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Dark Matter Direct Detection

Elastic Scattering
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Dark Matter Direct Detection

Inelastic Scattering
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Dark Matter Direct Detection

Scintillation Efficiency
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Migdal Problem

Original Problem
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Migdal Problem

Original Problem

Electron energy eigenstates
in the rest frame of the nucleus
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Migdal Problem

Hydrogen atom example

U(t)) = Z e "Fite;|W;) :the time-dependent solution
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Migdal Problem

Application to DM Direct Detection
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Formulation

Transition Amplitude
~ .——DM-nucleon interaction
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Formulation

Atomic States

F or I) = |DM) ® |atom)

A 4

Ordinary plane wave
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Formulation

Scattering cross-section
Prr = |Tri|*278(Er — E)

¢ Assuming contact interaction

Migdal factor
Zr1(qe) = <\I’F\6_iqe'iL‘I’I>
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Electron Wave Functions

Migdal Factor
Zpr(ge)|” = [(Wple X0 ) > ~ [(Vp|q. - X|P)|°
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Electron Wave Functions

Migdal Electron Spectrum
Zpr(ge)|” = [(Wple X0 ) > ~ [(Vp|q. - X|P)|°
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Electron Wave Functions

lonization Data

You can download the data for Ar, C, F, Ge, I, Na, Ne, Si, Xe
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WIMP-nucleon cross section [cm?|
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Germanium detectors
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Measurement of Migdal effect
Proof of principle

MIRACLUE experiment MIGDAL experiment
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Measurement of Migdal effect
Proof of principle

MIGDAL experiment
(CF4/Migdal &)

MIRACLUE experiment

(Xe,Ar/characteristic X-ray)

Overview of the MIGDAL experiment
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= The Migdal effect is currently being exploited to increase
sensitivity to light WIMPs, but it has not been

experimentally confirmed.

= We will utilise the increased Migdal probability of high
energy neutron scattering to directly observe the Migdal
Effect with a GEM-based OTPC in low pressure CF,.

= We will use a low-pressure chamber where recoil tracks
are long enough to be resolved by our camera.
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Summary
The Migdal Effect

- Inelastic scattering effectively absorbs the kinetic energy
of DM and can extend the sensitivity of detectors down to
the sub-GeV DM-mass regime.

- We re-formulated the Migdal effect carefully and
published the Migdal data.

- The Migdal effect is now used in various existing/
proposed DM experiments and the proof-of-principle
experiments are going on.

- If you have requests or questions, feel free to contact us.



