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GW PROPAGATION 2

GW PROPAGATION THROUGH SPACE-TIME IS A PROBE TO
COSMIC EXPANSIUN HISTURY AND FUNDAMENTAL PHYSICS

GW propagation in non-GR theories

hy + 21 = y(2) | HAL +[( Gk + PPl =0 /4,

AW (2) = exp ( - / dz’ 17("‘/) )dlEM(z)
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Suvodip Mukherjee, IHP, 2021



BASIC EQUATION 3

EM-GW PROBES TO MEASURE THE PROPAGATION OF GW

Unknown

/
RN
<
From GW data Unknown \

For dark sirens: z is unknown

From sources with EM counterparts: we can only probe low redshift with LVK detector network

From sources without EM counterparts: we can probe high redshift with LVK detector network



BARYON ACOUSTIC OSCILLATION (BAO): SETS THE GEOMETRIC SCALE 4

GETTING AN INDEPENDENT MEASURE OF THE EM LUMINOSITY DISTANCE

Sound horizon at the drag epoch

\ Angular diameter distance
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Galaxy map 3.8 billion years ago Galaxy map 5.5 billion years ago CMB 13.7 billion years ago
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COMBINING THREE SCALES TO TEST THE GENERAL THEORY OF RELATIVITY 5

DATA DRIVEN TEST OF GENERAL RELATIVITY BY COMPARING THREE SCALES

Sound horizon at the drag epoch Mukherjee, Wandelt, Silk (MNRAS, 502,1136, 2021)
\ Angular diameter distance
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Galaxy map 5.5 billion years ago CME 13.7 billion years ago




MOST OF THE SOURCES DO NOT HAVE EM COUNTERPART

HOW TO MEASURE THE REDSHIFT OF GW SOURCES

» *Only* GW signal cannot provide
the redshift to the source in the Binary Black holes

absence of a known mass scale. 48 (< 1000 Msun)

) Black hole- Neutron

Likel
stars iKely

» Every GW sources will not have
electromagnetic counterpart. So,

redshift cannot be estimated
independenﬂy. Super MaSSive Binary

Black holes

1 Binary Neutron stars Likely
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HOW BLACK HOLES ARE GOING TO BE DI§IRIBUTED*?
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* GW binaries (dark sirens)

Suvodip Mukher7ee, IHP, 2021
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Three-dimensional spatial clustering with galaxies can be used to measure the redshift of

the GW source

Mukherjee, Wandelt (2018)
Mukherjee, Wandelt, Silk (2020)
Mukherjee, Wandelt, Nissanke, Silvestri (2021)

Suvodip Mukherjee, IHP, 2021
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INFERRING THE REDSHIFT WITH DARK STANDARD SIRENS 13

CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021



INFERRING THE REDSHIFT WITH DARK STANDARD SIRENS 14

CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021



INFERRING THE REDSHIFT WITH DARK STANDARD SIRENS 15

CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021



INFERRING THE REDSHIFT WITH DARK STANDARD SIRENS 16

CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021
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CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021



INFERRING THE REDSHIFT WITH DARK STANDARD SIRENS 18

CROSS-CORRELATION OF GW SOURCES WITH GALAXIES

Mukherjee et al. (2007.02943)
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Dark sirens observed in luminosity distance space Galaxy samples observed in redshift space

Suvodip Mukherjee, IHP, 2021



3500 GW sources up to z=0.5 Mukherjee, Wandelt, Silk
detectable with LVK network of (MNRAS, 502,1136, 2021)

detectors
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Mukherjee, Wandelt, Nissanke, Silvestri (2021)

Marginalised over the matter density and bias parameter

Ngw =50 op,/ho =0.033

0.72 0.74 0.76 0.78




Mukherjee, Wandelt, Silk (MNRAS, 502,1136, 2021)
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Dark Matter

Dark sirens will be able to provide
an independent measurement of
the cosmic pie chart.

From the GW sector From the EM sector
By combining the EM sector with (In future)

the GW sector, we will testthe
theory of gravity at the
cosmological scales.

We will measure the GW bias and
its redshift dependence.




Dark Matter

Dark sirens will be able to provide
an independent measurement of
the cosmic pie chart.

sector From the EM sector
By combining the E
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theory of gravity at the
cosmological scales.

We will measure the GW bias and
its redshift dependence.
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