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Quasi-local contribution to the gravitational
self-force

W.G.A., É.É. Flanagan and A. Ottewill
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Matched Expansions

• Poisson and Wiseman, Capra 1.

• Green’s function:
Gbare

ret = Gdir
ret + Gtail

ret .

• Self-force(Quinn & Wald; Mino, Sasaki & Tanaka ):

fαself(x) = −4µ2
∫ +∞

−∞
∇α

xG
tail
ret (x, x′)ρ(x′)dτ ′.

• Can isolate Gtail
ret easily near particle.

• Can calculate Gbare
ret by mode sum farther from particle (where

sum converges more rapidly).
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• Equivalent expression:

fαself(x) = −4µ2

[∫ λ

−∞
∇α

xG
bare
ret (x, x′)ρ(x′)dτ ′

+

∫ 0

λ

∇α
xG

tail
ret (x, x′)ρ(x′)dτ ′

]
.

• Hadamard form (normal neighbourhood):

Gbare
ret (x, x′) =

1

4π
[ U(x, x′)δ(σ(x, x′)) + V (x, x′)Θ(σ(x, x′))] .

• Identification:

Gdir
ret =

1

4π
U(x, x′)δ(σ),

Gtail
ret =

1

4π
V (x, x′)Θ(σ),
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Expansion of V (x, x′)

• In literature (Allen, Folacci and Ottewill, PRD38, 1988.)

• Normal coordinate expansion of V (x, x′):

Vαβµν = v0
αβµν + v0

αβµνρσ
;ρ + (

1

2
v0
αβµνρτ + v1

αβµνgρτ)σ
;ρσ;τ

+(
1

6
v0
αβµνρτλ + v1

αβµνλgρτ)σ
;ρσ;τσ;λ +O[(σ;ρ)4].

• Quasi-local self force:

fα = −µ2(Cα
ξηβCγ

ξη
δ u

βuγuδλ2 +

[?(C2);α

+(?CβξηγCδ
ξη
ε
;α+?Cα

ξηγCδ
ξη
ε;β+?CβξηγC

αξη
ε;β)uβuγuδuε]λ3

+O[λ4].


