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Outline

oBackground and Motivation for Migdal Effect (in semiconductors)

oInvestigate Migdal interactions beyond standard spin-independent scattering

oResults: Direct-detection projections for EFT operators

2



Migdal Effect (In atoms)

1711.09906

In direct detection experiments, elastic nuclear recoil are only detectable for DM mass O(GeV).
Dark Matter induced electron transitions via the Migdal effect:
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Advantages: Migdal effect allows us to probe sub-GeV DM masses to O(MeV).



Ability to probe lower DM masses
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Migdal Effect (In semiconductors)

Advantage: Semiconductors have small energy gaps O(eV) compared to ionization of 
atoms O(10 eV)  à  Semiconductor targets have very low thresholds for direct detection 
experiments. 

Complications:
• Lattice potential is introduced
• Phonon production is possible
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2011.09496



Effective DM-Migdal Hamiltonian in semiconductors
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2210.06490

Take-away: DM-lattice and electron-lattice interactions factorize! 

Electron– lattice Hamiltonian
is known



Effective DM-Migdal Hamiltonian in semiconductors

What interesting DM– lattice 
interactions can we look at? 
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2210.06490

Take-away: DM-lattice and electron-lattice interactions factorize! 

Electron– lattice Hamiltonian
is known

Is this still true for all DM-lattice interactions? à (spoiler!) YES 



Non-relativistic operators

1203.3542
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Define,

Method: Write down every non-relativistic Galilean-invariant operator up to quadratic 
order in momentum, which can arise from spin-0 or spin-1 exchanges.  

Coherent interactions: SN independent
Rate contains enhancement of (A-Z)2 

Difficult to UV complete



Non-relativistic operators

1203.3542
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Method: Write down every non-relativistic Galilean-invariant operator up to quadratic 
order in momentum, which can arise from spin-0 or spin-1 exchanges.  

velocity split into center of mass
and intrinsic  components (which 
carry derivatives) 

Difficult to UV complete

Define,



Differential Migdal Rate:

electron “shake-off” probability, 
contains electron loss function

operator form factors,
contains nuclear responses
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Goal: Calculate the differential Migdal rate in semiconductors using the EFT Hamiltonian for 
all possible 𝐻!" . 

Result: Electron shake-off probability and nuclear responses factorize for all DM – lattice 
effective operators!



Projections 
(preliminary)
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CDEX: 2111.11243
XENON-1T: 1907.12771



Projections (preliminary) 
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Ge 1 kg-yr Projections
(preliminary)
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Takeaway: Migdal effects allows us 
to probe orders of magnitude lower in 
DM mass for various interactions!



Conclusions

• We have calculated the Migdal effect in semiconductors for 
many different EFT operators.

• Allows experiments to search for these interactions for DM 
masses as low as MeV, several orders of magnitude lower than 
before!
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Thank you!

Questions?
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DM Migdal EFT Picture 2210.06490



Building blocks

Complete set of Galilean, Hermitian invariants: 

Set of T-conserving operators: 

Set of T-violating operators: 
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P-violating

P-conserving

P-conserving

P-violating

1203.3542



Higher spin > 1 mediated operators
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1203.3542
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Dark Matter – Lattice Hamiltonian

Nucleon spin written in terms of Pauli matrices

1203.3542

Intrinsic velocity dependence from EFT operators rewritten as derivatives terms
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Dark Matter – Lattice Hamiltonian

EFT coefficients contain all DM-spin and DM-momentum (q) dependence

1203.3542

Although it gets complicated when including all operators, we can calculate H_eff!



Operator Form Factors
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1203.3542



Nuclear Responses
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table from 1401.3739



Nuclear Responses
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From writing down the matrix element you get an 𝑒!"#$	'⃗ which can be expanded into the (vector) 
spherical harmonics depending on term.

Depending on the operator you will have terms which also come with derivatives and/or Pauli matrices

Squaring the Matrix element gives relevant form factors

1203.3542



Constraints from UV completions

• PSEUDOSCALAR MEDIATOR
• meson decays 
• super nova cooling 
• GANDHI experiment from nuclear decays 

• AXIAL-VECTOR MEDIATOR 
• Z exchange is widely ruled out, look for BSM exchanges
• limits from UV completion required to cancel anomalies
 on axial-vectors

• VECTOR MEDIATOR
• unexamined.
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1905.04319



UV models
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1401.3739



UV Models: pseudoscalar mediated
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1401.3739


