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Einstein’s Equations
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Einstein’s Equations
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Post-Newtonian source

* Slowly moving: v/c K1, |IT°/T% « 1

» Weakly stressed: ITY /T2 « 1

 Weakly gravitating: U/c?| < 1

* [solated: Jim (% + %) ("“ haﬁ) =0

t+4 % —=cst

* Point particles (BBH)
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Post-Newtonian source

Need h,, (v) to get E and F
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Post-Newtonian Expansion

Slowly moving, Weakly stressed, Weakly gravitating

!

+00 / |x—x"|
1 TIX,t— —) / a I,
R — N ( c :T(x,t)_T(x,t) Ix —x'|. , ,
;cn (n) x — x| x — x| . + 502 'T(X,t) +
2 pv Y 27 v
V h(n) = lﬁﬂ'GT(n_4) + 0, h(n_g)
* Isolated? Diverge as |x'| = o

* Point particles? Divergeasx’ = x,, 7721



Multipolar Post-Minkowskian Expansion
T(X,’t_ @) T(X',t— Z) /i g (T(X’,t T))
—_ c — ; c _|_

|x — x/| - r r

+00
» Weak gravity: hon =Y G'hoP
n=1

hoP = A*Plhy ha, ... by

* [solated? \Y | — o Divergeas |[x'| = 0

* Point particles? Diverge asx' = X, , (Hadamard regularization)



Near zone Buffer zone Exterior zone Wave zone

msssssss PN Saesss———

my
Vo
1 emesseeessssss V[P Seessssssss——
my
a R A r
near zone buffer zone exterior zone wave zone

r<R a<r<TR r>a Bernard 2019 r> A Y



Matching

e Near zone:

iy =
e Exterior zone:

Pt @) = CLA AR (ta) + Y dn(—

=0

1A%

Multipole expansion(h; ") = PN expansion(h_,

— Uimy = Uiy &*, %), ALY = A7 (Ugy, )
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Effective Field Theory

* Doesn’t care about the detail about the short distance physics
(near zone)

exp (iSesfl¢]) = / D‘I)(w)eisl[qb’@}\

Radiation field  Potential field
ky~ (v/ryv/r)  ky~(v/r,1/r)
Or:
Particle x,, Gravitional field h,,

S = Sgu + Spp, Spp = —Zma/dTﬂ+ch)/dTaﬂ(ma)

* No need for matching! + Yy e / 70 Ry (30 EY + - - o



Effective Field Theory: 1PN

exp [1Serf(24)] = /Dh(m) exp [tSEu(h) + iSpy(h, x4)]

Spp = —V GNm/dt (h(}(}/Q + vihgi + ’Ui’vjh,"j/z + v/ GNhgg .. )
Spp — / d'z [(0:h)? — (Oh)? + /Ch(@h)? + .. ]

h-M Vertex: ~ dt d3kv/Gnm i

Propagator: 5(t)5(3)(k)kl2(1 + %!ﬁ +...)
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Effective Field Theory: 1PN
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Sturani 2012
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Effective Field Theory: 3PN

G3v?
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Effective Field Theory: 4PN

*3@ GV

« 23 @ G4v°

e 202 @ G3v*
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» All parameters are gauge dependent
* Parameters are defined differently

| 1
Saﬁp(x) ﬂrﬁp(m) + ;BQ'T.B#( ) . ZB'STEE#(X) i 8{5 = 8—/ o' ‘:‘?I’i ij dA
|
|
|
S (x) = f S*Prds, | ‘H : Apparent horizon
00 !
g4 — ¢ SE7p4% /[ (2m ac) E
9y povp A P A "AC |
5“”’ — () (Spin supplementary condition) i
E
____________________________________________________________________________________________________________ _:_._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._
|
M = TOOnkdy ! 9 9 S A
U —= _ 2 =
00 E M err + 4M2rr ’ err — 167



* Different asymptotic gauge (BMS frame)

Impose boundary at Determined by the Cauchy evolution

past null infinity Fix gauge using CCE/CCM
 Both have intrinsic error

Expansion truncation error Numerical truncation error
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Thank you!
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