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Detection
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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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Constraint from Direct Detection (cont.)
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arXiv:1805.12562

PICO, Phys.Rev.Lett. 118 (2017) no.25, 251301



Big Problem in direct detection
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A Solution 
-Directional Detection-
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© R. Hurt, NASA/JPL-CalTech/SSC; taken from Pushkarev et al. 
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Advantages
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DM wind

SNOWMASS report (2013)

DAMA/Libra 2018



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)

talk by N.Spooner
in CYGNUS 2017

talk by D.Santos
in CYGNUS 2017

talk by S.Vahsen
in CYGNUS 2017

talk by J. Monroe
in Astroparticle physics

talk by T.Ikeda
in CYGNUS 2017

talk by A.Umemoto
in CYGNUS 2017

NEWSdm
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CF4, SF6, CS2, CHF3

Gas Detectors
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DRIFT 2017

plot by Miuchi-san’s slide
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Solid Detector
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plot by Naka-san’s slide
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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



May not be so simple
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A stellar stream is torn apart and stretched out 
along its orbit by tidal forces, and flow into a 
galaxy.

globular cluster 
/ dwarf galaxy

Sloan Digital Sky Survey II data (2006)



Debris Flow

17

Kuhlen, Lisanti and Spergel (2012)

subhalos
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Lisanti and Spergel (2011)

n Some N-body 
simulations suggest 
anisotropy



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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θ

DM wind f (v) Target

ER



n depends on resolutions of a detector

Analysis

23

Energy resolution  :OK
Angular resolution :OK

ER-cosθ
energy-angular distribution

Energy resolution  :NG   
Angular resolution :OK   

cosθ
angular histogram

E R
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Summary of Branches
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Directional Direct Detection

F Ag

Target

DM mass

known not known

ER – cosθ
distribution

cosθ
histogram

Resolution
of Detector

known Let me start from the case that MDM is 
known by collider search:
e.g. MDM � 3MA

i.e. 60GeV (F) / 300GeV (Ag)
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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
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If anisotropic distribution is realized

90% C.L.

ER-cosθ cosθ hist.

Ethr=50keV (Ag)
Mdm=300GeV
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Supposing MDM is known…
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[ER-cos] VS [cos only]
p  #) # (

- ( - ( # , ) )

- ( - ( # , ) )
p # , #  ()  ) # ( #) #

 (  ) # ) ) #  () (

<
<

p #) #  #  (
 ((  # # ,( (

#  # #  # # )

ER-cos (2D)

cos only (1D)



Cases
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Directional Direct Detection

F Ag

Target

DM mass

known not known

ER – cosθ
distribution

cosθ
histogram

Resolution
of Detector

not known
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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
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Summary
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Thank you for your attention.
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BACKUP
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ER / cos / ER-cos

Samuel K. Leea,b Annika H. G. Peter (2012)


