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Abstract: We investigate the precession of the spin of the smaller black hole in binary black hole ssmulations. By considering a sequence of binaries
at higher mass ratios, we approach the limit of geodetic precession of atest spin. This precession is corrected by the *self-torque” due to the smaller
black hol€e's own spacetime curvature. We find that the spins undergo spin nutations which are not described in conventiona descriptions of spin
precession, an effect that has been noticed previously in simulations. These nutations arise because the spins are not measured in a frame where the
smaller hole is stationary. We develop a smple model for these frame nutations, extract the instantaneous spin precession rate, and compare our
resultsto PN and extreme-mass-ratio approximations for the self-torque.
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Dynamical analysis of L e
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Dynamical analvsis o

LOCAL GALACTIC GROUP

m Central density profile
discrepancy
s ACDM (CUSPY): (p ~r~1)
m Observations (CORE)
(p~ 1)

m Dwarf Spheroidal Galaxies

m Dark matter dominated
m Nearby
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Dynamical ana

» How tidally disrupted is the galaxy?
(At what max radius can we probe the potential?)

= Avoid Jeans analysis
(Schwarzschild orbit superposition method)

m The Crowding Problem
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Dynamical lvsis of Lea |
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Dynamical ana
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Dynamical
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Self Torque from Numerica
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Self Torque from Numerical Si

Weak Field Limit: Exact Space-Time:

m But what happens in perturbed
spacetimes?
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Self Torque from Numeric

— )] R
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m Finite mass perturbs BH
spacetime = “test particle” has
non-geodesic motion in gﬂy

(self-force).

m Or, geodesic motion in the full
spacetime g,
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Self Torque from

m There's a scalar! ¢ =,/
m Precession: transport by
regularized metric
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m Let's study this in NR (Actually
solving Einstein Eqs)
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Taking all different (and small) spins, but we see a nutation independent
of x.
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Self Torque from Numerica

Weak Field Limit: Exact Space-Time:
Q, ~ %V x V& Qp = Q4 o= Rl 3M/r)

m But what happens in perturbed
spacetimes?
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Taking all different (and small) spins, but we see a nutation independent
of x.
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Self Torque from Numerical Simulati

= Qualitatively different from nutation from O(S?) effects
(perpendicular to precession cone)
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Self Torque from Numeric

Spin supplementary condition

Mathisson-Papapetrou equations

uV,u” = O(S)
utV,.8* = 0(8%)

Precession equation

ds
dt

But in the simulation frame...
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Self Torque from Numeri

m 4-velocity in Schwarzschild coordinates

ut = {u!,0,0,u%}
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Self Torque from Numeric:

m Let's transform to a frame in which the gyroscope is moving (in polar
coords).
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Self Torque from Numerical Simulati
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DLV

Boost in ¢ direction

.|}

Spin orbit resembles ellipse.

Magnitude not constant.
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Self Torque from tions SNGEad

r—2M _
;—W cos(Q2gt + o) sin(24t)

sin(Q2gt + o) cos(2pt) —
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' r — 3M

m Precession with frequency components at both €25+ €2, and Qg — ).

m We call this frame nutation — the precession stays on the precession
cone, but the rate varies.

m Note that this is still the test particle limit.
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Self Torque from Numerical Si

m In a simulation, take

velocity unit vector

normal to the orbital plane

£ xv
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Self Torque from Numerl Sim ions _SESiml

m Then the spatial components of the spin must take the form

S =5, sin [p(t) + o] &+ S17vcos [p(t) + o] v + S||E

'l
/ Qg(t") dt’
to
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Self Torque from Numerical Simulations FESiniilz

m SpEC however, only knows the direction of the spin y

dx |
dt

m This results in an (somewhat complicated) expression that implies
several ways to compute {2, from the data

(Qpy =Qp— = =0y — \/(Qc) - (9 — )
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Self Torque from Numeri

Investigate residual oscillations

Is v useful?

Simulate more mass ratios (would allow a verification/refinement of

our second-order gsr result)

m Comparison to other approaches (Owen et al. 2017)
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Thanks! Any questions?
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Let y = (M)?/3, then
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