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Introduction
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Fig.3 : A unit cell of ZnWO4 [2]. 

The W ions are at the centers 

of the blue octahedra.
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Summary

Experiment

Dark Matter is expected to be the main component of the halo 

of the Galaxy. Dark Matter candidate particles are called 

WIMPs. Solar System is rotating around the center of the 

Galaxy, and it is expected that the Earth should be receiving 

“wind” (named 'WIMP wind') against the direction of the 

rotation.

ZnWO4 has anisotropic properties that the light output of 

heavy particles (p, α, nuclear recoils) depends on the 

direction of such particles with respect to the crystal axes [1]. 

We propose a new type Dark Matter detector with single 

crystals due to higher density than gaseous ones; ZnWO4

and/or similar group can detect the direction of incident 

particles due to anisotropic.

Light outputs for anisotropic properties

ZnWO4 has a broad emission-peak around 480 nm.

We measured transmittance spectrum in the emission 

wavelength region for the each crystal surface using a

spectrometer JASCO V-730.

Transmittances

・We estimated light outputs of the crystal irradiated with 5.5-MeV alpha rays and 511-keV gamma rays. 

・The results showed that b-axis orientation had different α/γ ratio from other surface, and we confirmed the anisotropic for ZnWO4.

・We found (Zn, Mg)WO4 had smaller anisotropic effect than ZnWO4 .

・ Anisotropic properties of ZnWO4 could be applied to the direct-sensitive Dark Matter search.

Monoclinic crystal system

The crystals were 

grown by the 

Czochralski process 

and cut to cubic 

shape.

Fig.7 :Photograph of (Zn0.95Mg0.05)WO4  

single crystals grown by the Czochralski

process.

To estimate anisotropic 

properties for ZnWO4 crystals 

and a Mg-admix ZnWO4 crystal 

in order to investigate what 

contributes to anisotropic 

properties.

Motivation of this study

Fig.8 :Photograph of samples.

(a)20 mm ZnWO4. (b)9 mm ZnWO4. 

(c)10 mm (Zn0.95Mg0.05)WO4.

(a) (b) (c)

(5.5-MeV α / 511-keV γ)* (1275-keV γ / 511-keV γ)** 

A 1.27±0.02 2.48±0.02

Ainv 1.31±0.02 2.48±0.01

B 1.48±0.01 2.52±0.01

Binv 1.48±0.01 2.53±0.01

C 1.17±0.01 2.41±0.03

Cinv 1.19±0.01 2.42±0.02

We estimated light outputs of the crystals irradiated with 

5.5-MeV alpha rays and 511-keV gamma rays. 

The crystals were irradiated in the directions 

perpendicular to (100), (010) and (001) crystal planes 

(directions A, B and C, respectively).

Fig.1 : The Earth receiving 

'WIMP wind’  against the 

direction of the rotation.

Light outputs for anisotropic properties

Transmittances

ZnWO4 (Zn0.95Mg0.05)WO4

a[Å] 4.6937(15) 4.6929(10)

b[Å] 5.7197(18) 5.7155(12)

c[Å] 4.9275(16) 4.9303(11)

β[°] 90.638(4) 90.643(3)

Table1 : Lattice constant of ZnWO4 and (Zn0.95Mg0.05)WO4. 

Value of b became 

smaller than Mg-free 

samples.
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Fig.2 : Anisotropic properties of ZnWO4 [1].

Fig.4 : Czochralski process.

Fig.5 : Schematic diagram of experimental apparatus.

Y values are normalized to light output when 

ZnWO4 was irradiated with gamma rays or 

alpha rays from 22Na or 241Am into surface B.

Fig.11b : Comparison of light outputs for each 

orientation.

Fig.11a : Pulse height distribution.
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Fig.12b : Comparison of light outputs for each 

orientation.

Fig.13b : Comparison of light outputs for each 

orientation.

Fig.12a : Pulse height distribution.

Fig.13a : Pulse height distribution.

surface B only

(5.5-MeV α / 511-keV γ)* (1275-keV γ / 511-keV γ)** 

A 1.40±0.01 2.49±0.01

Ainv 1.41±0.02 2.49±0.02

B 1.54±0.01 2.51±0.01

Binv 1.54±0.01 2.51±0.01

C 1.37±0.01 2.50±0.01

Cinv 1.36±0.03 2.47±0.05

(5.5-MeV α / 511-keV γ)* (1275-keV γ / 511-keV γ)** 

A 1.43±0.01 2.51±0.04

Ainv 1.40±0.02 2.51±0.03

B 1.54±0.02 2.51±0.01

Binv 1.50±0.05 2.49±0.01

C 1.38±0.04 2.47±0.03

Cinv 1.38±0.02 2.50±0.04

surface B only

Table2 : 5.5-MeV alpha ray / 511-keV gamma ray ratio. 

** (1275-keV γ / 511-keV γ) =
1275−keV gamma ray peak ch

511−keV gamma ray peak ch

* (5.5-MeV α / 511-keV γ) =
5.5−MeV alpha ray peak ch
511−keV gamma ray peak ch

Table3 : 5.5-MeV alpha ray / 511-keV gamma ray ratio. 

Table4 : 5.5-MeV alpha ray / 511-keV gamma ray ratio. 

c.f. previous study [1] : Value of A is smaller than B by ~ 40%.

C is smaller than B by ~ 30%. 

9 mm ZnWO4

10 mm (Zn0.95Mg0.05)WO4
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Each data: average of 3 

measurements ±1 

standard deviation.

We found  no difference 

for the transmittance 

among all orientations.
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We found  no difference 

for the transmittance 

among all orientations.

Each data: average of 3 

measurements ± 1 

standard deviation.
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Fig.10b : Comparison of transmittance for each orientation.

Fig.9b : Comparison of transmittance for each orientation.

Fig.10a : Transmittance.

Fig.9a : Transmittance.

Fig.6 :Photograph of experimental apparatus.
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