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Fundamental Pillars in General Relativity (GR)
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Z.00 of Modified Gravity

[Bull et al. arXiv:1512.05356]
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Theory-agnostic vs Specific Tests

[ Q: Shall we compare GW data against each theory one by one? }

A: More efficient to first carry out theory-agnostic tests, and map
them to specific tests.
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Where to start...?

Inspiral Merger Ring-
down

9/)()0

— Numerical relativity
Reconstructed (template)
]

[Abbott et al. PRL 116 061102 (2016)]

[Matched filtering more sensitive to phase than amplitude }
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(I) PN Tests of GR

[Arun et al. (2006), Mishra et al. (2010)]

GW phase in
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Non-spinning binary BH at z=1 with LISA

[Kramer & Wex (2009), Wex (2014)]
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GW Phase 1in Fourier Domain in GR
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(II) PPE-modified Inspiral Waveform Phase

[ Yunes & Pretorius PRD80 122003 (2009)]
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PPE Mapping to Specific Theories

PPE inspiral waveform:

h (f) (1 + au®)exp (i Bu’)

Theories GR Pillars PPE a|PPE b|PN Order| PPE («,p)
time-varying GG Constant G —8 —13 | —4 PN (g, Be)
RS-II Braneworld 4D -8 —13 —4 PN (agp, BED)
Scalar-Tensor (including Brans-Dicke)|Strong Equivalence Principle| —2 -7 —1 PN (ast, BsT)
Einstein-dilaton Gauss-Bonnet Strong Equivalence Principle| —2 —7 —1 PN |(agacs, Bracs)
dynamical Chern-Simons Parity Invariance +4 —1 +2 PN (atacs, Pacs)
Einstein-Ather, Hotava-Lifshitz Lorentz Invariance - - —HPN (QEE 1)7 5E_1)>
0 | =5 | 0PN | (af, 5§>)
Massive Gravity mg =0 — —3 1 PN (0, Buc)
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[ Yunes, Pretorius & Spergel PRD80 122003 (2010)]
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(IIT) Generalized IMRPhenom Waveform

Inspiral-merger-ringdown Phenomonological D (IMRPhenomD) waveform in GR

[Khan et al. (2015)]

A

phenomenological parameters ﬁ n, X) . pé R(l i 5]72)

symmetric mass ratio / generalized IMRPhenom (gIMR)
waveform

effective dimensionless spin
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(IIT) Generalized IMRPhenom Waveform

Inspiral-merger-ringdown Phenomonological D (IMRPhenomD) waveform in GR

[Khan et al. (2015)]

— N

phenomenological parameters p(n7 X) - pé " (1 1 5]72)

generalized IMRPhenom (gIMR)

possible to model non-GR merger & ringdown waveform
(no known mapping to specific theories)
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Constraining GR Fundamental Pillars

[ Yunes & Hughes (2010)] !
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Constraining GR Fundamental Pillars

4
Yunes & Hughes (2010
[Yunes & Hughes (2010)] ——-"PSR J0737-3039 VAR o
[LIGO-Virgo GW150914, Bayesian // gIMR = oV = 6 U
Collaboration (2016)] 100 GW150914, Fisher / -
[Yunes, KY & > A—-—A GW151226, Fisher y '

Pretorius (2016)]

extra time scalar monopole vector field scalar dipole
dimension varying G activation activation activation
equivalence equivalence
principle principle
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Theoretlcal Constralnts [Yunes, KY & Pretorius PRD (2016)]

. _ | . Example Theory Constraints
Example Theories (Theoretical Parameters) GR Pillar

GW150914 Others
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Theoretlcal Constralnts [Yunes, KY & Pretorius PRD (2016)]

Example Theory Constraints

Example Theories (Theoretical Parameters) GR Pillar
GW150914 Others
Einstein-dilaton Gauss-Bonnet (y/|agacs| [km])|Equiv. Princ. — 107, 2
scalar-tensor (|¢| [1/sec]) Equiv. Princ. — 106
dynamical Chern-Simons (y/|aacs| [km]) Parity Inv. — 10®
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Theoretical Constraints

[Yunes, KY & Pretorius PRD (2016)]

Example Theories (Theoretical Parameters)

GR Pillar

Example Theory Constraints

GW150914 Others
Einstein-dilaton Gauss-Bonnet (y/|agacs| [km])|Equiv. Princ. — 107, 2
scalar-tensor (|¢| [1/sec]) Equiv. Princ. — 106
dynamical Chern-Simons (y/|aacs| [km]) Parity Inv. — 10®
Einstein-AEther (cy,c_) Lorentz Inv. | (0.9,2.1) (0.03,0.003)
RS-II Braneworld (¢ [pm)]) 4D 5.4 x 10*° 10-10°
time-varying G (|G|/G [10~12/yr]) | Equiv. Princ.| 5.4 X 108 | 0.1-1

graviton dispersion relation: E* = (p ¢)® + A (p ¢)®
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Theoretical Constraints

[Yunes, KY & Pretorius PRD (2016)]

Example Theories (Theoretical Parameters)

GR Pillar

Example Theory Constraints

GW150914 Others
Einstein-dilaton Gauss-Bonnet (\/m [km]) | Equiv. Princ. — 107, 2
scalar-tensor ( & [1/sec]) Equiv. Princ. — 10—
dynamical Chern-Simons (y/|aacs| [km]) Parity Inv. — 10®
Einstein-AEther (cy,c_) Lorentz Inv. | (0.9,2.1) (0.03,0.003)
RS-II Braneworld (¢ [pm)]) 4D 5.4 x 10*° 10-10°
time-varying G (|G|/G [10~12 /yr]) Equiv. Princ.| 5.4 x 10'® 0.1-1
Massive Gravity (mg [eV]) Ta =0 1922 [ 1
Modified Special Rel. LRI Lorentz Inv. | 1.3 x 10%? = .
(Nasrt /Lp1 < 0) 2,15 M 1

graviton dispersion relation: E* = (p ¢)® + A (p ¢)®
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Important Message
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Takeaway & Future Work

-
Step 1. Carry out theory-agnostic tests

Step 2. Map to specific theories
\_

-

Generic non-GR waveforms including merger & ringdown

Mapping between generic non-GR parameters to specific
theoretical coupling constants

&

Need many merger simulations in non-GR theories

Conclusions Kent Yagi



Takeaway & Future Work

-
Step 1. Carry out theory-agnostic tests

Step 2. Map to specific theories
\_

-

Generic non-GR waveforms including merger & ringdown

Mapping between generic non-GR parameters to specific
theoretical coupling constants

&

Need many merger simulations in non-GR theories

Thank You

Conclusions Kent Yagi



