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@ Three-body interactions with spin:
NLO Spin-Orbit and NLO Spin(a)-Spin(b) Hamiltonians

[3 J.Hartung and J. Steinhoff
Phys. Rev. D, submitted, arXiv:1011.1179
@ Action approach to canonical formulation of spin in GR
[4 J. Steinhoff and G. Schafer
Europhys. Lett. 87, 50004 (2009)
@ Quadrupole deformation of Neutron stars due to Spin:
NLO Spin(1)-Spin(1) Hamiltonian

[4 S.Hergt, J. Steinhoff, and G. Schéfer
Class. Quant. Grav. 27, 135007 (2010)
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Three-body interactions

@ HAPM = ADM energy expressed in terms of canonical variables
after field constraints are solved in the ADMTT gauge.

@ Canonical variables are denoted by a hat*
@ Only pairwise two-body interactions in the Newtonian case:
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@ The leading order in spin is only a sum of two-body interactions. ——
@ Three-body interactions with spin appear at next-to-leading order (NL@).*
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NLO Spin-Orbit, two-body interaction part

Hamiltonian first derived: Damour, Jaranowski, Schafer (2008)
See also: Tagoshi, Ohashi, Owen (2001); Faye, Blanchet, Buonanno (2006)
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NLO Spin-Orbit, three-body interaction part

Hartung, Steinhoff, arXiv:1011.1179
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NLO Spin(a)-Spin(b), two-body interaction part

Partial result: Porto, Rothstein (2006). Full result: Steinhoff, Hergt, Schafer (2008).
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NLO Spin(a)-Spin(b), three-body interaction part

Hartung, Steinhoff, arXiv:1011.1179
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Angular Velocity and Spin

in Newtonian mechanics and special relativity

Newton special relativity
body-fixed frame XU = Npjpx!
rotational degrees of freedom Ayl =05 1*BAauNey = 1
— supplementary condition /\[’]”p“ =0
. dA A
Angular Velocity Q= Ay [k]’ QMY = Nt ]
-
. , 8L oL
Spin (L: Lagrangian) Sj = ZW S = 26(2*“’
< supplementary condition Sup’ =0

Remark:
@ Angular velocity vector is Q' = Jejx Q. Analogous for spin.

&=
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Action approach with minimal coupling

@ Gravitational field is given by a tetrad e,,,:

AAMAAV = Ouv — AAaAAb = Tlab (3)
@ Minimal coupling:
DAAb dnsb
ea#eb,,Q“” _ Qab — /\Aa — /\Aa i _ /\AcwMCbU“ (4)
@ Supplementary conditions and mass-shell constraint:
Suwp’ =0, ANe,p =0, p,p"+m=0 (5)

@ Solve constraints, supplementary and gauge conditions.
@ Find variables, in which Lagrangian is of the canonical form

L=pg —H B0
S :gi p
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Canonical Structure in Detall

@ In detail, the canonical Lagrangian reads:  (with Q()0) = AIKIC )/\["]U))
1

1 g
L= g [ ExaTTAE + biz' + 584 Q00 — HAO )

@ Then the equations of motion take on the form

dA A

= {A H™My 4 =2 (8)

with Poisson brackets
{2, b} =65 (9)
(RO, 8y} = AW, — ATDG, (10)

{Siyi S} = owSuyn — Sy — Sk + 5Siw (1)

{hT(x), #4TT(x')} = 1676} 6(x — X') (12)
5;/" = TT-projector e
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Canonical Variables to Linear Order in Spin

@ Gauges [cf. Kibble 1963]:  e), = N, (epy) = /(v5), T=1
@ Matter variables: compatible with SSC §**(p, + mn,) = 0
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@ Field variables:
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wiTT = 2T — 57 (8r A + 167 Bly, A™5) (15)
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Quadrupole Deformation due to Spin

@ Quadratic order in spin — quadrupole deformation
@ Ansatz for Dixon’s quadrupole:

Jreba — _glv@ellB el Q. = %SMSV’) — Trace (17)
P

@ (g is an object dependent constant:

o Neutron stars: Cq =4...8 [Poisson (1998); Laarakkers, Poisson (1999)]
@ Black holes: Cq =1

@ Approach via effective action possible [cf. Porto, Rothstein (2008)]:

1 s uu, 1 uru”

Lee = ——R,,a3S"S ——_ _ _R,.50 ap YU 18
s 2m e —u,ue 2 o Q —Uu,u° (18)
preserves supplementary conditions quadrupole deformation
oL .
Jwab — _6_——_ [Bailey, Israel (1975)] (19)
ORvap
@ Kj in matter action problematic for canonical formulation. SSvle
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Shortcut to NLO Spin(1)-Spin(1) Hamiltonian

@ p-dependent part of H'S“z'-O follows from Poincaré Algebra.
1
[Hergt, Schafer (2008)]
@ Only need p; = 0 part of Hg‘zLo.
1

@ Only need p; = 0 part of matter energy density.
@ p; = 0 part of matter energy density can be calculated from

V=g = / dr [u(”p”)§(4) + (uws")a(s@)) u

’ (20)

1 14 [e% 2 aprv
+ gRan "Iy = 5 (97 5(4))|(aﬁ)]

[Steinhoff, Pitzfeld (2010)]

Jrebe — _gulv @Byl Q,, = %SWSU’) — Trace (21)
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NLO Spin(1)-Spin(1) for Neutron Stars

For black holes: Steinhoff, Hergt, Schéfer (2008). See also: Porto, Rothstein (2008).
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