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Dark Matter
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Direct Detection
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TAUP2017 Kajita-san’s talk



Event rate
# of target particles

# of WIMP

Velocity distribution
Averaged WIMP velocity
Cross section for 
DM-nucleus scattering

Constraint from Direct Detection
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© R. Hurt, NASA/JPL-CalTech/SSC; taken from Pushkarev et al. 

Directional Detection
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DM wind



Directional Searches
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NEWAGE

DRIFT
DMTPC

D3

Gas Detector
(CF4, CS2, CHF3)
SD cross section

Solid Detector
(Ag, Br, C,…)

SI cross section

MIMAC

(not complete list)
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Standard velocity distribution 
n Maxwell–Boltzmann (MB) distribution
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Ø isotropic MB distribution is commonly supposed in direct 
detections



Simulation including 
baryons and gas
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Ling, Nezri, Athanassoula & Teyssier (2009)
cf. David R. Law (2009) …

radial velocity tangential velocity

the Galaxy

the Solar system



Anisotropic component
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isotropic anisotropic 
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Simplified Goal
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cf.
Ben Morgan, Anne M. Green, Neil J. C. Spooner (2004)
Ole Host, Steen H Hansen (2007)



Numerical Simulation of Scattering

n Monte Carlo simulation of scattering supposing f(v)
p ER and θ are obtained
p Elastic scattering, No BG, Perfect resolution
p Target : F (light) /Ag (heavy)
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Strategy for discrimination 
ideal “template”

Many Data
(#108)

“pseudo-experimental” data
Fewer Data

(#103-104)

Which template is 
more similar 
to pseudo-exp?

p Likelihood estimation

p χ2 test



Summary of Branches
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Directional Direct Detection

F Ag

Target

DM mass

known not known

ER – cosθ
distribution

cosθ
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Cases
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Directional Direct Detection
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What if MDM is not known?
p Likelihood method

Ethr=50keV (F)
Mdm=60GeV

#event: 1000

cf. Samuel K. Lee and, Annika H.G. Peter
arXiv:1202.5035
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What if MDM is not known?
p Likelihood method

Ethr=50keV (F)
Mdm=60GeV

#event: 1000

ER only
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cf. Samuel K. Lee and, Annika H.G. Peter
arXiv:1202.5035
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What if MDM is not known? (Ag)

p Likelihood method

Ethr=50keV (Ag)
Mdm=300GeV

#event: 10000

ER-coscos onlyER only

r r r
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Summary
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Thank you for your attention.


