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Large volume ZnWO, scintillator with improved performance characteristics have been
obtained. Due to its favorable light yield values at low temperatures and extremely low
intrinsic radioactivity, zinc tungstate is a material of very good prospects for cryogenic
double beta-decay and dark matter experiments. The ZnMoQO, single crystals were produced
for the first time using Czochralski technique. The suitability of this material for cryo-
genic rare event search experiments has been studied and identified the ways to improve
the scintillation properties of the crystal have been outlined. The manufacturing methods
of MgWO, crystals have been investigated and the manufacturing possibility by pulling
from the solution-melt on a seed has been established. The experimental MgWO, single
crystals of ca. 1 em® volume have been prepared for the first time and the luminescence
and scintillation characteristics thereof have been measured.

IMonyuens! couaTHATATOPE ZNWO, GobIIOro 06HEMa C yIyUNIeHHBIMH XapaKTepUCTHKA-
mMu. Xopolllie IapaMeTpbl CBETOBOTO BBIXOJa B 00JIACTHM HUBKUX TEMIIEPATYD W UCKJIOYU-
TeJbHO HUB3Kasd cOOCTBEeHHAd PaJUOaKTHUBHOCTD AeJal0T BOJIb(MPaMAT IIUHKA OZHUM U3 CAMBIX
MEPCHEKTUBHBIX MATEPUAJIOB AJI KPUOTEHHBIX SKCIEPUMEHTOB IO IIOUCKY JABOMHOro OeTa-
pacrmaja u TeMHO# MaTepuu. Brepsrle mosyuensr moHoKpucTamasl ZnMoO, meromom Yox-
paiabckoro. McciemoBaHa BO3MOJKHOCTH KCIOJIB30BAHUSA JTOTO MaTepuasa IJIA KPUOTEeHHBIX
9KCIIEPUMEHTOB II0 MMOMCKY PeIKUX COOBITUII U HaMeUeHBI ITyTHU YJAYUIIeHUA CIUHTUJIAINOH-
HBIX XapakTepucTuk. McciemoBansl Meronbl mmoaydenus Kpucrannos MgWO,, ecranosiena
IPUHIUNINAIbHASA BO3MOMKHOCTH BBIPAIIVBAHUA OOBEMHBIX KPUCTAJIJIOB METOAOM BBITATHUBA-
HUSA U3 PacTBOpa B pacljiaBe Ha 3aTPaBKy. BmepBble IOJy4YeHBI 9KCIIEPUMEHTAJIbHEIE 00pas-
el MoHOKpucramros MgWO, oobemom ~1 cM® ¥ MBMepeHBI MX JIIOMIHECIIEHTHbIE M CI[HH-
TUIIAIVNOHHBIE XaPaKTePUCTUKU.
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The advances in 2p-decay studies would
not be possible without progress in experi-
mental techniques. The success of experi-
ments depends upon many factors, includ-
ing as the most important ones a good
choice of the nuclide to be studied and de-
velopment of an adequate detector with re-
quired characteristics (maximum content of
the nuclei under study in the detector vol-
ume, high efficiency and selectivity of the
effect detection, extra low background
level, possibility of prolonged measure-
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ments, etc.). At present, studies of neu-
trino-less 2B-decay using oxide scintillators
containing isotopes of cadmium, tungsten,
zinc, molybdenum etc. have been shown to
be promising. Prospects of these compounds
are also supported by a possibility to pre-
pare scintillators of sufficiently large size,
high resolution, and required radiation pu-
rity. Among oxide scintillators, of great in-
terest are crystals of alkaline-earth tung-
states and molybdates (CdWO,, ZnWOy,,
ZnMoQ,4, PbWO,, PbMoO,, CaMoQ,, MgWO,).
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Fig. 1. CdWO, single crystal (3 kg).

At the Institute for Scintillation Materials
(Kharkiv, Ukraine), works on preparation of
such crystals are in progress. The crystals
are grown mainly using the Czochralski
technique from the melt on seed in furnaces
with induction heating in platinum or irid-
ium crucibles. The raw charge used is ob-
tained mostly by high-temperature solid
phase synthesis from metal oxides or by co-
precipitation method.

CdWO, and ZnWO,. From this group of
crystals, the most extensive studies were
carried out on the developed before large
"3Cdw0O, and '16CdWO, crystals distin-
guished by high spectrometric quality and
high radioactive purity (Fig. 1). Large
ZnWO, crystals with nuclides 647zn, 70zn,
180wy, 186\ with improved scintillation
characteristics and radiopurity are of a con-
siderable interest in detection of rare events
[1, 2]. In this connection, we have started
works on development and studies of this
crystal. Our first results were published in
[3]. Along with optimization of the large

Table 1. ZnWO,, scintillation properties

Fig. 2. ZnWO, single crystal.

ZnWO, crystal preparation process, studies
were carried out on the effects of
stoichiometric and admixture defects and
univalent dopants.

In Table 1, data are presented on the effects
of these factors upon scintillation charac-
teristics, including afterglow. It can be seen
that some of the univalent dopants are able to
improve these characteristics substantially.

As a result of our studies, we have devel-
oped a preparation method for colorless and
highly transparent ZnWO, single crystals of
up to 50 mm diameter and 80 mm height
(Fig. 2). The thermally stimulated lumines-
cence data displayed in Fig. 3 demonstrate
that there is a correlation between the after-
glow and the intensity of peaks at T > 233 K.
It is assumed that the traps associated with
these TSL peaks are responsible for the ac-

# Dopant Size of samples, | LY, % CWO Energy resolution for Afterglow, %
mm Cs-137 (E = 662 keV), % (20 ms)
1 - 10x10x10 11 23 0.79
2 MeF 10x10x10 32 11 0.104
3 ZnF, 10x10x10 47 10.2 0.005
Me,O
4 Me,O 30x30x14 39 11
10x10x10 47.5 9.3
5 Me,O 10x10x10 50 8.5 0.002
ZnF,
6 Me,O 40x40 27 10.7
7 Me,O D44x55 15 13.7

The light output of ZnWO, samples was determined relative to that of a CdWO, sample with

dimensions 10x10x10 mm3.
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Fig. 8. TSL of ZnWO, crystal. The numbers
at the graphs correspond to the number of
the sample in Table 1.

cumulation of charge carriers at room tem-
perature, and this accounts for the observed
slow decay process. The doping provides
shallow trapping centers with activation en-
ergy so low that storing carriers at room
temperature is impossible. This causes a no-
ticeable improvement in the afterglow char-
acteristics of the crystals: it reduces drasti-
cally from 0.79 % in the undoped crystal
#1 to 0.005 % in the co-doped sample #3.
The results of these studies made it possible to
optimize the crystal growth process. The lar-
gevolume ZnWO, crystals with improved scin-
tillation properties [4] were obtained this way.

Fig. 4 shows scintillation characteristics
of a detecting element prepared from
ZnWO, crystal. The energy resolution of
scintillation elements made from ZnWO,
crystals was 10.7 % with a large hexagonal
scintillation element of @40x40 mm3 for
662 keV vy line of 137Cs.

The crystal anisotropy effects upon light
output have been studied. The light output
of the crystal demonstrates the directional
dependence of about 7 %. This gives a pos-
sibility to improve light output of ZnWO,
scintillation detector by using the crystals
with certain orientation of a scintillation
element relatively to the crystal axes.

The relative intensity and scintillation
decay kinetics were studied over the tempera-
ture range 7—300 K. The light yield of ZnWOQO,
demonstrates about two-fold increases and
decay time becomes about three times longer
at temperature decrease from 300 K to 7 K
[4]-

A special attention was paid to radiopu-
rity of ZnWO, single crystals [38]. The meas-
urements were carried out at Solotvina Un-
derground Laboratory (Ukraine) (see Table 2).
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Fig. 4. Pulse amplitude spectra of ZnWO,
scintillation element irradiated with 662 keV
y-quanta (137Cs).

ZnWO, is among the best candidates as a
detector for cryogenic 2B-decay and Dark
Matter experiments.

PbWO, and PbMoO,. Crystal PbWO, had
been developed before at the Institute for
Scintillation Materials as scintillation detec-
tor for high energy physics [5]. Thanks to
these studies, we have developed the pro-
duction technology of this material and cur-
rently we can grow large, high-quality crys-
tals. Furthermore, there are ample possibili-
ties for the modification of the material
properties that makes this crystal an excel-
lent choice for testing and implementing
new ideas on material development. To a
lesser extent, this is also applicable to
PbMoO,, which has been use widely for dec-
ades as an optoelectronic material.

The suitability of lead tungstate and
molybdate in rare event searches has been
first pointed out in [6] and [7]. It has been
shown that PbMoQO, is an interesting mate-
rial to search for the double beta-decay of
100Mo [6, 8], while PbWOQO, can be used as a
screen against the PMT radioactivity [7].

Table 2. Radioactive contamination of
ZnWO, crystals (mBq/kg)
Chain Source ZnWO, ZnWO,
Ref. [1]
232Th 228Th <0.1 <3.3
238y 226Ra <0.16 <0.4
Total o 2-4(3) <20
40K <14 <12
90590y <15 <1.2
137Cs <2.5 <20
47Sm <5 <1.8
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Fig. 5. ZnMoO, single crystals.

Nonetheless, the high intrinsic radioactivity
(-100 Bq/kg) due to 219Pb is the main ob-
stacle limiting the use of these materials in
low-background experiments. To address
this issue, we have started a work on the
purification of archaeological lead for grow-
ing lead tungstate and molybdate crystals
with low radioactive background. It has
been shown that due to natural decay of
radioactive 219Pb in archaeological lead, its
contribution to the intrinsic radioactivity of
a sample can be as low as a few mBq/kg [9].
The use of ancient lead (discovered in
Ukraine [10]) for erystal growth should per-
mit producing lead tungstate and molybdate
with substantially reduced intrinsic radioac-
tivity. This can pave the way for their ap-
plication in rare event search experiments.
ZnMoQ,. Works have been started on de-
velopment of the Chochralski growing of
zinc molybdate (ZnMoO,) crystals. A method
has been developed for preparation of
charge by solid state synthesis. Physico-
chemical conditions of the crystal growth
and annealing have been studied, as well as
effects of stoichiometric composition upon
the crystal quality. The grown crystals were
of up to 30 mm in diameter and height
(Fig. 5). The crystals show an intense or-
ange color. Our first studies suggest that
the coloring was due to uncontrolled impu-
rities. However, further studies in this di-
rection are necessary. For the samples ob-
tained, optical luminescence and scintilla-
tion characteristics were measured, as well
as temperature dependence of X-ray lumi-
nescence intensity in the range from liquid
nitrogen to room temperatures. The lumi-
nescence intensity increased by an order and
more at lowering temperatures (Fig. 6).
MgWO,. Recent studies of MgWQ, pow-
der samples demonstrated that this com-
pound is an attractive scintillation material
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Fig. 6. Temperature dependence of X-ray lu-
minescence intensity of ZnMoO,.

for cryogenic applications because of its
high scintillation light output which is com-
parable to ZnWOQO, [11]. Due to its high-tem-
perature phase transition, MgWQO, cannot be
grown using the conventional Czochralski
method. Therefore, we have developed the
growth technology from the solution-melt
and prepared a MgWO, single crystal. The
crystal shows an intense luminescence under
X-ray excitation (see Fig. 7). The broad
emission band exhibits a maximum at
475 nm. This agrees well with the room
temperature data obtained for a powder
sample [11]. For the first time, the MgWO,
single crystal was characterized as a scintil-
lation detector. Fig. 8 shows the pulse am-
plitude spectrum of MgWO, excited by
y-quanta and X-ray of 241Am. The energy

resolution of the sample for the 56.5 keV vy
line is found to be 37 %, being very close to
the value of 85 % observed for a large
ZnWO, scintillator. The energy resolution
15 % is obtained for the 662 keV vy line of
137Cs. These results confirm the excellent
prospects of magnesium tungstate for scintil-
lation applications. Therefore, furthering the
production technology of large MgWO, scin-
tillators is currently in progress.

To conclude, the development results of
oxide scintillators for rare event search ex-
periments are reviewed. Large volume
ZnWO, scintillator with improved perform-
ance characteristics have been obtained. Due
to its favorable scintillation properties at
low temperatures and extremely low intrin-
sic radicactivity, zinc tungstate is a mate-
rial of very good prospects for cryogenic
double beta decay and dark matter experi-
ments. The ZnMoO, single crystals were
produced for the first time using Czochral-
ski technique. The suitability of this mate-
rial for cryogenic rare event search experi-
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Fig. 7. X-ray luminescence of MgWO, crystal.

ments has been studied. The manufacturing
methods of MgWO, crystals have been in-
vestigated and the manufacturing possibil-
ity by pulling from the solution-melt on a
seed has been established. The experimental
MgWO, single crystals of ca. 1 cm?® volume
have been prepared for the first time and
the luminescence and scintillation charac-
teristics thereof have been measured.
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Po3poOka i mociaimkeHHA CHMHTHJIATOPIB HA OCHOBI
KPHUCTAJIB JYKHO3eMeJbHUX BOJb()paMaTiB
1 MoJiOmaTiB OJA MOIIYKY PIAKICHUX IOIiH

J.JI.Hazopna, O.M./[Jly606ux, B.B.I'punvos,
KE.O.Kampynoe, 1.A.Tyniyuna, I0.f.Bocmpeyoé

Orpumano cnuaTunaropu ZnWO, Berukoro o6’eMy 3 IOJINIIEHMMN XapaKTePUCTHKAMMU.
Xopormri mapaMeTpu CBiTJIOBOTrO BUXOLY B 00J1acTi HUBBKUX TeMIIEPATYp i BUKJIOYHO HUSBKA
BJIaCHA PaJiOaKTUBHICTHL POOJATH Boub(pamMaT IUHKY OTHUM 3 HaMIepCIeKTUBHIMINX MarTe-
pianiB mas KpioreHHUX €KCIIEPUMEHTIB 3 IOIIYKY HoABilfiHoro Gera-posmagy i TeMHOI Ma-
Tepii. Bmepme orpumano momoxpucramu ZnMoO, meromom Yoxpanbcekoro. [ocrimskeno
MOJKJIMBICTh BUKOPUCTAHHS IIHOT'O MaTepiaja I KPIOTEHHUX €KCIEPUMEHTIB 3 MOIIYKY
pizkicHUX moxifi Ta HaMiueHO NHIIAXU MOJINMIIEHHA CHUHTUIANIAHUX xXapakTepucTuk. llo-
CHIifKeHO MeTOaV OTPUMMAHHS KPHUCTAJIB MgWO4, BCTAHOBJIEHO IIPUHIIMIIOBY MOMKJIUBiCTH
BUPOIIYBAaHHSA 00’€MHUX KPHUCTAJIIB METOJOM BUTAIYBAHHS 3 PO3YMHY y PO3ILIABi Ha 3aTpas-
Ky. Buepire orpumaHo eKcrepuMeHTanbHI 3pasku MoHOoKpucranris MgWO, o6’emom ~1 emd i
BUMIipsHO iX JIOMiHECIEHTHI Ta CUMHTUIANINHI XapaKTepUCTUKH.
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