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| will talk about

Astroparticle physics

@ Hot and dense medium

Warning!

Modified photon behavior
c=h= kB =1

@ Real vs virtual photons

Dark photon
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High-temperature high-density environments
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fig.: https://phys.libretexts.org/
https://education.nationalgeographic.org
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In-medium behavior
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Photon:
- Effective mass
- One new longitudinal (L) mode

fig.: https://www.globalsino.com/
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Photon self-energy k k
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Homogeneous and isotropic

M+ = Piwﬂ‘l_ + P!-IL—VW'T

Complex-valued self-energy M*¥
Rem, 1 : effective masses squared

w2 — k2 = Re{m_,r}

Im 7, 7 : absorption and dissipation effects
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|
Braaten and Segel (real photons)

Real photons follow

w2 — k2 = ﬂLjT(w, k)

o [MeV]

Approximations

L~ wh [1- G(vsz/wZ)]
T ~wp[l+1G(V2K* Jw?)]

crifes-fm(i)

T =8.6 MeV ~ 10! K

Raffelt. Stars as laboratories for fundamental physics M = 467 Mev

Braaten, Segel. Phys. Rev. D 48 (1993) 1478-1491
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Dark photon

Spin-1 boson; mass my/; coupling strength to photon x.

Production
final T
;AR Vs
| (virtual photon) }  (dark photon)
initial
Resonance )
K2,

2 =
ReffiLT = (m2, —Remy 1)2 + (Im 7L 7)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 w and k

o Not Braaten and Segel 5

® [MeV]
EN
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New general analytic approximation
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Self-energy: real part (T)

R[Il7/am?] analytic R[I17/am?] numerical R[I17/am?] Braaten & Segel

60
30

v |

-30

z=m/T =10
y= /T =100

—60

0 10 20 30 0 10 30 0 10 20 30
k/2m k/2m k/2m

arXiv:24XX. XXXXX
The Photon self-energy CRAQ 2024 10/17




N
Outlook

mHz Hz kHz MHz GHz THz eV keV

- Crab
101 . K , nebula

Jupiter

ORE Super
10 MAG , Sy,

1073 ¢ s <, “0g,
10-4 % %, 7 % s\ 2p

5 § 2 X 2 XON
10 A 'Sy, A TEXONO

0-10 o, D 2 .

DPDM Efell
012 Reionisation
(Caputoetal)

DPDM
(Witte etal)

Kinetic mixing

101 Black hole DarkSide

1017 superradiance XENON

5 A 4 VASERY Q
R RO CR R CR R U SRR VR VE VRS

Dark photon mass [eV]

L0 40 4T 4T 40% 4

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

The Photon self-energy CRAQ 2024 11/17



Summary

@ In-medium effects are important!
@ Virtual photons are different from real ones
o New analytical approximation for real and virtual photon self-energy

@ Next step: update dark photon bounds

final

AH

(virtal photon) K (dark photon)

initial
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Thank you!
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Additional slides

The Photon self-energy CRAQ 2024 14 /17



|
Self-energy: real part (L)

R[I1;, /am?] analytic R[I1,/am?] numerical R[I1,/am?) Braaten & Segel
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Self-energy: imaginary part (T)
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Self-energy: imaginary part (L)

Q[ /am?] numerical
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