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4, Pulse height spectra /alpha

1, Introduction
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2, Crystal Growth

➢ Pulse height spectra 
(Light outputs and energy resolutions)

PMT
Hamamatsu  R7600 -
200U (Ultra i-alkali)
+700V supply

preAMP
ORTEC model 113

samples
Shaper
ORTEC model 752A
Shaping time: 3sec

MCA 
(multi-channel analyzer)
Amptek MCA8000A

Grease: OKEN 6262A
Crystal thickness: 1mm 

Am-241
source

Dark matter

(WIMPs)
Na or I

scintillation

The ~ 100 kg NaI(Tl) set-up out of operation. 

Opening the passive shield after the removal of 

the external plexiglas box and of the paraffin

http://people.roma2.infn.it/~dama/

web/libra_ph1.html

Dark matter 
= WIMP (weakly interacting massive particles)

Wind from 
Cygnus

If we detect the direction of the wind, 
sensitivity can be improved.

➢ DAMA experiment & Scintillator

➢ WIMPs wind

Gaseous detector would have lower 

detection efficiency than scintillators.

Fig. : Anisotropic 

properties of ZnWO4 

[1].

Approx. - 30%

Approx.  - 40%

luminescence centers : (WO6)
6-

charge transfer transition

Monoclinic crystal system

To estimate anisotropic properties 

for a ZnWO4 crystal and a Mg-

admix ZnWO4 crystal 

in order to investigate what 

contributes to anisotropic 

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

single crystals grown by the Czochralski

process.

Fig. :Photograph of samples.

(a)9 mm ZnWO4. 

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

(a) (b)

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)

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

Trial 1

Incident 

surface

Each data: average of 3 

measurements ±1 

standard deviation.

We found  no difference 

for the transmittance 

among all orientations.

Fig. : Comparison of transmittance for each orientation.

Fig. : Transmittance.
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Fig. : Transmittance.

9 mm ZnWO4

Fig. : Comparison of light outputs for each 

orientation.

Fig. : Comparison of light outputs for each 

orientation.

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

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

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

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

Table : Alpha 5.5 MeV / gamma ray 511 keV ratio. 

Table : Alpha 5.5 MeV / gamma ray 511 keV ratio. 

- 9%

- 11%

- 7%

- 9%

3, Transmittance
9 mm ZnWO4 10 mm (Zn0.95Mg0.05)WO4

spectrometer JASCO V-730.

10 mm (Zn0.95Mg0.05)WO4

PMT contact 

surface X

X = A, Ainv, 

B, Binv, 

C, Cinv

Fig. :Photograph of experimental apparatus.

We estimated light outputs of the crystal irradiated with 

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

The crystals was irradiated in the directions 

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

(directions A, B and C, respectively).

• The results showed that b-axis orientation had different ratio from other surface, and we confirmed the anisotropic for ZnWO4 excited 

by proton and alpha particle .

• 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.

Summary
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6, Pulse height 
Spectra w/ electron

We estimated light outputs of the ZnWO4 crystal 

irradiated with 2-MeV electron using single 

electron counting at Kyoto University Free 

Electron Laser facility of  Institute of Advanced 

Energy, Kyoto University、IAE.

The crystals was irradiated in the directions 

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

planes (directions A, B and C, respectively).

Result:

The difference < 3% (preliminary)
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5, Pulse height spectra /proton

Fig. :Photograph of experimental apparatus.

We estimated light 

outputs of the 

ZnWO4 crystal 

irradiated with 3.4-

MeV proton using 

single electron 

counting at Single 

Particle Eradiation 

for Cell (SPICE) of 

Institute for Quantum 

Medical 

Science ,National 

Institutes for 

Quantum Science 

and Technology 
(QST)  

Result:

The difference > 5% (preliminary)

Fig. :Photograph of experimental apparatus.

Fig. :Pulse height spectra for ZnWO4 exited by proton
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