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Roadmap K | P IERR

Dark sirens as probe of cosmology:

Procedure:

= Gravitational waves observations are rapidly

growing in number; * |dentify complementary LSS tracers:

= |SW effect;

» Galaxy clustering; |Dr = a(to)(1 + 2) [ af
0

=  Statistical methods with dark sirens can

constrain cosmological parameters.

= Compute angular power spectrum Cy;

g |Buns g PN Cross-correlation for C,-based likelihood;
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Mock data i | IR

Dark sirens detections over 10 years: Galaxy clustering:
" HLVK: LIGO + Virgo + Kagra; = Euclid photometric forecasted data
= HLVIK: HLVK + LIGO India;
= ET2CE: Einstein Telescope +
2 Cosmic Explorer.
Detectable events Binned and normalised distributions
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C ,-based Likelihood K | TR

A
Angular power spectrum:  §4(k, z) = b4(2) Gk, 2)  WAi(2) dn H(z) b3(2)

dz
ey HEZE T @)
. . i max . T o oL

Likelihood: —olng(D Z (Dg — T(0) ) c;l (Dg - Tf(@))

. =Ly
= D,. Data vector;
- ﬂ): Theory vector for parameters g;
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Cross-correlation i | FVTHAGEN
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Cross-correlation i | FVTHAGEN

—oImg(Dlg) = (DQ—TE( ))Tcg (Dg—Tg( )) Cov [CAB(E),OCD(E)} — (AB,,CD))

Galaxy clustering auto-correlation only (GG)
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Cross-correlation i | FVTHAGEN
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Cross-correlation i | FVTHAGEN

Cross-Correlation only (XC)
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Cross-correlation i | FVTHAGEN

(W \EJG E)
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Full matrix (GG WW XC)
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Results K | PR

—————————— 7 ""-\"‘;‘-—--—— HLVK . .
4N 66, 66] @6, img) @6, \ | Posteriors on Hy by running
p AN ¢ = | War. GGy [Wé,. we,| (e, wiw)) .
/// \\\\ (W@,@g) (WW,, WGY) (WW@, WWE) MCMC ChaInS.
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// . . \\.. T - Cross-cormelation uf1|3r ] - -
e e % wm = e Improve the constraint given
B v by galaxy clustering only;
0 N U e
yay RN = Cross-correlation drives the
S \Q\ AN constraint for ET2CE;
A // : : \ N
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2 B S B = Dark sirens auto-correlation
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Ho has no constraining power.
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Conclusions

Decomposable full likelihood

analysis; Thank you for your attention!

Only ET2CE will detect a sufficiently
large sample of dark sirens to
iImprove H, constraint, better than

1% at 10;
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For more information:

Dark sirens Correlation with Galaxy Clustering

We are currently witnessing exponential growth in gravitational wave (W) detection, W catalogue G catalogue
thanks to rapidly advancing technology. The most common resolved signals come Forecasted dark sirens distribution Distrbution nz ko Bucld
from compact binary coalescence, whose electromagnetic counterpart is not in O, for HLVK. HLVIK, ET2CE.

detected: dark sirens. A comprehensive catalogue of these objects is expected to be

available in the near future and can be used in cosmology as a tracer of matter Matter power spectrum

overdensities. Together with the galaxy clustering (G) or CMB surveys, they represent Tracers rlated to the power

two indepandent and complementary measurements of distance, luminosity distance. from CLASS with biss

D, and redshift z, of the same fluctuations. Models and parameters can be
constrained by cross-correlating these two observable: e.g. the Hubble constant H,,

Additional cross-correlation analysis,
e.g. with CMB, coming soon.

‘G power spectrum
Dy = alty)(1+ = S — Jomputed in C, with b°.
o ( alty)H{=) Sompited InCe umm
This project presents the improvement in inferring cosmological parameters with a
forecasted dark sirens catalogue and shows the strength of cross-correlation.
Appication of o C,-based

kelmood. MOMG simuisons using
7 = MontePython.

Gravitational waves data

o 2 Results
Forecasted dis n of the detections over 10 years for different sources: New constraints on cosmological
@ binary black holes (BEH); Pparameters.
@ binary neutron stars (BNS);
based on the sensitivities of 3 different detector configurations:
@ LIGO (both Hanford and Livingston), Virgo and Kagra (HLVK); pec
@ HLVK and LIGO India (HLVIK); Power S tra c’
# Einstein Telescope an Cosmic Explorers (ET2CE).
o
Signal extracted from gravita 3 ', between sources A and B (either W or G) are computed using Limber

approximation and various redshift bins i and j, including the distance error,
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