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The system

Inspiraling binary black holes (BBHs) that finally merge
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The system

® BBHs within general relativity (GR).

® |ninspiral state, at 2nd post-Newtonian (PN) order.

® Arbitrary masses, spins and eccentricity.
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Why orbital solutions?

e Gravitational waves: functions of phase-space variables: (R, S, S,).

—_— - —_ . . .
® (R,S,S,) - source moments - canonical moments — radiative moments —
hY. [1310.1528: Blanchet]

® Objective: ﬁ(t),§1(t),§2(t) analytically. P not needed.

® \Why analytically?

® Deepens understanding by exposing mathematical structure.

® Numerical integrations: slow and error-prone. [1703.03967: Chatziioannou, Klein, Yunes]
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+ Hspy(R, P,51,5,) + Hyppy(R, P, 51, 5,)
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History

® 1600s: ellipse within Newtonian mechanics (Kepler & Newton).

® 1976: 1PN solution. [Wagoner, Will]

® 1985: elegant Newtonian-like 1PN solution. [Damour & Deruelle]
® Made into popular textbooks. [(1) E. Poisson, C. M. Will (2) M. Maggiore]

® 2019: 1.5PN solution. [Cho, Lee: 1908.02927]

® 2021: 1.5PN solution (using action-angle variables). ST, Cho, Stein: 2110.15351]



Hamiltonian

H= HWR,P) + H (R, FP) + Hrpp(R, P)
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Now, at 2PN...

® 1.5PN solution method breaks down.

® There is numerical chaos. [Levin: gr-gc/0010100 |

® Result: We (almost) have an analytical solution for (R, S,, S,) at 2PN.
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Result: plane of motion




Result: plane of motion (¢ ~ 0.01)

—— 15PNCF  =—— 2PNCF = = ====-= 2PN num
0.6
0.5+ ‘
0.3 / ‘
0.2

0 5000 10000 2‘I25 000 20000 25000 30000



0.35}
0.30 f

0.25}

ALy

0.10}
0.05}

0.00 ¢

2PN Numerical vs

Result: plane of motion (¢ ~ 0.01)

1.5PN Analytical

0.15}

0

10000

20000

30000

40000

50000

23

0.030|
(1025?
(1020?
(1015?
0.010

0.005f

0.000

2PN Numerical vs

2 PN Analytical

0 10000

20000

30000

40000

50000



Result: R = | R | (¢ ~ 0.01)
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Result: R = | R | (¢ ~ 0.01)
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Result: ¢, azimuthal angle of ®

o P = J(known function)(?) dt (still in progress).

e Massive reduction: 9-dim coupled ODEs — 1-dim ODE.
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Details

® (5,,5,): via orbit-averaging (over 1PN orbit, not Newtonian).  [kesden, Gerosa)

® R =| R |:viacanonical perturbation theory; cast as a 1.5PN-like quasi-
Keplarian solution.

® Solution not fully 2PN accurate because
® amplitude is only partially 2PN.

® orbit-averaging for spins.
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Summary

e \We (almost) have an analytical solution for (R, S, S).

* $asa l-dimintegral (in progress).

® Solution not fully 2PN, but still much better than the 1.5PN solution (by ~ 50
times).
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nEBl=ml=5/2ym2=1; G=1;
RO=2{1, 1, 1};
PO={1/2, -1/2, 1/3};
$10 = {0, 1, 1} Sqrt[e];

S20= {1, -3/10, 0} Sqrt[e];

€ =0.01;
(ml + m2)
PN = €
Norme@e RO

Out[9]= 0.0101036
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