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The time properties of scintillation pulse form for y rays and o particles in CaWO,,
ZnWO,, and CdWO, crystal have been investigated. A method for discrimination of
various particle types using the pulse shape distinctions has been developed. A complete
signal separation for y quanta and o particles has been attained. The pulse shape depend-
ences on the o irradiation energy (for all the crystals) and direction in relation to the main
crystallographic axes (for ZnWO, and CdWO, scintillators) have been observed and stud-
ied. The temperature dependence of the average decay time of CdWO, for y rays and o
particles has been measured in temperature interval 0—30°C.

BpemeHHBIE CBOMCTBA CHMHTHIIANUOHHBIX MMITYJbCOB IJA Y KBAHTOB M O YACTHI] OBbLIA
uccienosansl auasa kpucramros CaWO,, ZnWO,, CdWO,. Brarogapa saBucumocTu ()OPMEI
HMIIyJbCa OT THIIA MOHUSHPYIOIIEro H3JyYeHHUd paspaboTaH MeTOJ UAEHTHPUKALUHN CHUIHA-
JIOB, OCHOBAHHBLIHM HA MeTOJe OITHUMAJIbHOIO Iu(PpoBOoro (puiabTpa. IIoIydeHO IOJHOE pasie-
JIEHWe (-4aCTHUI[ W Y-KBAHTOB /IJIA MTAHHBIX KPHUCTAJNJIOB. V3MepeHBI 3aBUCHMOCTHA (POPMBI
CHUHTUIAIMOHHOIO HMIIYJbCa OT JHEPrMU U OT HAaIpaBJeHUs OOJydeHWUs OTHOCUTEJILHO
rIaBHBIX Kpucrasaorpaduueckux oceir. Hua kpucramaa CdWO, monyduena saBucmMOCTH
CPeJHero BPEMEH! BBHICBEYMBAHUA IJA Y-KBAHTOB M O-Y4ACTHUI[ OT TEMIIEPATYPHI B MHTEPBAJe
0-30°C.

© 2005 — Institute for Single Crystals

The pulse shape discrimination ability is
an important characteristic of low counting
experiments aimed to search for extraordi-
nary rare effects, such as double beta (2p)
decay [1], dark matter particles [2], rare B
and o decays. For instance, in the experi-
ment [3], an extremely low background
level of 0.04 counts/(yrkeV-kg) was at-
tained with cadmium tungstate (CdWO,)
crystal scintillator due to the pulse shape
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discrimination. The half-life limit on 0v2p
decay of 116Cd (T2 = 1.7-1028 yr at 90 %
C.L.) was set, which results in one of the
strongest restrictions on the effective Ma-
jorana neutrino mass: (m,) < 1.7 eV. With
the same crystals, using also the pulse
shape discrimination, the first indication
for the o decay of '80W with the half-life
T1/2= 1.1-1018 yr has been observed [4].
The aim of this work was to study the pulse
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shape discrimination ability of CaWO,,
ZnWO, and CdWO, crystal scintillators.

The main properties of the studied scin-
tillators are presented in Table 1. The crys-
tals were grown by the Czochralski method.
All these crystals are chemically resistant
and non-hygroscopic. The CaWO, crystal
possesses better mechanical properties than
ZnWO, and CdWO, ones. The crystals were
wrapped by PTFE reflecting tape and opti-
cally coupled to a PMT (Philips XP2412
with bialkali photocathodes and EMI
D724KFLB with RbCs one). A data acquisi-
tion system records the pulse shape of the
scintillation signals using a transient digi-
tizer based on a 12 bit ADC (AD9022) with
the sampling frequency of 20 MHz. The
pulses of events in the selected energy in-
terval were recorded in 2048 time channels
at 50 ns channel width.

Pulse shapes for a particles and y quanta
(?32Th) in a wide energy range were investi-
gated. A collimated 2*'Am source with thin
Mylar films (0.653 mg/cm?2) and air layer
as absorbers was used. Alpha particles in
the energy range of 0.5 to 5.3 MeV were
obtained. The energy of o particles was de-
termined using a surface-barrier detector.
The crystals were irradiated with o parti-
cles in the directions perpendicular to
(010), (001), and (100) crystal planes to
study the dependence of pulse shape on the
irradiation direction. In addition, o events
from the decay of nuclides from the 232Th,
235, and 238U chains present as traces in
the CdWO, crystal were used to extend the
energy range up to about 8 MeV. These
events were selected from data of low back-
ground measurements using the time-ampli-
tude analysis [5, 6].
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Fig. 1. Shapes of scintillation pulses (I, in-
tensity in arbitrary units) in CaWO, crystal
for y rays and o particles (average of
4000 pulses) and their fits by three exponen-
tial functions with decay constants 0.3 ps,
4 ps, and 9 ps.

The time characteristics of CaWO, (size
40x34x23 mm?), ZnWO, (&14x7 mm?), CAWO,,
(D32x19 mm?) scintillators were studied as
described in [4, 7, 8]. To describe the scin-
tillation signals analytically, the pulse
shape resulting from the averaging of a
large number of individual events was fit-
ted by function (see Fig. 1):

t t

A; 1t
f(t)=zi:m'(€ v To), t>0,
where A; are the relative intensities (as per-
centage of the total intensity); 1;, the decay
constants for various light emission compo-
nents; 1y, the integration constant of elec-
tronics (= 0.2 ps). The fitting exhibited
three decay components with different in-

Table 1. Properties of CaWO,, ZnWO, and CdWO, scintillators. The effective average decay time
and relative photoelectron yield were measured at room temperature for y quanta

Cawo, ZnWO, CdwO,
Density (g/cm?) 7.8 8.0
Melting point (°C) 1570-1650 1200 1325
Structural type Sheelite Wolframite Wolframite
Cleavage plane Weak (101) Marked (010) Marked (010)
Hardness (Mohs) 4.5-5 4-4.5 4-4.5
Emission maximum (nm) 420-425 480 480
Refractive index 2.1-2.2 2.2-2.3
Effective average decay time (us) 24 13
Photoelectron yield [% of Nal(Tl)] 18 % 13 % 20 %
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Table 2. Time properties of CawWO,, ZnWO, and CdWOQO, scintillators (at room temperature). The
decay constants and their intensities (in percentage of the total intensity) are denoted as t; and

A,, respectively

Crystal Type of irradiation Decay constants (1;), Us
1 (A4 @y 32) 3 (Ag)
Cawo, y rays 0.3 (3 %) 4.4 (15 %) 9.0 (82 %)
o partic]es 0.3 (6 (%)) 3.2 (18 Oo) 8.8 (76 (VO)
ZnWO, Y rays 0.7 (2 %) 7.5 (9 %) 25.9 (89 %)
o particles 0.7 (4 %) 5.6 (16 %) 24.8 (80 %)
CdwO, ¥ rays 2.1 (6.7 %) 13.6 (94.3 %)
o particles 1.0 (5.7 %) 3.3 (13.4 %) 12.7 (80.9 %)
E 1250
tensities for y quanta and o particles (see E Y o
Table 2). £ 1000} \l' \l’
The difference in the pulse-shapes allows €
to discriminate y quanta from o particles. S
To that purpose, we applied the optimal filter s0r
method proposed in [9] and developed in [10].
To obtain the numerical characteristic of 500 |
scintillation signal, so-called shape indica-
tor (SI), the following formula was applied
) 250 |
for each pulse:
0 —l 1 1
oI - 2 Ay - P(ty) 15 20 25 30 3B Sl

Zf (7%

where the summation is done over time chan-
nels k, starting from the pulse origin and up
to 75 ps for CaWO, and CdWO, crystals, and
up to 90 us for ZnWO,, f(t,) is the digitized
amplitude (at the time #,) of a given signal.
The weight function P(f) is defined as:

ACRa G
Ful®) + 18)

where f,(t) and fy(t) are the reference pulse
shapes for o particles and y rays, respec-
tively. A clear discrimination between o
particles and y quanta was achieved using
this approach, as is seen in Fig. 2, where
the shape indicator distributions measured
for the CaWO, scintillation crystal with o
particles (E,~ 5.3 MeV) and y quanta
(1 MeV) are shown. The SI distributions
are well described by Gaussian functions,
the standard deviations ¢, and o, being en-
ergy-dependent [4, 10]. As a measure of dis-
crimination ability, the following quantity (the
discrimination ability parameter) can be used:
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Fig. 2. The shape indicator (SI) distributions
measured for CaWO, detector with y quanta
(~ 1.2 MeV) and o particles (E, = 5.3 MeV).

where SI, and SI, are the mean SI values of
o particles and y quanta distributions; o,
and Oy the corresponding standard devia-
tions. For the distributions presented in
Fig. 2, the parameter M = 5.9. For ZnWO,
and CdWO, crystals, the M values 5.2 and
6.7, respectively, have been obtained. The dis-
crimination ability becomes worse with de-
creasing of a particles and y quanta energy.
The energy dependence of the SI for
CaWO, was studied for o particles in the
1-5.3 MeV range (see Fig. 3). The shape in-
dicator measured for CaWOQ, crystals with
o particles does not depend on the o irra-
diation direction relative to the crystal
planes. The energy dependence of the SI for
CdWO, and ZnWO, was studied for o parti-
cles in the 0.5-8.0 MeV and the 2-5.3 MeV
ranges, respectively. The dependence of SI
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Fig. 3. The energy dependence of the shape
indicator measured for CaWO, crystal scintil-
lator for o particles in the 1-5.3 MeV energy
range.

on the irradiation energy and direction was
observed for a particles [4, 8]. For instance,
the energy and direction dependences of SI
for ZnWOQ, crystal scintillator are shown in
Fig. 4. No energy dependence of the SI for
Yy quanta in the range from 0.1 to 2.6 MeV
was observed for CaWO,, ZnWO,, and
CdWO, crystals.

The measured temperature dependence of
average decay time for CdWO, signals in
the 0—-30°C range is shown in Fig. 5. The
behavior of experimental points agrees with
that from [11]. It should be noted that the
average time decreases as the temperature
rises. The discrimination ability parameter M
shows a slight increase with temperature.

The three time components t;~ 0.7, » 7
and ~ 25 pus were observed for ZnWO, scin-
tillation signals. The value for the slow
decay component was in agreement with the
result (25 ps) obtained in [12], while 0.7
and 7 ps decay time constants were identi-
fied for the first time. We were not able to
recognize the 100 ns decay component re-
ported in [12] because of a rather slow
(20 MHz) transient digitizer used in meas-
urements. For CaWO, crystals, the best fit
was achieved with three decay components
(0.3, 4, and 9 ps).

The energy dependence of the shape indi-
cator (SI) for o particles can be explained
by the dependence of the ionization density
on the energy.

The CaWO4 [13, 14:], ZnWO4 [8], and
CdWO, [15] crystal scintillators were pro-
posed as bolometric detectors for investiga-
tion of rare nuclear decays and dark matter
search. The dependence of pulse shape on
direction of high ionizing o particles (sup-
posing that such a behavior would remain
for nuclear recoils) observed with ZnWO,
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Fig. 4. The energy and direction dependence
of the shape indicator measured for ZnWO,
crystal scintillator for a particles in the en-
ergy range 2.0-5.3 MeV. The ZnWO, crystal
was irradiated perpendicularly to the crystal
planes: (010) — direction 1, (001) — direc-
tion 2, and (100) — direction 3.
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Fig. 5. The temperature dependence of the
average decay time for CdWO, crystal scintil-
lator measured in temperature range 0-30°C
for y quanta and o particles.

scintillator could be used to detect a diurnal
asymmetry in observation of dark matter
particles [2, 8].

To conclude, the pulse shape of CaWO,,
ZnWO, and CdWO, scintillation signals has
been investigated and a good pulse shape
discrimination for y and o events has been
attained. Dependence of the scintillation
pulse shape on the energy of o particles
have been observed. Besides, ZnWO, and
CdWO, scintillators show a dependence of
the pulse shape on the a irradiation direc-
tion relatively to the main crystal planes.
The temperature dependence of the time
properties and the diserimination ability pa-
rameter have been measured for the CdWO,
crystal scintillators.
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InenaTudikamisa ¢GpopmMu CHMHTHIAANIAHUX iMITYJbCiB
nasa kpucraais CaWO,, ZnWO, ta CdWO,

D.A. Jlaneeuu, A.Ill.I'eopzadie, B.B.Ko6uues,
B.M.Kponué’ancoerkuil, C.C.Hazopnuii, A.C.Hixonaiixo,
B.I.Tpemak, C.C.IOpuenko, C.FO.30ecenko, |IO.I‘.36ecemco ,
II. [{nc.Bizzemi, T.®.DPayyuni, I1.P.Maypensiz, I.M.Convcruil,
B.B.Bpyodanin, ®.T.Aginviion 111

YacoBi XapaKTepHUCTMKH CHUHTHJIANifHOTO cmasaxy pguaa kpucraris CaWO,, ZnWO,,
CdWO4 IOCJIiIIKeHO I Y-KBaHTIB Ta ((-UACTUHOK. P03po0JIeHO MeToJ AUCKPUMiHAIil yacTu-
HOK Pi8HHMX THIiB, OCHOBAHUII HA BigMiHHOCTI ()OPMU CHUHTUIAMIAHOIO CIaJaxy OIS YACTU-
HOK pisHumx tunis. OTpumMaHO NOBHE DPO3JIJIE€HHS CUTHAJIB BiJ O-4aCTMHOK Ta Y-KBaHTIB.
Hocaigsxkeno sanexkHocTi popmMu curHany Big eHeprii Ta HampAMKY OIPOMiHEHHS BiZHOCHO
ronoBHUX Kpucranorpadiunux oceir. s xpucrara CdWO, orpumaHo 3aIeKHiCTh CepeIHBO-
ro yacy BHUCBiTJIIOBaHHSA [Jsi Y-KBAHTIB Ta (I-4aCTHMHOK Bix remmeparypu y giamasoni 0—30°C.
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