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[Amaro-Seoane & 
Santamaria  Ap.J. ’10, 
Sesana, PRL ’16]
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Effect of Dipole Flux
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Projected Constraints on Dipole Radiation
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[Barausse, Yunes, Chamberlain, PRL ’16]

106 times better than 
current bounds!!
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Estúpidamente Preliminary

Greek for “somewhat”
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GW150914

Spectral Noises of Future Instruments
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In life you have to make choices, so we made some…
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Future ppE Constraints on GR

[Chamberlain & Yunes, to appear soon]

bin. pul. bin. pul.

ground-basedspace-based
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Fractional Improvement of ppE Constraints

[Chamberlain & Yunes, to appear soon]
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Gravitational Parity Violation

Violations of the Strong Equivalence Principle

Lorentz Violations in Gravity

Graviton Mass and Propagation Effects
. 
. 
.

(leaving out a lot of stuff here, e.g. no-hair tests with ringdown)

What are we really learning with GWs?

What matters the most is the mapping between  
ppE constraints and theoretical physics inferences
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Maximize Extraction:

Open Questions:

Generation of GWs? 

Merger? Hybrid IMR waveforms?

Binary systems that are as far away 
as possible (SMBHs)

Future Constraints on the Graviton Mass

[Chamberlain & Yunes, 
to appear soon]
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Extractable Physics:

Maximize Extraction:

Open Questions:

Non-Schw BHs (yes-hair theorem in EdGB)

NSs have scalar charge (scalar-tensor)

Low-mass BH or NS  
(long-inspiral) GWs

Merger?  
Hybrid IMR waveforms?

Compact Object binaries inspiral faster 
due to dipole radiation

Future Constraints on Violations of SEP

[Chamberlain & Yunes, 
to appear soon]
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Extractable Physics:

Maximize Extraction:

Non-Spinning BH is not Schwarzschild
NSs have sensitivity-dependent GR deviations
Compact Object binaries inspiral faster (dipole rad.)

SMBHs or EMRIs do best
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Future Constraints on Gravitational Lorentz Violation

Open Questions:
BH sensitivities and Inspiral BH waveforms? 
Merger? Hybrid IMR waveforms?

[Chamberlain & Yunes, 
to appear soon]
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Maximize Extraction:

Open Questions:

Generation of GWs? 

Merger? Hybrid IMR waveforms?

Binary system at widest separation  
possible (lowest frequency)

Future Constraints on the Variation of Newton’s G

[Chamberlain & Yunes, 
to appear soon]
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Why? How?

Duty

Religion

Curiosity

More Consistency ?

Better ppE ?

Compelling Alternative?

And now what?
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5 years Observations: 25/year
Detectors: aLIGO —> A+, AVirgo, Kagra

10 years

15 years

Theory: in GR: IMR of precessing inspirals and (maybe) eccentric
in not GR: mergers and 1 PN in a few theories (e.g. EdGB)

Observations: 100/year
Detectors: A+ —> Voyager, AVirgo, Kagra, Indian LIGO

Theory: in GR: single model for spin-precessing, eccentric, with NR calibration
in not GR: mergers in more theories with spin precession

Observations: rate limited
Detectors: Voyager —> CE, aVirgo, aKagra, Indian LIGO, LISA 

Theory: in GR: EMRIs (with second-order self-force)
in not GR: EMRIs in modified gravity? 

Nico’s Crystal Ball
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Theory Experiment

New & Interesting Physical Mechanisms?

Cosmological Modified Theories?

Spin Precession in Modified Gravity? 

Efficient data analysis w/spin precession?

Reduced Order Methods for Mod. Grav. ? 

Mergers in Modified Gravity? 

Improved instruments vs new instruments? 

Combining EM information ? 

“New” sources of GWs? (eg. eccentric) 

EMRIs and resonances in Modified Gravity?

Some Open Problems

Ringdown tests? Stacking?
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Thank You
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Extractable Physics:

Maximize Extraction:

Open Questions:

Left/Right polarized waves propagate differently
Spinning BH is not Kerr (yes-hair theorem)
Spinning BH binaries inspiral faster (magnetic dipole)

Low-mass (long-inspiral) 
high spin (precession) 
BH binaries

Merger? Hybrid IMR waveforms?

Future Constraints on Gravitational Parity Violation

[Yagi, Yunes, Tanaka, PRL ’13]
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[Yunes & Pretorius, 
PRD 2009]h̃(f) = h̃GR(f) (1 + ↵fa) ei�f

b

The parameterized post-Einsteinian Framework

[MSU: Cornish et al PRD 84 (’11), Sampson et al PRD 87 (’13), Sampson, et al PRD 88 (’13), Sampson et al PRD 89 (’14),  
Nikhef: Del Pozzo et al PRD 83 (’11), Li et al PRD 85 (’12), Agathos et al PRD 89 (’14), Del Pozzo et al CQG (’14).]

Parametrized post-Einsteinian Framework
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Strong Gravity versus Extreme Gravity
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Field 
Strength

Curvature 
Strength Extreme 

Gravity Tests

Weak 
Field 
Tests

[Will, Liv. Rev., 2005, Psaltis, Liv. Rev., 2008, Baker, et al, Siemens & Yunes, Liv. Rev. 2013, Yunes, et al PRD 2016]
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Extreme Gravity versus Strong Gravity
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[Yunes, Yagi, Pretorius, PRD ’16]
Dynamical 
Timescale

Extreme 
Gravity Tests
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SNR of Residual (data - best fit) is consistent with noise
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[Littenberg & Cornish]

Residual Consistency
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(Sort of) Jack-knife Consistency
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Gravitational 
Wave Generation

Gravitational 
Wave Propagation

Scalar/Vector Field Activation

Extra-Dimensional Leakage

Time-Variation of G

Gravitational Parity Violation

Gravitational Lorentz Violation

Modified Dispersion Relations

Cosmological Screening

Time-Variation of G

Modified Kinematics

Gravitational Lorentz Violation

Parity Violation

Lorentz Violation

SEP Violation

Spacetime Dimensionality Speed of Gravity

Mass of Graviton

Lorentz Violation

SEP Violation

Test 
Fundamental 

Pillars  
of GR

Classifying Deviations
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Scalar Dipole 
Radiation

Anomalous 
Acceleration

Parity 
Violation

Lorentz 
Violation

Stronger GravityWeaker Gravity

[Yunes, Yagi, 
Pretorius, 
PRD ‘16]

O1 Constraints on GW Generation Effects
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E2 = (pc)2 + A(pc)↵
⇣vg
c

⌘2
= 1 + (↵� 1)AE↵�2

Massive 
Graviton

Doubly  
Special Relativity

SME, Horava-Lifshitz,  
Extra-Dimensions

Multifractal 
Spacetime

Superluminal

Subluminal

[Yunes, Yagi, 
Pretorius, 
PRD ‘16]

…. —> SME (5.5PN, 7PN)

O1 Constraints on Propagation Effects
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[Yunes, Yagi, Pretorius, PRD ‘16]

Theoretical Physics Implications


