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Self Force

post-Newtonian &
post-Minkowskian methods

Separation —»
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Analytical Selt Force

We have to solve analytically the Teukolsky equation for generic spin
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Analytical) Scalar Self Force

We have to solve analytically the Teukolsky equation
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We have to solve analytically the Teukolsky equation




Analytical) Scalar Self Force

We have to solve analytically the Teukolsky equation




Mis for background
guantities

Forces, Fluxes and Scattering angle

We define the components of the force as

=l VoW

The presence of a force modifies the energy, the angular momentum of the




Mis for background
guantities

Forces, Fluxes and Scattering angle

We define the components of the force as

—2ph —  Teukolsky Eq for




Solving Teukolsky Equation

Solve the mode decomposed homogeneous solutions in the Fourier domain;
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1) Homogeneous Solutions
0O = oI’

We have four different (physical) boundary condition that we could impose
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Images and text taken from A. Pound, B. Wardell “Black hole perturbation theory and gravitational self-force”



1) Homogeneous Solutions

Rll;}l (r) has no outcoming wave from past

horizon, while Rl‘;fw(r) has no incoming wave at past infinity.
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Images and text taken from A. Pound, B. Wardell “Black hole perturbation theory and gravitational self-force”



Homogeneous Solutions

The solution obtained with MST approach takes the form
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1) Homogeneous Solutions

However, we don't need the full expressions and we can use the PN
expanded solutions
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l[nhomogeneous Solution

We construct the Green function
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1Time domain solution




1Time domain solution

In the bound case we have specific frequencies, hence the integration
s trivial. In the unbound we have to perform the integrations explicitly!

We rewrite the PN-expanded Green function as




1Time domain solution

In the bound case we have specific frequencies, hence the integration
s trivial. In the unbound we have to perform the integrations explicitly!

We rewrite the PN-expanded Green function as




The bar is used for (rescaled) adimensional guantities

Time domain solution: local terms

The local terms are straightforward




The bar is used for adimensional quantities

Time domain solution: non-local terms

The non-local terms required great care and we will discuss only
el

We define y = ' — f have




The bar is used for adimensional quantities

Time domain solution: non-local terms

By using dimensional regularisation we are able to regularize
the Integrals and we get




Summation over ([, m) ano

regularisation at particle position

This step uses standard procedure for summation of spherical
harmonics.




Results

We firstly need the forces, that can be split in conservative and dissipative
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e = qg*luM

Conservative Scattering Angle
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Conclusion

Our results are the first attempts to systematically address analytically the
scattering problem in Selt Force;

e \We are now computing fluxes in the gravitational scattering, but pushing the

sion means performing the integrals of log*(—iw) with k > 1.
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Analytics vs Numerics

We compared his numerical results for v = 0.2 and our analytical expressions.

We compared both the dissipative and conservative scattering angle,




Dissipative Sector

Comparison Dissipative NUM vs ANALYTICAL

e Dissipative Numerical v=0.2

Dissipative X4 PM

— Dissipative xs5pm

Numerics provided by O. Long




Dissipative Sector

Residue in Dissipative Sector

Dissipative x4pm

e Dissipative xs5pm

We could go beyonad
L 5PM!!

120

140 Numerics provided by O. Long




Conservative Sector

Comparison Conservative NUM vs ANALYTICAL

80 100

e Conservative Numerical v=0.2

Conservative X4pm

— Conservative xsppm

Numerics provided by O. Long




Conservative Sector

Residue in Conservative Sector

Conservative X4pm

e Conservative Xspm

5PM is already hitting the

numerical precision!
140 Numerics provided by O. Long




Comparisons with literature

Dissipative sector compared against Barack et al. [15] up to
4PM + Jones and Ruf [18] for the horizon flux at 3PM.

The conservative sector Is trickier because it contains two
undetermined parameters, i.e. Wilson coetficients, at 4PM, from |1
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Comparisons with numerics

Our values of ¢; and ¢, () were recently used in

Black hole scattering near the transition to plunge: Self-force and resummation of
post-Minkowskian theory

Oliver Long ®,! Christopher Whittall ®,2 and Leor Barack ©®?
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> Mathematical Sciences, University of Southampton, Southampton, SO17 1BJ, United Kingdom
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To construct a Post-Minkowskian resummation of the conservative scattering
angle to compare against the numerics, showing the validity of our results.



