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Cryogenic scintillation bolometers are a promising technique to search for dark matter and neutrinoless double β 

decay. Improvement of light collection and energy resolution are important requirements in such experiments. Energy 
resolutions and relative pulse amplitudes of scintillation detectors using ZnWO4 scintillation crystals of different shapes 
(cylinder ∅ 20 × 20 mm and hexagonal prism with diagonal 20 mm and height 20 mm), reflector materials and shapes, 
optical contact and surface properties (polished and diffused) were measured. The crystal scintillator of hexagonal 
shape shows the better energy resolution and pulse amplitude. The best energy resolution (FWHM = 9.3 % for 662 keV 
γ quanta of 137Cs) was obtained with a hexagonal scintillator with all surfaces diffuse, in optical contact with a PMT and 
surrounded by a reflector (3M) of size ∅ 26 × 25 mm. In the geometry “without optical contact” representing the 
conditions of light collection for a cryogenic scintillating bolometer the best energy resolution and relative pulse 
amplitude was obtained for a hexagonal shape scintillator with diffuse side and polished face surfaces, surrounded by a 
reflector with a gap between the scintillator and the reflector. 

 
1. Introduction 

 
Cryogenic scintillators are a promising technique to search for dark matter and neutrinoless double β decay due to 

excellent energy resolution, particle discrimination ability, and low energy threshold. They also offer the important 
possibility to use compounds with nuclei of interest. For instance, the CRESST collaboration already uses low-
temperature CaWO4 scintillating bolometers to search for weakly interacting massive particles (WIMP) [1], while 
several experiments are in preparation to search for dark matter and double β decay. In particular the EURECA project 
[2] aims to build a ton scale cryogenic detector to achieve sensitivity to WIMP-nucleon scattering cross sections on the 
level of 10−10 - 10-11 pb. A couple of R&D projects are progressing towards building double β decay experiments for the 
exploration of neutrino mass hierarchy scenarios using CaMoO4 [3], ZnSe [4, 5], CdWO4 [6], or ZnMoO4 [7] crystal 
scintillators. Light collection plays an important role in dark matter experiments where a low energy threshold is 
essential, while in 2β experiments the light collection is crucial to achieve effective pulse-shape discrimination, in 
particular of random coincidence events which was recently recognized as one of the problematic sources of 
background in bolometric detectors [8]. Therefore it is essential to optimize light collection from crystal scintillators in 
cryogenic scintillating bolometers. 

Zinc tungstate (ZnWO4) crystals have optical properties rather similar to that of CaWO4, CdWO4, CaMoO4, 
ZnMoO4, ZnSe and some other oxide crystal scintillators. All these are promising targets for dark matter and/or double 
β decay experiments. Therefore one could use this material to find optimal light collection conditions for a wide range 
of scintillators in cryogenic scintillating bolometers. It should be stressed that ZnWO4 crystal scintillators are promising 
detectors to search for dark matter and double β decay owing to the presence of zinc and tungsten (elements containing 
potentially double β active isotopes), high light output and very low level of radioactive contamination [9 - 14]. The 
purpose of this work was to study the dependence of energy resolution and relative pulse amplitude of ZnWO4 
scintillation detectors on crystal shape (hexagonal and cylindrical), design and material of the reflector, optical contact, 
and optical condition of the crystal scintillator surface (polished and diffuse).  

 
2. Measurements and results 

 
To ensure as much as possible identical optical properties two ZnWO4 crystal scintillators were produced from one 

ZnWO4 crystal ingot in the Institute of Scintillation Materials (Kharkiv, Ukraine). One crystal was of cylindrical shape 
with dimensions ∅ 20×20 mm (C), another was in the form of a hexagonal prism with diagonal 20 mm and height 
20 mm (H).  

The similarity of the two crystals’ optical properties was verified by measurements of transmission using a 
spectrophotometer (Shimadzu, UV-3600). Results of the measurements presented in Fig. 1 evidence that both samples 
have very similar absorption properties. 

Measurements of energy resolution and relative pulse amplitude with γ-sources were carried out for the following 
conditions (Fig. 2): 

A) ZnWO4 crystal wrapped in 3 layers of PTFE tape and optically connected to the PMT; 
B) ZnWO4 crystal surrounded by cylindrical reflector (3M) ∅ 26 × 25 mm and optically connected to the PMT; 
C) ZnWO4 crystal surrounded by cylindrical 3M reflector ∅ 26 × 25 mm and placed on small plexiglas supports 

(3 cubes with dimensions 2 × 2 × 2 mm), without optical contact between the crystals and the PMT. 
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The optical contact in geometries “A” and “B” was 
provided by Dow Corning Q2-3067 optical gel. 
Geometry “C” represents, to some extent, the conditions 
of light collection in a cryogenic scintillating detector. 

The measurements were carried out for four 
conditions of the crystals’ surfaces: 

1) all surfaces of the ZnWO4 crystal scintillator were 
polished; 

2) the side surfaces of the crystals were diffuse, the 
face surfaces polished; 

3) the side surfaces and top face of the crystals were 
diffuse, the face viewed by the PMT was polished; 

4) all surfaces of the crystals were diffuse. 
Grinding the surfaces was done with sanding paper 

P1000 (KWH Mirka Ltd) with grain size 18 ± 1 microns. 
The average roughness of the diffuse surface was 
estimated to be at the level of ≈ 10 microns by using an 
optical microscope. The roughness of the polished 
surfaces is ≈ 0.2 micron. 

 

Fig. 2. Conditions of measurements with ZnWO4 crystal scintillators 
(1 – crystal; 2 – 3 layers of PTFE tape; 3 – optical contact; 4 – PMT; 5 – 3M reflector; 6 – Plexiglas support). 

 

To measure the scintillation properties, crystals were viewed by a 3” photomultiplier (PMT) Philips XP2412. 
The positions of the γ sources (137Cs and 207Bi) were chosen to provide a counting rate less than 250 counts/s. The 

energy spectra were accumulated over 30 minutes in case of the 207Bi source and for 40 min with the 137Cs source, from 
30 minutes after switching on the high voltage for the PMT. 

The temperature during the measurements was in the 
range of 21 - 26 °C. Variation of the ZnWO4 light output 
on temperature was estimated to be in the range of ≈ 3 % 
in this temperature interval. To check the stability of the 
spectrometer a ZnWO4 crystal scintillator 10 × 10 × 5 mm 
was periodically installed on the PMT and irradiated by γ 
quanta from a 137Cs source. All the data were corrected 
offline, taking into account the position of the 137Cs peak 
measured with the 10 × 10 × 5 mm scintillator. 

The energy spectra of 137Cs and 207Bi γ quanta, 
exhibiting the best energy resolutions are presented in 
Fig. 3. These were accumulated with the hexagonal 
ZnWO4 crystal scintillator in optical contact with the 
PMT, surrounded by the 3M reflector, with all surfaces 
diffuse.  

The measurements for surface configurations 1 - 3 
were repeated three times and that for configuration 4 
was carried out once. 

Fig. 1. The optical transmission spectra of cylindrical (C) 
and hexagonal (H) ZnWO4 crystals. The spectra were 
measured with a 2 mm sample in the reference beam to 
account for reflections. 

Fig. 3. Energy spectra of 137Cs and 207Bi γ rays measured 
for the ZnWO4 crystal of hexagonal shape with all surface 
diffuse, in geometry “B” (see text and Fig. 2). 
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Average data on the energy resolution and relative pulse amplitude measured with 662 keV γ quanta of 137Cs for the 
different conditions of measurements are presented in Figs. 4, 5 and 6. 

 

Fig. 4. Energy resolution and relative pulse amplitude 
(RPA) for hexagonal (H) and cylindrical (C) ZnWO4 
scintillator crystals for geometry “A” (see Fig. 2) measured 
with a 137Cs source for different crystal surface conditions 
(1 − polished; 2 − diffuse side; 3 − diffuse side and top face; 
4 – all surface diffuse). 

Fig. 5. Energy resolution and relative pulse amplitude for 
hexagonal (H) and cylindrical (C) ZnWO4 scintillator 
crystals for geometry “B” (see Fig. 2) measured with a 
137Cs source for different crystal surface conditions (1 − 
polished; 2 − diffuse side; 3 − diffuse side and top face; 
4 – all surface diffuse). 

 

3. Conclusions 
 

Effects of crystal scintillator shape, reflector material 
and shape, optical contact and surface treatment were 
tested with two ZnWO4 crystal scintillators: a hexagonal 
prism (height 20 mm, diagonal 20 mm) and a cylinder 
(height 20 mm, diameter 20 mm) produced from the 
same crystal boule. That the optical properties of the 
samples were the same within errors was confirmed 
through transmittance measurements. 

The hexagonal crystal shows better energy resolution 
and relative pulse amplitude for all tested measurement 
conditions. The best energy resolution (FWHM = 9.3 % 
for 662 keV γ quanta of 137Cs) was obtained with the 
hexagonal scintillator with all surfaces diffuse, in optical 
contact with the PMT, and surrounded by a cylindrical 
reflector (3M). The maximal light output was measured 
with the hexagonal scintillator with side surfaces diffuse 
and polished end faces, in optical contact with the PMT 
and surrounded by a cylindrical reflector (3M) with a 
≈5 mm gap between the scintillator and the reflector. 

In the geometry “without optical contact” 
representing the conditions applicable for light collection 
in a cryogenic scintillating bolometer the light collection 
efficiency is reduced by almost a factor of two when 
compared with the two other experimental geometries. 
This is due to substantial reflection losses at the 
boundaries of the crystal-gap and air-PMT interfaces. 
The energy resolution of the detector, though degraded, 
remains useful for practical applications. The best 
relative pulse amplitude and energy resolution 

Fig. 6. Energy resolution and relative pulse amplitude for 
hexagonal (H) and cylindrical (C) ZnWO4 scintillator 
crystals for geometry “C” (see Fig. 2) measured with a 
137Cs source for different crystal surface conditions 
(1 − polished; 2 − diffuse side; 3 − diffuse side and top 
face; 4 – all surface diffuse). 
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(FWHM = 11.8 % for 662 keV γ quanta of 137Cs) were obtained for the hexagonal shape scintillator with diffuse side 
surfaces and polished end faces, surrounded by a cylindrical reflector with a gap between the scintillator and the 
reflector. 
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