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Xapaktepuctuku u
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O6nactu npumeHeHus

+ SnepHasa pusuKa;

+ dU3mKa BEICOKUX 3Hepruu;

+ ACTpOMPU3UKQA;

+ Neopusnueckoe npmbopocTpoeHue

+ TTpubopbr 3konoruyeckoro paaAnaUUOHHOIo
KOHTpONS

+ Tomorpampuyeckme n UHTpocKkonuyeckue
YCTPOUCTBA

+ NccnepoeaHua peakux cobbitun B
acTpomusmke Yactul (aBoviHou beTa-pacnag,
«TemMHas marepua»)

ISMART-2008, XapbkoB



O6nactu npumeHeHuUs

C paspaboTkou HOBOIrO NOKOJ1eHUs
BbICOKOYYBCTBUTENIbBHOW  annapatypbl U HOBBLIX
MeTOoA0B UCccnenoBaHUU npeabaBnaroTCS
NOBbIWeEHHbIe TPebOBAHUA K CUUMHTUNNATOPAM, MYTO
obecneynBaeTcs c OAHOU CTOPOHbI
YyCOBepLeHCTBOBAHMEM UX TMOJlyueHusd, C Apyrou
CTOPOHbBI CO3AAHUEM HOBBIX CLUUMHTUNNATOPOB.

Ona 3Tux uenen WUpoOKOe npuMeHeHue nonyYUnu
CUMHTUNNATOPbL HA OCHOBE TAXenbIX OKCUAHLIX
KpUCTannos repmaHaTos BOJSIbCPPAMATOB,
CNOXHOOKCUAHBIX opTocunukatos. B nocnepHue
roAbl BeAyTCS MOUCKU HOBBIX KPUCTANSIOB Ha OCHOBe
BOSIbPpAMATOB U MONU6AATOB AN NpUMeHeHUus B
UCCNefOBAHUU PerncTpaumm peakmux CobbITui.

ISMART-2008, XapbkoB 4
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Me WO, 4 Me,-Pb,Zn, Mg
Me,MoO, + Me,-Ca, Zn, Pb
GSO(Ce)

GYSO (Ce)
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Kpucranu 6S0O

ISMART-2008, XapbkoB 6



JHepreTuveckme CnNekTpbl, U3MepeHHbIe C NOMOLLLIO
CUMHTUNNAUMOHHOTrO Kpuctanna 6SO (10x10x10 mm?d)
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MexaHu4eckue U CTPYKTypHbIe napameTtpbl
kpuctannos 6(Y)SO

Ne CopepxaHu MukpoTeepaocTb  XpynKocTb Obvem
Kpuctann e uttpua  Hl (k'/mm2) P (M) 3NeMeHTapHOMU
(mon. %) aveiiku V (A3)
1 GSO - 1070 0,04 414,83
2 6S0O:Ce - 1000 0,005 415,03
3 6(Y)SO:Ce 700 0,06 412,84
4 6(Y)SO:Ce 15 700 0,04 412,83
5B 6(Y)SO:Ce 20 700 0,02 412,26

V. Bondar, B.Grinyov, I.Babiychuk et al. Proc.of SCINT-2005, Ukraine, 98 (2006).

ISMART-2008, XapbkoB




CneKTpbI peHTreHoNFoMUHecueHUUu
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ONTUKO - NFOMUHECLEHTHbIE U CUUHTUNNALMUOHHbIE
xapaktepuctuku kpuctannos 6(Y)SO:Ce

10

Copep  CgetoBoi Bbixog, Koadh.no

Kpucrann | xanne oTH.en FTIoweHN %KSTTM NocnecBeyeHune,%
) Y d ,
ong, oo Crepove T o MM 3mc Swc 10mc 20me
MeTopn

GSO(Ce) - 1.00 1,0 0.06 440 0,071 0,020 0,005 0,001
G(Y)SO:Ce 10 1,03 0,9 0.06 440 0.053 0.019 0.005 0.001
G(Y)SO:Ce 15 1,04 0,89 0.055 440 0.105 0.036 0.008 0.002
G(Y)SO:Ce 20 0,93 0,9 0,065 440 0,101 0,037 0,009 0,002

+ ponuposaHue kpuctannoe GS0:Ce woHamu uttpua, (5-10 mon.%) npueoaut K

MeXaHUYeCKOMY YMNPOYHEeHUIO 3TUX KPUCTANSOB.

+ OCHOBHbIE

ONTUKO - NNFOMUHeCLUeHTHbIe

AONUPOBAHHBLIX WUOHAMU UTTpUA,
XapaKkTepucTukammu ana kpucrtannos 6S0:Ce.

XapakTepucTukm

Kpucrtansjos

GSO:Ce,

cpagHUMbBL C AHAQJNIOTUYHLIMU NApameTpamum u

ISMART-2008, XapbkoB
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3asucumocTb ceetoeoro eerxoaa kpuctannoe GSO (Ce) u 11

6S0(0.8%Dy) ot Temnepatypsr
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CBeTOBOM BbIX0OA4, OTH.eA.

1,4

0,2
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TemnepatypHas 3aBUCUMOCTb CBETOBOrO  BbLIXOAQ

Kpuctannos GSO(Ce)-l, GYSO(CZ) -2,3

ISMART-2008, XapbkoB
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CUMHTUNNALUMOHHBIE napameTpsl Kpuctannos CdWO,

TTocnecse
Crystal Tepmo- | Ce.BbIXOA | YeHue, %
OTXKUI % (yepes 20
MC)
CWO - 100 0,007
H, , 700°C, 3 u 75 0,004
0,, 900°C, 7 u 106 0,006
CWO:Li : 125 0,001
(2x10-2%) | H..700%C, 3y 100 0,001
0,, 900°C, 7 u 130 0,001
CWO:.Li - o8 0,001
(2x102%) | H, . 700°C, 3 u 48 0,001
e NG e, TR e 0.001
CWO:Bi
(2.5X10-170) = 31,5 2,4

13
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Counts/channel

dHepreTuveckue cnektpsr 232 Th u 137 Cs, usmepeHHuIe ¢ NOMOLWBIO
CUMHTUNNAUMOHHOrOo Kpuctanna CdWO, (10x10x10 mm3)
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SHepreTudeckuin cnektp 137 Cs, usmepeHHbIU C

NOMOUWBIO CLUMHTUNNALUMOHHOrO kpuctanna CdWO,
(dia.30x30 mm)

Counts/Channel 1 Ch=0.99 keV
6000 — T
_ CAWO, (30x30 mm)
5000
- bb2 ke 137
4000 e
| 1
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| )
~000 - 33 keV 51 keV. i, 7.0 %
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1000 |- i H '
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U | . . . i . i_.A_
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Channel
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XapaKkTepucTuKu Kpuctasnnos BONbPpamara 16

KaaMUA
TexHuuyeckue napameTpl Hosas
TexHonorus
CWO:Li

CseTtoBOU BbIxoa, goroH/MaB 32000
dHepreTuveckoe paspelseHue no 6,5
137Cs (662 «3B)
TTocnecseuveHue (Yepes 20 mc) < 0,002
PaanauuoHHas ctoukocth, P 107
OAaHOPOAHOCTb (PYHKLIMOHANbHBLIX +5- +10
XApaKTepucTuK B NApTUU KpUCTANNOoB

ISMART-2008, XapbkoB 16
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TemnepatypHas 3aBUCUMOCTb CBeTOBOro BbIXoAa Kpuctannos CWO: 1-H/u
(wuxTa nonyyeHa TBepAOPA3HBIM MeToAOM), 2-H/4 (wuxTa nonydeHa
XUAKOPA3HBIM  MeToAaoM), 3- nerupoeaHHbIM Li  (wuxta nonydeHa
XUAKOPA3HBIM MmeToaoM), 4- nerupoeaHHbIM Li (wuxta nonydveHHas
KUAKOPASHEIM MeTOAOM C BOCCTGHOBSIEHHBLIM WO3 ) 5- u3 paborer
Melcher C.L.

ISMART-2008, XapbkoB
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ZnWO, for 2B of zinc, tungsten and DM
26x24x24 mm 24455, 0.7 Kg

T

crystal @40x40 can be

o L produced
Alongside with optimization of the preparation process

of large-sized ZnWO4 crystals, studies were carried
out on the effects of stoichiometric and admixture

defects and univalent dopants.
ISMART-2008, XapbkoB 18



ZnWO, scintillation crystal

Energy
Size of samples, |Light yield, | resolution |Afterglow,
# | Dopants o % a:RJvo4 for 137Cs | % (20 ms)
(E=662 keV)
1 - 10x10x10 11 23 0.79
2 MeF 10x10x10 32 11 0.104
3 MeF 10x10x10 41 9.6 0.004
ZnF,
4 Me,O 10x10x10 47 10.2 0.005
Me,O
3) ZnI2:2 10x10x10 310/ 8.95 0.002
10x10x10 47.5 9.3
| MeO | 30.30x14 39 11
7 | Me,O O 40x40 27 10.7

Data are presented on the effects of dopants on scintillation characteristics,
including afterglow. It can be seen that some of the univalent dopants can
substantially improve these characteristics.




3000

y ¥'Cs, 662 keV
1 Xray Ba, 32 keV
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Pulse amplitude spectra of ZnWO, scintillation

element () 40x 40 mm when irradiated with 662 keV y-rays
(97Cs).

The energy resolution of scintillation elements made
from ZnWO, crystals was 8.5 % with 1 cm3 sample and
10.7 % with a large hexagonal scintillation element

O 40 x 40 mm for 662 keV vy line of 137Cs.

ISMART-2008, XapbkoB 20
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Temperature dependence of light output
of ZnwWO, crystal scintillator at
excitation with a particles of 241Am.

Relative intensity and scintillation decay
kinetics were studied over the temperature
range 7 - 300 K. The light yield of ZnWO,
demonstrates about 70% increases and decay
time becomes about three times longer with
decrease of temperature from 300 K to 7 K.

Decay time (Ls)

=

=

st
|

o |
A

Decay time (JUs)

] 50 100 150 200 250 300
Temperature (K)

Erratsdaatas e el st il
0 50 100 150 200 250 300
Temperature (K)

Temperature dependence of
the decay time constants
measured with ¢°Co y source.

L.L. Nagornaya et a/, "Large volume ZnWO4 crystal scintillators with excellent energy resolution and

low background,” IEEE Trans. Nucl. Sci., to be published

ISMART-2008, XapbkoB
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Tomorpaduueckue snemeHTor, 1D u 2D-cbopku, usrorosneHHsre Ha ocHoBe Kpuctannos CWO.

i

x%//ﬂ /

Counts/Channel 1 Ch=0.99 KeV
6000 : : :
CAWO, (30x30 mm)
5000 |
662 keV
4000 | ° cs
p
OeTtektopsr C-d 3000 | ;
2000 | 33 keV 5lkeV § ;_ (-7 %
1
1000} # H
i ]
. T
0 200 400 600 800 1000
Channel
ISMART-2008, XapbkoB
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Early, results were presented on possibilities of
these detectors for detection of fast neutron sources
placed inside protective screens [2].

In this work, we discuss our results on detection
efficiency studies of oxide scintillators CWO, BGO, 6SO,
ZnWO, LiI(Eu) used for detection of fast neutrons.

It has been shown that the most probable
mechanism of highly efficient detection of fast neutrons
by these scintillators is the reaction of inelastic
scattering on heavy nuclei of the scintillator materials
(n, ny). [2]

Experimental results are compared with model
estimates made in [3].

[2]. V.D. Ryzhikov, 6.M.Onyshchehko, L.A. Piven, B.V.Grinyov,
C.F.Smit, T.Pochet, L.L.Nagorna. Detectors for high efficiency

detection of fast neutrons using inelastic scattering. SORMA-2008.
[3] V. Ryzhikov at al IEEE (in press )

ISMART-2008, XapbkoB 23



Results of measurements of detection efficiency of
neutron fluxes by different scintillators in the
equivalent energy range for electrons (gamma-quanta)

10-300 keV.
Lil (reaction

Lil GSO 2ZnWO CWO BGO Li(n,a))
Z o 52 59 61 66 75 52
Full detection 27 47 58 45 50 0.66
efficiency, %o
Detection efficiency of 25 46 54 42 48 0.66
fast neutrons, %
Detection efficiency of 30 90 70 46 83 -
fast neutrons with
moderator
Detection efficiency of 90 65 44 67 34 93

thermal neutrons, %o

ISMART-2008, XapbkoB
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Experimental results presented in
Table 1 show that integral detection
efficiency of fast neutrons by different
crystals in the energy range of gamma-
radiation 10-300 keV is within 40-60%
and correlates with effective atomic
number of the scintillator. This result is
in agreement with literature data [4].

4. M. Anelli, 6.Battistoni, S.Bertolucci at al. Measurement and

simulation of the neutron response and detection efficiency of a
Pb-scintillating fiber calorimeter. NIM, A580 (2007) 368-372.

ISMART-2008, XapbkoB 25



STATIONARY DETECTION SYSTEMS

Fig.4. 1 - neutron detector on
the base CcdWO,, used for
system "Portal”.

The system stationary
detection " Portal” [B] on the
base 2 racks with neutron
detectors CdWO, ©40x100
mm at rather small dimensions
and weight (2 kg) has the
same sensitivity as well as of
system “Yantar® with neutron
detectors on the base 3He-
counters (weight 130 kg).

[5] B.B. I'puHes, B.P. JltobuHckum, B.I'. CeHumwmH u ap. Papmometpuyeckas cuctema Ans
ObHapy*eHUs ramma U HeUTPOHHOTr O U3nyyeHus. TTateHT YKpamHbl Ha usobpeteHue 80455,

MTTK G01T1/00, 3/00. Ony6n. 25.09.07 8 6ronn. N15.
ISMART-2008, XapbkoB 26



Solotvina Underground Laboratory

NaCl salt mine 430 m depth
(1000 m w.e.)

p flux: =~1.7x10° cm2-s
n flux: <3x10°¢ cm2s
Radon: ~30 Bgq'm?3
Temperature: 231 C

Background of CdWO, scintillator

Kiev
A 10° / Solotvina
main hall 30x20x8 m S5 1000 m w.e.
4 chambers 6x6x3 m B 102

Solotvina
bd -

il |
ISMART- Energy, keV 27




ZnWO, crystals to test of radiopurity

ZIIWO4

Institute of Scintillation Materials NASU
D40x20x18 mm
V=165 o 07 June 2007

Zn WO4

Special attention was paid to
radiopurity  ZnWO,.  The | Institute of Scintillation Materials NASU
measurements were carried @44.4x55.1 mm

out at Solotvina Underground m =700.70 g
Laboratory (Ukraine) and Gran
Sasso National Laboratories
(Italy) on crystals of different
size and weight.

ISMART-2008, XapbkoB 28



Preliminary results of radiopurity ZnWoO,

ZnWO,: 26x24x24 mm, 119 g

Time of measurements: 44.7 h

. 10 "
3 3 :
; i 7 Chain Source | Present study [1] | ZnWO, [2]
E] IUR:':A-._‘ ; mBqg/kg mBqg/kg
A R A T 232Th | 228Th <0.1 <3.3
';j 10 2 . T 3. l._a::r?'m_h4 238 226Ra <0.16 <04
(=} = Y S
- ey "
;?n{?lr'(};;v E“ﬂ'._l Total o 24(3) <20
10 4 =" Wk u fan 4WOK <14 <12
1 ey | - o ™
f =t ey ) d " A 137Cs <25 <20
| J CAWO, ""_"'"""""'"""'ag'ﬂ’-;;’:!;‘-!g_..,';
“so0 1000 1500 2000 2500 3000
Energy (keV)
[1] L.L. Nagornaya et al., IEEE Trans. Nucl. Sci. 55 (2008) 1469.
[2] F.A. Danevich et al., Nucl. Instr. Meth. A 544 (2005) 553.
ISMART-2008, XapbkoB 29




® Radiopurity of large ZnWOQO, scintillators (117 g, 119 g, and 700 g)
were checked in the SUL (Ukraine) and LNGS (Italia)

e ZnWQ, crystals are extremely radiopure detectors with typical

contaminations at the level:
50-100 ppb Total a activity (232Th)

1.6-3.2 ppb Total a activity (238U)
< 1.5 ppb (4°K)
< 0.1 ppb (147Sm)
< 3 ppb (.7Rb)
< 0.01 mBg/kg (147Sm)

< 3 mBqg/kg (37Rb)
0.5 mBq/kg (6°Zn)

0.18 mBqg/kg Total a activity
® ZnWO, is one of the best candidate as a detector for cryogenic

2B decay and Dark Matter experiments

P. Belli et a/, "Search for 2 decay of Zinc and Tungsten with the help of low-background
ZnWO4 crystal scintillators,” Preprint of Roma 2 University, 2008, ROM2F/2008/22,

submitted to Phys. Rev. C.

ISMART-2008, XapbkoB 30



ZnMoO, for 23 of molybdenum

b

Works have been started on
development of the method of
Chochralski growth of zinc molybdate
(ZnMoQ,) crystals. Physico-chemical
conditions of growth and annealing of
crystals have been studied, as well as
effects of stoichiometric
composition upon crystal quality.
Dimensions of the grown crystals -
diameter and height up to 30 mm.
The crystals had intense orange
color. Our first studies allowed us to
assume that the coloring was due to
uncontrolled admixtures. However,
further studies in this direction will
be continued.

ISMART-2008, XapbkoB 31



I/IO, arb. un.

1,0 - I.. .

0,8

0,6 -

0,4

0,2 -

0,0

e, ZnMoO,

T
100

| ! | ! |
150 200 250
Temperature, K

T
300

For  the  samples
obtained, optico-
luminescent and
scintillation

characteris-tics were
measured, as well as
Temperature

dependen-ce of X-ray
luminescence intensity
in the range from 70-
300K. The Ilumines-
cence Intensity
increased by an order
and more at lower
temperatures.

ISMART-2008, XapbkoB 32



X-ray luminescence of ZnMoO, crystal at
different temperatures

3x10*

2x10*

|, imp/s

1x10*

O 1 1 1 1 1 1
350 400 450 500 550 600 650 700 750 800

A, M
The luminescence of ZnMoOQO, is attributed to the electronic transition
of charge transfer type within oxyanion complex [MoO,]*

V.B.Mikhailik et al., “Optical and luminescence studies of ZnMoO, using vacuum
ultraviolet synchrotron radiation”, Nucl. Instr. Meth. Phys. Res. A 562513-516, 2006.

ISMART-2008, XapbkoB 33



TSL of ZnMoQO, crystal

3x10°

2x10"

|, imp/s

1%x101

1400
ﬂ 1200+

ﬂ1000—

800+

600 -

400

200

160 180 200 220 240 260

25 B0 75 100 125 150 175 200 225 250
T.K

Thermally stimulated
luminescence  of  the
crystals measured over
the temperature range 6-
300 K is displayed in Fig.
The glow curves show two
intense peaks at 60 and
140 K and week structure
in 140-250 K region.

The main TSL peaks are associated with traps that can not
give rise to the slow decay processes at room temperature.
This is consistent with the small level of afterglow 0.02%
that has been detected for ZnMoO, crystal.

ISMART-2008, XapbkoB
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MgWO, crystals

There are no data in
literature about crystals of
large  volume. Fundamental
characteristics were measu-
red on very small crystals
with dimensions of several
millimeters. The main
difficulty of crystal growth
from the melt is the presence
in M\gWO, crystals of a phase
transition below the melting
point. For the first time
MgWO, crystals of ca. >1 cm3
were grown by pulling the
seed from the melted flux
solution. .

ISMART-2008, XapbkoB 35



Counts/Channel

Pulse amplitude spectra of MgWO, scintillator when irradiated

y-rays (%*'Am ,137Cs) at RT.

600

241Am MgWo, MgWO,
] 60 -
400- E
g
240
O
3
200 - c
3 20
o
04
T T T T O ‘
0 500 1000 0 500
Channel Channel

137Cs

R=15%

1000

For the first time, estimates of spectrometric quality of

the crystals was made at room temperature.

ISMART-2008, XapbkoB
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Bbiroab:

YcoseplueHCTBOBAHLI TeXHOMOrM4YecKkme npoLecchl NosnydeHus
OKCUAHLIX CUMHTUNNATOPOB Ha OCHose Kpuctannoe CdWO,, ZnWO,,
6S0O, 6YSO, pacwupeHbr 0bnactv npumeHeHUa B TOMOMpagpUUEecKou
N UHTPOCKONUUECKOU TexHUKe, reogusmuyeckom npubopoctpoeHuun, e
AfepHOU (puU3UKe.

TTpeanoxeH HoebIk cnocob perucTpaumm 6LICTPLIX HEUTPOHOB,
OCHOBAHHBLIW HAQ UCNOJSIb30OBAHUU MEXAHU3MA Heynpyroro paccesHus
B MaTepuasnie HOKCUAHLIX TAKenbIX CLUUHTUNNATOPOB.

Bricokas agppekTUBHOCTL perucTpaumm 6bICTpbIX HEeUTpOHOB
OKCUAHBLIX CLUUHTUNNATOPOB NO3BONISET CO3AABATH
BLICOKO3(P(PeKTUBHbBIE AeTeKToglbI HebonblWwMX pasmeposB Ha OCHOBe
CUCTEMBL " CUUMHTUNNATOP--83Y" ANA CTALUMOHAPHLIX U NelwexXoaHLIX
cuctem obHapyxeHus 6LICTPLIX HEUTPOHOB.

Pa3spaboTtaH cnocob nonyyeHua u muccnenoBaHULI KpUOTeHHHbIe

ONTUKO-NFOMUHECLIEHTHbIE U CLUUHTUNNALUMOHHBIE XAPAKTEPUCTUKMU,

'(:’;;\AMOWCTS;? kpuctannoe MeWO, (Me-Cd, Zn, Mg, Pb), MeMoO,
e- Zn, :

YctaHoeneHo, uto ZnWO, oTnuyaeTca BLICOKOU paanoaKTUBHOW
YUCTOTOU NO CPABHEHUIO C APYrUMU OKCUAHBIMU CLUHTUNNATOPAMU.

ZnWO4 - oavH 13 nyuwmx KGHAUAGTOB KaK AeTeKTop Ans
KpPUOreHHBLIX 3KCNepumeHToB ABOUHOro b-pacnaaa u «remHou

martepumn>. ISMART-2008, Xapbkos 37



ISMART-2008, XapbkoB

38



