s Alexander von
L /‘ HUMBOLDT
i~/ STIFTUNG

Karlsruhe Institute of Technology

Probing Sub-GeV Dark Matter via Migdal Effect-
Induced Electron Excitations

Liangliang Su
IDM2026, Zaragoza, Spain, 2 June, 2026

Afterglow Light
Pattern Dark Ages Development of

Based on arXiv: 2604.26773 in collaboration with
Felix Kahlhoefer

about 400 million yrs.

Big Bang Expansion

13.7 billion years



4]}

Karlsruhe Institute of Technology

Gravitational Evidence of Dark Matter
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DM Candidates and Direct Detection: ﬂ(IT
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Migdal effect ﬂ(IT
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The electrons of atoms or molecules are excited or ionized due to perturbations in the atom.
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Migdal effect deposits more energy than the nuclear recoil for sub-GeV DM



Migdal effect in DM direct detection
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Excitation Signal in Superfluid He-4 experiment ﬂ(IT
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FIG. 1. Schematic representation of signal formation in LHe.
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Excitation Signal: IR and UV photons

 Electron Recoil: DM-electron interaction
Y + He — x + He* Direct

* Nuclear Recoil: DM-nucleus interaction
X+He—>x—|—HeO/1/2+—l-ne_ _
Indirect
He% /2% 4 He — He"/ V2T 4 He*
Can the DM-nucleus interaction directly induce excited atoms?

Migdal effect



Excitation Signal in Superfluid He-4 experiment ﬂ(IT
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Excitation condition: the nuclear recoil energy must be larger than the excitation energy (~20 eV)

2412 510V max
ER®™ = xie xma >20eV mmmmp m, > 0.1 GeV
MHe



Excitation Signal in Superfluid He-4 experiment ﬂ(IT
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 Migdal effect: \ + He — y + He"

Migdal can directly excite atoms in low nuclear recoil energy region

1
[ EM = §MXHev,2<,maX]> Ewex  pmmmmp m, > 6 MeV

- Normal Nuclear Recoil Migdal Effect

Excitation Indirect (via Secondary ion collisions)  Direct (via sudden nuclear motion)

Recoil Req. High: ER = 20eV Low: Sub-threshold Er

Sensitivity ~ Heavy DM: m, > 0.1 GeV Light DM: m, = 6 MeV

The Migdal effect bypasses the 20 eV recoil energy threshold, enabling MeV-scale DM detection.



Transition Probability of Migdal Effect ﬂ(IT
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Impulse Approximation

After the collision, the wave function of electronic states in rest frame of nucleus
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Transition probability induced by Migdal effect
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«|¥¢) is the final electronic wave function in rest frame of nucleus



Transition Probability of Migdal Effect ﬂ(IT
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Atomic wave function ( Multiconfiguration Hartree—Fock method)

Atomic state functions (ASF) can be expanded by the configuration state functions (CSFs)
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Transition Probability of Migdal Effect ﬂ(IT
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Transition probability
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Transition Probability of Migdal Effect
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Calculating Radial Electron wave function @
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Transition Probability of Migdal Effect

Transition Probability Results
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Excitation Event from Migdal Effect ﬂ(IT
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Differential Event Rate

Fermionic dark matter + Heavy vector mediator
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DELight Experiment
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Superfluid He-4 experiment with MMCs sensor
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Sensitivity Projections ﬂ(IT
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Migdal-induced electron excitation probes DM-nucleus scattering down to a few MeV.
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« Sub-GeV dark matter can be probed via the Migdal effect, which induces atomic excitation even for

sub-threshold nuclear recaoils.
» For superfluid He-4, only singlet excited states contribute to detectable signals.

* The resulting excitation rate provides competitive sensitivity to sub-GeV dark matter in experiments
such as DELight.

« Migdal-induced excitation offers a powerful complementary probe beyond traditional nuclear recoill

searches.
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Results
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Proposal/lExperiments to Discover Migdal Effect with Neutrons ﬂ(IT
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MigdAl pRocess Validation by nEutrualL scattering (MARVEL group)
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The first direct evidence of Migdal effect in neutron-nucleus collisions
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Calculating Radial Electron wave function
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Different excited states share the same 1s orbital as the ground state.



