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ADM Hamiltonian and Routh Functional'
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Konfigurationen binérer Schwarzer Locher

Brill-Lindquist Misner-Lindquist

Brill-Lindquist vs Misner-Lindquist BHSI
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Post-Newtonian Expansions I
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Radiation field:
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2PN energy loss:
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3PN Binary BH Conservative Dynamics
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Third post-Newtonian accurate generalized
quasi-Keplerian parametrization for compact
binaries in eccentric orbits

Raoul-Martin Memmesheimer, Achamveedu Gopakumar
& Gerhard Schafer

Physical Review D, 2004 (in press), gr-qc/0407049
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o The equations of motion derivable from the 3PN accurate
conservative Hamiltonian, in ADM-type coordinates in the
center-of-mass frame, allows ‘Keplerian type’ parametric solution:

o The associated 3PN accurate orbital energy & angular

momentum L are conserved.

o The conservation of L => that the motion is restricted to a

plane, namely the orbital plane.
[ntroduce polar coordinates such that

r = r(cosg, sing).

% J

& b

o The radial motion is parametrized by

r o= a(l-ecosu)

* 0, and e, are 3PN accurate semi-major axis & ‘radial
eccentricity’.

These are expressible in terms of orbital energy E, angular
momentum L and my and my.

x u 1 the eccentric anomaly.
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o The angular motion is given by
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+ k is the measure of the advance of the periastron & e,, is the
‘angular eccentricity’

¥ fagy fioy Oagy Uty g, A0 g,y are 2PN & 3PN order orbital
functions expressible in terms of £, L, m; and mg
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¢ The 3PN accurate ‘Kepler equation’, which connects the
eccentric anomaly to the coordinate time reads
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# | is the mean anomaly, n the mean motion & e; the ‘time
eccentricity’

% Oaty G6ts furs Joty Tt & ey are 2PN & 3PN order orbital functions
expressible in terms of £, L, m and my
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(1988) and Schafer & Wex (1993).

my are gauge invariant quantities,

accurate relations involving E, L, m; and m.

o Qur parametrization will be required to

orbits

relativistic numerical simulations

\ Kilometer Array (SKA)

/o Our work extends similar parametrizations obtained at 1PN & \
2PN orders by Damour & Deruelle (1985), Damour & Schafer

o The expressions for n & k, expressed in terms of E, L, my and

o The three eccentricities e;, ¢, and e; are connected by PN

¢ Construct search templates for binaries in eccentric
o Construct gauge invariant ‘diagnostic tool’ for general

¢ Construct ‘timing formula’ relevant for Square
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Dynamical Invariants
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periastron advance k:
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Effects of spinning objectsI
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POST-NEWTONIAN ACCURATE
PARAMETRIC SOLUTION TO THE
DYNAMICS OF SPINNING COMPACT
BINARIES IN ECCENTRIC ORBITS: 1.
THE LEADING ORDER SPIN-ORBIT
INTERACTION

Binary geometry and orbital plane precession




Dynamics in (r, 0, T)in (i, j, k)

@ solution for the relative motion: r = rcospi + rsingj
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The ISCO for Single Black HolesI
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The ISCO for Binary Black Holes'

3PN approximation to GR (conservative part):
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o The difference between ‘Wikson' (2PN, vanishing k) and
non-tot. 2PN Binstein is just the contribution from the leading
order (2PN) hgT. Higher PN order ‘Wilson' does not exist.

o An additional extrinsic curvature truncation yields (non-rot.)
skeleton 2PN, The skeleton dynamics exists to arbitrary PN
orders. But its a kind of model theory only.

o 3PN corot. vs. 3PN non-rot. (from L. Blanchet 2002) shows the
influence of rigidly locked proper rofation at 3PN Einstein theory.
The difference mainly results from the proper rotational energy
of each object (1u”/2) and not from the spin-orbit coupling,
Corotation, when approaching ISCO, seems not very realistic.

¢ The Grandglément et al. (numerical, corotation,

A

Misner-Lindquist BHs, vanishing b

regard to 3PN corot. Einstein, fits with the difference between
2PN Einstein and 2PN Wilson.

CTS approach) value, in

o The Cook (umerical, Misner-Lindquist BHs, vanishing b,

CTT approach) and Baumgarte (numerical, Brill-Lindquist BHs,
7
ij )
be oo strongly influenced by the 1PN dynamics which is

puncture method, vanishing h;.", CTT approach) values seem to
controlled by the Bowen-York extrinsic curvature. In the bodies
dynamics, the CTT and CTS approaches are identical through
2PN order inclusively (neither Bthf;-T n0r My contribute).
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SKELETON FIELD

A sieleton solution of the Einstein field aquations for black-hole binaries = p. 1323

Flesh and skeleton 1

't = VTR STR20,V;)
- i i .
— 7( - Zwajﬂj + 233'(‘/,;71'3-)) =0 (c_ﬁ)
skeleton flesh

Properties of the flesh term:
@ contributes to the 2PN field (and dynamics)
@ vanishes whenp; = 0
@ vanishes in the test body limit

@ containg poles in dimensional regularization
+ compensated by poles in h{jr in the Einstein theory

A skeleton solution of the Einstein fild aquations for black-hole binarles - p.10/23




Computation of lapse and shift

Evolution equations for y;; and 7
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Skeleton Hamiltonian for 2 black holes.I
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Skeleton field for 2 black holes I 1

3-metric
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Skeleton field for 2 black holes (IT) 1

Shift function
@ 2 skeleton approximation: 2PN flesh term neglected in N

i b MR u
B (UtN) -+ - oNgyr = A “NAZ paiha
=1

@ integration of the shift equation ~ integration of V;

7 1
Z xa¥; ( paidijra - dpai— )
i) rA
Komar mass Miyng:
GMKomar 1 !
b “’(n |) Mo =5 ), 044

A=1

A skellon solution of the Einstei feld equations forblack hole binarias - p.17/23



Inspiralling

Quasi-circular inspiralling to order 1/c":
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BINARY BLACK-HOLE DYNAMICS
AT THE 35PN ORDER IN THE ADM
FORMALISM
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Rel. acceleration associated with H. §“§PN and A §“§PN1
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Outline

e Binary black-hole dynamics at the 3.5PN order in the
ADM formalism, Phys. Rev. D 68, 044004 (2003)

e Post-Newtonian accurate parametric solution to the
dynamics of spinning compact binaries in eccentric
orbits: I. The leading order spin-orbit interaction,
submitted to Phys. Rev. D
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