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Dark matter is ubiquitous in the Universe!

Gravitational lensing

Rotation curvenot-to-scale



CDEX Collab.

LUX Collab.

SENSEI Collab.

XENON Collab.

Essig+ (2015)

Hochberg+ (2015)

Hochberg+ (2016)

Geilhufe+ (2019)

Kim+ (2020)

Kahn+ (2020)

Knapen+ (2020)…


The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ

not-to-scale



CDEX Collab.

LUX Collab.

SENSEI Collab.

XENON Collab.

Essig+ (2015)

Hochberg+ (2015)

Hochberg+ (2016)

Geilhufe+ (2019)

Kim+ (2020)

Kahn+ (2020)

Knapen+ (2020)…


The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ

not-to-scale

liquid xenonsemiconductor
skipper CCD

Dark matter
direct search

superconductor/graphene
Dirac matter…

nucleus recoilselectron recoilslow temperature

quantum effects



CDEX Collab.

LUX Collab.

SENSEI Collab.

XENON Collab.

Essig+ (2015)

Hochberg+ (2015)

Hochberg+ (2016)

Geilhufe+ (2019)

Kim+ (2020)

Kahn+ (2020)

Knapen+ (2020)…


The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ

not-to-scale

liquid xenonsemiconductor
skipper CCD

Dark matter
direct search

superconductor/graphene
Dirac matter…

nucleus recoilselectron recoilslow temperature

quantum effects

Dark matter
indirect search

JWST

Super-K

DUNE

IceCube



CDEX Collab.

LUX Collab.

SENSEI Collab.

XENON Collab.

Essig+ (2015)

Hochberg+ (2015)

Hochberg+ (2016)

Geilhufe+ (2019)

Kim+ (2020)

Kahn+ (2020)

Knapen+ (2020)…


The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ

not-to-scale

liquid xenonsemiconductor
skipper CCD

Dark matter
direct search

superconductor/graphene
Dirac matter…

nucleus recoilselectron recoilslow temperature

quantum effects

compact stars 
pulsars…

planets

Sun

supernovae

cosmic rays

Dark matter
indirect search

JWST

Super-K

DUNE

IceCube



CDEX Collab.

LUX Collab.

SENSEI Collab.

XENON Collab.

Essig+ (2015)

Hochberg+ (2015)

Hochberg+ (2016)

Geilhufe+ (2019)

Kim+ (2020)

Kahn+ (2020)

Knapen+ (2020)…


The DM probes: mχ & σ
~ ~

eV MeV GeV > TeVmχ

not-to-scale

liquid xenonsemiconductor
skipper CCD

Dark matter
direct search

superconductor/graphene
Dirac matter…

nucleus recoilselectron recoilslow temperature

quantum effects

Dark matter
indirect search

compact stars 
pulsars…

planets

Sun

supernovae

cosmic rays

JWST

Super-K

DUNE

IceCube



Galactic supernova



Galactic supernova

top-view

side-view

In practice

RGC

Rs

β

φ
r <latexit sha1_base64="bZV/RuQsWh8kNUEfDWKB9mFjjaM="></latexit>

`

GC

SN r′
RGC

Rs

β

nχ(r′)

θ

not-to-scale



Galactic supernova
SN@GC

RGC = Rs

r

RGC = Rs

<latexit sha1_base64="bZV/RuQsWh8kNUEfDWKB9mFjjaM="></latexit>

`

SN@GC

nχ(r)

θ

top-view

side-view

In practice

RGC

Rs

β

φ
r <latexit sha1_base64="bZV/RuQsWh8kNUEfDWKB9mFjjaM="></latexit>

`

GC

SN r′
RGC

Rs

β

nχ(r′)

θ

not-to-scale



SN@GC

Halo DM boosted by SNν

duration: ~10s
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Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYI ZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

<latexit sha1_base64="7Spr1Dl+nI+HdOfEG1JX9lZPjvU="></latexit>

dn⌫

dE⌫
=

X

i

L⌫i

4⇡r2hE⌫ii
E2

⌫f⌫i(E⌫)

Duan+ 2006

not-to-scale



ν
ν

ν
ν

ν
ν

SN@GC

Halo DM boosted by SNν

duration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6 ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>
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▸ Non-zero DM-ν cross section σχν 

Halo DM boosted by SNν

ν χ
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▸ The BDM kinetic energy Tχ

▸ The angular distribution
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BDM flux from GC



BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

1 keV
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

1 keV
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

1 keV

~10 s after SNν 
burst
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

1 keV

~10 s after SNν 
burst
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

▸ The peak is contributed by the BDM 
coming from the SN place

1 keV

~10 s after SNν 
burst
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

▸ The peak is contributed by the BDM 
coming from the SN place

▸ mχ can be directly measured!
1 keV

~10 s after SNν 
burst
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BDM flux from GC
▸ BDM flux at Earth with mχ = 1 keV and Tχ = 10 MeV

▸ Time-zero t = 0 indicates SN neutrinos arrived Earth

▸ The peak is contributed by the BDM 
coming from the SN place

▸ mχ can be directly measured!

▸ The vanishing point corresponds to 
the propagation length that maximizes 
the propagation time

1 keV

~10 s after SNν 
burst

<latexit sha1_base64="DrLXlo7M7c1iRbmI11gcac3EY1s="></latexit>

d��(T�, t0)

dT�
= 2⇡⌧

Z 1

0
d cos ✓J j�(r, T�,↵)

����
t0= r

c+
`

v�

peak time tp

r

RsSN

<latexit sha1_base64="/+UDn3RYK+1nmIFe3JbSsyldAWo="></latexit>

`
<latexit sha1_base64="X9S31QqcQ+NkpvfXVvpx/B2v1Uk="></latexit>

tvan ' m�

4T�

Rs

c

vanishing 
time tvan

<latexit sha1_base64="qzBMumW+eVRbEUHvU5ElePHWsXc="></latexit>

tp = Rs

✓
1

v�
� 1

c

◆
'

m2
�

2T 2
�

Rs

c



BDM from various places in MW



Rs = 8.5 kpc vs. β

BDM from various places in MW



β = 0

Rs = 8.5 kpc vs. β

mχ = 0.1MeV

Tχ = 10 MeV

BDM from various places in MW

β = 0
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β = 0.1π

Rs = 8.5 kpc vs. β

mχ = 0.1MeV

Tχ = 10 MeV

BDM from various places in MW
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Constraint and 
sensitivity



Sensitivity on model-agnostic parameters

▸ Constraint and sensitivity on               
by assuming σχν = σχe 


▸ The background Nb ~ 526 ⨉ MT ⨉ texp 
where MT is the target mass


▸ The exposure time


where
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Sensitivity on Lμ−Lτ parameters
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Summary



SUMMARY

Summary

▸ We investigated a novel way of probing light DM in sub-MeV region with 
galactic SNν


▸ Temporal profile measurement of the BDM flux can directly infer the DM 
mass, without any dependence on the phenomenological model


▸ Determination of tvan in advance leads to background reduction by 
controlling the detector exposure time texp = min(tvan, tcut = 35 yrs)


▸ SNν BDM offers prominent sensitivity on interaction cross sections in sub-
MeV DM
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