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Why is directionality?  

A certificate of merit of Novel Prize in 2002 

Prof. R. Davis Jr  

Prof. M. Koshiba  

Current DM search motivation 

Our motivation 



Direction sensitive Detector 

Target nuclei 

DM 

DM 

Direction of solar system 
(230km/sec) 

earth@summer 

earth@winter 

Directional Dark Matter Search  

 30 km/sec 
Rotation of earth 

 0.3km/sec 

@earth 

Dark Matter velocity distribution 
is assumed as Maxwellian.  
(this is big assume itself)  
ᵼ velocity at earth frame is less 
than about 800 km/sec  



Directional Dark Matter Search with Nuclear Emulsion 

 50 GeV/c2 DM 
Maxwellian  
Target : Carbon 
Density : 3 g/cm3  

Track length [nm] 

Required Detector Performance  
 
ü High spatial resolution  
ü enough angular resolution 
ü low-background  
ü scalability  

Can the nuclear emulsion work as direction 
sensitive dark matter detector? 



Detection Principle of emulsions detector 

Development treatment 

Silver grains 

Charged Particle Silver halide crystal   
(AgBr) * ~ 200 nm 

Polymer (C, (N,O)) 

Latent image 
specks 

For example, in the case of usual type, 

2.4 crystals / µm  

Resolution is poor yet for directional DM search.  

Å Spatial resolution  
ᵼ Crystal size and density  
 
Å Angular Resolution 
ᵼ crystal size   

/Ǌȅǎǘŀƭ ǎƛȊŜ Υ нлл ƴƳ όˋ Ϥ мл ƴƳύ 
Density : 2.8 g/cm3  

(Vol. occupancy of crystal : 30 %) 

Detectable more than µm order!!  

Semiconductor (VG ~ 2.7 eV) 



 Higher resolution 

Development treatment 

Silver grains 

Charged Particle Silver halide crystal  
(AgBr) 

Polymer (C, (N,O)) 

Latent image 
specks 

Development treatment 



Nuclear Emulsion Production for Dark Matter search   

Production scale : 1 kg device/week  
Production cost  : 1 k EURO/device of kg 
           ( 60 % of all cost is AgNO3 )   

Å Development of new original device  
 
Å  Elemental Study for detection mechanism  

 
Å  Supply of emulsion device to the world 

2008  : start of discussion  
2010. Apr.  : Start of install of machine in Nagoya university  
(2014  : Install of larger scale machine ) 

AgNO3 
solution 

KBr   

solution 

AgNO3+KBrŸAgBrŹ+KN

O3 



Mean :   44.6 +- 0.4 [nm]         
Sigma :  6.1 +- 0. 3 [nm]  

Nano Imaging Tracker; NIT 

Crystal diameter [nm] 

Fine-Grained Emulsion  
[ Nano Imaging Traker : NIT] 

Weight occupancy 

C 10.12 

H 1.63 

O 7.41 

N 2.68 

S 0.03 

Ag 44.065 

Br 32.190 

I 1.875 

Density : 3.3 +- 0.1 /g/cm3 

Measured by elemental-
analyzer and SEM-EDX  

Mass fraction 

AgBr-I 0.78 

Gelatin 0.17 

PVA 0.05 

Repeatability is less 
than about 3 nm. 



New simulation for nuclear emulsion 
[ Intrinsic resolution with direction sensitivity] 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 20 40 60 80 100 120

e
ff
ic

ie
n

cy
 

C  recoil energy [keV] 

Simulated direction sensitive  efficiency  

300 nm 0 100 200 

 
           NIT (43nm) 

Input the crystal size distribution data by 
electron microscope  

SRIM/TRIM MC simulation 

NIT has the potential of direction sensitivity 
to 10 keV for C recoil. 



Potential of NIT  
[ Angular resolution ]  
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energy [keV] 

SRIM

track

Scattering effect : ~ 300 mrad.  
Intrinsic resolution : ~ 250 mrad (crystal size effect)  

Ionized electrons are closed in the 
crystal.  
ᵼ angular resolution is defined by 
scattering and crystal size effect  
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scattering + crystal effect  

only scattering   



Readout Strategy  

High-speed roughly Selection and screening   

High precision analysis 

ᵼ  optical microscopy  

Various new technology will be innovated  

-Higher resolution microscopy  
- nano-scale information  
- 3D angle information   
 etc.  



Optical Readout Machine for shorter 
length tracks  

Napoli University 

LNGS(Gran sasso) 

Nagoya University  

All systems are adopted the epi-
illuminated optics.  



D_Track length vs. Ellipticity 

Events: 523 counts 

Elli 1.0 
(events cannot exist 

in gray region) 

ex) Elli 1.25 

Signal region (Major vs. Minor) 

Example of nuclear recoil signal  

Current selection is used the simple elliptical shape 

Candidate selection for optical microscope system 

Candidate signal region  

ʴκʲ ŜǾŜƴǘǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ 
distributed around Ellipticity of one. Another out put parameter  

         - position information  
         - brightness  
         - area of signals  



Hard X-ray microscope 
SPring-8 @ Japan 
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Zone plate Zernike phase plate 

Ta 100 nm thickness pertarn  
on SiN membrane (2µm)   

70 nm line/70 nm space 

80 nm line/80 nm space 
( outer most zone width of 50 nm) 

30 m 
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Maching of recoiled tracks between Optical and X-ray microscope 

Maching  efficnecy > 99 % 
Imaging speed : 1000 events /days 
 

Matching position accuracy < 5 µm 


