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Dark matter is ubiquitous in the Universe!

1 pc ⇡ 2.06⇥ 105 AU ⇡ 3.08⇥ 1016 m
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What is the essence of DM?
~ ~

eV MeV GeV > TeVmχ

not-to-scale

▸ Dark matter 

▸ To measure
mass mχ

DM-SM interaction cross sections σχn,p,e…, ⟨σv⟩
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SN@GC

The kinematics

duration: ~10s
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▸ Halo DM was scattered (σχν) by SNν and gets boosted (BDM)

The kinematics
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▸ Only α points toward Earth that is relevant
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The BDM flux on Earth

▸ Halo DM is boosted:   

▸ BDM emissivity at α: distribution function 

▸ e BDM time-of-flight: 

▸ e flux on Earth
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Time-evolving BDM flux: Time-of-flight
▸ DM profile
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▸ DM profile
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Time-evolving BDM flux: Time-of-flight
▸ DM profile

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Time-evolving BDM flux: Time-of-flight

1 keV

▸ DM profile

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Time-evolving BDM flux: Time-of-flight

1 keV

▸ DM profile

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Time-evolving BDM flux: Time-of-flight

1 keV

▸ DM profile

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Time-evolving BDM flux: Time-of-flight

1 keV

▸ DM profile

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν

<latexit sha1_base64="aXTW68CAucnJ8ke0ns0+7F3WtDk="></latexit>

n�(r) =
⇢s
m�

1
r
rs
(1 + r

rs
)n

, (n, ⇢s, rs) =

(
(2, 184MeV cm�3, 24.4 kpc), MW

(3, 68MeV cm�3, 31.9 kpc), LMC (SN1987a)

▸ Peak time tp ~ Rs(1/vχ − 1/c)

peak time tp 
(GC to Earth)

Bertone+ (2005) 
Erkal+ (2019)

2  

10 s

NFW for MW



Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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▸ e BDM velocitypeak time tp 
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Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν
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▸ e BDM velocity

▸ Given Tχ and tp, the DM mass mχ 
is measured directly
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Direct mχ measurement

1 keV

▸ DM profile 

▸ Defined a time-shied coordinate t = t′ − Rs/c: a delayed time relative to the 
arrival of SNν

<latexit sha1_base64="aXTW68CAucnJ8ke0ns0+7F3WtDk="></latexit>

n�(r) =
⇢s
m�

1
r
rs
(1 + r

rs
)n

, (n, ⇢s, rs) =

(
(2, 184MeV cm�3, 24.4 kpc), MW

(3, 68MeV cm�3, 31.9 kpc), LMC (SN1987a)
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▸ e BDM velocity

▸ Given Tχ and tp, the DM mass mχ 
is measured directly

▸ For direct search, the diff. recoil 
rate dR/dER
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(GC to Earth)
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Determining the time of vanishing

1 keV

▸ e total propagation time 

▸ e distribution function for α
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Determining the time of vanishing

1 keV

▸ e total propagation time 

▸ e distribution function for α
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Determining the time of vanishing

1 keV

▸ e total propagation time 

▸ e distribution function for α

▸ e vanishing time tvan: the 
duration of the aerglow
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Determining the time of vanishing

1 keV

▸ e total propagation time 

▸ e distribution function for α

▸ e vanishing time tvan: the 
duration of the aerglow

▸ Can be derived by 
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Determining the time of vanishing

1 keV

▸ e total propagation time 

▸ e distribution function for α

▸ e vanishing time tvan: the 
duration of the aerglow

▸ Can be derived by 

which leads to the condition 
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BDM flux in MW & LMC
▸ DM profile
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BDM flux in MW & LMC
▸ DM profile
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BDM flux in MW & LMC
▸ DM profile
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BDM flux in MW & LMC
▸ DM profile
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BDM flux in MW & LMC
▸ DM profile

▸ BDM flux vs. mχ
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BDM flux in MW & LMC
▸ DM profile

▸ BDM flux vs. mχ
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SN is off the GC
SN@GC
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SN is off the GC
SN@GC SN located in the off-GC place
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β = 0
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BDM event in the detector

▸ e BDM event number estimation
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BDM event in the detector

▸ e BDM event number estimation
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BDM event in the detector

▸ e BDM event number estimation
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BDM event in the detector

▸ e BDM event number estimation
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BDM event in the detector

▸ e BDM event number estimation
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BDM event in the detector

▸ e BDM event number estimation

▸ Super-K and Hyper-K -like detectors: 22.5 and 225 ktons
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BDM event in the detector

▸ e BDM event number estimation

▸ Super-K and Hyper-K -like detectors: 22.5 and 225 ktons

▸ Exposure time: 10 s to tvan (duration of BDM flux, truncated 
at 35 yrs) 
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Directionality: θ-dependency

▸ e BDM event number

Δcosθ = 0.05
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Directionality: θ-dependency

▸ e BDM event number

Δcosθ = 0.05
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▸ e BDM event (taking σχν = σχe) 

▸ LMC (SN1987a): 
Kamiokande: 1987-1996 
Super-K: 1996 - present 

▸ mχ < 1.1 keV has tvan < 9 years, 
which is unobservable to Super-K 

▸ GC case is similar 

Total event and background
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▸ e rapid decreasing of Nχ vs. mχ indicates the 
tail part cannot be fully incorporated 

▸ e background Nb ~ 526MTtexp increases as 
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Constraint and projected sensitivity

▸ Constraint and sensitivity are estimated by 

▸ e constraint and sensitivity are placed on                         and assuming σχν = σχe 
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SUMMARY

Summary

▸ SNν BDM possesses time-of-flight and directionality 

• Direct mχ measurement 

• Determining vanishing time 

• Determining sky of interest 

• Event selection 

▸ Complementary probe to DM direct search 

▸ Provides better constraint and sensitivity for light DM 

▸ Results for BDM due to SN not limited to the GC are presented
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BDM event and pheno realization
▸ e BDM event number 

▸ Non-zero σχν and σχe can be realized with dark photon V with portal(s) to the Standard 
Model sector 

where Vμν = ∂μVν − ∂νVμ 

▸ e kinetic mixing εFμνVμν provides a portal to SM photon and e′VμJμ provides extra 
portal(s) to other SM currents Jμ (eg. Lμ−Lτ or Z-mass mixing) 

▸ Effectively, we have the following diagram for χ-f scattering where f = e,ν
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