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Gravitational Waves meet Amplitudes in the Southern Hemisphere

Towards 5PN in compact binary dynamics
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Southern emisphere GWV observatories are less
necessary than in the electromagnetic case
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Gravitational Wave Observatories

It is even more important to have programs like this to grow
a strong and global community of GW/GR enthusiasts



..before we start:

Compact binaries  are the new hydrogen atom

Hydrogen

Non-metal

Simple and rich of features at the same time

Instrumental to improve our understanding of certain
dynamical regimes/configurations



ok let’s be pragmatic

we need accurate WF’s
(especially the phase)

circular orbit

conservative
dynamics

E(Ld) — PGW (LU)

(Schott terms can be put on either side!)

balance equation:

PN is the phenomenologically relevant perturbative scheme




PN, PM, SF OPN 1PN 2PN 3PN 4PN 5PN 6PN 7PN
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(even more striking for the scattering angle)



2PN PN iteration

Problems in inverting Poisson operators

3PN ADM, PN iteration, surface integrals
First divergencies: Hadamard and dimensional regularisations

4PN  ADM+SF, Fokker lagrangian, EFT
Physical IR divergencies killed by tail contributions
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First appearance of highly nontrivial 4-loop integrals:
resort to particle physics technology



5PN, Tuttifrutti Bini et al.

HIY )\ EOB OB test particle limit

1IPM 2PM EOB - PM

AT 1SF redshift z translated into Heog
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34 out of 36 coefficients of local c.o.m. Hamiltonian

(and 147 out of |51 6PN local terms)



5PN, ab initio

Potential
modes

(including finite size effects)

Memory
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5PN, potential modes Blumlein et al.

O(10%) diagrams in EFT calculation
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5PN tails (tails computed for all multipoles)
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Dissipative contributions: in-in formalism
(irrelevant for potential modes and tails)

Zseff /D ZStot ZE h]

Stat CU h] — Stot [$1> hl] — Stot [3327 h2]

L — X1 — 9
Ty = %(5131 + x2) 5S€ff ['/“U——] —
<h—h—|—> = Gret 0x xr_ =0
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the dynamics is conservative
and one can avoid using Keldish variables



Memory and double emission

5PN, finite and local-in-time

X4PM O(VQ)

To be recomputed taking into account of

Ward correction



Simple self-energy diagram

at 2.5PN does not contribute to the conservative
dynamics, gives only dissipative effects
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Conservative and dissipative terms

balance equation E — Ma -V ambiguity due to Schott terms
e.g.
_ BT . (5) _ 2
m E = pa "V = —EQij Qij — _EQij _|_VSChOtt
G Hw, (3) 3
VSchott — T = [Q’LJ Qij _ Q@'j ng}
Q+ Q- D
‘ ‘ half-integer PN, do not get mixed with conservative part
1
l . . . . . °
. dissipative term is nonlocal, still do not get mixed
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/ é \ 5PN local dissipative, mixes with conservative

potential contributions

Qi; Qmn QR
and the same for A RBT?2



SPN dynamics missing elements

Tuttifrutti: two 2FS coefficient and dissipative?

PM: SPM and 6PM but no new 5-loop integrals at 5PN

and memory!

EFT: memory scattering angle test

New features: © memory, nonlinear radiation reaction
® mixing of conservative and dissipative terms

partial Tuttifrutti results

What to expect at 6PN potential done with both EFT and PM up to G4
5 and 6-loop integrals at  O(G®)



GWV radiation Blanchet et al.
done in MPM formalism up to 4.5PN

General solution in far zone ( )
Matching with near zone (source moments)

Knowledge of 4PN source dynamics

IR and UV divergencies involved at 3PN (tails-of-tails) ﬁ :
Subtle gauge issues —_—
Tail-of-tail-of-tail, memory-of-tail and tail-of memory

i i

GWV phase known at 4.5PN
in principle extendable up to 5PN or even 5.5PN

demonstrative 2PN calculation in EFT



Spin

S (~+1PN)

EFT: __T__
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Renormalisation group analysis

less predictive, more general:

universal

Uv
divergencies

» renormalization > IR




Leading logs from renormalisation group
analysis at arbitrary high PN order

Goldberger, Ross, Rotstein
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Perfect agreement

Kavanagh et al.

self-force mo <K my VS

C;Qng::445503488
log 496125

3PN _ 5017776128
log 2083725

C;QﬁNr::133151707332608
log 27348890625

OPN 68019046365134848
Ci 6 —
log 3614900546875

sopn  07666082665077932032

PN EFT
+

RG flow
+

1st law
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Clog7 —
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n=3...7



