ceramics and related temperature
requirements and their suitability to various applications will be provided.
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RARE-EARTH DOPED SILICA-BASED OPTICAL FIBERS
FOR HIGH ENERGY PHYSICS DETECTORS
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Previous studies demonstrated that rare-earth doped silica glasses pre-
pared by sol-gel route are suitable materials for the realization of scintillating
optical fibers, opening their application perspectives in medical imaging sys-
tems [1, 2]. The present work is aimed at the investigation of the optical
properties of Ce and Pr doped silica fibers under strong irradiation fields, in
order to verify the possibility to employ them also in High Energy Physics
experiments.

Photo- and radio-luminescence measurements have been coupled to opti-
cal absorption and attenuation length investigations, obtained before and after
irradiation with X rays and with ®°Co gamma rays. Comparisons between
bulk preforms and fibers have been performed in order to disclose the role of
the fiber drawing process in the radiation hardness. Fibers with fluorinated
glass or polymeric cladding have also been compared.

The evolution of the optical absorption spectra as a function of recovery
time has been investigated in order to understand the room temperature sta-
bility of point defects acting as color centers. Moreover the samples have
been treated with thermal annealing cycles up to 800 °C, to check the tem-
perature activated carrier release from radiation-induced defects and the pos-
sibility of a complete recovery of the damage.

Eventually, photoluminescence time decays and light yield measurements
have been carried out on bulk samples to better investigate the application
perspectives of such kind of material as scintillator in High Energy Physics
detectors.

1. A.Veddaetal. Appl. Phys. Lett. 85, 6536 (2004)
2. L. Veronese et al. Appl. Phys. Lett. 105, 061103 (2014)
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'P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia
’D.Mendeleev University of Chemical Technology of Russia, Moscow, Russia
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*Bauman Moscow State Technical University, Moscow, Russia
ilthar@mail.ru, mihhail.danilkin@ya.ru

Lithium tetraborate is a well-known base material for tissue-equivalent
radiation detectors. Doping with transition metals is essential to introduce
trapping and luminescence centres. The most studied materials are
Li,B407:Cu, Li,B;0;,:Ag, and Li,B40;:Mn. Despite of multiple publications,
no general approach has been developed yet to the problem of trapping
centres formation. Nevertheless, there is enough information to formulate
some basic ideas. According to the studies of the behaviour of transition
metals in glasses, there are two principal different positions to adopt the
impurity into the framework. First one is characterized with more covalent
bonds with oxygen and coordination number 4. This position causes one
bond with oxygen to be weakened, and a hole if preferably captured at the
oxygen near such an impurity. Another position is characterized with less
covalent bonds and with a higher coordination number (usually 6). This
position promotes electron capturing, with the latter being shared between an
impurity and the closest boron. The situation seems to be very similar in
doped with d-elements Li,B,O, [1, 2]. This behaviour is connected with
coordination and bonding properties of d-orbitals. When Li,B40O; is doped
with two impurities, the concurrent incorporation occurs. Some impurities
win the tight 4-coordinated position in the framework, the other are moved to
loose 6-coordinated position where they can occur both as isolated ions and
as the impurity clusters. The concurrent incorporation of Be and Mn into
Li,B40; is a good example [3], where Mn is removed from 4-coordinated
positions by Be. We have tried different impurity pairs, Mn-Sn, Eu-Be, Mn-
Zn, and some others. Here we compare two impurity systems, Be-Mn and
Zn-Mn. The basic idea is to adjust the temperature of hole release to be
suitable for most industrial TLD readers. The main dosimetric peak occurs in
Li,B;0,:Be,Mn system at too high temperature (535 K), while Li,B;0;:Zn,Mn
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gives the TL curve at lower temperatures (470 K). However, the efficiency of
Zn incorporation under the same conditions is somewhat lower than in case
of Be, so the additional technological studies are required to improve the
sensitivity of Li,B407,:Zn,Mn system which is presently lower than that of
Li,B4O7:Be,Mn.

1.

2.

A.T.Brant, D.A.Buchanan, J.W.McClory, P.A.Dowben, V.T.Adamiv,
Ya.V. Burak, L.E. Halliburton. J. Lumin, 139 (2013) : 125-131

A.T.Brant, B.E.Kananan, @ M.K. Murari, J.W. McClory, J. Petrosky,
V.T. Adamiv, Ya.K. Burak, P. Dowben, L.E. Halliburton. J. Appl. Phys., 110,
093719 (2011)

A. Ratas, M. Danilkin, M. Kerikmée, A. Lust, H. Méndar, V. Seeman, G. Slavin.
P. Est. Acad. Sci., 61 (2012) : 279-295
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Lithium fluoride nanocrystals are irradiated by gamma quanta at 77 K.
The radiation color centers formed in a near-surface layer of nanocrystals are
studied. Absorption, luminescence and luminescence excitation spectra of the
surface defects have been measured. It has been found that the luminescence
excitation spectra for aggregated surface centers consist of two or three bands
with not very much different intensities. Reactions of the surface centers
separately with electrons and with anion vacancies have been investigated.

It is shown that after y-irradiation in a near-surface layer and in areas with
the broken by laser light crystal structure inside a lithium fluoride crystal the
same near-surface color centers are formed.

Results of pre-irradiation annealing influence on efficiency of formation
of the near-surface color centers in lithium fluoride nanocrystals are pre-
sented. The measured at registration wavelength A.., = 670 nm photolumines-
cence excitation spectra normalized to a maximum intensity for different pre-
annealing temperatures are shown in Fig. The bands with maximum wave-
lengths A, = 393, 493 and 564 nm belong to Fg;" near-surface color centers,
and bulk F, color centers are responsible for the band with A, = 444 nm. The
increase of the pre-irradiation annealing temperature from the room one to
250 °C leads to considerable reduction of near-surface centers formation effi-
ciency. At pre-irradiation annealing temperatures about 300 °C and above the
near-surface color centers after gamma irradiation are not found. The me-
chanical fragmentation of the crystal or destruction of the bulk crystal struc-
ture by laser radiation creates definite defects which are base to create inves-
tigated near-surface centers. Pre-irradiation annealing eliminates these de-
fects and conditions necessary for the formation of near-surface color centers.

It is established that adsorption of atmospheric gases on a surface of a
crystal can't be considered as a necessary condition of radiation near-surface
centers formation.
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Measurements of photoluminescence and thermoluminescence glow
peaks for dosimeter TLD-100 as well as for nanocrystals prepared from these
dosimeters were carried out. The differences were established.
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Fig. Normalized to the maximum photoluminescence excitation spectra for
LiF nanocrystals measured at registration wavelength A,., = 670 nm for
different pre-annealing temperatures T,,, = 100 (1), 150 (2), 200 (3) and

300 (4) °C before gamma irradiation
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FIBER-OPTIC LINKS IN THE DISTRIBUTED RADIATION
MEASURING SYSTEMS

Vorobiev V.A., Obudovskii S.Yu., Batyunin A.V., Kashchuk Yu.A.
Institution "Project Center ITER", Moscow, Russia
Y.Kashchuk@iterrf.ru

This report presents the results of design of distributed ionizing radiation
measuring systems with fiber-optic links. The works are carried out as a part
of neutron flux monitor development for the International Thermonuclear
Experimental Reactor ITER being built at the moment in France.

Diagnostic equipment in ITER will operate at the harsh environment
(intensive neutron and gamma radiation, strong magnetic field, microwave
and RF radiation, electromagnetic interference, electrical safety and electrical
isolation requirements, and others). One of possibility to avoid signal
corruption is an implementation of fiber-optic link.

Currently, we are considering two options for neutron flux measurement
system with signal transmission via fiber-optic link (see figure below).

Option A

rReacmr area Danger area Safe area
) ) o . PXle
Detector Preamp [ Transmitter ¢t ————Fiber-Optic Link————0 Reciever > ADC [ . I~ PC
interface

J

Option B

Reactor area Danger area ( Safe area
! PXle
<- Preamp |- ADC  [>| Transmitter %ber-omcmk[ Reciever (> FPGA [ interface [ 1 PC
J

Option A has been realized with «<AVAGO» components HFBR-1414Z
(transmitter) and HFBR-2414Z (receiver). To transmit analogue signals we
use a multimode fiber-optic 62.5/125 with ST connectors. Fiber-optic link
has the following specifications:

*  bandwidth (level -3dB) 10Hz + 50MHz;
*  dynamic range 60dB;

* non-linearity gain less 0.6%;

* input 1V;

*  transmission ratio of 1.

For the option B is designed 3-channel acquisition system based on a fast
digitizer (ADC). A feature of this system is the performance of fiber optic
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adapter as FlexRIO module for direct digital data transfer to commercial
available FPGA module. The system has following parameters:

*+ ADC - 14 bit;

+ sampling rate — 100 MHz;

» channels for measurement data signals transmission — 3;

» channels for transmitting test signals — 1;

» channels for two-way digital data transmission — 1 (8 bits).

The works was carried out in the framework of the State Contract Ne
H.4x.52.95.16.1042
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The obtaining of selective scintillators for monitoring of mixed neutron-
gamma radiation fluxes is a topical problem. For its solution, KDP group
crystals (KH,PO,, NH,PO, LiH,PO,) seem to be promising, due to their den-
sity of 2.34 g/em’, effective atomic number Z = 14, oxygen content of
~10"cm™. Moreover, such crystals weakly absorb gamma-quanta. In the pre-
sent research we studied the possibility to obtain a scintillation matrix for
selective registration of fast neutrons by introducing activating additives
(thallium, cerium, etc.) into the lattices of KDP group crystals.

KDP and ADP crystals activated with thallium (Cy; =107°+10 'mass %)
or cerium (C¢, =107+10 'mass %, by using the organic ligand alizarin-
complexon AC+Ce) were grown from aqueous solutions. The character of
the entering and distribution of thallium was shown to be defined by the
charge state of the prismatic and pyramidal growth faces {100} {101} of the
crystals, and be dependent on the difference between the ionic radii of the
lattice and the additive cations. LDP single crystals were grown from phos-
phate solutions by the method of evaporation and activated with derivatives
of salicylic acid.

The absorption and luminescence spectra of the grown crystals were
studied. As is known, thallium ions have the ground level 1S, and a number
of excited levels such as 'P, °Py, °P,,°P,. In the crystal lattice field of the
tetragonal symmetry of KDP crystal, the allowed transitions are: 'S, —°P,
(absorption band A), 'Sy —’P, (absorption band B), 'S, —'P;(absorption band
C). The absorption spectra of KDP:T1" and ADP:TI" contain A-, B- and C-
bands absent in the spectra of the non-activated crystals. The maximum of the
A- band corresponds to 220 nm (at room temperature). UV-excitation in this
band gives the maximum of the photoluminescence band of 275 nm. The
Stokes shift is 55 nm. The absorption and luminescence spectra of LDP cor-
respond to 300 and 450 nm, respectively.

The absorption spectra of KDP:(AC+Ce) crystals contain two absorption
bands with Apa = 470 and 290 nm bound up with the ligand and Ce’" absorp-
tion, respectively. The crystals possess dichroism. Excitation with 290 nm
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light gives rise to luminescence with A, = 350 nm due to the interconfigura-
tional transitions 5d—4f of the shell of Ce*" ions, whereas excitation at 470
nm causes long-wavelength luminescence with A.x = 650 nm which is the
luminescence band of the said ligand.

Irradiation of the activated crystals with neutrons from Pu-Be source
leads to scintillations caused by the formation of recoil protons in elastic col-
lisions of fast neutrons with the hydrogen sublattice. In their turn, the recoil
protons form hydrogen vacancies in the phosphate anionic complex followed
by the appearance of the A-radical : (H,PO4)” + n — p + (HPO,)". The latter
is a hole located on an oxygen ion in the vicinity of a hydrogen vacancy. Re-
combination of an electron-hole pair on the activator gives rise to a radiolu-
minescence pulse which maximum corresponds to photoluminescence emit-
tive transitions. The efficiency of fast neutron registration makes 12—15%,
that is on the level with that of anthracene. The registration efficiency for y-
quanta from ®Co is by an order lower in comparison with the one of anthra-
cene. AtE ,=0.83 +1.33 MeV &7/ € " xpp = 10.
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AFTERGLOW OF SCINTILLATOR CsI(Tl) IRRADIATED
GAMMA RAY OF DURATION 1+10 ps

Yamny K.O.', Frantskevich A.V 2
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ADANI, Minsk, Belarus
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In some references [1-3] it is indicated high value of the effect of the af-
terglow of scintillators Csl (TI) — up to 5% in 3-5 ms after irradiation. This
factor makes the developers of imaging systems to refuse the use of the scin-
tillator, as the impact of the effect of the afterglow of the scintillator crystal
used in the imaging system, limits the contrast of the resulting image. How-
ever, studies of the afterglow are usually conducted under conditions of pro-
longed exposure — from 100 milliseconds to tens of seconds. In [4, 5] it is
indicated that the afterglow of Csl (T1) is dependent on pulse duration and
intensity of radiation. It should be noted that in some systems of digital imag-
ing the duration of gamma radiation pulse is less than 10 microseconds. For
example, the pulse duration of betatron, which are used in imaging systems
of large objects, is about 5 microseconds.

For measuring of the afterglow when irradiated with pulsed radiation of
the betatron frequency pulses 400 Hz and duration 1-6 microseconds it was
performed an experiment using the developed system of detectors. The ex-
periment shows that the magnitude of the afterglow effect is not more than
0.15% on the value of the detector signal over 2400 ms (see Fig.).
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Fig. Afterglow of Cs/(T]) when duration of pulse less than 10 psec
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Thus, in this case, the effect of the afterglow of the scintillator CsI (TI)
has no significant effect on the result of the radiation intensity measuring and
contrast of the shadow image as a whole.

1. P. Rodnyi. Physical Processes in Inorganic Scintillators. CRC Press, Boca Raton,
New York, (1997) 6: 219

G. F. Knoll. Radiation Detection and Measurement. NY: Wiley. (1989) 10: 754
http://www.crystals.saint-gobain.com/

E.E. Ovechkina et al. Rad Meas. Vol. 42. (2007) 541-544

Z.B. Alfassi et al. Nucl. Instr. Meth. Phys. Res. Vol. 606. (2009) 585-588

LAl
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Perspective direction of development of systems of imaging large objects
is the introduction of systems with induction accelerators — betatron with ra-
diation intensity is 10-50 times lower than one of the linear accelerator.
Thus, to ensure safety of personnel and the driver, it requires less physical
protection. However, small intensity of radiation reduces signal/noise ratio of
system, which leads to deterioration of the imaging system properties. The
relevance of the work was due to the need to improve the efficiency of imaging
systems in which the radiation source was a betatron. Increased efficiency has been
achieved through the development of more sensitive radiation detectors.

As a result of the research it was obtained theoretical dependence of the
sensitivity of the detector of ionizing radiation on the density, conversion
efficiency, attenuation own radiation, the size of the scintillator and the coef-
ficient of matching the emission spectra of a scintillator and a photodiode,
and defined requirements for the material and design of the crystal scintillator
for providing high sensitivity radiation detector in the 0.1-5 MeV range. Fur-
thermore, based on this relationship we give recommendations for developing
the photodiode with low dark current, low capacity and increased spectral
sensitivity in the emission region of the proposed scintillator (CsI(T1)). A
detector designed with sensitivity 1700 nC/R, exceeding sensitivity of known
analogues in 1.5 times.

A method to optimize the configuration structure of the detector of
gamma radiation was developed. The method consists in the analysis of the
experimental dependence of the detector signal from the distance between the
light field and the photo diode, allowing to obtain a signal/noise ratio is 9%
higher than in a mirrored configuration of detector of imaging system with
betatron on energy 5 MeV.

In order to optimize the choice of the material of the crystal of detector, it
was developed a method of comparison the magnitude of scattered gamma
radiation between crystals scintillators, as well as there were given practical
recommendations on creation of detector construction, improving its effi-
ciency by choosing the surface material of the scintillator and using light-
blocking material between the crystals.

As a result, it is designed the system with betatron on energy 7.5 MeV
which penetrating ability is 260 mm in a steel equivalent, that is 1.5 times
higher than the value of this parameter of similar systems developed
earlier, at a speed of movement of vehicles up to 8 km/h and a spatial
resolution of 5 mm.
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In connection with the need to ensure the safety of personnel of cargo
scanning system when working with high-energy radiation source the system
must be spatially distributed. Thus, the development of detection systems,
control systems, data collection and transmission system in the operator's
computer requires solving a large number of problems, e.g. the distance of
the radiation source and the detector from locations of the information proc-
essing in conditions of continuous stream of data from the sensors, the num-
ber of which is more than 1000 units. Overall system block diagram of scan-
ning of heavy vehicles is shown in Fig.
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Fig. Structure of cargo scanning system
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The main nodes of the system are:

1) horizontal and vertical arrows of detector units;

2) the unit of the reference channel;

3) Control Unit block of complex control, which is represented by two
functional circuit boards: a) entrance board — board of synchronization work
of detector units and betatron, and of collecting data from the detector unit; b)
board of transmitting control signals from computer to the detection units and
transmitting of data of detection units to a computer for processing;

4) the computer through which the operator controls the complex and
performs conversion of the detector array data in a shadow image of the
scanned object.
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GAMMA SPECTROMETER FOR RADIATION MONITORING
WATER AREAS AND BOTTOM SEDIMENTS
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In order to solve the problem of continuous or periodic monitoring of wa-
ter areas affected by radioactive contamination in the result of scheduled
emissions in nuclear power plants or in the result of emergency situations in
nuclear fuel cycle plants we need to develop measurement instruments with
advanced mathematic and program support to assess the level of radioactive
contamination with required accuracy. We have developed and built multi-
function gamma spectrometer for "in situ" radiation monitoring of water ar-
eas and bottom sediments.

This instrument and consists of spectrometric scintillation detection unit
packed into sealed container with Nal(T1) crystal of @63x63mm size, cable
reel with deep-sea cable and a tablet PC for data processing and display. The
container withstands static hydraulic pressure up to 1.5 MPa and can be used
for measurements at depths of 500 m maximum. Detection unit measures en-
ergy distribution of gamma radiation with energy from 70 keV to 3000 keV.

Developed mathematical models of spectrometer and controlled objects make it
possible to identify detector response function to predefined radionuclides in speci-
fied measurement geometries without physical volumetric measures of activity.

The implemented three-dimensional system to determine detection unit
position and orientation allows automatic operation of the device (without
operator) for water areas or bottom sediment scanning. The spectrometer can
output measurement results with three-dimensional geographical coordinates
as index maps of distribution with necessary resolution and accuracy.

In the result of theoretical research the response functions in the form of
theoretical spectra of monitored radionuclides in definite measuring geome-
tries were calculated. The results of mathematical modeling of the gamma
emitting transfer process allowed to estimate with an acceptable accuracy the
dimensions of the measurement object, in particular the radius of contami-
nated sediments surface which provides 90-95 % of the response function.
Theoretical spectra of radionuclides **Cs and "*’Cs allowed to develop an
algorithm for monitored radionuclides activity measuring by in situ method
without information about radionuclides depth distribution in sediments.
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HEKOTOPBIE OCOBEHHOCTHU NOBEJEHUSA BEJIMYHNHBI
HEOJHOPOJHOCTHU PACIIPEAEJEHUSA CBETOBBIXOJA
BJ10OJIb JJIMHHOMEPHOI'O CHUHTHVIAATOPA HA
INPUMEPE KPUCTAJIJIOB CsI(TD)
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zosim@isc.kharkov.com

OHepreTnyeckoe  pa3pemieHne  3JIEKTPOMArHWTHOTO  KaJIOpUMETpa
(og/E=R) — onna n3 Hanbosee BayKHBIX XapaKTEPUCTHUK sJIEPHO-(PHU3NIECKUX
yCcTaHOBOK. J[OCTHTHYTBIE B AKCHEPHMEHTaX 3Ha4eHHs R mpeBocxomsar Te,
KOTOpBIE OXHAAINCh OT BKJIaJa IIyMOB M CTAaTUCTUKA (OTOHOB U
COTIOCTaBUMBI C BapHanusMu cBeToBbixoqa (Ly) B o0beme kpuctamios [1].
[TosTomMy BenmuMHA HEOTHOPOIHOCTH pPACHpEAENCHHS CBETOOTIHAYH CIIUH-
TisiTopa (A) — dakrop, ToMuHHpYOUMi B BenuunHe R [2]. B cBs3u ¢
STHM HCCIENOBaHHUSA TOBEACHHS A B pPa3IMYHBIX SKCIIEPUMEHTAIHHBIX
CUTYaIMAX MPHOOPETAIOT IEPBOCTENICHHOE 3HAUCHUE.

3akoH wu3MeHeHus: Ly ¢ KOOpAMHATOM CUMHTWULSILMM Kak BAOJb
qumHHOTO cuuHTILUIAITOpa (BaBar, GLAST), Tak m mno moBepxXHOCTH
cueturka Oombmmoit miomanu (HXMT) woxer ObITh 3aaH IyTeM
YaCTUYHOTO MAaTHPOBAaHUSI IOBEPXHOCTEH KPHCTAJUIOB. OTOT  CIIOCO0
WCTIONB30BAJICA U [UIA TOJTYYECHHS MAHUMAIBHBIX 3HAYCHUH A y KPHCTAJIJIOB
CsI(Tl) B dbopme HenpaBWIBHONW YyCEYEeHHOW NMUpaMUAbl JIMHOW 22 c¢M
ocHoBarmsaMH 1.6x2.24 oM’ u 3.05x4.07 cM’, KOHIEHTpALHs aKTHBATODA
(Ct) B xoropeix mpuHamnexana umHTepBady 0.04 < Cp < 0.16 monp%.
BreiOpannblii  Meron  yxe mocie IepBol  00paboTKM  KpHCTaIoB
obecrieunBaeT OIM3KOE K TayCCOBOMY pacmpeienieHne A Mexay oOpa3maMu
nmpuHoi 1.9% 1 nentpom — 2.14%. Pacnpenenenne OIM3KO K rayCCOBOMY
M3-3a TOTO, YTO OHO HECKOJIBKO «3aTSIHYTO» B CTOPOHY Oonpmux A. OgHOH
U3 TPUYMH aCHMMETPUHM pPACIpENeNICHUus CIYXHUT TOT (akT, 4to Ly
CUETYMKOB C MaTHPOBAaHHBIMH Kpuctaiiamu 3aBucur oT Cp m Ly=const
CYIIECTBYET B 3HAYMTENHHO Oojee y3KOM HMHTEpBaje M3MEHEHHUsS 3HaueHHH
atoro mnapamerpa. JlpyruMm (akTOpoM, BIHMSIOIUM HA ONTHYECKHE
XapaKTePUCTHKH CIMHTIIUISATOPOB, CIY)KUT 3aBHCHMOCTh IITHPUHBI CIIEKTPa
pamuomomuHecteHmu (o) CsI(T1) or Cp. M3MeHeHHWE CHEKTpaTIbHOTO
cocTaBa CBETa CUMHTWUIALWN MPOUCXOAWUT M INPH ITOCTOSHHBIX 3HAYEHUIX
Cr B ciydae, eciy KPHCTaJUI TIOJBEPTalcs IIACTUYECKOH aedopmarium.
bonee 3HauMMbIi 10 CPaBHEHUIO C MaTHPOBaHMWEM BKJIaJ B JeOpMAaIHio
CsI(T1) Bo3HHKaeT Ha 3Tale pocTa MOHOKPUCTAILIIOB. DTOT 3((HEKT oTBeYaeT
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32 HECOBMNAJCHHE pACHpPEACICHUNA KPHUCTAIUIOB 1O Ly, BBIpE3aHHBIX U3
Pa3HBIX YacTeil MOHOKPHCTAIIOB M3-32 POCTa TEOMETPHUYCCKUX (DITYKTYaIHiA
K03()(DUIIMEHTOB CBETOCOOMpPAHHS U KOHBEPCHOHHOH 3¢ dexTuBHOCTH (1)), a
TaKKe CTATHCTHYECKHX (imykTyanmii 1. 3aBucuMoctsb A oT E, MOXKHO IOy 4HTh
n3 onpeneneHus A. JIng Ly p, ¥ Ly i CITPaBeUIMBBI COOTHOIIEHUS
LY,max = ea'EyJ'_Bas LY,min: eb'EyJ'_Bb:
U TOT/1a
A =[(0,=60)-E,H(Ba=Pu) 1/ [(02165)-E,H(BatBr)],
rae 0,#0, u B,#Py.
IIpencraBuB Ly B Buge:
LY,max = TyMNa U LY,min: T Nbs
MOJKHO yOeIHUThCA, 9TO 1), IPH pa3HeIX E, OymyT coBImamaTh TONBKO €CIIH
A(Ely) = A(EZV):
TaK Kak
Na.e1/Mag2 = (Mo.e1/Mo.2) (Ke/Ke1),
rae kn=(1-An)/(1+Ay), m=E,=E, u E=E,,.

BenuuuHel 1, ¥ 1), MOTYT HE COBIAJATh MEXIY COOOH B CHITY TOTO, YTO
OHH MOJIBEPIKEHBI U TEOMETPUUECKUM (DIYKTYalMsiM, KOTOPbIE HE 3aBUCAT OT
E,. Pe3ynbraThl 5KCIIEPHMEHTOB IIOKa3bIBAIOT, YTO IIPU OJHUX YCJIOBHAX
pocTa MOHOKPHUCTaNI0B MOkHO nomyuuts A(E;,) = A(E,,), a npu apyrux —
A(Eyy) # A(E,,) 6e3otHOCHTENBHO 3HaYeHnH Cry n VCry, HO U3MEHSIOIUXCSA B
npenenax, rae Ly(Cr) = const.

1. http://www.slac.stanford.edu/BFROOT/www/Detector/Calorimeter/index.html
«Energy calibration and resolution of the CMS electromagnetic calorimeter in pp
collisions at ps = 7 TeV. CERN-PH-EP/2013-097 2013/10/07. The CMS Col-
laboration»
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