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Introduction to Project
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Figure 1 — Results of GW150914 (Abbott et al., 2016).
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Goal of the Project

@ The goal of this research project is to provides a framework for
understanding the physical degrees of freedom in a parameterized
test of general relativity (GR).

e Particularly, we would like to vary the post-Newtonian (PN)
coefficients, the phenomenological coefficients, and the analytical
black-hole perturbation theory waveform parameters, and
observe how this would affect the waveform and hence the physical
parameters.
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Parameterized Test of GR

@ In particular, we use IMRPhenomPv2 to carry out the parameterized
test of GR. IMRPhenomPv2 (Khan et al., 2016, 2019; Hannam et al.,
2014; Husa et al., 2016).

@ To perform the parameterized tests, we introduce fractional deviations
dpi to the IMRPhenomPv2 phase coefficients p; (Li, 2013), namely

pi — (1 + 0pj)pi. (3.1)

Stage of Coalescence Dephasing Coefficient (dp;)

Inspiral {9x0,---,0x7}
Intermediate {6B2,6B3}
Merger-Ringdown {dag,...,das}
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Parameterized Test of GR
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Figure 2 — Phase of GW versus time for IMRPhenomPv2 with no modification,
50&2 = 100, (5)(4 = 100, and 5,83 = 10.0.
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Parameterized Test of GR
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Figure 3 — Strain versus time for IMRPhenomPv2 with no modification,
50&2 = 100, (5)(4 = 100, and 5,83 = 10.0.
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A Multipole Expansion of Energy

@ To compute the energy carried by a GW, we take the 00-component
of the Isaacson stress-energy tensor and integrate over the volume V
(Maggiore, 2007; Ruiz et al., 2008)

dE_ 2 2
== riw16ﬂ/d9r h +h> (4.1)

@ To obtain an analytic expression for the integral over solid angle Q, we
separate hy and hy into a time-dependent part and an angular part.

@ This can be done using spin-weighted spherical harmonics ¢ Yy,.
h+ - ih>< = Z -2 Y/m(ea ¢)hl,m(t)
I,m (42)
~ 2Y22(0,9)hoo(t) + —2Y2-2(0, ) ho,—o(t).

Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 7/20



A Multipole Expansion of Energy

@ Now, we can integrate over solid angle to obtain the instantaneous
power

dE _ r 1/., : .
E = |im <‘h2 2’ + |h2 2‘ 6 <h272h27_2 + h2’2h27_2>> . (43)

r—o0 16

@ To avoid calculating the average over several wavelengths, one
approach is to numerically calculate the cumulative energy which is

simply
t
E _/ dt’ :5 (4.4)
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Effects of Varying the Intrinsic Parameters
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Figure 4 — The cumulative radiated energy of GW versus time in linear scale for
IMRPhenomPv2 with constant mass ratio g = 1.00 and varying total mass.
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Effects of Varying the Intrinsic Parameters
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Figure 5 — The cumulative radiated energy of GW versus time for IMRPhenomPv2
with constant mass ratio ¢ = 1.00 and varying total mass in-logarithmic scale.
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Effects of Varying the Dephasing Coefficients
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Figure 6 — Cumulative energy of GW versus time with m; = mp = 60 Mg, no
spin, and varying dx1.
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Effects of Varying the Dephasing Coefficients
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Figure 7 — Cumulative energy of GW versus time with m; = mp = 60 Mg, no
spin, and varying §x7.
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Effects of Varying the Dephasing Coefficients
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Figure 8 — Cumulative energy of GW versus time with m; = mp = 60 Mg, no
spin, and varying dx1 in logarithmic scale.
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Effects of Varying the Dephasing Coefficients
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Figure 9 — Cumulative energy of GW versus time with m; = mp = 60 Mg, no
spin, and varying dx7 in logarithmic scale.
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Effects of Varying the Dephasing Coefficients
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Figure 10 — Cumulative radiated energy of GW for times t < —3 s versus dx1
with m; = my; = 60 Mg and no spin in logarithmic scale.
Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 15 /20



Effects of Varying the Dephasing Coefficients
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Figure 11 — Cumulative radiated energy of GW for times t < —3 s versus dx7
with m; = my; = 60 Mg and no spin in logarithmic scale.
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o We will focus on extending similar analyses provided in this project to
the intermediate and merger-ringdown phases.

@ We will then vary the intrinsic parameters (such as total mass, mass

ratio, and spin) and the dephasing coefficients to see how they affect
the evolution of angular momentum.

@ We plan to use these physical quantities, namely energy, and angular
momentum, to constrain the dephasing parameters.

Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 17 /20



Acknowledgement

@ | would like to thank Alan and Rico for their supervision and guidance.

@ | would also like to thank Tjonnie Li for helping me get in-touch with
LIGO SURF in the first place.

@ | would also like to thank the NSF for supporting the LIGO SURF
program

o | would like to thanks all those who made LIGO SURF so worthwhile.

Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 18 /20



References |

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo
Collaboration), Phys. Rev. Lett. 116, 061102 (2016).

S. Khan, S. Husa, M. Hannam, F. Ohme, M. Piirrer, X. J. Forteza, and
A. Bohé, Phys. Rev. D 93, 044007 (2016).

S. Khan, K. Chatziicannou, M. Hannam, and F. Ohme, Phys. Rev. D 100,
024059 (2019).

M. Hannam, P. Schmidt, A. Bohé, L. Haegel, S. Husa, F. Ohme,
G. Pratten, and M. Piirrer, Phys. Rev. Lett. 113, 151101 (2014).

S. Husa, S. Khan, M. Hannam, M. Pirrer, F. Ohme, X. J. Forteza, and
A. Bohé, Phys. Rev. D 93, 044006 (2016).

T. G. F. Li, Extracting Physics from Gravitational Waves : Testing the
Strong-field Dynamics of General Relativity and Inferring the Large-scale
Structure of the Universe, Ph.D. thesis, Vrije U., Amsterdam (2013).

Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 19 /20


http://dx.doi.org/ 10.1103/PhysRevLett.116.061102
http://dx.doi.org/10.1103/PhysRevD.93.044007
http://dx.doi.org/ 10.1103/PhysRevD.100.024059
http://dx.doi.org/ 10.1103/PhysRevD.100.024059
http://dx.doi.org/10.1103/PhysRevLett.113.151101
http://dx.doi.org/10.1103/PhysRevD.93.044006

References |l

M. Maggiore, Gravitational Waves : Volume 1 : Theory and Experiments
(Oxford University Press, 2007).

M. Ruiz, M. Alcubierre, D. Nafiez, and R. Takahashi, General Relativity
and Gravitation 40, 1705 (2008).

Leif Lui (CUHK) LIGO SURF 2021 20 August 2021 20 /20


http://dx.doi.org/10.1007/s10714-007-0570-8
http://dx.doi.org/10.1007/s10714-007-0570-8

	Introduction to Project
	Goal of Project
	Parameterized Test of GR
	A Multipole Expansion of Energy
	Effects of Varying the Dephasing Coefficients
	Effects of Varying the Dephasing Coefficients
	Future Work
	Acknowledgement
	Références

