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Outline

 Introduction to charged lepton flavor violation (CLFV) and dark
matter (DM)

* Probing CLFV DM via the annihilation process
* Probing CLFV DM via the scattering process

e Summary



LEPTONS

Lepton Flavor violation in the SM
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| The CLFV is highly suppressed by the GIM mechanism §

in the SM, which offers a golden channel to search for §

_hewphysics.

2
~ 10—54



Current experimential sensitivities to CLFV

Calibbi Lorenzo and Signorelli Giovanni, Riv. Nuovo Cim. 41 (2018) 2,71-174
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Probing CLFV induced by dark matter
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Annihilation process for CLFV DM




Astrophysical photons and electrons/positrons

Lucchetta et al., JCAP 08 (2022) 013
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Photons generated by DM annihilation

'+ Final state radiation

'+ Radiative decay

|+ Inverse Compton scattering



Final state radiation
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Radiative decay of muons and taus

e

Y

o v

1%
any " e n o (Lo
= 12 (3 — 2x(1 — x)*) log + x(1 — x)(46 — 55x) — 102
dE, 36rE, r
Eﬂ=mﬂ

photon energy spectrum !
T~ - 7y at rest |

Pythia simulation for &,
tau decay £




Inverse Compton scattering

X-ray or gamma-ray

eV scale background photons
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Photon fluxes from different contributions

Jahedi, JL, Liao, Ma, Uchida, arXiv: 2601.14048
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General constraints on annihilation cross sections
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CLFV DM interaction EFT operators
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Scalar DM case
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Annihilation cross section ova=a+5v;+dvy+--
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FSR for different operators
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Ditterent FFT operators share a similar FSR spectrum.
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Constraints on EFT operators
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Scattering process for CLFV DM




Direct detection on DM-electron interaction

A

XENON Collaboration, Phys.Rev.Lett. 134 (2025) 16, 161004
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Probing CLFV scattering process

Boschini et al., Astrophys.J. 854 (2018) 2, 94
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Probing CLFV scattering process

Cosmic ray cooling
i Additional energy loss for CR electrons |

Radiative decay i
| High energy photon at Fermi-LAT |

X X — | Boosted DM
| Single muon at Super-K |

JL, Liao, Ma, arXiv: 260X .XXXXX
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Direct detection for the scattering process

electrons at the
CR electrons neutrino detector

Boost process \ / Detection process

Boosted DM

Super-K
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Indirect detection for the scattering process

Fermi-LAT

e po e
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JL, Liao, Ma, arXiv: 260X .XXXXX
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Cosmic ray cooling for the scattering process

| A fraction of the cosmic-ray electron energy |
is transferred to DM and neutrinos,
_causing additional energy loss. |
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Constraints on CLFV scattering cross section

’ JL, Liao, Ma, arXiv: 260X .XXXXX
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L(1) The CR COOIing and direct detection provide complementary
I constraints on LFV scattering cross sections.

ﬁ (2) The indirect detection constraint is weak due to the tiny radiative |
| _decaybranching ratio formuons. ]
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Summary

 We present limits on LFV annihilation from INTEGRAL, XMM-
Newton, Fermi, and AMS-02, where INTEGRAL (AMS-02)
provides the strongest bounds at low (high) DM masses.

 We then translate these results into constraints on the effective
scales of the EFT operators, which can be probed from a few
tens of GeV up to the TeV scale.

* Using CR-boosted DM, we derive constraints on LFV scattering
from CR cooling, indirect detection, and direct detection. For the

eu channel, CR cooling and direct detection offer complementary
sensitivities to the LFV scattering cross section.
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Earth shielding and daily modulation
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DM energy threshold for LFV scattering
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Cosmic ray cooling for the scattering process

dr ¢
mDM
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JL, Liao, Ma, arXiv: 2512 .XxXxXxXx
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