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Outline

e The axion and the strong CP-violation problem
e The Peccer1-Quinn mechanism

e “Axial” electromagnetism

e Excitation of axions with strong lasers

e Axions and Langmuir waves 1s magnetised plasmas: the axion-polariton



CP-problem e

The Lagrangian contains a charge
parity-time reversal (GP)- violating term
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Peccel-Quinn mechanism (solving the strong CP problem) . =0
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Axion coupling with EM sector

Axion two-photon interaction (long story short...)
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“Axial” electromagnetic theory
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Modified Maxwell’s equations
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Equations of motion HH

Maxwell’s equations [
V- (E+g¢B) =p,

V- (B—gpE) =0,

0
Vx(E+gpB)=—- (B —gvE),
B E) = J E B)-+J
V x (B =gy )—g( +9¢B) + Je, Klein-Gordon equation

[1] L. Visinelli, Mod. Ph. Lett. A 28 (2013)



Axion excitation by intense lasers

In the absence of sources, axions may be excited with two strong EM fields (1!

Slowly varying envelopes
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[1] J. T. Mendonga, EPL 79, 21001 (2007)



Axion excitation by intense lasers

In a pump-probe scheme, we can adiabatically eliminate the strong
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What about plasmas?

Photons 1n relativistic plasmas (SI units for a moment...)
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What about plasmas?

Photons 1n relativistic plasmas
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Axions 1n plasmas

“Axial” Maxwell’s equations + plasma fluid equations

V- (E+gpB) = p, /“\
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Axions 1n plasmas

Electrostatic oscillation 1n the presence of a strong magnetic field
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Axions 1n plasmas

Electrostatic oscillation 1n the presence of a strong magnetic field

J=—en.u

p = —e(ne —no)

Nontrivial solutions
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Axion-plasmon polaritons

Let us come back to the secular equations and notice that

(w2 - w12)1> n = (w—wp) (w+wp) 7,

(W? —wl) ¢ = (w—wy) (W~ wy,) G.

Smallness of the Rabi frequency, ) <« w,

Terms w ~ w, dominate —> Rotating-wave approximation (RWA)
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Axion-plasmon polaritons

Terms w ~ w, dominate = Rotating-wave approximation (RWA)
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RWA Hamiltonian

[A{ — prlfl};&k == chpi?]z[;k + () Z CAL};[A?;C + h.c.
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Axion-plasmon polaritons

RWA Hamiltonian

[:] = prldz&k = ngpi?;i?k + ) Z CAL};IA?k + h.c.
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Introducing polariton operators, Ay = ugar — vipbg, B = vibr + upag

Diagonalization

Decay rate (Fermi Golden Rule)
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Axions 1n plasmas: constraints

1. Avoid Landau damping occurring at kAp ~ 1
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Axions 1n plasmas: constraints

1. Avoid Landau damping occurring at kAp ~ 1
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Il Axions couple strongly to plasmas in a wide range of non-excluded region !!




Axions 1n the lab: new experiments
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Conclusions & future directions

e Axions can be excited with strong magnetic fields
e Plasma (Langmuir) waves hybridise with the axion modes
e Alternative way to probe axions in strong magnetic field experiments

e Collaboration with Luca Visinelli (see his poster!): investigate
axion-plasma coupling 1n astrophysics and cosmology

e Investigate phase-space (kinetic) eftects

e Include the electron-axion Lagrangian £ ~ 1)y Y

T'hank you!



