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CP-problem
The Lagrangian contains a charge 
parity-time reversal (CP)- violating term

L✓ = ✓̄
↵s

8⇡
Gµ⌫aG̃a

µ⌫

�⇡  ⇥̄  ⇡ : effective parameter after diagonalizing the quark masses

|⇥̄| . 10�10 : imposed by the limits on the neutron dielectric moment

Peccei-Quinn mechanism (solving the strong CP problem)
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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
Equations of  motion @µ @L
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Maxwell’s equations [1]

Klein-Gordon equation
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[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]

[1] J. T. Mendonça, EPL 79, 21001  (2007)
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i Ẽje
�i�kz

!' = !
pump

+ !
probe

�k = k' � (k
pump

+ k
probe

)

⇤E = �g
@2

@t2
('B)

<latexit sha1_base64="DbKu8JuSmlsoxpfgDqCOmh+cng8="></latexit><latexit sha1_base64="DbKu8JuSmlsoxpfgDqCOmh+cng8="></latexit><latexit sha1_base64="DbKu8JuSmlsoxpfgDqCOmh+cng8="></latexit><latexit sha1_base64="DbKu8JuSmlsoxpfgDqCOmh+cng8="></latexit>

�
⇤+m2

'

�
= gE ·B

<latexit sha1_base64="O5TK39+IzB3R1ZJ5InGMeUD9scQ="></latexit><latexit sha1_base64="O5TK39+IzB3R1ZJ5InGMeUD9scQ="></latexit><latexit sha1_base64="O5TK39+IzB3R1ZJ5InGMeUD9scQ="></latexit><latexit sha1_base64="O5TK39+IzB3R1ZJ5InGMeUD9scQ="></latexit>



Axion excitation by intense lasers 
In a pump-probe scheme, we can adiabatically eliminate the strong 
pump, @Ẽpump
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Ẽ⇤
0

w' =
g

2!'
Ẽ0
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What about plasmas?
Photons in relativistic plasmas (SI units for a moment…)
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Photons in relativistic plasmas
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What about plasmas?

Langmuir waves
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Axions in plasmas
“Axial” Maxwell’s equations + plasma fluid equations
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Axions in plasmas
Electrostatic oscillation in the presence of  a strong magnetic field
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Axions in plasmas
Electrostatic oscillation in the presence of  a strong magnetic field
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Axion-plasmon polaritons

Smallness of  the Rabi frequency, ⌦ ⌧ !p
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Let us come back to the secular equations and notice that

Terms ! ⇠ !p dominate
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=) Rotating-wave approximation (RWA)
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RWA Hamiltonian

Axion-plasmon polaritons

Introducing polariton operators, Âk = ukâk � vk b̂k, B̂k = vk b̂k + ukâk
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Decay rate (Fermi Golden Rule)
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<latexit sha1_base64="sD3Ya1oINiMNfFN3dVpM6Dy5TDs="></latexit><latexit sha1_base64="sD3Ya1oINiMNfFN3dVpM6Dy5TDs="></latexit><latexit sha1_base64="sD3Ya1oINiMNfFN3dVpM6Dy5TDs="></latexit><latexit sha1_base64="sD3Ya1oINiMNfFN3dVpM6Dy5TDs="></latexit>



Axions in plasmas: constraints
1. Avoid Landau damping occurring at k�D ' 1

!p . c/�D

2. Strong coupling occurs for  ⌦ > �decay

Landau 
damping

suppressed near !p

Mk,q = ⌦
X

p

hk|(â†pb̂p + âpb̂
†
p)|qi

<latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit>

�decay ' ⇡
⌦2 [1 + na(!p)]q

!2
p + m̃2

'
<latexit sha1_base64="loHI5kmMBMGt6tsgihj5d2SaJHA="></latexit><latexit sha1_base64="loHI5kmMBMGt6tsgihj5d2SaJHA="></latexit><latexit sha1_base64="loHI5kmMBMGt6tsgihj5d2SaJHA="></latexit><latexit sha1_base64="loHI5kmMBMGt6tsgihj5d2SaJHA="></latexit>

na(x) = (exp(x/Tp)� 1)

�1
<latexit sha1_base64="ztf+3PHoZNLsoMoqAEc0z+3jyTY="></latexit><latexit sha1_base64="ztf+3PHoZNLsoMoqAEc0z+3jyTY="></latexit><latexit sha1_base64="ztf+3PHoZNLsoMoqAEc0z+3jyTY="></latexit><latexit sha1_base64="ztf+3PHoZNLsoMoqAEc0z+3jyTY="></latexit>

Thermal plasmons: 



Axions in plasmas: constraints
1. Avoid Landau damping occurring at k�D ' 1

!p . c/�D

2. Strong coupling occurs for  ⌦ > �decay

suppressed near !p

Mk,q = ⌦
X

p

hk|(â†pb̂p + âpb̂
†
p)|qi

<latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit><latexit sha1_base64="SY+3u5VApp9NZtZ+zNXMVIvbj/g="></latexit>

na ⇠ 0
<latexit sha1_base64="alSi6/8SazhCsBINOkEO7YwyIzs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJVO+1GCm5cVrAPbIeSSTNtaJIZkoxQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXMb99TpVksb80koYHAQ8kiRrCx0p3sY9jTTEDUL5aQi/xa1UcQuR46q6GKJRc1v1quQM9Fc5TAEo1+8b03iEkqqDSEY627HkpMkGFlGOF0WuilmiaYjPGQdi2VWFAdZPOLp/DEKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66YmqgYZk0lqqCSLRVHKoYnh7H04YIoSwyeWYKKYvRWSEVaYGBtSwYbw9Sn8n7TKNh/Xuzkv1S+XceTBETgGp8ADPqiDa9AATUCABA/gCTw72nl0XpzXRWvOWc4cgh9w3j4B+w2QdA==</latexit><latexit sha1_base64="alSi6/8SazhCsBINOkEO7YwyIzs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJVO+1GCm5cVrAPbIeSSTNtaJIZkoxQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXMb99TpVksb80koYHAQ8kiRrCx0p3sY9jTTEDUL5aQi/xa1UcQuR46q6GKJRc1v1quQM9Fc5TAEo1+8b03iEkqqDSEY627HkpMkGFlGOF0WuilmiaYjPGQdi2VWFAdZPOLp/DEKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66YmqgYZk0lqqCSLRVHKoYnh7H04YIoSwyeWYKKYvRWSEVaYGBtSwYbw9Sn8n7TKNh/Xuzkv1S+XceTBETgGp8ADPqiDa9AATUCABA/gCTw72nl0XpzXRWvOWc4cgh9w3j4B+w2QdA==</latexit><latexit sha1_base64="alSi6/8SazhCsBINOkEO7YwyIzs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJVO+1GCm5cVrAPbIeSSTNtaJIZkoxQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXMb99TpVksb80koYHAQ8kiRrCx0p3sY9jTTEDUL5aQi/xa1UcQuR46q6GKJRc1v1quQM9Fc5TAEo1+8b03iEkqqDSEY627HkpMkGFlGOF0WuilmiaYjPGQdi2VWFAdZPOLp/DEKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66YmqgYZk0lqqCSLRVHKoYnh7H04YIoSwyeWYKKYvRWSEVaYGBtSwYbw9Sn8n7TKNh/Xuzkv1S+XceTBETgGp8ADPqiDa9AATUCABA/gCTw72nl0XpzXRWvOWc4cgh9w3j4B+w2QdA==</latexit><latexit sha1_base64="alSi6/8SazhCsBINOkEO7YwyIzs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJVO+1GCm5cVrAPbIeSSTNtaJIZkoxQhv6FGxeKuPVv3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXMb99TpVksb80koYHAQ8kiRrCx0p3sY9jTTEDUL5aQi/xa1UcQuR46q6GKJRc1v1quQM9Fc5TAEo1+8b03iEkqqDSEY627HkpMkGFlGOF0WuilmiaYjPGQdi2VWFAdZPOLp/DEKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66YmqgYZk0lqqCSLRVHKoYnh7H04YIoSwyeWYKKYvRWSEVaYGBtSwYbw9Sn8n7TKNh/Xuzkv1S+XceTBETgGp8ADPqiDa9AATUCABA/gCTw72nl0XpzXRWvOWc4cgh9w3j4B+w2QdA==</latexit>

Cold plasma approximation

�decay ' ⇡
⌦2

q
!2
p + m̃2

'
<latexit sha1_base64="wIsUG+lE3/k9aU+d1gVS8Tgvfz4="></latexit><latexit sha1_base64="wIsUG+lE3/k9aU+d1gVS8Tgvfz4="></latexit><latexit sha1_base64="wIsUG+lE3/k9aU+d1gVS8Tgvfz4="></latexit><latexit sha1_base64="wIsUG+lE3/k9aU+d1gVS8Tgvfz4="></latexit>

!! Axions couple strongly to plasmas in a wide range of  non-excluded region !!

⌦ > �decay
<latexit sha1_base64="oPFYUGw3h7c1/vrLUYRKIJFxlj0=">AAACA3icdVA9SwNBEN3zM8avqJ02i0GwCnchwVQhYKGdEYwKuRDmNpNkye7dsbsnhCNg41+xsVDE1j9h579xz0RQ0QcDj/dmmJkXxIJr47rvztz8wuLScm4lv7q2vrFZ2Nq+1FGiGLZYJCJ1HYBGwUNsGW4EXscKQQYCr4LRceZf3aDSPAovzDjGjoRByPucgbFSt7Drn0kcAK37JyAldFNfSdpDBuNJt1B0S65bqZarNCNuuTYlXrVWo16mWBTJDM1u4c3vRSyRGBomQOu258amk4IynAmc5P1EYwxsBANsWxqCRN1JP3+Y0AOr9Gg/UrZCQz/V7xMpSK3HMrCdEsxQ//Yy8S+vnZh+rZPyME4Mhmy6qJ8IaiKaBUJ7XCEzYmwJMMXtrZQNQQEzNra8DeHrU/o/uSyXPLfknVeKjfosjhzZI/vkkHjkiDTIKWmSFmHkltyTR/Lk3DkPzrPzMm2dc2YzO+QHnNcPkr+Xeg==</latexit><latexit sha1_base64="oPFYUGw3h7c1/vrLUYRKIJFxlj0=">AAACA3icdVA9SwNBEN3zM8avqJ02i0GwCnchwVQhYKGdEYwKuRDmNpNkye7dsbsnhCNg41+xsVDE1j9h579xz0RQ0QcDj/dmmJkXxIJr47rvztz8wuLScm4lv7q2vrFZ2Nq+1FGiGLZYJCJ1HYBGwUNsGW4EXscKQQYCr4LRceZf3aDSPAovzDjGjoRByPucgbFSt7Drn0kcAK37JyAldFNfSdpDBuNJt1B0S65bqZarNCNuuTYlXrVWo16mWBTJDM1u4c3vRSyRGBomQOu258amk4IynAmc5P1EYwxsBANsWxqCRN1JP3+Y0AOr9Gg/UrZCQz/V7xMpSK3HMrCdEsxQ//Yy8S+vnZh+rZPyME4Mhmy6qJ8IaiKaBUJ7XCEzYmwJMMXtrZQNQQEzNra8DeHrU/o/uSyXPLfknVeKjfosjhzZI/vkkHjkiDTIKWmSFmHkltyTR/Lk3DkPzrPzMm2dc2YzO+QHnNcPkr+Xeg==</latexit><latexit sha1_base64="oPFYUGw3h7c1/vrLUYRKIJFxlj0=">AAACA3icdVA9SwNBEN3zM8avqJ02i0GwCnchwVQhYKGdEYwKuRDmNpNkye7dsbsnhCNg41+xsVDE1j9h579xz0RQ0QcDj/dmmJkXxIJr47rvztz8wuLScm4lv7q2vrFZ2Nq+1FGiGLZYJCJ1HYBGwUNsGW4EXscKQQYCr4LRceZf3aDSPAovzDjGjoRByPucgbFSt7Drn0kcAK37JyAldFNfSdpDBuNJt1B0S65bqZarNCNuuTYlXrVWo16mWBTJDM1u4c3vRSyRGBomQOu258amk4IynAmc5P1EYwxsBANsWxqCRN1JP3+Y0AOr9Gg/UrZCQz/V7xMpSK3HMrCdEsxQ//Yy8S+vnZh+rZPyME4Mhmy6qJ8IaiKaBUJ7XCEzYmwJMMXtrZQNQQEzNra8DeHrU/o/uSyXPLfknVeKjfosjhzZI/vkkHjkiDTIKWmSFmHkltyTR/Lk3DkPzrPzMm2dc2YzO+QHnNcPkr+Xeg==</latexit><latexit sha1_base64="oPFYUGw3h7c1/vrLUYRKIJFxlj0=">AAACA3icdVA9SwNBEN3zM8avqJ02i0GwCnchwVQhYKGdEYwKuRDmNpNkye7dsbsnhCNg41+xsVDE1j9h579xz0RQ0QcDj/dmmJkXxIJr47rvztz8wuLScm4lv7q2vrFZ2Nq+1FGiGLZYJCJ1HYBGwUNsGW4EXscKQQYCr4LRceZf3aDSPAovzDjGjoRByPucgbFSt7Drn0kcAK37JyAldFNfSdpDBuNJt1B0S65bqZarNCNuuTYlXrVWo16mWBTJDM1u4c3vRSyRGBomQOu258amk4IynAmc5P1EYwxsBANsWxqCRN1JP3+Y0AOr9Gg/UrZCQz/V7xMpSK3HMrCdEsxQ//Yy8S+vnZh+rZPyME4Mhmy6qJ8IaiKaBUJ7XCEzYmwJMMXtrZQNQQEzNra8DeHrU/o/uSyXPLfknVeKjfosjhzZI/vkkHjkiDTIKWmSFmHkltyTR/Lk3DkPzrPzMm2dc2YzO+QHnNcPkr+Xeg==</latexit>



Axions in the lab: new experiments

Dilute, cold plasmas exps.

Large frequency sensitivity required
⌦

!p
⇠ 10�8 � 10�5

<latexit sha1_base64="/2ED+H3BZDajKyuzuSiRsZNeJz4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCURxa6k4MadFewDmlgm00k7dCYJMxOhhHyEG3/FjQtF3Lpw5984SbPQ1gPDPZxzL3fu8SJGpbKsb6O0tLyyulZer2xsbm3vmLt7HRnGApM2Dlkoeh6ShNGAtBVVjPQiQRD3GOl6k6vM7z4QIWkY3KlpRFyORgH1KUZKSwPzxPEFwolzw8kIpYkTZnUQpY6kHNrWfVJrpLW8nqcDs2rVrRxwkdgFqYICrYH55QxDHHMSKMyQlH3bipSbIKEoZiStOLEkEcITNCJ9TQPEiXST/KgUHmllCP1Q6BcomKu/JxLEpZxyT3dypMZy3svE/7x+rPyGm9AgihUJ8GyRHzOoQpglBIdUEKzYVBOEBdV/hXiMdEpK51jRIdjzJy+Szmndtur27Vm1eVnEUQYH4BAcAxtcgCa4Bi3QBhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39gfP4Apz2d3Q==</latexit><latexit sha1_base64="/2ED+H3BZDajKyuzuSiRsZNeJz4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCURxa6k4MadFewDmlgm00k7dCYJMxOhhHyEG3/FjQtF3Lpw5984SbPQ1gPDPZxzL3fu8SJGpbKsb6O0tLyyulZer2xsbm3vmLt7HRnGApM2Dlkoeh6ShNGAtBVVjPQiQRD3GOl6k6vM7z4QIWkY3KlpRFyORgH1KUZKSwPzxPEFwolzw8kIpYkTZnUQpY6kHNrWfVJrpLW8nqcDs2rVrRxwkdgFqYICrYH55QxDHHMSKMyQlH3bipSbIKEoZiStOLEkEcITNCJ9TQPEiXST/KgUHmllCP1Q6BcomKu/JxLEpZxyT3dypMZy3svE/7x+rPyGm9AgihUJ8GyRHzOoQpglBIdUEKzYVBOEBdV/hXiMdEpK51jRIdjzJy+Szmndtur27Vm1eVnEUQYH4BAcAxtcgCa4Bi3QBhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39gfP4Apz2d3Q==</latexit><latexit sha1_base64="/2ED+H3BZDajKyuzuSiRsZNeJz4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCURxa6k4MadFewDmlgm00k7dCYJMxOhhHyEG3/FjQtF3Lpw5984SbPQ1gPDPZxzL3fu8SJGpbKsb6O0tLyyulZer2xsbm3vmLt7HRnGApM2Dlkoeh6ShNGAtBVVjPQiQRD3GOl6k6vM7z4QIWkY3KlpRFyORgH1KUZKSwPzxPEFwolzw8kIpYkTZnUQpY6kHNrWfVJrpLW8nqcDs2rVrRxwkdgFqYICrYH55QxDHHMSKMyQlH3bipSbIKEoZiStOLEkEcITNCJ9TQPEiXST/KgUHmllCP1Q6BcomKu/JxLEpZxyT3dypMZy3svE/7x+rPyGm9AgihUJ8GyRHzOoQpglBIdUEKzYVBOEBdV/hXiMdEpK51jRIdjzJy+Szmndtur27Vm1eVnEUQYH4BAcAxtcgCa4Bi3QBhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39gfP4Apz2d3Q==</latexit><latexit sha1_base64="/2ED+H3BZDajKyuzuSiRsZNeJz4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCURxa6k4MadFewDmlgm00k7dCYJMxOhhHyEG3/FjQtF3Lpw5984SbPQ1gPDPZxzL3fu8SJGpbKsb6O0tLyyulZer2xsbm3vmLt7HRnGApM2Dlkoeh6ShNGAtBVVjPQiQRD3GOl6k6vM7z4QIWkY3KlpRFyORgH1KUZKSwPzxPEFwolzw8kIpYkTZnUQpY6kHNrWfVJrpLW8nqcDs2rVrRxwkdgFqYICrYH55QxDHHMSKMyQlH3bipSbIKEoZiStOLEkEcITNCJ9TQPEiXST/KgUHmllCP1Q6BcomKu/JxLEpZxyT3dypMZy3svE/7x+rPyGm9AgihUJ8GyRHzOoQpglBIdUEKzYVBOEBdV/hXiMdEpK51jRIdjzJy+Szmndtur27Vm1eVnEUQYH4BAcAxtcgCa4Bi3QBhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39gfP4Apz2d3Q==</latexit>

Moderate wavelength sensitivity required
�� =

2⇡

�k
⇠ 1� 10 cm

<latexit sha1_base64="POTiP3roHAuCYFLhvyMPl8YK0NA=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwY5kUQRGUghuXFewDOkPJZDJtaDIzJBmhDOO3uPFX3LhQihsX/otpOwttPRA4nHMPN/f4CWdKO86XVVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJZdHyvKWURbmmlOu4mkWPicdvzR7dTvPFKpWBw96HFCPYEHEQsZwdpIffvKDSjXGLrcZAIMr6EbSkyyupuwPCvMUe4qJiA6Qw58gpkrBSQi79tVp+bMAJcJKkgVFGj27YkbxCQVNNKEY6V6yEm0l2GpGeE0r7ipogkmIzygPUMjLKjystmNOTwxSgDDWJoXaThTfycyLJQaC99MCqyHatGbiv95vVSHl17GoiTVNCLzRWHKoY7htDAYMEmJ5mNDMJHM/BWSITYdaVNrxZSAFk9eJu16DTk1dH9ebdwUdZTBETgGpwCBC9AAd6AJWoCAZ/AK3sGH9WK9WRPrcz5asorMIfgD6/sHKkOjUA==</latexit><latexit sha1_base64="POTiP3roHAuCYFLhvyMPl8YK0NA=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwY5kUQRGUghuXFewDOkPJZDJtaDIzJBmhDOO3uPFX3LhQihsX/otpOwttPRA4nHMPN/f4CWdKO86XVVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJZdHyvKWURbmmlOu4mkWPicdvzR7dTvPFKpWBw96HFCPYEHEQsZwdpIffvKDSjXGLrcZAIMr6EbSkyyupuwPCvMUe4qJiA6Qw58gpkrBSQi79tVp+bMAJcJKkgVFGj27YkbxCQVNNKEY6V6yEm0l2GpGeE0r7ipogkmIzygPUMjLKjystmNOTwxSgDDWJoXaThTfycyLJQaC99MCqyHatGbiv95vVSHl17GoiTVNCLzRWHKoY7htDAYMEmJ5mNDMJHM/BWSITYdaVNrxZSAFk9eJu16DTk1dH9ebdwUdZTBETgGpwCBC9AAd6AJWoCAZ/AK3sGH9WK9WRPrcz5asorMIfgD6/sHKkOjUA==</latexit><latexit sha1_base64="POTiP3roHAuCYFLhvyMPl8YK0NA=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwY5kUQRGUghuXFewDOkPJZDJtaDIzJBmhDOO3uPFX3LhQihsX/otpOwttPRA4nHMPN/f4CWdKO86XVVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJZdHyvKWURbmmlOu4mkWPicdvzR7dTvPFKpWBw96HFCPYEHEQsZwdpIffvKDSjXGLrcZAIMr6EbSkyyupuwPCvMUe4qJiA6Qw58gpkrBSQi79tVp+bMAJcJKkgVFGj27YkbxCQVNNKEY6V6yEm0l2GpGeE0r7ipogkmIzygPUMjLKjystmNOTwxSgDDWJoXaThTfycyLJQaC99MCqyHatGbiv95vVSHl17GoiTVNCLzRWHKoY7htDAYMEmJ5mNDMJHM/BWSITYdaVNrxZSAFk9eJu16DTk1dH9ebdwUdZTBETgGpwCBC9AAd6AJWoCAZ/AK3sGH9WK9WRPrcz5asorMIfgD6/sHKkOjUA==</latexit><latexit sha1_base64="POTiP3roHAuCYFLhvyMPl8YK0NA=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwY5kUQRGUghuXFewDOkPJZDJtaDIzJBmhDOO3uPFX3LhQihsX/otpOwttPRA4nHMPN/f4CWdKO86XVVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJZdHyvKWURbmmlOu4mkWPicdvzR7dTvPFKpWBw96HFCPYEHEQsZwdpIffvKDSjXGLrcZAIMr6EbSkyyupuwPCvMUe4qJiA6Qw58gpkrBSQi79tVp+bMAJcJKkgVFGj27YkbxCQVNNKEY6V6yEm0l2GpGeE0r7ipogkmIzygPUMjLKjystmNOTwxSgDDWJoXaThTfycyLJQaC99MCqyHatGbiv95vVSHl17GoiTVNCLzRWHKoY7htDAYMEmJ5mNDMJHM/BWSITYdaVNrxZSAFk9eJu16DTk1dH9ebdwUdZTBETgGpwCBC9AAd6AJWoCAZ/AK3sGH9WK9WRPrcz5asorMIfgD6/sHKkOjUA==</latexit>

Epump

E
probe

B
probe

Bpump

(Langmuir probes)

Laser-plasma exps. (pump-probe)

plasma

Large frequency sensitivity required
⌦

!p
⇠ 10�7 � 10�4

<latexit sha1_base64="EDfNWxCf2LBUdZW70L5xcV/iIKU=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCWRQl1JwY07K9gHNLFMppN26EwSZiZCCfkIN/6KGxeKuHXhzr9xkmahrQeGezjnXu7c40WMSmVZ30ZpZXVtfaO8Wdna3tndM/cPujKMBSYdHLJQ9D0kCaMB6SiqGOlHgiDuMdLzpleZ33sgQtIwuFOziLgcjQPqU4yUlobmmeMLhBPnhpMxShMnzOowSh1JObSt+6TWTGt5baRDs2rVrRxwmdgFqYIC7aH55YxCHHMSKMyQlAPbipSbIKEoZiStOLEkEcJTNCYDTQPEiXST/KgUnmhlBP1Q6BcomKu/JxLEpZxxT3dypCZy0cvE/7xBrPwLN6FBFCsS4PkiP2ZQhTBLCI6oIFixmSYIC6r/CvEE6ZSUzrGiQ7AXT14m3fO6bdXt20a1dVnEUQZH4BicAhs0QQtcgzboAAwewTN4BW/Gk/FivBsf89aSUcwcgj8wPn8ApCud2w==</latexit><latexit sha1_base64="EDfNWxCf2LBUdZW70L5xcV/iIKU=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCWRQl1JwY07K9gHNLFMppN26EwSZiZCCfkIN/6KGxeKuHXhzr9xkmahrQeGezjnXu7c40WMSmVZ30ZpZXVtfaO8Wdna3tndM/cPujKMBSYdHLJQ9D0kCaMB6SiqGOlHgiDuMdLzpleZ33sgQtIwuFOziLgcjQPqU4yUlobmmeMLhBPnhpMxShMnzOowSh1JObSt+6TWTGt5baRDs2rVrRxwmdgFqYIC7aH55YxCHHMSKMyQlAPbipSbIKEoZiStOLEkEcJTNCYDTQPEiXST/KgUnmhlBP1Q6BcomKu/JxLEpZxxT3dypCZy0cvE/7xBrPwLN6FBFCsS4PkiP2ZQhTBLCI6oIFixmSYIC6r/CvEE6ZSUzrGiQ7AXT14m3fO6bdXt20a1dVnEUQZH4BicAhs0QQtcgzboAAwewTN4BW/Gk/FivBsf89aSUcwcgj8wPn8ApCud2w==</latexit><latexit sha1_base64="EDfNWxCf2LBUdZW70L5xcV/iIKU=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCWRQl1JwY07K9gHNLFMppN26EwSZiZCCfkIN/6KGxeKuHXhzr9xkmahrQeGezjnXu7c40WMSmVZ30ZpZXVtfaO8Wdna3tndM/cPujKMBSYdHLJQ9D0kCaMB6SiqGOlHgiDuMdLzpleZ33sgQtIwuFOziLgcjQPqU4yUlobmmeMLhBPnhpMxShMnzOowSh1JObSt+6TWTGt5baRDs2rVrRxwmdgFqYIC7aH55YxCHHMSKMyQlAPbipSbIKEoZiStOLEkEcJTNCYDTQPEiXST/KgUnmhlBP1Q6BcomKu/JxLEpZxxT3dypCZy0cvE/7xBrPwLN6FBFCsS4PkiP2ZQhTBLCI6oIFixmSYIC6r/CvEE6ZSUzrGiQ7AXT14m3fO6bdXt20a1dVnEUQZH4BicAhs0QQtcgzboAAwewTN4BW/Gk/FivBsf89aSUcwcgj8wPn8ApCud2w==</latexit><latexit sha1_base64="EDfNWxCf2LBUdZW70L5xcV/iIKU=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQpCWRQl1JwY07K9gHNLFMppN26EwSZiZCCfkIN/6KGxeKuHXhzr9xkmahrQeGezjnXu7c40WMSmVZ30ZpZXVtfaO8Wdna3tndM/cPujKMBSYdHLJQ9D0kCaMB6SiqGOlHgiDuMdLzpleZ33sgQtIwuFOziLgcjQPqU4yUlobmmeMLhBPnhpMxShMnzOowSh1JObSt+6TWTGt5baRDs2rVrRxwmdgFqYIC7aH55YxCHHMSKMyQlAPbipSbIKEoZiStOLEkEcJTNCYDTQPEiXST/KgUnmhlBP1Q6BcomKu/JxLEpZxxT3dypCZy0cvE/7xBrPwLN6FBFCsS4PkiP2ZQhTBLCI6oIFixmSYIC6r/CvEE6ZSUzrGiQ7AXT14m3fO6bdXt20a1dVnEUQZH4BicAhs0QQtcgzboAAwewTN4BW/Gk/FivBsf89aSUcwcgj8wPn8ApCud2w==</latexit>

Wakefield + radiations signals

(Spectroscopy)



• Axions can be excited with strong magnetic fields 

• Plasma (Langmuir) waves hybridise with the axion modes 

• Alternative way to probe axions in strong magnetic field experiments 

• Collaboration with Luca Visinelli (see his poster!): investigate 
axion-plasma coupling in astrophysics and cosmology 

• Investigate phase-space (kinetic) effects 

• Include the electron-axion Lagrangian

Thank you!

Conclusions & future directions
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