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Rutherford’s atomic model

Abraham-Lorentz force F = —

Dissipative force
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Collapse of the atom

Particle around Kerr Black Hole

Dissipative & Conservative force
2 (2dg GMc
degc® \ 3 dt ro

DeWitt Force




Electromagnetic self-force on Kerr spacetime

Set-up:

Charged particle on equatorial circular orbit



Electromagnetic self-force on Kerr spacetime

Set-up:

Charged particle on equatorial circular orbit

We are looking for the Faraday tensor Fy,
via Maxwell scalars



Electromagnetic self-force on Kerr spacetime

Set-up:

Charged particle on equatorial circular orbit

We are looking for the Faraday tensor Fy,
via Maxwell scalars

Separation of variable:



Electromagnetic self-force on Kerr spacetime

Set-up: Teukolsky equations (in vacuum)

Charged particle on equatorial circular orbit

We are looking for the Faraday tensor Fy,
via Maxwell scalars

Teukolsky-Starobinsky identities

Separation of variable:
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Solving the sourced Teukolsky equation:
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Solving the sourced Teukolsky equation:

Solution:

Wronskian Evaluated at the particle

T=T'O
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Solving the sourced Teukolsky equation:

Solution:

@ Black Hole Perturbation
Toolkit

Wronskian g} ated at the particle

T'=T'0
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Solving the sourced Teukolsky equation:

Solution:
Ps — @0, 01, 92 — Fozﬁ
Compute the force
Fo = QF&BUB uP = ut(l, 0,0, )
Dissipative part Conservative part
Wronskian g1 ated at the particle Fr=abpu’ = qu' (Frt + QF, )

T=T'O



Electromagnetic self-force on Kerr spacetime

Dissipative component:
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Dissipative component:

Linked to energy (angular momentum) fluxes

Current Killing vector
a __ b
Yo =T,K

Enerqy-momentum
tensor

Y, = F K

Conservation law



Electromagnetic self-force on Kerr spacetime

Dissipative component: t o
—
At Z: 174 T
Linked to energy (angular momentum) fluxes a_h 5
Current Killing vector T =
Ye=T,K"
Enerqy-momentum a
tensor K™ = (1707070) Or (0?0707 1)

Y, = F K

Conservation law
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Dissipative component: ~ F} = quu¢ = Oy + O, with Oy = _1>im /TTZ;\/ —qgdfdo
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Dissipative component: ~ F} = quuﬁb = P + P, with O p = lim / "W —gdfdo
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Dissipative component: ~ F} = quUﬁb = P + P, with O p = lim /Tf';g\/ —qgdfdo
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Dissipative component: ~ F} = quUﬁb = P + P, with O p = lim / "W —gdfdo
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If Oy = —Dy, “Floating orbit” a =099

Electromagnetic case
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Dissipative component: ~ F} = quUﬁb = P + P, with O p = lim /Tf';g\/ —qgdfdo

T—00,T},
a=0
a=0.5
a=0.6
a=0.7
a=0238
a=0.9
a=0.99
Gravitational case Electromagnetic case

TO/M To/M
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Dissipative component: f; = g Ft gbu¢ = Oy + O h

Comparison with the weak field limit

q> (2 dg GMCIA)

F..~ —
self dmegcd \ 3 dt - rd

To/M
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divergent sum!
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parameters” to get a convergent
sum
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Conservative component: F,. = q Frbub — qut ( Frr + QFT(D)

depends on ¢q, ¢, and ¢4

qu’

divergent sum!

Regularisation:

- Expand into scalar spherical
harmonics

- Subtract “regularisation
parameters” to get a convergent
sum

Sém — YSZm _y y'lm

Expand in

Add monopole: F?Q = U

cos(0) (only necessary in Kerr)

(1 —af sin? 0) (9"2 — a* cos? 0)

(7”2 + a? cos? 9)2
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Conservative component: F, = ¢ Frbub = qut ( Frr + QFT(D)

Schwarzschild case a=0
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Conservative component: F, = ¢ Frbub = qut ( Frr + QFT(D)

Kerr case a=1/2
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Conservative component: F, = ¢ Frbub = qut ( Frr + QFT(D)

Kerr case a=1/2
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Thank you!



