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GW Basics: Standard Sirens

e Distances from amplitude of GW signal

ﬂ N e L VK currently on fourth observing run,
_ or O4, O35 planned for end of 2020s
,\,VV\/\M x ! e Einstein Telescope (ET) to be built and
: J daw running in 2020s/2030s



GW Basics: Multimessenger Events (Bright Sirens)

e GW and EM signals (kilonova/GRB)

¢ Neutron star mergers

¢ Only ONE observed (both kilonova and
GRB)

e How are GRBs produced? Who knows




Horndeski Theory

GR GW propagation:

hi: + 2Hh,; + c¢*hij =



Horndeski Theory

Modified GW propagation:

h;/j -+ [2 -+ @M(Z)]Hh;j -+ c?rhij =



Horndeski Theory

Modified GW propagation:

hfblj + 12 + am(z )]Hh/ + CThw —

1 dln M?

Running Planck Mass: AN =

H dint



Horndeski Theory
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Horndeski Theory

Modified GW propagation:

his + [2 4+ o (2)]Hhi; + crhi; =

Tensor Speed Excess: C% — C2 (1 + QT (Z ) )



observed

to infer

Horndeski Theory

marginalise
over

Speed of gravity vs speed of light:

AaT0 | “ 1 QA(Z/) /
Ata — d 1 Ate
2 L Jo HO X E(Z/) QA() Z_ —I_( +Z)

Parameterisation:  «;(2) = ;0024 (2)/Q2a0



Current Constraints
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AlIms

® What can bright sirens in O4b and OS5 reveal about cosmology
and tests of GR?

e How can 3rd generation detectors impact bright siren cosmology?

® (bonus: are bright sirens ‘enough’?)



Mock Data

LIGO-Virgo-KAGRA network: Einstein Telescope:

e 10 events with known redshifts e 150 events with known redshifts
e ] has an associated GRB o All with GRB




Mock Data
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Mock Data

e VK posteriors obtained with
bilby

® Gaussian errors for ET
* Marginalising over masses,
emission time delay and

inclination

e Non-GR

dew [Mpc]
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Ho
GW: 69.930 = 4.621

Results: GW+GRB: 71.314 + 4.849
LVK Network —— GW data only
(flat priors) —— GW+GRB data
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Results: Einstein Telescope
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Results: Einstein Telescope
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Results: Einstein Telescope
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Conclusions

e What can bright sirens in O4b and OS5 reveal about cosmology and tests
of GR?

e How can 3rd generation detectors impact bright siren cosmology?

e (bonus: are bright sirens ‘enough’?)



