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How can we detect the dark matter?

1.
Introduction
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Dark Matter Candidates

n Weakly Interacting Massive Particles (WIMPs)

n Axions

n Axion Like Particles (ALPs)

n Primordial black holes

n Modified Gravity

n ……



Direct Detection
p Detecting recoil energy of DM-target scattering
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event rate

!"#$%!&
'()*%(+

Recoil 
energy ER

DM

1903.03026

#target, #WIMP



Constraint of Direct Detection
p Direct detection put the 

severe constraint to O(10-
100) GeV DM. 

p Lighter or heavier DM than 
ordinary WIMP (mχ〜
O(100)GeV) are becoming 
popular.
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Why direct detection is not sensitive 
to light and heavy mass region?

1903.03026

p Heavy mass region

ΩDMh2=0.12
w/ ΩDM=ρDM/ρc

=mDMnDM/ρc

nDM∝1/mDM

Less #DM is expected 
for large mDM

p Light mass region

<vDM>~220km/s
Kinetic energy ~mDMvDM

2/2

For light DM, getting 
enough kinetic energy to 
overcome energy threshold 
of detector is hard.
→ small ionization signals by DM-electron scattering, 

Migdal effect, Cosmic-ray DM scattering, …



Can the light dark matter of sub-GeV mass be 
detected via DM-nucleus scattering?

2.
Cosmic-ray boosted 
DM (CRDM)

W. Yin arXiv:1809.08610
T.Bringmann and M.Pospelov arXiv:1810.10543

…



Concept of CR Acceleration

Cosmic-ray (CR) can scatter the light DM 
and DM obtains additional kinetic energy 
(CR-DM) to overcome the energy threshold.
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Ordinary DM (WIMPs)
l <vDM>~230 km/s
l bounded by the Galactic escape velocity 500-600 km/s

χ

p

CR-DM
l NOT bounded by the Galactic escape velocity
l <vDM> depends on kinetic energy of CR

T.Bringmann and M.Pospelov arXiv:1810.10543



CR-DM
p Even if DM is as light as < 

O(1) GeV, direct detection 
can reach (give constraint to) 
the parameter region due to 
CR boost.
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Attenuation of CR-DM
If σ is too large, due to scattering with atoms in underground
DM loses its kinetic energy < Ethr of detector. Such region cannot be constrained.
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Constraints on σSI and σSD
If σ is too large, due to scattering with atoms in underground, 
DM loses its kinetic energy < Ethr of detector. Such region cannot be constrained.
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T.Bringmann, M.Pospelov



Why directional detection of DM?

3.
Directional 
Direct 
Detection



Our motion in the Galaxy
p The Solar system is moving toward the Cygnus.

DM wind the Solar system

Dec.

Jun.

Credit: NASA/JPL-Caltech/ESO/R. Hurt

Annual modulation of the event rate is 
expected.

DAMA/LIBRA phase2
arXiv:1805.10486



◈ Powerful background rejection
Background : isotropic
DM signal : come from direction 
of the Cygnus

◈ Neutrino Floor

Advantages of directionality (1)
SNOWMASS report (2013)



◈ Velocity distribution of DM

Advantages of directionality (2)

- Isotropic Maxwell distribution is usually assumed as f(v)
- Non-standard distribution, especially anisotropy is 

suggested by some N-body simulations
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Ling, Nezri, Athanassoula & Teyssier (2009)
KN, Ikeda, Yakabe, Naka and Miuchi (2020)
also B. Morgan, A. Green, N. Spooner (2004)
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Credit:Sven Vahsen’s talk 
in Sendai Symposium



Credit:Sven Vahsen’s talk 
in Sendai Symposium



Gaseous Detector
p Directionality

Mean free path ~ μm

p Low Pressure 

large volume is required to enhance 
sensitivity.

p Typical target
CF4, SF6, CS2, CHF3

DRIFT 2017

NEWAGE



p Nuclear Emulsion=AgBr Crystal + gelatin

p Dense
>> Easy to obtain large mass

p Target

H, C, N, O, Ag, Br

Solid detector Slides by Naka.
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“
What if we can detect the CR-DM with 

directionality? Can we see many CR-DM in the 
direction of the Galactic Center? It’s interesting!



Can we see CR-DM signals from the Galactic 
center?

4.
Numerical 
result



Strategy of Numerical Simulation

1. DM profile ρDM(r), mDM, σχi, CR-flux {H,He,…}

2. CR-DM flux on the Earth

3. Monte-Carlo sim. of Nuclear recoil 

4. Evaluation

θ

DM 
wind Target

ER

G.C.
?

Detectability of CR-DM signals from the GC, DM profile dependence, … 

σχN, target (F, Ag, C, …)

1.(ER, direction)



Cal. of CR-DM flux
n CR-DM flux for each direction
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Cal. of CR-DM flux
n CR-DM flux for each direction

CR-flux by
GALPROP

J. S. George et al 2009 ApJ 698 1666

CR (i=p) abundance

CR (i=p) fluxDM profile



n Profilesn DM density near the Sun

DM profiles of the Milky Way Galaxy

Salas,a, Widmark (2020)
2012.11477

ρχ(r~8kpc)
≈ 0.3-0.4GeV/cm3

l Navarro–Frenk–White (NFW) profile

l Einasto profile better to fit the observations.

l Pseudo-isothermal profile

arXiv:1406.3430
cuspy;
steeply at small radii.

cored

r

ρ(r)



Line-of-sight integral
n CR-DM flux for each direction

CR (i=p) fluxDM profile

χ

Disk 30kpc

8kpc

Result depends on full line-of-sight integration out to 1 
kpc (10 kpc) in the original paper. We suppose 
lmax=10kpc in the numerical calculation.

T.Bringmann and M.Pospelov arXiv:1810.10543

G.C
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CR-DM flux focuses on the direction of the G.C. as expected. 
In the case of pseudo-isothermal profile (cored), concentration of the 
G.C. direction is unclear compared to others (cuspy). 



mχ dependence of Nuclear Recoil
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Map of nuclear recoil is blurred compared to original CR-DM flux, 
but signals still focuses on the G.C.



Target dependence of Nuclear Recoil NFW
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Summary and Outlook
l Celestial sphere maps for nuclear recoils caused by CR-DM are 

obtained. Nuclear recoils focus on the GC region and depend on DM 
profiles.

l I’ve discussed based on only CR-DM flux. How much events can we 
expect if we suppose the the CR-DM cross section, the energy threshold 
and the resolution of the detectors? Investigation of realistic detectability 
is future work…


