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» Bright Sirens

» EM counterpart
observed

» Host galaxy is
identified
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Distance Duality Relation (DDR) dr,(z) = (14 2)%2da(z)
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Testing the ACDM assumptions

> Number of photons is conserved

» Gravity is a metric theory

> Massless particles follow the

> Dust geodesics
> Photons decay > Modifications to
into non-Standard the space-time

Model particles

EM and gravitational sector
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Abstract

Several assumptions at the foundation of the standard cosmological model have as a direct
consequence a specific relation between cosmological distances, known as the distance duality
relation, whose violation would be a smoking gun of deviations from standard cosmology. We
explore the role of upcoming gravitational wave observations in investigating possible deviations
from the distance duality relation, alongside the more commonly used supernovae. We find that,
when combined with baryon acoustic oscillations, gravitational waves will provide similar
constraining power to the combination of baryon acoustic oscillations and supernovae. Moreover,
the combination of observables with different sensitivities to electromagnetic and gravitational
physics provides a promising way to discriminate among different physical mechanisms that could

lead to violations of the distance duality relation.


https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/001
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CEEM — €EGW — €0
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Common to All Probes

Hubble constant at present time  Hy 73.4
Present-day matter density pa- Q0. 0.306
rameter

Additional for Supernovae (SN)

Absolute magnitude of SNe Ia Mp —19.2435
Deviation from DDR (EM) - pm olio.1
Standard /breaking 0 '

Additional for Gravitational Waves (GW)

Deviation from DDR (GW) - aw -
Standard /breaking €0 -
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» Standard ACDM

» EM breaking

Description Symbol Fiducial Value
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» Standard ACDM
> EM breaking

> Full breaking

Description Symbol Fiducial Value

Common to All Probes

Hubble constant at present time  Hy 73.4
Present-day matter density pa- Q0. 0.306
rameter

Additional for Supernovae (SN)

Absolute magnitude of SNe Ia Mp —19.2435
Deviation from DDR (EM) - - gy 00
Standard /breaking 0 '

Additional for Gravitational Waves (GW)

Deviation from DDR (GW) - - aw o
Standard /breaking €0 :




£ CANDI code 12

[Code for ANalysis of modified Distance-duality with cosmological Inference]

NOW available On GitHUb: Cg (jialr:jueelzm .I.*Lc::::rlequests (® Actions f Projects 0 wiki @ Security |~ Insights TS:et_!lng:-‘. o
https://github.com/chiaradeleol/CANDI ® canol - oo (G

t Add file ~ <> Code ~

» Likelihood for SN, BAO and SS

» Implement your own cosmological model :

% Modify the cosmic expansion (see Fazzari, o
De Leo et al. [arxiv:2507.13890]);  setincs

< Modify the DDR (see De Leo, Martinelli et o o
al. [arxiv:2505.13613] - i



https://github.com/chiaradeleo1/CANDI
https://github.com/chiaradeleo1/CANDI
https://github.com/chiaradeleo1/CANDI
https://arxiv.org/abs/2507.13890
https://arxiv.org/abs/2505.13613
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full breaking

» BAO significantly reduce 0,
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» BAO significantly reduce O,

» Incorrect UVS assumption can
create an artificial tension in €0

that can be revealed using SN
and GW
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ACDM BAO+SN+GW
EM breaking
—— full breaking
» Future surveys will be able to
distinguish between the
different scenarios . 0.051
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ACDM BAO+SN+GW

EM breaking
—— full breaking

» Future surveys will be able to
distinguish between the
different scenarios - 009

> GWs play a key role in

distiguish between different
physical scenarios

0.00+




Conclusion

» Gravitational Waves are a promising tool to explore and understand the
Universe;

» Future surveys should be sensitive to the different scenarios that might
cause a breaking in the DDR;

» The inclusion of GWs will help identify the physical origin of this
breaking



» N-y = 20000 BN events

(1422 if z <1,
R(z)=<3(5—2) ifl<z<5,
0 if z > 5.

\

GWs Simulated Data

darksirens code

R(2)4ndc (2)?
P(z) OED R
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GWs Simulated Data

» N-y = 20000 BN events

» Detectability of ET:
» GWFish
» SNR cut

» Detectability of EM counterpart:
> dL! Z, 9 v
» GRB with afterglowpy
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