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Merging BH binaries?
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LIGO/Virgo Collaboration

Merging BH binaries!
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GW signals from BH mergers

: Merger :
Insplral _ | numerical relativity ngdow.n
post-Newtonian . A BH perturbations

e Freqguency gradually
iNncreases during the
inspiral

 Merger of two BHS IS
one of the most
energetic events in the
Universe

e BHSs have no hair: final
remnant has to dissipate
all properties but mass
and spin (ringdown)
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How about the spin?

M. Favata, soundofspacetime.org
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A tale of three timescales
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Orbital motion”

2. Spin & orbital-plane precession  tpe o« (r/ry)
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3. GW emission and inspiral o
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1. Solve the dynamics (hopefully analytically) on the shorter time

Common practice in
binary dynamics

e periastron precession

‘ e oOsculating orbrtal
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On the shoulders of giants

Kepler's two-body problem

What you do:
e One effective particle: 3D

0.4}

E N » 3D to 2D problem:
S o _is a constant of motion!
% * Energy is constant: 2D to 1D7
= 0 | Effective potential
Circunference " What you get:
04 T o e |+ Alot of understanding
00 05 L0 15 2?6& 5530 33 1o * oolutions are Kepler's orbits

Separation * Phases: bound, unbound
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!‘ Integrating GMm/r* 10 get a bunch of points along an orbit or. .. lh
knowing that that curve is an ellipse! k
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Effective potentials for spin precession
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' Integrating the PN eq. to get a bunch of points on a precession cone or... t
knowing the shape of that cone! 1
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What you do:

o Start from three angles and r

o 4D to 2D problem: GW are frozen,
rand J are constant,

e [Further constant of motion,
effective spin: 2D t0 1D

e Effective potentials for BH binary
sSpin precession

What you get:

e Analytical solutions

* Phases: circulating, librating
e Aot of understanding
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Astrophysics with BH binary spins

sin A® — 0 (equilibrium)

W
[ Merging BH binary
M [

Free precession
sin A® — +1 (pile-up)

* Morphology: feature of spin
orecession that does not vary on the
orecessional time!
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DG and Kesden 2016

Try this at home

precession: Nnew open-source python module

I m easy...

Distributed on GitHub, uploaded on
the Python package index (pip)
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Features
1. Precessional dynamics

2. Orbit-averaged inspirals
3. Precession-averaged inspirals TOO BADWE CANT
4. Superkick predictions G'VE IT A SOUL-
o. APl documentation SURE .mport o0l
©. lests and tutorial WE CAN
check me out! @
= — T OH, RIGH

1 damdegerosa com/precessmn ‘t PYTHON.

B ———


http://davidegerosa.com/precession

Black-hole kicks

Inspiral Kick

* Asymmetry in the GV emission in the late inspiral and merger
e Remnant must recoll in the other direction
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Kicked waveforms

* In GW measurements, total mass and redshift are degenerate " \
e Kicks in the waveform shows up as a red/blueshift!
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Can kick shifts be detected?
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e Hulse-Taylor pulsar: first evidence GWs carry energy
e GW150914: first evidence of GWs themselves
e Kicks: first evidence GVWs carry linear momentum
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