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Enlarging Phase Space
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Divide and Conquer

Nico’s (GW-Biased) GW
Modified Theory Classification:

-

Field”) (Strong-Field)
Well-constrained by binary Constrainable with GW observations,
pulsars, so need screening natural suppression without screening
Eg, Scalar-Tensor theories Eg, Chern-Simons, Gauss-Bonnet, etc.

R .

Nico’s (GW-Biased) Cosmological
Modified Theory Classification:

O e
g e

( Screened ) (Unscreened )

Late-time expansion, DE Early-time cosmology, inflation

Eg, chameleon, Vainshtein, etc. Eg, Chern-Simons, Gauss-Bonnet, etc.
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Screening 1n Cosmology # Screening in GWs

In Cosmology
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Weak Field Theories J
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Example: Scalar Tensor Theories

Definition: SJordan ~ /d4$v |: - % (au¢) (au¢) + Lmattcr:|
5 7 Effective 1
— Guv 7 Ly Coupling @~ ﬁ@:ﬂ@@x¢ — ¢o)
to Matter: TEBD
Main Effect: Stars acquire N Spontgnequs ;
scalar charge Scalarization :
o
0 ’ 0.1 0.2
C
Dominant Grav. and Inertial Scre;engd Dipole Faster Orbital
center of mass —— Gravitational Wave ——
Observables: L . Decay
do not coincide Emission

Damour+Esposito-Farese, PRD 54 (°96)
Palenzuela, et al, PRD 97 (’13), 89 (’14).
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Constraints on Weak Field Theories

Scalarizable Scalar-Tensor:
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(similar constraints for TeVeS

and for massive Brans-Dicke) Freire, et al, MRAS 18 (*12).
Alsing, et al, PRD 85, (’12).
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Strong Field Theories )
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Example: Quadratic Gravity

Definition:

/ ]' ‘ ‘ ‘ 1/ * LV/OO
SQuad ~ /d“:l:\/—g [R — 3 (0,9) (0"9) + a19R? + a2V R, R" + a3V R,, 50 R" 00 4 ag9R,50 * R 0 ]

certain choices of couplings lead to Einstein-Dilaton-Gauss-
Bonnet theory or dynamical Chern-Simons gravity.

Main Effects: dCS. Gravitational Parity Violation, inverse no-hair theorem.

Dominant  Chirping of Gravitational Requires observation of
Observables: Wave Phase late inspiral & merger

Alexander & Yunes, Phys. Rept 480 (°09)
Yunes & Stein, PRD 83 (’11)
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Constraints on Strong Field Theories

dCS
Current Extremely weak 1/2 8
constraints from Solar System (GPB) a'” < O(10° km)

Ad\’. LIGO X|:0.8, DL:O-IGPC l07
5 0 0 s
0.5

Projected GW Constraint 2

constraints = 50 _wContours on oy
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i N\ AY
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m/ Mo

Yagi, Yunes & Tanaka, PRL 109 (°12)
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Parametrized Post-Einsteinian J
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Parameterized post-Einsteinian Framework

[. Parametrically deform the Hamiltonian. - A= Aqp +6A

OQH.RR

[I. Parametrically deform the RR force. —> | 0AH rRR = &g RRV

I1I. Deform waveform generation. |h = Fihy + Fyxhy + Fshg + ...

: : 2 2 4 ~ O
[V. Parametrically deform g propagation. E g — PyC + ozp(;

Result: To leading PN order and leading GR deformation

Yunes & Pretorius, PRD 2009
Mirshekari, Yunes & Will, PRD 2012
Chatziioannou, Yunes & Cornish, PRD 2012
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Questions to Ask

Business as usual

events with GR templates

Quantify fundamental bias
introduced by filtering non-GR

Quantify the statistical significance that
the detected event is within GR.

Anomalies?

Can we measure deviations from GR
characterized by non-GR signals?

h(f) = har(f) (1+af®) s

[Yunes & Pretorius, PRD 2009, Mirshekari,
Yunes & Will, PRD 2012, Chatziioannou,

Model Evidence.
AppE bppE Interpretation
1 - Parity Violation
—8 —13 Anomalous Acceleration, Extra
Dimensions, Violation of Posi-
tion Invariance
-7 Dipole Gravitational Radiation,
Electric Dipole Scalar Radiation
-3 Massive Graviton Propagation
x spin | —1 Magnetic Dipole Scalar Radia-

tion, Quadrupole Moment Cor-
rection, Scalar Dipole Force

Yunes & Cornish, PRD 2012]
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What does 1t all mean?

Clear difference between “Cosmological Modified Theories”
and “GW Modified Theories”. More cross-pollination needed.

Weak Field Modified Theories best constrained with binary pulsars
(they will be hard to constrain with gravitational waves)

Strong Field Theories are only strongly constrained by
gravitational waves from binary mergers.

Doveryai, no proveryai
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Projected Gravitational Wave Constraints

GR Signal/ppE Templates, 3-s1igma constraints, SNR = 20
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At our doorstep...
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Fundamental Bias

Non-GR Signal/GR Templates, SNR = 20

Non GR 1njection, extracted with GR templates (blue) and ppE templates (red).
GR template extraction 1s “wrong” by much more than the systematic
(statistical) error. “Fundamental Bias”
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Cornish, Sampson, Yunes & Pretorius, 2011
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[gnoring Fundamental Bias...

~ | | 1njection=(not- _
ruled out) ppE template=GR

 Fitting Factor |
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Stealth Bias

Fundamental Bias that we can’t detect!

SNR needed for fundamental bias error SNR needed to detect a
to be larger than systematic error _ GR deviation

SNRbias / NRdetect {—

=—0 b=-5 b=—-4

SNR

Negligible Bias Stealth Bias Overt Bias
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Simple ppE Performance
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Bayes Factor between a 1-parameter ppE template and a GR template (red) and
between a 2-parameter ppE template and a GR template (blue), given a non-GR
injection with 3 phase deformations, as a function of the magnitude of the leading-

order phase deformation.
Sampson, Cornish & Yunes, 2013

24

GW Tests of GR Yunes




The Need for Accuracy

40m 7?7?77 — 1994

WMWWI

Frequency

Quantum Noise (Amelino-Camelia)




Detectors

Bounce light off mirrors and look for
interference pattern when the light
recombines.
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Data Analysis at work
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