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The Migdal Effect in DM Direct Detection 

• Migdal Effect has rate suppression over nuclear recoil rate but more 
easily detectable signature for light DM

• Process factorizes: 
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• Electronic wave functions, Ibe et. al., JHEP 2018
• Photoabsorption, Liu, Wu, Chi, Chen, PRD 2020  
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The Migdal Effect in Semiconductors 
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• Electronic band structure in semiconductor is non-trivial
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• Electronic band structure in semiconductor is non-trivial

Knapen, Kozaczuk, Lin PRL 2021
• Describe as 2 to 3 process with DM-nucleus interaction 𝐻𝜒𝑁 plus nucleus-electron Coloumb interaction 

𝐻𝑁𝑒 in old fashioned time dependent perturbation theory    
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• Relate 𝐻𝑁𝑒 to the dielectric function 𝜖−1

• Migdal probability ends up encoded in the electron loss function ELF 
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Response of nucleus in 
semiconductor differs from 

free nucleus 
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The Migdal Effect in Semiconductors
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Knapen, Kozaczuk, Lin, PRL 2021
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Knapen, Kozaczuk, Lin, PRL 2021

10−3

14Dark Matter in Compact Objects, Stars, and in Low Energy Experiments INTKim V. Berghaus YITP 08/09/2022



The Migdal Effect in Semiconductors from 
Effective Field Theory

Separation of scales (𝜔 eV ≫ 𝜆𝑖 , 𝜆𝑓 , 𝜆 (O 100 meV)) allows us to integrate out intermediate lattice modes 
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The Migdal Effect in Semiconductors from 
Effective Field Theory

𝐻𝑒𝑓𝑓 =
1

𝑚𝑁𝜔
2 ∇𝐻𝜒𝐿 ∙ ∇𝐻𝑒𝐿 + 𝑂(

1

𝜔3)
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The Migdal Effect in Semiconductors from 
Effective Field Theory

We derive an expression for the cross-section that depends only on the crystal 
dynamic structure function of the material 
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Can be measured 
directly!
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The Dynamic Structure Function 𝑺(𝒒, 𝑬)
in the Harmonic Approximation
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The Dynamic Structure Function 𝑺(𝒒, 𝑬)
in the Harmonic Approximation

𝑞 ≈ 20 keV 𝑞 ≈ 80 keV

𝑞 ≈ 100 keV 𝑞 ≈ 200 keV



The Migdal Effect in Semiconductors for 
small DM masses 

24Dark Matter in Compact Objects, Stars, and in Low Energy Experiments INTKim V. Berghaus YITP 08/09/2022

Silicon 𝑄 ≥ 2

Berghaus, Essig, 
Esposito, 
Sholapurkar 2022

harmonic crystal 

free ion 

harmonic crystal, Liang et. al.  



Summary and Outlook 

• Effective field theory approach connects DM rate with measurable 
dynamic structure function and electron loss function

• For precise calculations S(q,E) should be obtained from data directly 

• Our framework fully quantifies differential cross-section 
𝑑𝜎

𝑑𝐸 𝑑𝜔

• Semiconductors have unmatched sensitivity to light DM  down to ~ MeV
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Thank you for your attention! 
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