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Post-Minkowskian

00 2 3 4
log,,(ms/m;) Barack et.al [2304.09200]

|

Unbound System

G
=L



OPM
1PM

2PM
3PM
4PM
5PM
cPM
/PM

(1+ v? ot 4+ 0% 0 ot o Mt
(1—|—'U2—|—v4—|—v6—|—f08—|—f010—|—v12+---
(1 + P+ ot + 0% 40 0 4

(1 + v+ v* + 0% + % 4+ -+

G

OPN 1PN 2PN 3PN 4PN 5PN 6PN

(1 + v*+ 0" + % +
(1—|—v2—|—v4—|-
(1 + v*+

(1 +

Buonanno, Khalil, O’'Connell, Roiban, Solon, Zeng [2204.05194]

e N S e S S S SN

post-Minkowskian

10'§

periastron distance r,c?/GM

—
(an)
(=]

eccentricity e

Khalil, Buonanno, Steinhoff, Vines
[2204.05047] J

v




OPN ﬁﬁ ﬁ ﬁ 5PN| 6PN
OPM (1+ v Ho' f10° Ho° __,010__,1)12_'_,014_'_“.)
1PM G [(1 Ho? ot Ho® Ho® o ot )
2PM -+ G (1 v? Hot 08 F0¥ H 0!+ ) 5 1
3PM +G° (1 v? H ot 0+ 0® + ) %mg
4PM + G4 (1 L2 bt L8 & ) % post-Minkowskian
5PV +G° - (1 | -2 I S ) émz.
6PM - +G° R CEET I
7PM +GT (14 ) w A
-+ - eccentricity e

Khalil, Buonanno, Steinhoff, Vines
Buonanno, Khalil, O’'Connell, Roiban, Solon, Zeng [2204.05194] _[_2204-05047]




opN| [1Pn][2pN] [3PN] [4Pn] (5PN 6Pn

OPM (1+ v Ho' {1 0° Ho° __010__,012_'_,0144_“.)
1PM G (1 v ot 7161—’08——1)104—/0124—-.-)
2PM -+ G (1 v? H ot 0% F0® H 0!+ ) 5 1
3PM +G° (1 v H ot F 0+ 0B+ ) %103
4PM - + G (1 H o2t o8+ ) & post-Minkowskinn
5PM +G° o (1§ v Ikt 4 o) éwz'
6PM 4+ G° (1 f oo ) B
7PM - +GT (14 ) i

+ - eccentricity e

Khalil, Buonanno, Steinhoff, Vines
Buonanno, Khalil, O’'Connell, Roiban, Solon, Zeng [2204.05194] _[2204-05047]




OPM
1PM

2PM
3PM
4PM
5PM
cPM
/PM

e N N e S S S SN

ﬁﬁﬁ ﬁ ﬁ 5PN} 6PN
(14 o2 Ho* 4] o® Ho® o0 o2 b o+
G (1 Hv*Hov* Ho® Ho® +0° F o'+
+ G? (1 v ot [0 Flo® B 0! +
+G*? (1 H v° ] v*  0° + ° +
e (1 4] v* 0" + ° +
+G° (1 FH P E ot +
+G° (1 P+
+G7 (1 +
T .

Buonanno, Khalil, O’'Connell, Roiban, Solon, Zeng [2204.05194]

—
e
i=N

[
ja)
w

post-Minkowskian

—
)
(V]
i

periastron distance r,c?/GM
—
5

—
@)
(=]

eccentricity e

Khalil, Buonanno, Steinhoff, Vines
[2204.05047]

N 24



The Post-Minkowskian (PM) Expansion
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Vaidya [1410.5348]
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Comparison to the well-established MPM waveforms:
Bini, Damour, De Angelis, Geralico, Herderschee, Roiban, Teng [2402.06604]
Georgoudis, Heissenberg, Russo [2402.06361]

15



Kosower, Maybee, O’Connell [1811.10950]
Cristofoli, Gonzo, Kosower, O’Connell [2107.10193]
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Kosower, Maybee, O’Connell [1811.10950]
Cristofoli, Gonzo, Kosower, O’Connell [2107.10193]
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Kosower, Maybee, O’Connell [1811.10950]
Cristofoli, Gonzo, Kosower, O’Connell [2107.10193]
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Kosower, Maybee, O’Connell [1811.10950]
Cristofoli, Gonzo, Kosower, O’Connell [2107.10193]
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LB, Ita, Kraus, Schlenk [2312.14859]

M :Mtree+MIR_|_MUV _|_Mtail_|_Mﬁnite

Scalar case checked against

Brandhuber, Brown, Chen, De Angelis, Gowdy [2303.06111]
Herderschee, Roiban, Teng [2303.06112]
Georgoudis, Heissenberg, Vazquez-Holm [2312.14710]
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Mree (LO) contribution:
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Ménite (NLO) contribution:
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Ménite (NLO) contribution:
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Outlook

» G4 and S? spin corrections

» Rate and parameter space of scattering?

» Bound system Adamo, Gonzo, llderton [2402.00124]

» Fast and stable Fourier transformation required Brunello, De Angelis [2403.08009]
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LB, Ita, Kraus, Schlenk [2312.14859]
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LB, Ita, Kraus, Schlenk [2312.14859]
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Finite amplitude contribution
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LB, Ita, Kraus, Schlenk [2312.14859]
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Finite cut contribution
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LB, Ita, Kraus, Schlenk [2312.14859]
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Tail contribution (scale-dependent)
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LB, Ita, Kraus, Schlenk [2312.14859]
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Weinberg soft theorem Weinberg, 1965
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Exponentiation
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Exponentiation
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Classical interpretation
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Contact term that integrates to 6(|b|) in the FT and does not contribute to the far-field waveform!

Where does the UV pole come from?
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Eikonal region Hard region

Hard region IR
Integral IR Eikonal region UV Integral UV

Scaleless integrals IR and UV

Full quantum amplitude
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