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Part 1: Brief history of NR



Stages of a binary black hole inspiral



The very beginning

Evolution 
time 1.8 M !



40 years later…



First 50 years of numerical relativity for BBH

Credit: C. Lousto and 
H.Pfeiffer



First BBH simulations

Pretorius 2005 Baker+ 2006 Campanelli+ 2006

Important early result: 
Simplicity of merger

Continuous transition 
inspiral to ringdown



Part 2: Important BBH 
phenomena



Binary black hole parameters



Higher order modes

● Quadrupolar modes (2,+-2) are typical dominant
● Other modes are referred to as higher order modes, higher 

harmonics, nonquadrupolar modes or subdominant modes
● Higher order modes become important at large q or inclination 

angles





Junk radiation



Precession

Aligned spin

Animations taken from: 
https://vijayvarma392.github.io/binaryBHexp/#aligned_bbh

Precessing

https://docs.google.com/file/d/1_fc9XGezZM-MELL1vlraJMmm6zaBQ_Hu/preview
https://docs.google.com/file/d/1e1DYUQ-oj-8hEi941sCcEIHsWp3obmou/preview


Effective spin and orbital hang up effect

● Effective spin: 
● Binaries with positive effective spin merge at smaller separation

https://docs.google.com/file/d/1HlRsx6qmjlv76yH5ARqASz2LWQWqgh1f/preview


Eccentricity

Islam+ 2101.11798

Babak+ 0607007

● Two additional parameters: 
eccentricity and mean anomaly

● More important for LISA than 
LIGO

PJ Nee+ 2503.05422



Merger kicks

Hughes+ 0408492

Asymmetry in masses or spins 
is necessary for kicks

● GWs can carry linear 
momentum away from BBHs

● Center-of-mass recoils to 
compensate

● Recoil or “kick” velocity 
imparted to final black hole

● Kicks up to 5000km/s possible 
for precessing BBHs



Super kicks

Spin asymmetry much more important than mass 
assymetry

https://docs.google.com/file/d/1Z7Uh-ZZGDgy42TmasimgOvJHMNCdLQsB/preview


Part 3: Status of the field 
and frontiers



NR codes today

Foucart+. Snowmass2021 White 
paper, 2203.08193



NR simulations today

2505.13378, 3756 SpEC 
simulations

2202.00018, 1881 RIT simulations

1605.03204, 452 
Georgia tech 
simulations



SXS catalogue



Frontiers: Next generation NR codes
SpECTRE



Frontiers:High mass ratio

Credit: H.Peiffer



Frontiers:BH scattering



Frontiers: Simulations of alternative theories of 
gravityChallenges:

- Initial data (PJ)

- Well-posedness
(Max and Memo)

- Large class of 
modified 
theories

- Degeneracies 
with GR

Scalar-tensor theories:
Barausse+,Shibata+

Quadratic gravity:
Held+,East+

Cubic Horndeski: Figueras+

Einstein scalar Gauss Bonnet: 
Corman+,East+,Salo+


