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Axion — Photon Interaction
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We are going to consider :

Axion — Photon Interaction and Scattering processes
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Linear Polarization Angle due to axion cloud
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The photon dispersion relation in a axion background
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Rotation of Polarization Plane
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Coherently Oscillating Axion Field & Time Dependent Polarization Angle
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Photon propagation in a cold axion background in the

probe-photons

presence of a magnetic field.
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Axion-Photon Interaction Polarization Consequences
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Axion—photon conversion rate in the presence of a uniform magnetic field

B, =m?/e = 4.42 x 103G is the QED critical magnetic field.
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Axion-Photon Interaction Polarization Consequences
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In order to enhance the polarization signal
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(i1) Using moderate magnetic field but increasing the interaction length

(111) Using a huge numbers ( high-intensity beams) of photons in order to increase
interaction rate




Axion as a Virtual Particle

Axion Electrodynamics
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QED Vacuum birefringence as background noise
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QED as a Background noise for
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Moreover, close to the resonance (@ ~ m,) the ALP vacuum
effect surpasses the virtual electron-positron effect in an even

wider parameter region
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we propose a novel experiment based on the forward scattering of photons
via virtual Ahs exchange from an inhomogeneous magnetic field inside a cavity

Laser OPA
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quantizating the photon field inside the cavity
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Forward Scattering of photons from magnetic field inside the cavity
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Axion interaction with a Spatially harmonic magnetic field profile

B(x) = Bgcos(x/4)
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Resonance Enhancement of Birefringence Signal
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(a) The profile function of P(kz.p:) for a 2 cm cavity which is pumped by p, = 1073 eV
photons and exposed to a magnetic field with ¢ = 0.05 L,.. There are four distinct peaks on +p, =+ %.
(b) The same profile function with ¢ = L,.
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In the Presence of a Uniform Magnetic Field
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Beam-splitter
Phase difference 5 ¢ ~ F.T
~Jr

‘ | ' ' between two cavity modes
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By using a Fabry-Perot cavity 6 e’ TC
Fr = -
2F'L r
748
i — 10° cavity finesse average pulse photon number Ny, = 1014,
repetition of the experiment Nexp = 106
squeezing parameter up tor = 1.73

run of the experiment takes about 7exp, ~ 7. In our scenario using the above-mentioned num-
ber of repetitions Nexp, = 10° and a cavity with the length and finesse of F' = 10° and L, = 1
m, respectively, examining each ALP mass needs about NexpTexp =~ 17 minutes. Therefore,
by our scheme one examines about 2500 ALP masses in a period of one-month experiment.




Cavity modes, FSR, The width of the modes

Moreover, practical considerations of optical cavities enforce us to use laser frequencies of
the range 0.03 eV < wy, < 3 eV and due to the resonance condition wyp =~ %(mg + %2) the best
performance of the scheme is limited to a mass range of 6 x 107% eV < m, < 6 x 1073 eV

cavity modes @ =nnc/L withn=1,2,3,---

free spectral range (FSR) Apsg = 7c/L - A\ —>

L.~1m. (Apsg~6.2x1077eV)
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Exclusion Region Resonance Birefringence Signal
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Axion — Photon Around Supermassive Black Holes (SMBHs)

M87*
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Light polarization

1-Intrinsic to the emission process \;7.
\J

s
//////

,,,,
7,
7

2- Due to the propagation effect

« It has known for many years ; 2
W N2

1-The Synchrotron emission, Bremsstrahlung, curvature radiation ...(Intrinsic)
2-The Compton scattering, plasma effect,.. (propagation effect)
Can produce linear polarization

BUT
Usual scattering process (like usual Compton scattering) can’t produce circular
polarization

' 1-Parity violating interactions

2- Intrinsic asymmetric distribution of left- and
right- handed components in target beams

Axion—Photon
Interaction

Circular polarization can be produced by |

| 3-The presence of an anisotropic

background in the medium



Circular Polarization Sources

Compton scattering in a background whether the external magnetic field or noncommutative space time

Photon-neutrino interaction N, e
Photon-photon scattering -nonlinear QED effects ﬁﬂ—\ ;Lﬂ%i—\

Axion-photon interaction

Photon-Gravition Interaction
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We consider the Polarization effects of below processes assuming the
Physical condition around SMBH M87
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Axion Density near a SMBH
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Axion Field around the BH
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Axion field around the black hole is shown. The left and right panels are for the
radial part of axion field |R| (scaled to its maximum) and its real part Re[a] scaled to its
numerical factor at § = /2 from Egs. (1) and (2) with [ =1, respectively. The radial
distance has been scaled to r.uq ~ 8 which means that Mp ng = 0.25.
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Previous Studies : Linecar Polarization & Axion
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Polarization Angle AY of Linearly Polarized Emission

Physical Process The Axion Polarization Angle

Propagation of Photons in an
Axion Background
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Sources of Circular Polarization

Physical Process

Form of the Axion Polarization Term

Axion Induced Propagation
Effect
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Scattering of Photon from
Axion
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Photon Scattering from a
Magnetic Field

Iy = “’*"‘W (B2+ B2)r

Y AN nANANANNNS Y

-\




Axion Induced Circular Polarization
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Dominant Contribution of Circular Polarization
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From ALMA data we have only a conservative upper bound on the measurement of the circular
polarization of M87* at 230 GHz which is around 0.8 %
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The initial conditions are Ip = 1, Qo = 1/v2, Uy = 1//2 and Vo = 0.




Bound Obtain from Circ_of Light from M87
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