Impact of inhomogeneities
on the waveform



Perturbed waveform
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¢ The observed frequency Is redshifted fo = 1‘7_85
2,
¢ Time intervals are redshifted dto = (1 + 2)dtg

¢ These relations are valid in any universe
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Perturbed waveform
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The perturbations are degenerated with a change In the chirp mass
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Perturbed waveform
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Evolving redshift
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—» distortion In the signal
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Evolving redshift
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VWe expand the redshift around the time when we start observing
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Comparison of background and perturbations

» binary inside the galaxy
acceleration —» galaxy inside the cluster

™ cluster with respect to CMB frame

¢ Circular motion around the galaxy centre  ¥g = %S
e S : 3 e
¢ Viralised motion inside the cluster b
%

¢ Large-scale linear velocity flow bg ~ Hovg ~ 107° Hy
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Comparison of background and perturbations

¢ [he acceleration depends on the distance to the centre
and on the velocity.

¢ We Introduce a parameter € to quantify the effect

€ 0 — 350 o Inayoshi et al (2017)
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Comparison of background and perturbations

BRlliieracceleration depends on the distance to theTCERiis
and on the velocity.

¢ We Introduce a parameter € to quantify the effect

€ 0 — 350 o Inayoshi et al (2017)
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Comparison of background and perturbations

BRlliieracceleration depends on the distance to theTCERiis
and on the velocity.

¢ We Introduce a parameter € to quantify the effect

€ 0 — 350 o Inayoshi et al (2017)
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Shift in the phase

¢ By how much the phase has been shifted by the effect
after a time At

3 T
B () (500 ) (10 Hz) At
Hy \ M,(2) fo year

¢ Larger effect for small frequency: more important far
from coalescence (formally a -4PN effect)

—» not observable by LIGO, but relevant for LISA
¢ Larger effect for small masses (more cycles)

® [he longer we observe, the better,
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Shift in the phase

I R eompare tne shift in the phase Induced by thc cliEEs
after 5 years of observation with the shift due to PN effects
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Mismatch

¢ Do we miss detections If we do not include the effect in

the template!

¢ We calculate the fitting factor using a Monte Carlo code

template signal
X
(ha|h2)

o — Max
Ato,AD.,AM.,An ||[h1]| ||h2]]

¢ [he mismatch is definedas m=1- FF
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Mismatch

€
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Loss of detection ~ 3m less than one per mill

Benasque 2017 Standard Sirens Camille Bonvin p.14/18



Bias in parameters

Having a wrong template can affect the determination
of the parameters of the binary.

template signal
N
(halhs)

J o — Max
Ato,AD.,AM.,An ||hy|| |2
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n recovered within 1%
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n recovered within 1%

Bias in the parameters

¢ S>/IIIIII€JEI”iC mass ratio n = - .
(Hll | 7”/2)2

¢ time at coalescence b

1.0

Way forward: include the effect in the template and determine .
. how well we can measure It. Inayoshi et al (2017)
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Conclusion

BREEleccng Dinaries give a measurement  of Tie
luminosity distance —» standard sirens.

¢ Assuming a homogeneous and Isotropic universe, we
can constrain dark energy.
¢ Accounting for inhomogeneities, we have corrections

e In the luminosity distance

e IN the waveform

¢ We can treat those as an additional noise, or as a new signal.
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