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Axion couplings to photons
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Axion couplings to photons
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Axion couplings to photons
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Resonant Axion Searches
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Axion electrodynamics: L � �ga��
4

aF F̃ = �ga�� aE ·B

r⇥B = @tE+ J� ga�� (E⇥ra�B@ta)

r ·E = ⇢� ga��B ·ra
Maxwell’s new and 
improved Equations

Axion dark matter: a(t) '
p
2⇢DM

ma
cos(mat+ ')

Dark matter as a source for effective current ⟹ source magnetic field:Je↵(t) ⇠ ga�� B0(t)
p
⇢DM cosmat

Dark matter as a source for effective current ⟹ source magnetic field:

Ba(t) / Je↵(t)



TRIUMF, March 11th 2020
Sebastian A. R. Ellis — Resonant Detection of Dark Matter 

Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Difficult to reach small axion masses — cavity has to be huge!
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Axion-induce magnetic field induces an E.M.F.:
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Axion-induce magnetic field induces an E.M.F.:

Resonant Axion Searches
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Difficult to reach small axion masses — cavity has to be huge!
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Able to access small masses, but length-ratio suppressed
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Different approach: Resonant Axion Searches
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Different approach: Resonant Axion Searches
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Different approach: Resonant Axion Searches
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Different approach: Resonant Axion Searches
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Comparison
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Axion Resonant Frequency Conversion
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Axion Resonant Frequency Conversion
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Axion Signal
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Standard Noise Sources: Thermal Noise
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Non-standard Noise Sources: Phase Noise
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Non-standard Noise Sources: Wall Vibrations
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Non-standard Noise Sources: Field Emission
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Non-standard Noise Sources
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Non-standard Noise Sources
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Potential Sensitivity
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Outlook
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A      introduction to Axions

19

QCD has a CP problem:

L � ✓̄g2s
32⇡2

Ga
µ⌫G̃

µ⌫,a



TRIUMF, March 11th 2020
Sebastian A. R. Ellis — Resonant Detection of Dark Matter 

A      introduction to Axions
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Term violates CP — leads to neutron EDM
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A      introduction to Axions

19

QCD has a CP problem:
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µ⌫,a

Term violates CP — leads to neutron EDM
dn ⇠ 10�16✓̄ e cm
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Experimental limit:



TRIUMF, March 11th 2020
Sebastian A. R. Ellis — Resonant Detection of Dark Matter 

A      introduction to Axions
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Solution: U(1)PQ symmetry anomalous under QCD: 
pNGB after instanton breaking — QCD axion!
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Wilczek (1978)
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A      introduction to Axions
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A      introduction to Axions
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A      introduction to Axions
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A      introduction to Axions

21

Axion-like particles (ALPs)

LALP � 1

2
m2

aa
2 + Lint

Generic shift-symmetric P-odd scalar field w/ 
derivative couplings to SM fields

Motivations: a) One of ~few concrete predictions from known String 
compactifications (string axiverse) 

b) ALPs as Dark Matter from misalignment 
c) Technology to search for ALPs exists

Svrček & Witten (2006) 
Arvanitaki et al (2009) 
Stott et al (2017) 
Halverson & Langacker 
(2018)
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A      introduction to Axions
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Axion-like particles (ALPs)
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Generic shift-symmetric P-odd scalar field w/ 
derivative couplings to SM fields
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Motivations: a) One of ~few concrete predictions from known String 
compactifications (string axiverse) 

b) ALPs as Dark Matter from misalignment 
c) Technology to search for ALPs exists

Svrček & Witten (2006) 
Arvanitaki et al (2009) 
Stott et al (2017) 
Halverson & Langacker 
(2018)
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ALPs as Dark Matter: Misalignment
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Axion EoM in FRW Universe: ä+ 3Hȧ+m2
aa = 0
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ALPs as Dark Matter: Misalignment
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ALPs as Dark Matter: Misalignment
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Power comparison with static LC resonator
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Potential Sensitivity dependences — 
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Potential Sensitivity dependences — geom. factor
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Potential Sensitivity dependences — wall disp.
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Potential Sensitivity dependences — wall disp.
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