Boosted dark matter from semi-annihilations
in the galactic center
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Introduction

Thermal dark matter
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m [hermalized with SM particles in early universe.
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m To get Q2 h° = 0.12, roughly o ~ 1pb ~ 107cm’/s ~ 10™"cm
(only log dependent on DM mass)
m Mass range: 10 MeV — 100 TeV
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Introduction

Status of direct detection experiments
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m LZ gives the strongest bound 2.2x107™*® cm? at 43 GeV.
m Low sensitivity at low DM mass due to experimental threshold
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Non-minimal dark sector
Zs symmetric DM = cubic coupling £ D y*

m Semi-annihilations

xXx — X¢ (v, = 0(0.1 = 1))
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Acceleration of DM

Other acceleration mechanisms and models
m Scattering with high energy cosmic-rays
m Scattering with Blazar
m Solar reflection

m Vacuum decay
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Non-minimal dark sector

Boosted DM from semi-ann.

m We focus on yy — XV = Dirac DM
(xx — X¢ — Xff = indirect detection)
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m DM energy in the final state: £, = —m, (monochromatic)
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Scattering with nuclei

m Coherent enhancement for non-relativistic DM may be lost.
m Parametrization of incoherent scattering
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m Simple assumption: f, = f, =1 and 0, = 0,
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__ Sctemguinnce
Recoil energy spectra
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Attenuation due to overburden
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= Soll component.
O: 48%, Ca: 30%,
C: 12%, Mg: 5.6%

Density: p = 2.71 g/cm?
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Bound for S| cross section
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Large o, region is not excluded
due to strong attenuation.

The excluded region is sharply
cut at a small DM mass due
to experimental threshold.

XENONNT excluded

o, ~ 1077 [cm?] around
m, ~ 30 MeV

DARWIN: g, ~ 1075 [cm?

Coherent enhancement is lost
for larger DM mass.
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Future work

X 7
Find a concrete model X

m 73 symmetric neutrino mass model
with a light scalar ¢

- Scattering with nuclei through light scalar ¢
- Check other constraints (7 masses and mixings, LFV etc)
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Summary

Conventional thermal DM scenarios are strongly constrained.
Direct detection experiments have low sensitivity in sub-GeV scale.
Semi-annihilations accelerate DM coming from Galactic Center.

We found high sensitivity for BDM in sub-GeV mass range through
XENON and DUNE.

Futurte work
m Find a concrete DM model
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