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Gravitational Wave Spectrum
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Current tests of General Relativity with Gravitational Waves
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Challenges to overcome in NR beyond GR
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Approaches to studying modifications to general relativity numerically

Full solution

Requires well-posed initial value problem formulation

e Same hyperbolicity properties as GR: Scalar-Tensor theories pamour, Esposito-Farese
— Barausse+ Shibata+, Quadratic Gravity Noakes = Held+,East+

e Only scalar part of equations modified: Cubic Horndeski Figueras+, Screening
theories Bezares+

e Horndeski theories: Modified Generalized Harmonic formulation kovacs and Reall
~ East+ .Cormant OF modified CCZ4 formulation LLibert’s talk saio+




Approaches to studying modifications to general relativity

Order-by-order

e Solve the equations

perturbatively

e Pros: same principal part as
GR, easy to implement and
flexible

e Cons: secular effects

Okounkova+,Stein+
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Leading-order dCS
Metric Perturbation

Okounkova+ 2020



Approaches to studying modifications to general relativity

Inspired by Israel-Stewart fixing of relativistic
hydrodynamics

Fix evolution equations below some short
lengthscale

Add new dynamical fields with driver equations
Pros: Corrections fully backreact

Cons: Computationally expensive

Fix the equations generically Figueras, Held and Kovacs

Cayuso—+,Lehner+,Bezares+,Lara+,Franchini+
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To what extent can predictions from approximate treatments such as the
order-by-order and fixing approach be confronted with gravitational wave
observations?

MC, Lehner, East and Dideron, 2024

0.4
0.4 A — CR )
‘\‘: Aora = 0.10m3 0.3
! | Apan = 0.10m3
1 0.2
0.2 i \
I
1 £
[
00 /\/\m--u-- =
R B
il
]
0.2 ]
| E ——== A=0.1m}
/ ‘x —0.3 T = 2.9my
L T =8.6m,
—0.4 04
—100 —50 0 50 100 0 100 200

(t = tpear) /M



Goal for this talk

Convince you that beyond-GR waveform examples can provide valuable qualitative
guidance to improve and motivate new theory-agnostic tests



Einstein scalar Gauss Bonnet gravity

s Z% / d*xv/—g [R —(Vg)* + Kzﬁ(cb)g}

with G = R2 — 4RabRab + RadeRabcd'

e Horndeski theory = Well-posed initial
value formulation (kovacs and Reall)

o When 3(¢) = 2¢? + $¢*
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Spectre
ID Sequences
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Spectre
DL evolution shows charge-flips ode Gl o
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Fully coupled evolutions: sca
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Fully coupled evolutions: gravitational radiation
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Found charge-flip in sGB binaries



Found charge-flip in sGB binaries

= Change in dominant scalar radiation mode.

= Introduction of eccentricity in initially quasi-circular orbits.



Found charge-flip in sGB binaries

= Change in dominant scalar radiation mode.

= Introduction of eccentricity in initially quasi-circular orbits.

Beyond-GR waveform examples can provide valuable qualitative guidance to improve
and motivate new theory-agnostic tests



