Systematic biases on parameterized test of GR due to neglect of orbital eccentricity
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e In post-Newtonian theory, inspiral phase is expressed as a series in v/c
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e In parameterized test, non-GR deviations are introduced at each PN order.
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Current status of parameterized test
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Eccentricity as a function of GW frequency
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Astrophysical expectations of eccentric BBHs

. . . i Credit: NASA,ESA
e Dynamical formation of compact binaries can lead to o ey e
non-negligible eccentricity when they enter the o Sy : e T
frequency band of ground based detectors : -

(Samsing+2018, Rodriguez+2018, Antonini+2014).

o Using circular waveform for parameter estimation,

may lead to significant systematic bias.

e Systematic bias on deformation parameters may

mimic deviations from GR.

Star cluster Messier 15
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Systematic bias

e Systematic errors are defined as
AG, = |01 — Ol (3)
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Systematic bias

e Systematic errors are defined as
A, = |67 — Buel ()

e Consider an approximate waveform

EAp(f) = L?{Ap eiwAP(f) (4)

e The true waveform which describes the measured signal can be written as

hr(f) = (ﬂAp + Aﬂe“) o (var( + avece) (5)

e Af, can be approximated by the following expression (Cutler and Vallisneri (2007))

NG, ~T [(Aﬂ“wm Axp AVEC) elVar

abﬁAP] (6)
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Eccentric waveform model

e We use TaylorF2Ecc waveform model.

3 circ ecc
V(f) = 2nftc + ¢ + WUVS AVSsEy + AV (7)

Pankaj Saini (CMI) CSGC-2022 7/12



Eccentric waveform model

e We use TaylorF2Ecc waveform model.

3 circ ecc
W(f) = 2nfte + ¢ + W{Aw&sPN + A"’spN] (7)

o The structure of AW can be seen from the following expression (Blake Moore et al. (2016))
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Eccentric waveform model

e We use TaylorF2Ecc waveform model.

3 circ ecc
W(f) = 2nfte + ¢ + W(sz,sw + A"’spN] (7)

e The structure of AWSE can be seen from the following expression (Blake Moore et al. (2016))
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2819123 , 377 ; s
S = h = (nMfy)Y
282600 " + =5 Vo +...0(v%) where vg = (7Mfy)

o The waveform is valid in the small eccentricity limit e; ~ 0.2.
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Parameter estimation

e We use Fisher matrix framework to get the bounds on 6¢y.
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Parameter estimation

e We use Fisher matrix framework to get the bounds on 6¢y.

o Parameters of the waveform are

0, = {tca $e; M, 1, x1, X2, 5¢k} (8)

e Sources are fixed at a luminosity distance of 500 Mpc with mass ratio 1:2.

o Initial eccentricity is defined at a reference frequency of 10 Hz.
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Results: Systematic and Statistical errors
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Results: Systematic and statistical errors in aLIGO
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Results: Systematic and statistical errors in Cosmic Explorer
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Conclusions

e A fraction of the BBHs may have non-negligible eccentricity while observed by GW detectors.

o Systematic bias on non-GR deviations exceeds statistical errors at e, ~ 4 x 1072 at 10Hz for
M = 15 Mg in aLIGO band.

o For CE, systematic bias dominates at very low eccentricity ~ 5x 1073 at 10 Hz.

e Eccentricity induced systematic bias on non-GR modifications may mimic deviation from GR.
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