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Are there sources?



HFGW sources

Preheating

Grand unification
PBH evaporation
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Gertsenshtein effect
Photons are converted into GW in an

external magnetic field
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Gertsenshtein effect
The inverse Gertsenshtein process: GW

are converted into photons
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The inverse Gertsenshtein process: GW
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The inverse Gertsenshtein process: GW
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Gertsenshtein effect
How does it work?

Everything couples to gravity
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Gertsenshtein effect
Everything couples to gravity

Linearising gravity
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Everything couples to gravity

Linearising gravity 

EoM for the GW
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Energy momentum tensor

with
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Energy momentum tensor

with

One example of the terms

(EM wave moving in the z direction)
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Approximating as plane waves 

Solving the Green function (in the region where
there is a magnetic field) we obtain the strain 
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Conversion probability

The strain is
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Conversion probability
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Gertsenshtein effect
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QED vacuum effects
Plasma effects

Conversion probabiliity

Effective photon mass:
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Neutron Stars
Typical values

b: impact parameter
F: photon flux

h: strain
Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092



Neutron Stars
in our Galaxy

Neutron stars distribution

Of these some are active and
some are dead stars

Distributions

Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092



Neutron Stars in our Galaxy
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(Different model for the NS evolution fit the data, we use
constant and decaying magnetic field ) Benjamin R. Safdi, Zhiquan Sun, Alexander Y. Chen 1811.01020

C.-A. Faucher-Giguere, V. M. Kaspi astro-ph/0512585
S.B. Popov, J.A. Pons, J.A. Miralles, P.A. Boldin, B. Posselt  0910.2190

green blue
Today’s
distribution

Model 1:Constant B
Model 2: Decaying B
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Photon flux
Given a GW background

Same frequency as GW
background
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Photon flux
Given a GW background

Francesco Costa

Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092



Ch
ar

ac
te

ris
tic

 G
W

 s
tr

ai
n

Frequency Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092

Asuka Ito, Kazunori Kohri, Kazunori Nakayama 2309.14765
Asuka Ito, Kazunori Kohri, Kazunori Nakayama 2309.14765

Asuka Ito, Kazunori Kohri, Kazunori Nakayama 2305.13984

Richard H. Cyburt, Brian D. Fields, Keith A. Olive, Tsung-Han Yeh 1505.01076

Aldo Ejlli, Damian Ejlli, Adrian Mike Cruise, Giampaolo Pisano, Hartmut Grote 1908.00232 

Valerie Domcke, Camilo Garcia-Cely 2006.01161



THANK YOU!

Francesco Costa
francesco.costa@matfyz.cuni.cz

Charles University, Prague



Nancy Aggarwala et al. 2501.11723



Nancy Aggarwala et al. 2501.11723



Radial trajectory

Generalised trajectory



Radial trajectory

Conversion probability as a function of the frequency for an NS with B0 = 10^8 Gauss, T = 0.1 s, and r0 = 10 km (left) and for
B0 = 10^13 Gauss, T = 1 s, and r0 = 10 km (right)
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The photon flux from this SGWB
conversion must be compared to

observations of
the all-sky integrated flux.

 
In the right panel we show the

latter after the substraction of all
galactic sources which are known

and accounted for. 

Then, the flux can not be
brighter than this flux, otherwise

it would be in conflict with
current observations

Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092



Flux from one neutron star

Total flux, integrating over distribution of galaxies

Virgile Dandoy, Toni Bertólez-Martínez, FC 2402.14092
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