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I will talk about

Astroparticle physics

Hot and dense medium

Modified photon behavior

Real vs virtual photons

Dark photon

Warning!

c = ℏ = kB = 1
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High-temperature high-density environments

electron-positron plasma

fig.: https://phys.libretexts.org/
https://education.nationalgeographic.org
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In-medium behavior

Photon:
- Effective mass
- One new longitudinal (L) mode

fig.: https://www.globalsino.com/
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Photon self-energy

Πµν = 16πα

∫
d3p

(2π)3
1

2Ep

[
fFD(Ep) + f̄FD(Ep)

]
× (p · k)(kµpν + kνpµ)− (k2)pµpν − (p · k)2ηµν

(p · k)2 − 1
4(k

2)2

Homogeneous and isotropic

Πµν = Pµν
L πL + Pµν

T πT

Complex-valued self-energy Πµν

ReπL,T : effective masses squared

ω2 − k2 = Re{πL,T}

ImπL,T : absorption and dissipation effects
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Braaten and Segel (real photons)

Real photons follow

ω2 − k2 = πL,T (ω, k)

Approximations

πL ∼ ω2
P

[
1− G (v2∗ k

2/ω2)
]

πT ∼ ω2
P

[
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]
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Braaten, Segel. Phys. Rev. D 48 (1993) 1478–1491
Raffelt. Stars as laboratories for fundamental physics

T = 8.6 MeV ≃ 1011 K
µ = 46.7 MeV
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Dark photon

Spin-1 boson; mass mV ; coupling strength to photon κ.
Production

Resonance

κ2eff ;L,T =
κ2m4

V

(m2
V − ReπL,T )2 + (ImπL,T )2

An, Pospelov, Pradler. Phys. Lett. B 725 (2013) 190–195
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Virtual photons

Do not follow the dispersion relations

All values of ω and k

Not Braaten and Segel
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New general analytic approximation

πL,T ∝
∫ ∞

0
dp [. . . ](f + f̄ ) = −

∫ ∞

0
dp [. . . ]

d

dp

(
f + f̄

)

Re{πT }≃ω2
P

[
2ω2+k2

2k2v2∗
+

(1−v2∗)(ω
2−k2)2

4m2v3∗
log( 1+v∗

1−v∗ )+...

]

Im{πT }≃−ω2
p

[
3πω(ω2−k2v2∗)

8k3v3∗
+...

]
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Self-energy: real part (T)

arXiv:24XX.XXXXX
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Outlook

Caputo et al. Phys. Rev. D 104 (2021) 095029; https://cajohare.github.io/AxionLimits/docs/dp.html
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Summary

In-medium effects are important!

Virtual photons are different from real ones

New analytical approximation for real and virtual photon self-energy

Next step: update dark photon bounds
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Thank you!
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Additional slides
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Self-energy: real part (L)
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Self-energy: imaginary part (T)
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Self-energy: imaginary part (L)
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