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Motivation for sub-GeV dark matter

B Direct detection of dark matter

Snowmass report (2013)
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Indirect detection constraints on sub-GeV DM

CMB observation and X-ray/gamma-ray searches strongly constrain DM annihilation
to charged particles and photon
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2 How about DM annihilation into neutrinos?



Hyper-K design report (2018)
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Hyper-K design report (2018)
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Hyper-K design report (2018)
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telescopes

Traditional WIMP mass region

- standard search programs in most
neutrino telescopes experiments

Sub-GeV mass region

? DM DM — vv

- first analysis in 2007
Yiiksel+ (2007), Palomares-Ruiz, Pascoli (2007)

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

telescopes

Traditional WIMP mass region

- standard search programs in most
neutrino telescopes experiments

Sub-GeV mass region

? DM DM — vv

- first analysis in 2007
Yiiksel+ (2007), Palomares-Ruiz, Pascoli (2007)

- more quantitative analysis performed
in the last 5 years

2z DM DM — VV —= 2020 This Talk

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

Asai, SO, Tsumura (2020)
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Neutrino flux from galactic DM annihilation
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Neutrino spectrum for two annihilation modes
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Neutrino spectrum for two annihilation modes
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Neutrino spectrum for two annihilation modes
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Neutrino spectrum for two annihilation modes
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depends on polarizations of V boson



Neutrino spectrum for two annihilation modes
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Details of our analysis

Number of events

B Supernova relic neutrino search

at Super-Kamiokande (201 1)

P WVe reinterpret existing 2,853days data
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Expected and observed events at the SK
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Sensitivity to DM annihilation cross section
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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 — I/D solid: SK

dashed: HK w/ Gd (80% bkg red.)

- DM DM — VV = 2120

P Further improvements needed to
probe thermal relic parameter space

_ o . 7 L
background reduction technique! 1025 A\ mszazegiostl e = 0.99.
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- directional information? | thermal relic T v =
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. -26 |
- any other ideas!? L S

Thank you for your attention!




Back up



Expected number of events at the SK detector

dd, [Fi+
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Ngqx :number of free proton
T5k : SK run time

R(E,, E;.) : Gaussian resolution function

e(E,;

.) : detector efficiency



Reaction cross sections

6
_—~ 10 — . - ] l
N [
QO . v, +0O (CC)
3 10
/
O _ - ="
— -
~— : _ - . +0O (C« )
o 10°% lep —> €n -~ --mo3
2 v, +O (NC)
3 P
10 L7 3
7
7
/
/
102} ) ve+e (ES)_ -
- e =
/ P - - - Z/e-*-e (E§)
/ _—'1/ — I — — ——
_ 7~ ) - = v.,+e (ES_») _____
10 — - - / [~ — T eieememememrTi T T —]
// //'// ':I ___________ l/,‘+e (ES)
7 -~
¢ [
y / ‘ "
1 e . . ' L | ‘ | |
O 20 40 60 80



Impact of vector boson polarizations
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Sensitivity of DUNE and [UNO

%300% Majorana DM annihilating into all three neutrino flavors
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B DUNE and JUNO have better sensitivity than HK?

B VWe may be able to extend our study by following their analysis



