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Extreme-mass-ratio limit

?

Black hole mergers in the extreme-mass-ratio regime
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1. Introduction
Motivation

● Technique employed within GR: [Emparan-Martínez (2016); Emparan-Martínez-Zilhão 
(2017); Emparan-Marín (2020); Marín-Orselli-Pica (2022); Dias-Frassino-Paccoia-Rocha 
(2023)].

● How do the merger observables change when we consider higher order curvature 
corrections in the Einstein-Hilbert action?

● Einsteinian Cubic Gravity [Bueno-Cano (2016)]
○ Matches the linearized Einstein equations in flat space.
○ Non-trivial and non-topological in four dimensions.
○ Simple: one coupling parameter; has static and spherically symmetric solutions 

governed by a single differential equation.
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Static and spherically symmetric solutions

2. Einsteinian Cubic Gravity
Static and spherically symmetric black hole solutions

where the blackening factor must obey [Bueno-Cano (2016)]:
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2. Einsteinian Cubic Gravity
Static and spherically symmetric black hole solutions

Expand blackening factor as continued fraction [Hennigar-Poshteh-Mann (2018)]:

Increase in λ ⇔ Smaller surface gravity and smaller mass 4



Geodesic equations:

Impact parameter, q= L/E

Boundary conditions 
(null plane at infinity):

3. Mergers in cubic gravity
Event horizon of the merger

Spacetime during the merger:
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Duration of the merger 

★

★

Up to 4.5% quicker than in GR

Schwarzschild value [Emparan-Martínez (2016)]

3. Mergers in cubic gravity
Impact of the coupling parameter on the properties of the merger

Small BH radial distortion

Up to 2.7% less distorted than in GR

Schwarzschild value [Emparan-Martínez (2016)]
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4. Photon sphere radius
● Photon sphere: marks the boundary between photons able to escape the 

gravitational pull of the BH and photons that inevitably end up at the event horizon. 

● Local condition: 

● Photon sphere radius also attains a minimum for a specific        . 
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5. Take-home message and future prospects

● We studied how a particular modified theory of gravity (Einsteinian cubic 
gravity) influences the merger of two black holes, using a simple version of the 
extreme-mass-ratio limit.

● Merger observables are minimized for specific coupling parameters.

● Benchmark for numerical simulations of black hole mergers in modified 
theories of gravity.

Summary

Future prospects
● Mergers of scalarized BH solutions [Doneva-Yazadjiev (2018), Silva et al. (2018), 

Cunha-Herdeiro-Radu (2019)]. 
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  Δ*

Duration of the merger Small BH’s area increase

Definitions



The impact of the coupling parameter 

● For the same impact parameter, q, 
generators are less deflected for 
higher λ’s.

● Generator with q=q* determines the 
maximum distortion of the small BH 
during the merger, r=r* .

● Distortion of the small BH varies 
non-monotonically with λ.


