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EDM From Missed Dark Matter Scatterings 



❑ Dark Matter
❑ Gravitational Evidence 



❑  Dark matter mass range poorly constrained 

❑ DM should be cold

❑ SU(3)XU(1)EM Neutral

❑ Stable 



❑ IR divergences in Bremsstrahlung scattering

Diagram IR divergence 
in soft photon limit



❑ Scattering depends on Amplitude squared

❑ The cross section is IR divergent 

❑ IR divergences in Bremsstrahlung scattering

Log Divergent 



❑Solution to IR divergences
❑Experiment can not distinguish processes in zero momentum limit.

Same Process
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❑Solution to IR divergences
❑Experiment can not distinguish processes in low momentum limit. 
❑Scattering in zero momentum limit same processes as without scattering

❑Apply same philosophy to ultralight dark matter
❑Missed scattering give same processes 

Finite 
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Dark 
Photon 
DM 

Both vertex corrections

Experimentally 
Identical
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But new process 

Scattering injects 
CP violation ALP 

DM 
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❑Solution to IR divergences
❑Apply same philosophy to ultralight dark matter

❑Scattering  energy of ultralight dark matter much too low to detect

❑Ultralight dark matter scattering gives new contributions to old observables
❑Pseudoscalar dark can still consider, but importantly is a different contribution 

Not equivalent 

Scattering injects 
CP violation

g-2 EDM 

Calculate 
Here



❑Dark matter generated via misalignment mechanism
❑Value frozen until 
❑Gravitational interactions virialize the fields 

❑Leads to dephasing of the fields

❑Fields sum of individual fields 
 (Wave function) 

Stochastic Field



❑Build Fock space out of wave packets 

❑ Single particle states are normalized 

❑Generic normalized vector in Fock space 



❑Single particle state scattering for wave packet

  

Plane Wave Coherent 
Wave Packets

Physical particle 
a wave packet



❑Single particle state scattering for wave packet

❑Multiparticle axion-like particle expectation value

❑Summing over coherent patches (Random Walk in phase)

 
  

Physical particle 
a wave packet

Proportional to 
one particle vev



❑Decoherence leads to stochastic field

❑Stochastic nature weakens bound 

•Nature Commun. 12 (2021) 1, 7321

•Nature Commun. 12 (2021) 1, 7321



❑Calculate the QED vertex with inserted axion-like particle

❑Examine both derivative and Yukawa coupling 
❑Shows basis independence 



❑Yukawa coupling calculation yields EDM



❑Yukawa coupling calculation yields EDM

❑Corresponding space time interaction  

❑Derivative basis  must give same answer: Equivalence theorem
❑ S-matrix unchanged by local transformations  

❑If non-singular transformation
❑Even local theory

Kamefuchi, O'Raifeartaigh, Salam Nucl.Phys, 28, 1961 (529)



❑Diagram in derivative basis proportional to axion momentum 



❑Diagram in derivative basis proportional to axion momentum 

How can this give the same EDM



❑Diagram in derivative basis proportional to axion momentum 
❑Apparent IR divergent in diagram 

❑Subdiagrams renormalize independently because of form of propagator 

Only This Diagram 
Suppressed 



❑Diagram in derivative basis proportional to axion momentum 
❑Apparent IR divergent in diagram Only This Diagram 

Suppressed 

Subdiagram 
renormalize 
independently

Subdiagram 
renormalize 
independently



❑Diagram in derivative basis proportional to axion momentum 
❑Apparent IR divergent in diagram Only This Diagram 

Suppressed 

Subdiagram 
renormalize 
independently



❑Diagram in derivative basis proportional to axion momentum 
❑Apparent IR divergent in diagram
❑Enhancement negates suppression

❑Same contribution 

Same as Yukawa coupling 



❑Basis independent contribution to EDM

❑Time dependent electric dipole moment (DM non-relativistic)  

Suppression due to 
stochastic nature

Time dependence 



❑Basis independent contribution to EDM

❑Time dependent electric dipole moment (DM non-relativistic) 

❑Experimental constraints to time dependent electron EDM
❑Sensitive to variations up to 100 kHz (with reduced sensitivity)
❑Sensitive to variations up to Hz (with full sensitivity) 



❑Basis independent contribution to EDM

❑Time dependent electric dipole moment (DM non-relativistic) 

❑Experimental constraints to time dependent electron EDM

❑Electric dipole moment of electron 



❑Constraints on axion-like particle proton coupling
❑Proton EDM experiment takes measurements over time  

❑Bound probably weaker above this 



❑Constraints on axion-like particle proton coupling
❑Constraints on axion-like particle electron coupling 
 



❑Scattering with the background in QFT leads to classical field interaction

❑Scattering with background ALP injects CP violation

❑Background scattering leads to apparent EDM for electron and proton

❑Time varying EDM can be searched for if oscillations slow enough 

❑Constraints on ALP are strong for time varying EDM

 



Back Up Slides



❑The majoron is an axion-like particle associated with              breaking

Liang, Diaz, Yanagida
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Majoron
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❑The majoron is an axion-like particle associated with              breaking
❑Majoron is the Nambu-Goldstone boson of lepton number breaking
❑Can be dark matter density, via misalignment mechanism
❑Can be dark matter for certain combination of          and 
❑Freedom in couplings of Majoron 
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❑Can build up state in a similar manner 

❑As is typically done in Finite Temp QFT can calculate the two-point function 



❑Can build up state in a similar manner 
❑As is typically done in Finite Temp QFT can calculate the two-point function

❑Amplitude for scattering of the background  

Normalize Probability distribution for 
“vacuum” scattering at this momentum 
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❑Can build up state in a similar manner 
❑As is typically done in Finite Temp QFT can calculate the two-point function
❑Amplitude for scattering of the background  

❑          and        related to the dark matter velocity distribution 
❑No phases dependence gives



❑Background is composed of different       particle states 
❑Total scattering probability is sum of all possible scatterings 

❑If all particle in same state 
❑For completely incoherent state have to sum each particle amplitude

❑ Break up into patches with velocity                  and sum phases 

❑Random Walk gives Rayleigh distribution 

Random Walk in 2D

sampled from this
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