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* 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
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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 new physics. |
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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

X l;
JL, Liao, Ma, arXiv: 2508.05121
Jahedi, JL, Liao, Ma, Uchida, arXiv: 2601.14048
X l;
indirect detection > B / B
- T
% X “break” dark matter = SM E‘ € H
& &
o o
% Dark matter Ordinary matter %
5 = X X
= =
X “make” dark matter ~ SM JL, Liao, Ma, arXiv: 260X .XXXXX

—\/ collider searches v

ENERGY DISTRIBUTION
OF THE UNIVERSE

)
Iz}
-

=
o
-
S
&
=
a2
=
S
-
©
-4

Expected

(7]
S
=

o,
Distance from Center ° DARK

MATTER §

NORMAL MATTER




Annihilation process for CLFV DM




Astrophysical photons and electrons/positrons

Lucchetta et al., JCAP 08 (2022) 013
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Astrophysical photons induced by DM annihilation

* Final state radiation  Radiative decay e Inverse Compton scattering
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Final state radiation

O. Nicrosini and L. Trentadue, Z Phys C 39 (1988) 479
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Radiative decay of muons and taus
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Inverse Compton scattering

Inverse Compton Scattering

high-energy photon

relativistic electron
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scattered electron

A low-energy photon scatters off a relativistic electron and emerges with higher energy.

eV scale background photons X-ray or gamma-ray
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Photon fluxes from different contributions

Jahedi, JL, Liao, Ma, Uchida, arXiv: 2601.14048
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Constraints on LFV DM annihilation
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Scattering process for CLFV DM




Direct detection on DM-electron interaction
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Cosmic ray boosted DM
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| High-energy electrons allow the final-state |
i DM particles to reach energies up to tens of GeV. |
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Multiple signatures of CLFV scattering

Cosmic r ray coollng | |
| ~ Additional energy loss for CR electrons

Indirect detection |
g Radiative decay \
| High-energy photon at Fermi-LAT |

| Direct detection |
X X — | Boosted DM

JL, Liao, Ma, arXiv: 260x XXXXX @ Slngle muon at Super—K '.”
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Multiple signatures of CLFV scattering
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Constraints on CLFV scattering cross section

JL, Liao, Ma, arXiv: 260x .XxXXXX
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(1) The CR cooling and direct detection provide complementary §
. constraints on LFV scattering cross sections.

| (2) The indirect detection constraint is weak due to the tiny |
|__radiative decay branching ratio formuons. |
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o CLFV process IS a golden ohannel to searoh for new physms However
~ the DM-induced CLFV is forbidden in direct detection due to the mass
threshold. *

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

! * 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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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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Annihilation cross section ova=a+5v;+dvy+--
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CLFV DM interaction EFT operators

SUB3), ® U(1),

Scalar DM case
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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
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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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JL, Liao, Ma, arXiv: 260X .XXXXX
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Annihilation cross section
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. The s-wave contribution is valid only when the DM mass is below 71,,,,/ v,

whereas the p-wave contribution becomes significant when miyy 2 mﬂ(f)/ Vial- '.»
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General constraints on annihilation cross sections
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Earth shielding and daily modulation
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DM energy threshold for LFV scattering
JL, Liao, Ma, arXiv: 2512 xxxxx

Chen et al., PhysRevD.107.033006
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Cosmic ray cooling for the scattering process

dr ¢
mDM
U
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' Cappiello et al., Phys.Rev.D 99 (2019) 6, 063004 :
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