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What await to be modeled

A minimal list for the nonlinear effect

Last 100 ms
) € Large amplitude oscillation leads to
9 10 : anharmonic oscillators kwon +, 2410.03831,
O emnanm 2503.11837; Pitre & Poisson, 2506.08722]
o ringing
- pOint S T : :
O 104 Partiose ‘L * Tidal field torques the star inhomogeously;
> CGime : :
= tidal-spin effect [vu & Lau, PRD (25); Reboul-Salze +(inc
= at 2017 HJK), ASA (25)
‘B 10—46. | / L .
c 10 " W € Whether resonance hits its saturation
Q ~__ VA . .
L2 A 4 before passing the resonance window
% plan for 2027 28 Finite-size effects
5 1078 ——5 —3{3 Signals ~ 100 ms before merger = even
» f (Hz) stronger gravity + dynamical matter imprints
Chatziioannou et al., arXiv:2407.11153 Numerical Relativity is the ultimate tool!
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l. Nonlinear effects revealed
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The first simulation of f-mode resonance

t = 0.00 ms
(The mode moving against spin has lower frequency)
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(The mode moving along the tidal field is enhanced)
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10 levels of mesh refinement, 1M cpu hours, more than 15 orbits
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Considerable back-reaction to the NS

Dimensionless spin parameter cJ/GM?

— negative: counter-rotate

19 ms 40 ms —1ms * ANharmonic oscillator:

- Tidal-spin effect: R Pya—> 83 orbits —  Nonlinear selt-interaction of

~ 3.7 f-mode blue shifts its

tapping orbital angular
momentum that REQIrst incicator response frequency [ kwon +,
2410.03831, 2503.11837; Pitre &

differentially whirls the Poisson, 2506.08722 ]

star [ yu & Lau, PRD ('25); =04
Reboul-Salze (incl HJK) +, A&A —Az—125m  *As aresult, lock the tidal
(25)] 045 - P . Iy pattern with the orbit =
_____________________ AT o™ maximize torquing
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Two phase spaces for hidden structure:
« &, = (J, E): specific angular momentum and enegy
.+ & =(F, Q) F=u'u, (i.e., rotational law)
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Shown for the first time by using NR

Mass-distribution in &,

few = 551.40 Hz few = 671.35 Hz fow = 717.90 Hz

Tidal saturation: f—mode 00 Fisea™ Fise™
motion reaches the ISCO Initial state Res. Onset Res. Saturate
. . 0.9 ‘
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Shown for the first time by using NR

Induced differential rotation

Considerable differential rotation Required more E and J than rigid rotation
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Il. Huge impact on waveform
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Implication/Complication on waveform — |
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Implication/Complication on waveform — i

w Late-time ratio J'res/jgw ~ (.25

2. Coherent dissipation as GW w E_.. of two NSs = 50 % more dissipation
- Rate of angular moment loss via GW: J,,, « D™ ' Balance eq. = reduced 0.67 0,
» Rate of angular moment to fuel f-mode: jres x D3 prediction (dashed)
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lll. Toward next-gen waveform modeling
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Mass distribution on &', uncovers

» A component of differential rotation
» Two oscillating patches for 3
dynamical tides S
S 2
3
J
. =
How do these help modeling?
- Modified const-j law
1k

« f-mode contribution extractable

Shown for the first time by using NR

Toward a phenomelogical rotational law

In post-resonance epoch

Jow = 935 9726 Hz
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Summary
O High-precision GRHD simulations are now capable of resolving the tidal
resonance effect: to cover the final patch of BNS parameter space!!
O A need to improve waveform modeling is highlighted

— A naive way to modify the EOB here is for sure not realistic, but
nevertheless indicates that an analytic model including resonance is
possible

O Nonlinearities should be phenomenologically modeled for better fidelity
of waveform models

— Minimal list: differential rotation and anharmonicity

— Useful info: a simple rotation law
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Thank you
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