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Brief Recap of Existing BNS Models

Consider a frequency-domain gravitational waveform

h(f) = A(He ™D w(f) = vo(f) +Pso(f) + vss(f) + s (f) + P (f) + ... (1)

1. Models geared toward describing BNS systems typically start with the
analytical PN formalism

/ T 2. Current analytical knowledge for tidal effects ¢ enter at 5PN and
( ' known up to 7.5 PN order
— only accurate for low v, large r — often recast into the

' ’: | effective-one-body (EOB) formalism, including SEOBNRv4T and
— TEOBResum$

3. Phenomenological Models® also exist, many directly calibrating to NR
Tidal effects play a role in the simulations, e.g. NRTidal
coalescence of binary neutron . . .
stars “Kawaguchi+ (2018). arXiv:1802.06518; Dietrich+ (2018).

arXiv:1706.02969v2; Dietrich+ (2019). arXiv:1905.06011, Abac+ (2023).
arXiv:2311.07456v2, Williams+ (2024). arXiv:2407.08538
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NRTidalv3 at a Glance

Closed-form, modular, and efficient expression describing the (2,2)-mode tidal phase contribution of binary
1

neutron star mergers
Incorporates a larger set of NR waveforms, with a wide range of EoSs, non-unity mass ratios, and dynamical
tides?, and is constrained with the 7.5PN expression of the tidal phase®, applicable up to merger. The
frequency-domain tidal phase representation are (0 = Mw; = = (@/2)2/3; Ra,B x Aa B):

1/)TNRT3 — _ EﬁethS/Q + , (2)

c.f. NRTidalv2: _

YR = Tl e . kg = (3/16)A. (3)
Reviewed and implemented in LALSuite: NRTidalv3 is almost as efficient if not more efficient than
NRTidalv2.

IDietrich+ (2018). arXiv:1706.02969v2; Dietrich+ (2019). arXiv:1905.06011, Abac+ (2023). arXiv:2311.07456v2
2Steinhoff+ (2021). arXiv:2103.06100v2

3Henry+ (2022), arXiv:2005.13367
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Recipe for NRTidalv3 } G @.@

wTNRT?) = - Eﬁewtx5/2 + . (4)

Frequency-Domain effective enhancement factor for the Love number:

T ~ 81—1 81—1 82(81—1) “
Y @) =1+ ~ — — w 5
O = s T 1 oxp(oas) 1 [oxp(sass) + 11 ®)
Then — ka,pkST(@). We also use the ansatz
1+ it + ﬁg‘/zx?’/f + ﬁg‘%? + g,z 4 ngta® ©
1+dix+ d§/2x3/2 ’

where [n? /f ) n? B 425 are calibrated to EOB-NR hybrids, and the rest to the 7.5PN expression
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Fits in Frequency-Domain with 55 EOB-NR Hybrids

Calibration set: 55 BNS NR waveforms from SACRA and CoRe (BAM) with A4 p € [43,4361] and ¢ € [1.0,2.0]
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Fits in Frequency-Domain
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Time Domain Dephasing Comparisons with NR simulations

Can be employed for M4 g = [0.5,3.0]Mg, Aa,g = [0,25000], and |xa,5| < 0.7

8 BAM waveforms; 2 SACRA waveforms; 2 SpEC waveforms
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Frequency-Domain Comparisons with NR
with respect to BBH model + EOB-NR Hybrid Tidal Data
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Mismatch Comparisons: Non-Spinning Case
4000 random configurations: Ma, g € [0.5,3.0]

SEOBNRv5_ROM_NRTidalv3 vs IMRPhenomXAS_NRTidalv3 vs IMRPhenomXAS_NRTidalv3 vs
SEOBNRvAT SEOBNRv4T SEOBNRv5_ROM_NRTidalv3
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Parameter Estimation: GW170817, low-spin prior

Following Bayes’ theorem; speed improvements with mult1bandmg, 30 min. for aligned spins, 60 min. for precessmg
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Some Applications of NRTidalv3

3.5 B LVC GWTC-1
BN this work
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Koehn+ (2024). arXiv:2402.04172

Does the System Contain a NS: logy (OfYS)
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Takeaways and Outlook @’)ﬁ

NRTidalv3 improves upon previous versions by including dynamical tidal effects, larger NR set for
calibration with high-mass ratios across various EOSs.

NRTidalv3 is as efficient, if not more efficient than NRTidalv2 counterparts, despite more physics included
and the more complicated form.

Available in LALSuite, and can be employed for M4, g € [0.5,3.0] Mg, |xa,8| < 0.7, and Aa g € [0,25000]
Consistent with previous LVK PE analyses with slightly tighter constraint on ]\, also slight (but statistically
insignificant) preference for IMRPhenomXP_NRTidalv3 than IMRPhenomPv2 NRTidalv2 and
IMRPhenomXP_NRTidalv2

Has been applied in constraining the EOS of supranuclear dense matter

Potential extensions include higher-mode waveforms and calibration to future NSBH systems
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