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Axions and Dark photons
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Axions and Dark photons
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Axions and Dark photons
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How does the production of axions and dark photons
change in the presence of magnetic field in a plasma?



Magnetic fields in astrophysical plasmas
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Magnetic fields in astrophysical plasmas



Magnetic fields in astrophysical plasmas
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Magnetic fields in astrophysical plasmas
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Magnetic fields in astrophysical plasmas

Nirmalya Brahma (McGill U.)
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Dispersion in magnetized plasmas
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How does the magnetic dispersion attect BSM
production in magnetic White Dwarts?
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Production in magnetized plasmas: White Dwarf profiles
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Production in White Dwarfs: Isotropic dispersion
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Production in magnetized plasmas: Magnetic dispersion
wp = lkeV - B~ 101 G
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Production in magnetized plasmas: Magnetic dispersion
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Production in magnetized plasmas: Magnetic dispersion
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Production in magnetized plasmas: Magnetic dispersion
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Production in magnetized plasmas: Directional emission

Nirmalya Brahma (McGill U.)
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Production in magnetized plasmas: Effect of magnetic dispersion

Nirmalya Brahma (McGill U.)
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Magnetized white dwart cooling: Axions
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Magnetized white dwart cooling: Axions

- Resonant (anisotropic)
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Magnetized white dwart cooling: Axions
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Magnetized white dwart cooling: Axions

- Resonant (anisotropic)
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Conclusion and Future prospects

Accounting for magnetic plasma dispersion leads to qualitatively new behaviour like the position
shifts of resonances, directional emission, and provide new avenues to constrain BSM physics.

Incorporating self consistent internal magnetic field profiles for MWDs computed with MESA.

Produced axions can also reconvert outside the star in the

stellar magnetosphere. In MWDs, this has been used to put
(C.Dessert, A.J.Long & B.R.Safdi 2021) world leading

bounds on g, X g,,.. Break degeneracy and enhance
sensitivity by producing and reconverting via g, only.

Extend this study to diverse astrophysical systems (with
wg Z my ~ ®,) like Neutron Stars, Quasars, solar

chromosphere and other light bosons like B-L, scalar etc.
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Production in an isotropic thermal medium
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In- :
n-medium photon propagator
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Production in thermal medium
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Production in thermal medium
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In-medium photon propagator

In isotropic medium: [T (K) = mpPlY + mp Pl + mp P
7 0 0
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Production rate per mode in an isotropic plasma
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Photon self energy in an isotropic plasma
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Photon self energy in a magnetized plasma
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Photon self energy in a magnetized plasma
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Form-factors (FF) in magnetized plasmas

 (Considered the Hermitian/real part of the self-energy to which the resonances are very sensitive

e Worked in the long wavelength limit (LWL), k < w/v,, ignoring the effects of back-reaction and
diffusion
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FF In magnetized plasmas: Sub-critical B-field
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FFs in magnetized plasmas: Quasi-isotropic limit

® The expressions for the FFs simplifies to 1-D integrals
d
o [dgl-]1—(f, £ /5)
dq

0,
e The function —(f, & f,) peaks at v, = —, where
dqg W,

E.Braaten &
D.Segel 1993
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Production in thermal medium
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Production in thermal medium
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Production in thermal medium
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Resonant production in thermal medium
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Resonant production in thermal medium
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Resonant production in thermal medium
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Step 1: Calculate photon polarization tensor

K K
Photon polarization tensor:  [T# = “WAWQMNWWM,

O+K
Isotropic Magnetized
y B\HY __ iy UL - iy
1" = gpPl% + 7, P}" (IF)™ = @ P + P +(m Py
Transverse to k Transverse to B-field

Gyrotropic term

48



Step 2: Calculate plasma mixing matrix
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Step 3: Diagonalize to obtain plasma normal modes
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Response of a magnetized plasma: Form-factors
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Response of a magnetized plasma: Form-factors

Cyclotron resonance:

Nirmalya Brahma (McGill U.)
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Response of a magnetized plasma: Form-factors
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Response of a magnetized plasma: Form-factors

Cyclotron resonance:
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Dispersion in magnetized plasmas: Sub-critical B-tield & Classical

All panels:
klw =107, 05 = /4

Left panel:
T, =10""*

Right panel.:

w, = 107
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Production in magnetized plasmas: Magnetic dispersion
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Magnetized white dwarf cooling: Dark photons

- Resonant (anisotropic)  ==== Resonant (1sotropic)
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Axions and Dark photons
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Dispersion in magnetized plasmas: Axion channels
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Dispersion in magnetized plasmas: Axion channels
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