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Dark Matter in our galaxy
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 Local dark matter density : 0.4 +- 0.1 GeV/cm3 - _
-~ ¥ Independent value on dark matter model
v Very much mount of DM is condensed in the halo because
. mean dark matter density in the universe is ~ 1.4 keV/cm?
- =+ (27 % of critical density ratio) —~ %
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ldea of “directional” dark mater search

PHYSICAL REVIEW D

PARTICLES AND FIELDS

THIRD SERIES, VOLUME 37, NUMBER 6 15 MARCH 1988

Motion of the Earth and the detection of weakly interacting massive particles

David N. Spergel*
Institute for Advanced Study, Princeton, New Jersey 08540
(Received 21 September 1987)

If the galactic halo is composed of weakly interacting massive particles (WIMP’s), then cryogenic
experiments may be capable of detecting the recoil of nuclei struck by the WIMP’s. Earth’s motion
relative to the galactic halo produces a seasonal modulation in the expected event rate. The direc-
tion of nuclear recoil has a strong angular dependence that also can be used to confirm the detection
of WIMP’s. I calculate the angular dependence and the amplitude of the seasonal modulation for
an isothermal halo model.



Direct Dark Matter Search

Direct dark matter search

earth@summer

Target nuclei ]
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L1 Anisotropic signal for angular distribution
O Actively observation with lower statistics
0 Currently technical R&D is needed

l > DAMA/LIBRA : 2.46 ton-y, 12.90
» (Nucl. Phys. At. Energy 19 (2018) 307-325)
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Potential of Directional Sensitive Searc
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Velocity distribution
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E Entries 3.705648e+007
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F() = s oxp(=(v + VE)?/vy?

_ It’s big assumption for local scale
V,: velocity of the solar system

v¢: Earth’s velocity relative to DM



N-body simulation including baryons and gas
* DM co-rotates with baryons in the galaxy.

» Anisotropic distribution
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+ Variation among research groups (simulation codes).
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+ Definition/choice of MW-like galaxies?



Potential of direction sensitive search
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Neutrino coherenvt scattering

v R / Observation of COHERENT detector by Spallation neutron source (SNS)
@0Oak Ridge National Laboratory
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Detector mass [ton]
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Technologies for direction sensitive detectors

Track length 0.1-1mm 0.1-1um
Difficulties Poor target mass Readout technologies
Diffusion of drift electrons Understanding of BG

Angular resolution Several 10 ° Several 10 °



Current experimental effort

‘ Gaseous TPC ‘ Solid detector

® DRIFT » NEWSdm

® NEWAGE (fine-grained nuclear
® DM-TPC emulsions)

® MIMAC

® D? » ZnWO4 scintillator

and some R&D project




Gaseous TPC
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Gas pressure : ~ 0.1 atm

Readout : drifted electron and each readout technologies
Target:C, F, S, He

DRIFT MWPC CS,, CF,
NEWAGE UPIC CF,, SF¢
MIMAC Micromegas CF,, CcHyp

D3 ATRAS Pixel chips He+CO,, SF,
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Spin-dependent directional search limit with Gaseous detector

The DRIFT TPC (~1.5D wires)

« 1m?3 negative ion (CS2:CF4:02), 3D fiducialised, zero background
* First result in “DAMA Region” with directionality
« US-UK collaboration at Boulby
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NEWSdm project with super-fine nuclear emusions

Detector : Super-resolution nuclear emulsions
Site : Grann Sasso Laboratory

Target : CNO (light DM) + ArBr (Heavy DM)
Readout : optical based microscope system

Angle distribution, Elli>=1.3, bin=21

Entries 7699
Mean £.03124
RMS 0.5006
Underflow 0
Ovarflow 0
p0 1007 £ 18.2
pl -0.0:3499 £ 0.00539
p2 0.3665 = 0.0061

6836323

1 15
20 Anglefrad]



exposure on tne teiescope

Underground laboratory a N
R Readout + analysis

4 Using microscope techniques -




Anisotropic scintillator [ZnWO,]
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Demonstration for anisotropic response ~ 880keV monochromatic neutron test
@ AIST (T(p,n) reaction)
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microscope
objective

New Idea a
N/

»Diamond
Microscope imaging of luminescence due to N-V center in diamond
. =1 mm
Phys. Rev. D. 96 035009 (2017) e ramase et \\’NV
I =100 nm
» Carbon nano tube =
Carbon nanotube target + gaseous TPC ]
e BB LRI T AT BIHLRUAEE
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» Columnar recombination with high pressure gas e 02y 0— ol 2T
T 020 @V('. 1 <)
Dependence of Recombination efficiency on direction between orm g T E @3—’
nuclear recoil and drift field < > (_9@—>

J. Phys. Conf. Ser. 460, 012006 (2013).



Conclusion

0 Anisotropic flux of dark matter on the earth is expected, and it’s sound information for direct dark matter
detection if we can obtain that.

1 Direction information give strong and high reliable evidence for dark matter discovery and the properties.
- essentially difference systematic from annual modulation
- statistical gain for discovery
- velocity distribution
- beyond the neutrino floor

[ Currently various experiment and technologies are studied and promoting
current actively effort
- gaseous TPC
- fine-grained nuclear emulsion
- ZnWO04 anisotropic scintillator

new idea and feasibility study
- Diamond, carbon nano-tube, high pressure Xe with colamner recombination




