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Dark Matter�

ª No good candidate in SM�
-  electrically neutral�
-  stable�
-  non-relativistic�
-  weakly interacting�

ª Observations�
-  cosmological measurements�
-  direct detections�
-  indirect detections�
-  search at colliders�
�
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Direct Detection�

ª scattering�
-  Detecting the recoil energy from scattering of DM and 

a target nucleon.�

ª can calculate�

-  scattering cross section�
-  coupling�
-  mass�
�
�

target nucleus 

DM 

ER 

DM 
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Directional �
Dark Matter Detection�



To	next	genera+on	

ª   Directional Detection�
-  detecting not only the recoil �
     energy but also direction where �
     DM comes from.�

ª Advantages�
-  Powerful back ground rejection�
     Bkg : isotropic�
�    DM signal : come from the direction of the Cygnus.�
-  Detection of annual/daily modulation�
�
�
�

�

DM wind	
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Directional Searches�

NEWAGE 
Japan	

DRIFT 
UK	DMTPC 

USA	

D3 

Hawaii	

Gaseous Detector 
 (CF4, CS2, CHF3) 
= SD cross section	

Solid Detector 
(Ag, Br, C,…) 
SI cross section	

MIMAC 
France	 NEWS 

(emulsions) 
Japan	

Can directional detection be a clue to velocity distribution of dark matter? 



Velocity Distribution �
of Dark Matter�



Clues�

Dark 
Matter�

density 
distribution�

velocity 
distribution�abundance�

ª  In the directional DM search, it can be possible to 
make a constraint for the velocity distribution. �

cross�
section�

mass�

ª  Correct distribution is required to derive 
appropriate constraints for the interaction�
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Standard	Distribu+on �

ª Maxwell distribution�

ª  isotropic�
�
ª  Is DM distribution surely this 

shape?  �
�

f(v
)	

Catena and Ullio (2012) 

v0: velocity of the Solar system 
vE: Earth’s velocity relative to DM	
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Co-rotating DM�
ª N-body simulation including baryons and gas�
-  DM co-rotates with baryons in the galaxy. �
-   Anisotropic distribution�

Ling, Nezri, Athanassoula & Teyssier (2009) 
radial velocity tangential velocity 
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Anisotropy	parameter	“r” �

ª Tangential velocity�
-  Anisotropy parameter 

0 < r < 1�
-  r=0.25 is suggested 

by N-body simulation�

isotropic 	 anisotropic 	
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Velocity Distribution 
observed �

in Directional Detector�



Can	we	dis+nguish	velocity	distribu+ons? �

ª Monte Carlo simulation 
-  Direction (scattering angle) 
-  Recoil energy 

ª Elastic scattering 
ª mass relation mχ=3mN 

θ 

DM wind	

Target	
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Analysis�

Ordinary direct detection	

Directionality histogram	

Energy-Angular  
distribution	

✔	

✔	

Energy resolution     
Angular resolution   😊 

Energy resolution    😊 
Angular resolution   😊 

Energy resolution    😊 
Angular resolution    
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target 
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target 
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Directionality (1)�
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Ethr = 0keV 	
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target 
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target 
(Ag) 
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Directionality (2)�
preliminary	
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Energy resolution    😊 
Angular resolution   😊 
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Energy-angular	distribu+on	(1)	
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At least for the case of heavy target, 
the anisotropy can be visualized by Ethr.	

Energy-angular	distribu+on	(2)	
preliminary	
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Realistic Analysis �
Many Data 
(#106) 

“pseudo-experimental” data	

“expected” template	ü  ideal 
ü  difficult to achieve	

Few Data 
(#103) 

ü  realistic 

χ squared test	
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Chi	squared	test	for	r	(#10^3)	
r=0	 r=0.1	 r=0.2	 r=0.3	
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Chi squared test can point out correct anisotropy parameter. 	

Ethr=100keV (Ag)	

preliminary	
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	Summary	&	Discussion 

ª  I discussed the possibility to distinguish 
the distribution models of dark matter in the 
direct detection.�

ª  With “template data”, the chi squared test 
is helpful to figure out anisotropy if O(1000) 
data is obtained.�
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Periodic	Table	



NEW	AGE	



BG	rejec+on	-summary-	
•  Radioac+ve	sources	from	outside	:	β,	p,	μ	

–  Sensi+vity	control,	point-like	signal	

•  Internal	BG	sources	:	β,	(γ)	
–  40K	mixed	in	when	KBr→AgBr,	can	be	avoided	by	using	NaBr	instead	of	KBr	
–  14C	(β-ray	induced	by	γ	makes	the	grains	which	has	Plasmon	resonance	effects,	

i.e.,	we	can	dis+nguish	them	by	color	obs.)	

•  Neutron	from	rocks	
–  Neutron	shield,	sensi+vity	control	

•  Others	
–  Underground,	isotoropic	angular	distribu+on		


