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Motivation for sub-GeV dark matter
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CMB observation and X-ray/gamma-ray searches strongly constrain DM annihilation 
to charged particles and photon

How about DM annihilation into neutrinos?

Cirelli+ (2020)
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Indirect search with neutrino 
telescopes

Traditional WIMP mass region

- standard search programs in most 
neutrino telescopes experiments
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DM DM → νν̄

Traditional WIMP mass region

- standard search programs in most 
neutrino telescopes experiments

Sub-GeV mass region

- first analysis in 2007

- more quantitative analysis performed 
in the last 5 years
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Indirect search with neutrino 
telescopes

DM mass [GeV]

DM DM → νν̄

Traditional WIMP mass region

- standard search programs in most 
neutrino telescopes experiments

Sub-GeV mass region

- first analysis in 2007

- more quantitative analysis performed 
in the last 5 years

- major process for sub-GeV DM, but 
not studied until we did

DM DM → νν̄

DM DM → VV → 2ν2ν̄

atmospheric 
neutrino

Supernova Relic 
Neutrinoνfluxー

Asai, SO, Tsumura (2020)
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Neutrino flux from galactic DM annihilation

*Here we fix κ = 1/3
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Neutrino spectrum for two annihilation modes
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DM DM → νν̄

DM DM → VV → 2ν2ν̄
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Neutrino energy in the lab frame



DM DM → νν̄

DM DM → VV → 2ν2ν̄

ν
θ

V

E− = Eν (θ = 180∘) < Eν < Eν (θ = 0∘) = E+
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Neutrino energy in the lab frame

depends on polarizations of  V boson
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DM DM → νν̄

DM DM → VV → 2ν2ν̄

Neutrino spectrum for two annihilation modes
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ΔE = mDM(1 − 1 − m2
V /m 2

DM)/2

V = transversely polarized vectorV = scalar or unpolarized vector
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Details of our analysis

total bkg
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We reinterpret existing 2,853days data 
taken during SK phase 1~3

Signal is electrons/positrons produced by

  

Backgrounds from atmospheric neutrinos

ν̄e + p → n + e+ (Ee ≃ Eν − 1.3 MeV)

νe/ν̄e + 16O → e−/e+ + (atomic state)

(Ee ≃ Eν − 10 MeV)

Supernova relic neutrino search 
at Super-Kamiokande (2011)

ν̄e + p → n + e+

ν̄μ + p → n + μ+( → e+νe ν̄μ)
(Tμ ≲ 50 MeV)



-  : sharp peak in signals

-  : broad but comparable events in multiple bins

νν̄

2ν2ν̄

Asai, SO, Tsumura (2020)

Expected and observed events at the SK
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σannv = 3 × 10−24 cm3/sσannv = 3 × 10−24 cm3/s

DM DM → VV → 2ν2ν̄ (V : unpolarized)DM DM → νν̄
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Sensitivity to DM annihilation cross section

thermal relic

Ando+ (SK)
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Olivares+ (SK)
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Muon g-2 explanation region in 
a gauged U(1)Lmu-Ltau model
(see our paper for the detail)

Asai, SO, Tsumura (2020)

DM DM → VV → 2ν2ν̄DM DM → νν̄ (V : unpolarized)



Summary

Sub-GeV DM has drawn significant attention in recent years

Future neutrino telescopes are capable of probing sub-GeV DM

We analyze two major annihilation modes

-

-

DM DM → νν̄

DM DM → VV → 2ν2ν̄

Thank you for your attention!
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Further improvements needed to 
probe thermal relic parameter space

- background reduction technique?

- directional information?

- any other ideas?



Back up



Expected number of events at the SK detector

 : number of free proton

 : SK run time

 : Gaussian resolution function

 : detector efficiency

NSK

TSK

R(Ee, Evis)

ϵ(Evis)



Reaction cross sections



thermal relic

solid: transversely polarized
dashed: unpolarized
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Impact of vector boson polarizations



Sensitivity of DUNE and JUNO

Klop, Ando (2018)

DUNE and JUNO have better sensitivity than HK?

We may be able to extend our study by following their analysis


