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Dark matter candidates and searches
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Primordial black holes (PBHs): astrophysical candidates
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Stringent constraints on PBH from AMS-02 e* flux
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An analysis based on Galprop+Helmod framework
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WIMPs, SuperWIMPs, Freeze-in
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QCD axion and ALPs
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Ultra-light dark matter

Motivated by small-scale problem of cold DM
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Direct detection: DM scatterings underground

larger cross sections
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DM scatterings may occur everywhere

DM may interact with SM particles (weakly)

DM DM DM SM SM DM
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DM scattering in space: merging clusters

Declination
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DM scatterings in space: CMB

DM-proton scattering in early universe

O Distortion of CMB spectrum

O Suppression of small sale structure (drag force)
Constraints: 0 < 10?%’ cm? @ 1 keV
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DM scattering in space: structure formation

DM-proton scattering damp structure perturbation
Distribution of dwarf satellite galaxies is modified
0<6x103%cm?2 @ 10 keV, (<1027 cm? @ 10 GeV)

Upper limits scale with DM mass as m¥/4 for m <<1 GeV
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DM boosted by astrophysical sources

d Sun (evaporation, reflection)
Kouvaris, et.tal 1506.04316, An, et.al, 1708.03642

O Blazar/AGN (up-scattering)
Wang, et.al, arXiv:2202.07598, arXiv:2202.07598

O Supernova (up-scattering)
Lin, et.al, arXiv:2206.06864

O Supernova remnants (Uup-scattering)
Cappiello et.al, arXiv:2210.09448

d Blackholes (Hawking evaporation)
Calabrese, et.al, arXiv:2107.13001

Chao, et.al, arXiv:2108.05608

Kitabayashi, arXiv.2204.07898

d Cosmic rays (up-scattering)
Bringmann, et.al, arXiv:1810.10543

Ema, et.al, arXiv: 1811.00520

Cappiello, et.al, 1arXiv:906.11283

CR-DM scattering:
an irreducible process for DM direct search
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CR-DM scattering: CR boosted dark matter
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Anisotropy in the boosted DM flux

Distribution of DM flux close follows the sources
e DM boosted by the Sun, supervona, etc, point-like

e DM boosted by the dark sector diffuse, azimuthal symmetric
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Azimuthal symmetry breaking in CRDM flux

Harmonic expansion

dP - Ak
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a0 @20 Q@30 G40 , as2 Q4.4 )
CRDM 1.00  0.90 0.77 0.63 0.52 L0.12 0.12 0.11 0.02 0.09 0‘9—
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BDM (n=2) 128 133 1.32 129 127 0 0 \0 0 0
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Yan-Hao Xu, Chen Xia, YFZ, 2206.11454




Probing the morphology of CREDM flux

Cherenkov detectors can tell the arrival direction of DM

Detectors for neutrino experiments

1) Liquid scintillator detectors: Borexino, Dune
Low threshold (keV), no direction identification
2) Water Cherenkov detectors: Super-K, SNO
High threshold (MeV), can measure direction

3) Hybrid detectors, 1)+2): SNO+

For boosted DM, the threshold is no longer elastic electron scattering
a problem --> good news for neutrino experiments Super-K (2018)

O neutrino Exps. have huge exposures 1

e.g. SK: 50 kt ‘;,,;;;,\%;a °®

O Water Cherenkov detectors can measure direction PN ¥
recoil electrons (and protons) following the direction of DM - no
SK has good angular resolution ~ 3° Te g

Borexino (2022)



Constraints on DM-electron scattering from SK-1V data

Optimize the search cone
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Distinguishing CRDM from other boosted DM models

Define an azimuthal asymmetric parameter

N
N(@) + V(%) [ future AHK = 0.017 + 0.0055

Regions (2, and (2, are related by a 90° rotation
- ’ now ASK = 0.017 + 0.036 ]

Optimize 2, /£, to maximize Ax

According to the SK background rate
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CRDM can be singled out from
many boosted DM models
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Anisotropic DM flux : annual modulaton
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Beyond the solar neutrino floor

Fluorine recoils [8 50 keV] September 6 1.0
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Anisotropic DM flux: diurnal modulation

O Annual modulation: time-variation of DM flux

O Diurnal modulation: time-variation of

Survival Probability [%]

> sensitive to halo DM (nonrelativistic)
> apply to small cross section g,,, ~ 0(107%)
» modulation amplitudes typically small (< 10%)

underground DM flux

» sensitive to both halo DM and boosted DM
> require large cross section g, ~ 0(107%%)

» modulation amplitudes can be much larger
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Diurnal modulation in electron events

Current constraints on DM-electron scattering cross section are strong enough
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Electron signals from DM-nucleon scattering

O The Migdal effect:
lonization electrons from nuclear scattering

00 @

cross section
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Underground DM flux

Mean energy-loss rate

dT, N doyn
—X =) TndT,

But, assuming simple ballistic trajectories

can be misleading

The numerical code (darkprop)

v’ anisotropic initial condition

v spherical Earth model with layers

v’ both relativistic and non-relativistic
scatterings

v nuclear form factor

v fully cross-checked with DaMasCUS

dark matter

z [km]

Underground DM flux
can be higher
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Constraints from PandaX-11/4T on the Migdal effect

binned Poisson method used to set limits at 90% C.L. from

PandaX-lII
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Predictions for diurnal asymmetry in electron event
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Summary

d

d

Astrophysical observables can provide alternative constraints on DM-
nucleon/electron scattering cross sections.

The constraints are weaker but can be applied to broader range of
DM particle masses.

Many astrophysical boosting mechanism exist, which help the current
underground DM experiments to explore light (sub-GeV) DM particles

The morphology of the boosted DM flux can be useful to improve the
constraints and distinguish different DM models. CRDM provides a
good example for it.

DM directional search are important to uniquely identify DM and
distinguish different DM models. observing the diurnal modulation of
electron events from DM-nucleus scattering (through Migdal effect) is
possible, after considering all the current constraints

Thawnk You for Your attention !
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