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Dark Matter

Method:
* Rotation curve

Local dark matter density - Distribution Function

* Vertical Jeans eq.
I VERA telescope @ 2020 6l - ) (dark colors: Gaia data)
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https://doi.org/10.1093/pasj/psaa018

The nature of dark matter in the gala

B Dark Matter Distribution

- - Velocity (Ef;) $ Maxwell%> %1 . Dark matter stream, /NUAHBEERIZEPIEZEFYE =

- Space (Z=f&]) BEIOI7AL. HT A= o g /

M Particle character &

- Mass

- Interaction ) : :
- Spin Independent, Spin Dependent, Fermion, Boson etc.

- Nucleus dependence - Form factor, YIE R (e.g., VTOF T . BFRMa. ST T ILBR etc)




How can we identify the dark matter BBt N AR A -ttt {o)
signal ?

Annual Modulation Diurnal Modulation

S(v1ap) = Sk(vs) + S AnnC0sWyen (t = to) + Sgcoswyor(t — 14)

1 1

2-3 % variation 0.01 - 0.1 % variation
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Potential for Direction-sensit
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Demonstrated

Detector classes by directional information ReD

Proposed
| Indirect 10 Recoil imaging
— Statistical 10 Event-level
Modulation-based Indirect recoil Time-integrated Time-resolved
directionality event directionality recoil imaging recoil imaging
Anisotropic scintillators Columnar recombination ; Nuclear Emulsions Gas TPC \
> No event-level directions > Event-level 1d direction » 2d/3d recoil track > 1d or 2d/3d recoil track
> Exploits modulation of > No head/tail » Microscope readout > Independent
DM with respect to > Direction and energy are | » Demonstrated at LNGS energy/direction
crystal axis not independent measurement
» Demonstrated at several

\ underground lab.

v

Crystal defects
» 2d/3d track topology
» High electron BG separation

Carbon nano tube

» 2d/3d track topology

https://arxiv.org/pdf/2102.04596 /
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https://arxiv.org/abs/2309.13923
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Super-resolution nuclear emulsion and sub-micron tracking

A3)7 - 7\‘5‘/'&‘7‘/{'}*%@? i < > Proton recoil or alpha
WIMP signal Higher energy signal e.g., boosted DM ! P
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Demonstration of directional D

[surface run @ Nagoya Univers

Technical test at surface lab.
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A

Target mass

0.01 kg
Exposure
1 kg=day 100 kg*day
Scanning time ~3 month/machine ~6 month/4machine

Upgrade study

(multi-camera system, wide-view imaging, stage motion update etc.)

INYDT SR D) —#RBE LTS H 4 FBIE (+ low-mass DM assuming

Neutron run .
specific model (e.g., multi-component DM etc.)) Co A FIZ &

WIMP run
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Readout system

PTS-2’ @ Kanagawa U. PTS-3 @ Nagoya
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Scientitic Reports volume 13, Article number: 22813 (2023)

Super-resolution imaging
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https://www.nature.com/srep
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Discrimination of anisotropy in dark matter velocity 60f

(-

distribution with directional detectors 40-

K. 1. Nagao, Tomonori Ikeda, Ryota Yakabe, Tatsuhiro Naka,
Kentaro Miuchi, Phys. Dark. Univ. , 27(2020) 100454
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Directional direct detection of light dark matter up-scattered by
cosmic-rays from direction of the Galactic center

Keiko I. Nagao, Satoshi Higashino, Tatsuhiro Naka, Kentaro Miuchi.
JCAP07(2023)061
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Anisotropic crystal
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Conclusion
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