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Masses in the Stellar Graveyard
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Approximation schemes
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Outline

# PN and BHP solutions for ICBs in circular

orpits
# Eccentric corrections and hybridisation

# Model systematics : impact of mass-ratio,

eccentricity and higher order BHP terms



# Taylor series expansions in small parameters such as internal source velocities
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Approximation schemes

Point particles, multipolar expansions etc.

# High order computations (nontrivial due to IR divergences)

Detector LIGO/Virgo ET LISA
Masses (M) 1.4 x 1.4 10 x 10 1.4 x 1.4 500 x 500 10° x 10° 107 x 107
PN order cumulative number of cycles
Newtonian 2562.599 95.502 744 401.36 37.90 28095.39 9.534
1PN 143.453 17.879 4 433.85 9.60 618.31 3.386
1.5PN —94.817 —20.797 —1005.78 —12.63 —265.70 —5.181
2PN 5.811 2.124 23.94 1.44 11.35 0.677
2.5PN —8.105 —4.604 —17.01 —3.42 —12.47 —1.821
3PN 1.858 1.731 2.69 1.43 2.59 0.876
3.5PN —0.627 —0.689 —0.93 —0.59 —0.91 —0.383
4PN —0.107 —0.064 —0.12 —0.04 —0.12 —0.013
4.5PN 0.098 0.118 0.14 0.10 0.14 0.065
NPN = ven ]




PN-BHP comparisons
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Eccentric Case
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lmpact of mass ratio on #
GW cycles : PN contribution

L4 V=1000 Msun, g=200
» flow=0.0THZ, fup = Tiso
L 3.5PN (circular) 3PN (Eccentric)
# 12PN (circular) & 5PN (Eccentric)
PN Order | (ANg ) - ANpET ) | (ANSLE) - ANEPCD) [ (AN - ANDIPED) | (AN - ANSTTT)
ey — ep =0 ep = 0.1 ep = 0.2 eo = 0.3
0 PN 0 0 0 0
1 PN 293.963 -23316.496 x 1077 -2.479 -9.671
1.5 PN 0 0 0 0
2 PN 4.351 -5023.803x 10 -0.223 -0.541
2.5 PN 0.515 -229.227 x1077 -1028.718 1077 -2400.073x 107
3 PN 2.917 -279.143x107° -1105.646x 107 -2393.290x 107
3.5 PN 0.2 - - -
Total cycles accumulated 301.746 -0.288 -2.724 -10.260
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lmpact of higher order
terms in BHP theory on
# GW cycles

PN Order | ANZHECN | ANBEPC) | ANPEECD | A N EEPD
eg — eg = 0 eg = 0.1 eg = 0.2 eg = 0.3
3.9 PN - -350.27x107% | -140.11x 1073 | -315.245%x107?
4 PN -63.011 423.11x107* | 169.24x1072 | 380.80x10~3
4.5 PN 47.008 -12.82x10~* -5.13x1073 -11.54x1073
5 PN -51.388 13.39x 1074 5.36x1073 12.05x107°
5.0PN-12PN 26.49 - - -
Total cycles accumulated -40.90 73.41x10~* 29.36x107° 66.07x107°

Likely to be more relevant for higher mass ratios
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phase comparisons (€~0.3)
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22 mode amp comparisons
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22> mode comparisons
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SNR/Vn

Impact of eccentricity on SNR
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Summary

# Compact binaries involving at least one IMBH and a stellar or
supermassive BH can be classified as IMRIs and should be
detectable by detectors in space and on ground.

#  Analytical solutions from perturbative approaches in GR may be
combined to obtain models that may help detect and extract
oroperties of these sources.

# Based on simple SNR estimates, once may be able to infer the
presence of higher modes and/or eccentric nature of the binary.
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additional slides
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Horizon distance/Mpc

Coherent inputs
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PN-NR comparisons
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Construction of Target WF
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A quadrupole mode model
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|MR construction
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— GW Captures
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