
20/05/2025

Effect of Axion Dark Matter on g-2 
of the Electron

Junyuan Lyu

12025 Phenomenology Symposium

In collaboration with Jason L. Evans

mainly base on 2410.10715



Dark Matter
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We focus on!



Ultralight Dark Matter
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• Fermionic DM can’t be Ultralight !

Pauli Exclusion Principle

Lower bound on 
mass(Tremaine Gunn 

Bound) 

• For Bosonic DM, there is no constraints from itself !

Bose condensate: They can have ∞ particles per state !

Bosonic DM can be ultralight!



Ultralight Bosonic Dark Matter
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Ø Generic candidates

• Light pseudo-Nambu-Goldstones (QCD Axions and ALPs)
• Massive hidden vector bosons (Dark Photons)

Ø Early universe production?

• Misalignment mechanism (other mechanisms possible too!)

Initial value in inflationary patch 
displaced from minimum (during 
inflation spatial gradients become 
small)



Misalignment Mechanism
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value of field frozen until 𝐻 𝑡 ≲ 𝑚! when it 
starts oscillating at frequency set by mass 

Oscillating field redshifts as non-relativistic matter (due to slow evolution of 𝑎")

For scales longer than de Broglie wavelength acts just like cold DM
⟹ structure formation ⟹ Today…



Bose enhancement effect
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• Bosons can occupy the same energy state

• In a bosonic background, the ground state is changed

• For a decay process

• Giving a enhancement

For 𝑛 𝑘# ≳ 1, enhanced 
by background!



Bose enhancement effect
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• What happens to the propagator?

• Background provide an additional piece

Ø No Background:

Ø With Background:

∝ 𝑛𝛿$ 𝑘 − 𝑘%
Can be significantly 
enhanced for large 

number density

• Propagator in background

Correction from background:
Will affect loop processes!



Ultralight ALP DM Background
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• For Ultralight DM background, the number density 𝑛 = !
"!

is huge

• Loop process will be extremely enhanced ！

Ø Plan

• Calculate 𝒈 − 𝟐 of electron in DM background

• Precision measurement, more sensitive to everything

• Compare to the experimental bound 

• Give strong constraints to the ALP parameter space!



Wave Function Renormalization
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• The effective Lagrangian

• Background self-energy



One-Loop Contribution
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• Total one-loop vertex correction

𝑅 =
𝑚"
#

𝑚$
#

J. F. Donoghue, B. R. Holstein and R. W. 
Robinett, Annals of Physics 164 (1985) 233.

All contribution comes
from 𝐹# 𝑘, Δ𝑘 !

Momentum 
Integrals



Ward identity
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• Gauge symmetry should be preserved in background

• Ward identity need to be checked !

We have kept only leading 
order in Δ𝑘 and 𝑚!

&

Our calculation is self-consistent!
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The effective Hamiltonian

• Magnetic Field (Symmetric gauge)

• Effective Hamiltonian

Cyclotron 
Frequency 
corrections

Spin Frequency 
corrections

Cyclotron Frequency and Spin Frequency are corrected by background!
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Experimental Constraints

• Predicted spin and cyclotron frequencies

• Measured quantity Ratio SM prediction

Background 
corrections

Because 𝜔$% ≃
&
'(

)%
"&
𝜔*%,

this dominates
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Experimental Constraints

• Experimental uncertainties

• The experimental error to Δ𝜔$,* is

• This gives the constraints

where

• Evaluate Momentum Integrals 
X. Fan, An improved measurement of the electron magnetic 
moment, Doctoral dissertation,Harvard University Graduate 
School of Arts and Sciences, 2022.
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Experimental Constraints

• Occupation number of Dark Matter

𝑓 𝑞 is local velocity 
distribution of DM

• For axion-electron coupling

average DM 
velocity electron velocity

𝑣$' ∼ 10,- 𝑣. ∼ 10,/

Dominant
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Experimental Constraints

• For axion-electron coupling

J. L. Evans and A. Arza, Electron g−2 
corrections from axion dark matter,
[arXiv:2308.05375].
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Experimental Constraints

• Consider axion-photon vertex

• Photon coupling only contributes in combination with electron coupling 

This diagram is not 
suppressed by 

electron velocities!
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Experimental Constraints

• Adding axion-photon vertex
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Two-Loop Level Contribution

• Consider axion-photon vertex

effective vertex

• The fermion loop is an effective 𝒂𝑭5𝑭 vertex with only electron coupling
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Two-Loop Level Contribution

• Can use the previous calculation with coupling identified

This contribution is not 
suppressed by

the electron or dark 
matter velocities!



Summary
• Fundamental properties of dark matter can lead to constraints

• Pauli exclusion principle prevents ultralight fermionic dark matter

• Bosonic dark matter can be ultralight

• Ultralight dark matter is very dense throughout the universe

• Occupation number becomes very large

• Number of paths for processes shoots way up (Bose Enhancement)

• Bose enhancements work on loop processes

• Anomalous magnetic moment contribution greatly enhanced

• Strong constrains on ALP couplings


