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χχ→e+e− is Pauli blocked due to mχ < μF
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The SNνBDM 
and its flux
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▸ SNν scatters with DM in the halo (σχν) and DM is being boosted (BDM)

The framework

Boosted 
point
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▸ Only α points toward Earth that could be detected: distribution function fχ(α,Eν) 

Fulfills the normalization

The framework

Boosted 
point
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▸ The arrival time of BDM on the Earth t′, relative to the SN explosion 

▸ The duration of BDM flux is much longer than the SNν flux

The framework

Boosted 
point
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BDM flux and Time-of-flight (ToF)

1 keV

▸ BDM flux at Earth (DM profile: NFW) 

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

t0 = 10 s: to avoid 
overlapping with SNν

coming from the MW 
center where nχ ∝1/r

▸ Peak time tp ~ R(1/vχ − 1/c) 

▸ The BDM velocity is determined 
by mχ 

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

peak time tp 
(GC to Earth)
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BDM flux and ToF

1 keV

▸ The total propagation time (relative to the SN explosion) 

with time-shifted coordinate t = t′ − R/c

t0 = 10 s: to avoid 
overlapping with SNν

▸ The vanishing time tvan is a result 
of  

which leads to the condition  

▸ The tail is contributed due to t > 
tp: large scattering angle α close 
to the center

tail
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BDM flux and ToF

1 keV

▸ The ToF information contained in BDM flux provides

b. For observation: tp → mχ → direct DM mass measurement

a. For constraint: mχ → tvan → minimizing exposure time → background suppression 

t0 = 10 s: to avoid 
overlapping with SNν

tvan

tp



BDM fluxes from MW & LMC
▸ DM profile 

▸ BDM flux vs. mχ
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▸ tp for LMC is delayed accordingly 
due to RLMC = 50 kpc > RGC = 8.5 
kpc  

▸ The LMC flux is smaller due to 
dilution from longer distance 

▸ Lighter mχ could have tp smaller 
than t0 due to vχ → c 

1 keV

t0 = 10 s: to avoid 
overlapping with SNν

1 eV

1 MeV



Constraint and 
sensitivity



▸ The BDM event (taking σχν = σχe)  

where Tχ = (5, 100) MeV and t0 = 10 s 
and texp = min(tvan, tcut = 35 yrs) 

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

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

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

▸ The background Nb ~ 526MTtexp increases as 
tvan < tcut = 35 yrs but saturates when tvan > tcut

1 MeV

Battistoni+ (2005) 
Abe+ (2016)



Constraint and sensitivity

▸ The constraint and sensitivity 

▸ It is placed on 

▸ Existing constraints are placed on 
σχe only, to compare, we let σχν = σχe 
in our analysis
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next GC SN

▸ The SN1987a from LMC already provides much improved constraint on s than the 
existing bounds with mχ extends down to eV 

▸ It is benefited from the background suppression due to tvan 

▸ The next GC SN can offer better sensitivity on DM 

An+ (2018) 
Cappiello+ (2019) 
Aprile+ (2019) 
…
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SUMMARY

Summary & outlook

▸ The first using Time-of-Flight information to directly measure mχ 

▸ BDM posses the unique time-dependent feature that can be used to suppress 
the background and improves the sensitivity 

▸ Constraint and sensitivity from SN1987a and the next GC SN, respectively, 
are presented with mχ that is down to eV 

▸ Future improvements and outlook: 

Including angular resolution → further reduce the background 

Off-center SN → may change the intensity and shape of the BDM flux 

……


