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® EFT principles and results
® diagrammatic expansion, method of regions
® near zone
® far zone, tails and memory

® High PN logs
® relation between logs and power emission
® |eading logs from renormalisation group



Length scales in a binary system:
a double hierarchy
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up to 5PN
no spin

*during the inspiral phase

**during the inspiral phase and for compact objects



Integrating out the gravitational field
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Method of regions: near zone




Method of regions
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multipole expansion and matching
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Method of regions

UV divergencies

UV and IR l
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605 diagrams to evaluate at 4PN IPN
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G> (50 relevant at 4PN, out of |64)
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Newton’s potential derived in momentum space, and to use dimensional regularization
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One example at O(G?)
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O(G?): two-loop integrals
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O(G*,G”) :asystematic reduction pipeline

_. s /T
Agg = = -2 I(SJTCN)S ((3 ‘12) mlmg) —{:\|\\;b— [4\"49] N

write amplitude

using Feynman rules N
iV49

[“V49]E [ 5 3 1.2 .7 1.7 o 5 5 R
kykakake Ky P35 K3 P Kyp Rig k3g K5y kg,

Nag = (ky - k3 kyz-kog — ky - k2 ks - Rag — Ky - kog ks - Ky2) x
(P2 - k23 Pa-Kksq +Pa-Kos p2-ksa— p2-pa kas-ksq) .

AN TN A L
express amplitude in terms of —t_| ™ [Nag] = €1 — —+e—{ ) vos—— YN &
Xp plitude | \__f/ G/k 4:\ )<>~ (——

Master Integrals <

P
A_ TN
A S

o Gamim3

. ) — A xp-r ' — 4)_ &
get the result: Lg =-ilim f,,‘-’ At = (32-37")——

Procedure automatised at 5PN and
(partially) up to 6PN by Blumlein et al.



Simple self-energy diagram
(emission)
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does not contribute to the conservative dynamics,
gives only dissipative effects

2T ko
-—G I;j (ko)1 (—k :
3 /k,ko ]( O) ( O)k2 - k(%

Power emission from imaginary part with
Feynman boundary conditions (optical theorem)

Radiation-reaction in Keldysh formalism



Hereditary terms: tail and memory
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UV poles and nonlocal terms associated with tails:
(not with memory)
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IR and UV divergencies

near zone : radiation zone
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A glimpse at 5PN
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Gauge invariant energy
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Gauge invariant energy up to 4PN
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Logarithmic terms up to 7PN
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Leading logs from renormalisation group
analysis at arbitrary high PN order
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Similarly, for the angular momentum:
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and for the quadrupole
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Perfect agreement between

self-force and
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Gauge invariant energy up to 4PN
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Conclusions

Compact binary systems
as hydrogen atom for GR

enomenology

Masses in the Stellar Graveyard

in Solar Masses
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