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v What is missing in the conventional analysis? DAY1 TOREEADASA K

DM DM

In conventional analysis, the recoiled nucleus is treated as a

@ recoiled neutral atom.

+ Inreality, it takes some time for the electrons to catch up...
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+ The process to catch up causes electron excitations/ionizations!

— Migdal Effect![1939, Migdal]
[ 05 Vergados&Ejiri, ‘07 Bernabei et al. Application to DM detection |



v Migdal’s approach

Just after the nuclear recoil, we assume only the nucleus is moving
while the electron cloud is left behind.
(The electron clouds are no more in the energy eigenstates.)

Take the rest frame of the nucleus by the Galilei transformation.

In this frame, the wave function of the electron cloud looks like :

Electron wave function in the initial
4+ state e.g. the ground state.
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The probability of the excitation/ionization is given by

P = (@] ®o)? = (DLl 2V @, )
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+ Implication on Dark Matter Direct Detection Experiments
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' Migdal Effect single-phase Liquid Xe detectors
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[ Single phase Experiment = only scintillation energy :

Only 710-20 % of Eris measured ]

A few hundred events with Eq.c = O(1)keV are expected for 105 kg days !

The atom recoil energy is much lower than threshold Er < Mpm2 /Ma x vpm? = O(1)eV
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- benchmark model & U Tdark photonzZ& %%
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- benchmark model & U Tdark photonzZ& %%
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- fiducial DM scattering cross section for target T
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X+ X > x+ X +e ZFHELRLW (isolated atom%Z R E)
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lonization Form Factor
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Differential Event Rate

Migdal Scattering vs. Electron Scattering, Xenon
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Comparison to XENON
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Ibe bound energy calculation
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Conclusion
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