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Dark matter in the Milky Way galaxy

® Local dark matter density : 0.3-0.5 GeV/cm3

® Dark matter flux : 0(10°~10°) /cm?/s on the
earth @ 10-100 GeV /c2 dark matter

® Astrophysical information is always
anisotropic.

® Uncertain astrophysical assumption (e.g.,
velocity distribution, density profile )

From Web Site of the VERA project




Direction sensitive dark matter search

earth@summer

Direction of solar system
(230km/sec)
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earth@winter

matter wind
( from Cygnus )
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Target nuclei I

Direction sensitive Detector

Counting, energy + Tracking




Advantage of “Tracking ”

Diverse information to only calorimetric data.

1. Direction
= dentification of the source

2. topological information
= character of reaction or particle itself

3. Background discrimination



Technical Difficulties for solid (or g
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NEWSdm experiment
[Nuclear Emulsion for WIMPs Search — directional measure

http://news-dm.lngs.inn.it
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Concept of NEWSdm experiment using very high resolution
nuclear emulsion

/

Surface laboratory

[Nagoya, Toho + Napoli, LNGS]
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Using microscope tecﬁniques



Demonstration of directional search at surface laboratory
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Concept of super-high resolution

—— Polymer (C, (N,0))
Charged Particle / Silver halide crystal

(AgBrl) * ~ 200 nm
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Super-fine grained nuclear emulsion

c —
AgNO, NaBr
solution solution

Spartial resolution
\ J

Dark matter detection



Comparison of alpha-ray tracks between normal

emulsion and Nano Imaging Tracker
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Normal emulsion

Case of electron microscope image

Nano Im3aging Tracker
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Low-velocity ion tracking
Mono energy (0.1 keV) SEM image of low-velocity Carbon ion (100keV)

Good direction uniformity (<10 mrad)
C,N,O, Kr + H (Kanagawa)

( various kind ions are also possible)

lon-implantation system

ion direction

"~ emulsionfim ‘
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Elemental composition of NIT

10 kg-year simulated sensitivity [90 % C.L.] + zero BG
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Case for current readout ability
Case for extrapolation lower energy
Case for intrinsic detection ability

Current readout pesfermance
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Proton recoil
B Neutron measurement
B Lower-mass dark matter search
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B Super-resolution imaging
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Data taking machine in Japan

PTS-2 @ Nagoya

-

* Data analysis R&D
* Quality check of device

— =

Surface run data analysis

B
B ——

PTS-3 @ Nagoya

* R&D for Higher speed scanning
system
* Quality check of device

Underground run data taking

~ 3g/y/machine

~40 g/y/machine

Same scanning speed design
with PTS-3

Run data analysis

Sub-MeV neutron measurement

CPTS@ Toho

For color analysis
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Angular resolution for low-velocity ions
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AgBr Target
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Neutron recoil detection
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Temperature Dependence
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Underground Activity @LNGS
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Device production@ LNGS
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Handling in the clean room
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ViewlD=4684/2, ClID=3

Red : the event, Black : the other clusters
view=468472, cluster=3
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ViewlD=365903, CIID=11

Red : the event, Black : the other clusters
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ViewlD=368563, CIID=15
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Background analysis

Electron source expectation [/kg/day]
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Surface run underground run condition
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BERAISAEVHIE
(Localized Surface Plasmon Resonance: LSPR)

Dipole-moment of free electron in the nano metaric DT /EFI=H+BLSPRIEBKE
particle
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Recoiled proton track due to neutrop







Analysis using the effect due to the plasmon

B Color spectrum for particle ID

Color + ML

Color information due to LSPR of
silver grain

Color + polarization + ML

Super resolution corresponding
to electron microscope



Neutron measurement
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Neutron flux (107-6 neutron/cm”2-s)
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Neutron energy (MeV)

No precise data for sub-MeV region for flux,
spectrum and direction !!

Sub-MeV neutron measurement in the underground ( or
surface) with direction sensitivity
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T. Shiraishi et al., PTEP Volume 2021, Issue 4, April 2021,
043H01
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Conclusion
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