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Dark matter halo
• Dark matter density in our Milky Way 

is characterized by Navarro–Frenk–
White (NFW) profile 

with ρs = 184 MeV cm−3 and rs = 24.4 
kpc
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Modern approaches for probing DM
MAKE

Annihilation signals in 
deep space 

⟨σv⟩

JWST

IceCube
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Recoil signals from 
DM scattering off 

nucleus and leptons 
σχf

XENON

Super-K
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BREAK

Missing momentum 
Λ

LHC
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Outline
• Supernova-neutrino-boosted dark matter (SNν BDM) 

‣Concept introduction 

‣Time-dependent flux and direct DM mass measurement 

• BDM flux from SNe in the past 

‣In our Milky Way (distribution in both spatial and temporal dimensions) 

‣From all galaxies in the Universe 

• Summary
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SNν BDM: A quick glance
A direct measurement of dark matter mass through time-of-flight signature

YHL+, PRL 130, 111002 (2023) [2206.06864]
YHL+, PRD 108, 083013 (2023) [2307.03522]
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Duration: ~10 s
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mχ = 1 keV 
NFW

Peak time tp

Time-dependent flux and DM mass

From Milky 
Way center ~ ℓ

Kinetic energy Tχ = Eχ − mχ

• Three measurable quantities tp, ℓ and vχ uniquely determine mχ  

• Precise flux measurement in large underground detectors can be a good 
complementary probe to the DM direct search
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SNν BDM from the past SNe in our Milky Way and all galaxies in the Universe

YHL & MRW, PRL 133, 111004 (2024)  [2404.08528]
25xx.xxxxx, in preparation

Echoes from the past



Transient?Diffusive?

Where to look?

When to look?

inspired by Sun+ 2501.07591

not-to-scale
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• Core-collapse SN rate 1/𝜏 ~ 1.63/century (𝜏 ~61 yrs) → Mean 1,630 SNe in 
100,000 years 

• The SNe spatial distribution over the Milky Way

bulge

disc

McMillan 2017

MW baryonic area density
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• The SN occurrence follows uniform distribution within 100,000 years
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Rozwadowska+ 2021



The vanishing of the flux

Vanished at tvan

mχ = 1 keV 
NFW

• Non-zero BDM contribution at Earth happens when tvan > tage

tobs = tage 
< tvan

tobs = tage 
> tvan
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tvan
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Total BDM flux vs. time

• Fluxes overlapped → Manifest diffuse behavior 

• tvan ≫ 𝝉 → mχ/Tχ ≫ 0.1 (non-relativistic) → time-averaged approx. is valid

t-avg
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Total BDM flux vs. time

•  Fluxes did not overlap → Manifest transient behavior 

• tvan ≪ 𝝉 → mχ/Tχ ≪ 0.1 (relativistic) → time-averaged approx. breaks down

mχ/Tχ = 0.001

t-avg



ν χ

The spatial distribution
almost collinear

highly spread

before scattering

• mχ/Tχ ≪ 0.1 BDM is highly collinear with the incoming neutrino 

• mχ/Tχ ≳ 0.1 BDM would be much spread in the space after scattering
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Non-relativistic 
Tχ ∈ [1,5] keV 

mχ/Tχ ∈ [0.1,1]

Relativistic 
Tχ ∈ [300,1000] keV 

mχ/Tχ ∈ [0.005,0.016]

To animation page

17/24



Distribution across the spatial dimension

Distribution across the temporal dimension

Where and when to look for the signature
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not-to-scale

z = 2.4

z = 1.3

z = 0.6
z = 1.9

z = 0.5

Milky Way

Diffuse SNν BDM from All Galaxies, DBDM

What to look?
DBDM or local MW diffuse flux
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YHL & MRW (2024) 



MG = 108 M⊙

MG = MMW

MG = 1012 M⊙

Arbitrary galaxy

MG = 1012 M⊙

MG = 108 M⊙

MG = MMW

Mhalo = ηMG 
η ~ 20 - 50
Moster+ 2010 
Grielli+ 2020

bulge disc

MW

NFW 
Navarro+ 1996
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Flux revisited

• DBDM flux > MW t-averaged flux when mχ/Tχ > 0.1 (non-relativistic) 

• BDM flux from individual SN > DBDM flux when mχ/Tχ ≪ 0.1 (relativistic)
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Constraints & sensitivities

• Assuming energy-independent cross sections and σχν = σχe  

• SN1987a 90%CL in Kamioka + Super-K 

• 2-sigma projected sensitivity in Hyper-K
22/24

MW center + spike

SN1987a

DBDM

MW satellite
s & subhalos

YHL+ 2023 
YHL & MRW 2024

MW mean



Summary



• BDM signature from individual SN (next galactic SN) 

‣Time-dependent feature can be used to measure DM mass directly 

‣Suppressing the background accumulation → enhancing the sensitivity 

• BDM flux behaves diffusively or not that depends on mχ/Tχ (tvan/𝝉) 

• What BDM component is more promising to look for 

‣Diffuse SNv BDM from all galaxies (DBDM) provides better constraint 

‣Next galactic SN will offer exciting opportunity for BDM search
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Backups
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mχ/Tχ= 10 mχ/Tχ = 0.1

mχ/Tχ= 10 mχ/Tχ = 0.1
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