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Tidal (and matter) effects



Tidal parameters inference & wvf systematics
Gamba, Breschi, SB+ [https://arxiv.org/abs/2009.08467]

Updated NS radius measurement:
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GW170817: no significant wvf systematics BUT Λ “double peaked” posteriors …
1kHz cut-off removes double peaks, less wvf baises and shifts to larger Λ (larger radii) for comparable log-like.
Estimated <10% SNR above f > 1kHz; high-frequencies issues in Λ-inference? (Dai+ 2018, Narikawa+ 2019) 

https://arxiv.org/abs/2101.01201

https://arxiv.org/abs/2009.08467


Main challenge

[Gamba,Breschi,SB+ https://arxiv.org/abs/2009.08467]

Tides

Chirp mass

https://arxiv.org/abs/2009.08467




Factorized (resummed) PN waveform [Damour,Iyer,Nagar 2008]
Includes test-mass limit (i.e. particle on Schwarzschild)
Includes post-Newtonian and self-force results
Uses resummation techniques → predictive strong-field regime
Includes tidal interactions (→ BNS) [Damour&Nagar PRD 2010]
Flexible framework → NR informed

[Buonanno&Damour PRD 2000a, 2000b]

Credit: A.Taracchini

Effective-one-body framework in a nutshell

Credit: L.Barak



Hamiltonian
(Newtonian limit):

Waveform:

Tidal coupling constant (Analogous to the reduced tidal parameter Λ  [Favata 2013])])



See also Bini, Damour, Feye 2013]), Dolan+ 2014
Akcay, SB+ [ https://arxiv.org/abs/1812.02744] 

https://arxiv.org/abs/1812.02744


See also
Lai [https://arxiv.org/abs/astro-ph/9404062] 
Kokkotas&Schaefer [https://arxiv.org/abs/gr-qc/950203])4] 

https://arxiv.org/abs/astro-ph/9404062
https://arxiv.org/abs/gr-qc/9502034




Doulis,Atteneder,SB, Bruegmann
[https://arxiv.org/abs/2202.0883])9]

[Gamba,Breschi,SB+ https://arxiv.org/abs/2009.08467]

Accuracy of NR waveforms

https://arxiv.org/abs/2202.08839
https://arxiv.org/abs/2009.08467


Entropy flux-limiter scheme
Doulis,Atteneder,SB, Bruegmann [https://arxiv.org/abs/2202.0883])9] 

https://arxiv.org/abs/2202.08839


Nagar,SB+ https://arxiv.org/abs/1806.01772



The BNS gravitational-wave spectrum

SB+ https://arxiv.org/abs/1504.01764
Breschi,SB+ https://arxiv.org/abs/1908.11418



GW constraints on NS extreme matter
Full-spectrum (mock) analysis using ET (minimum SNR threshold for a PM detection)
NS maximum density to 15% and maximum mass to 12% (90% conf. Lev.)

[Breschi, SB+ https://arxiv.org/abs/2110.06957]

https://arxiv.org/abs/2110.06957


Eccentricity



Quasi-circular BBH, large in-plane 
spins

Highly eccentric BBH, large in-plane 
spins

Head on collision of Proca stars

High mass ratio BBH (q~5-10), plus
large in-plane spins

The strange case of GW190521



Hyperbolic merger: best fitting (maxL) dynamics and waveform

Consistent between the two energy priors employed

Gamba+ [https://arxiv.org/abs/2106.05575]

https://arxiv.org/abs/2106.05575


Results

Capture scenario has higher SNR, evidence and higher likelihood than quasi-circular (or other published) analyses

To reduce systematics, we also re-analyze the 
data using the precessing, quasi-circular NRSurr 
(and reproduce LVC results) and TEOBResumSMasses consistent with LVC



TEOBResumS for generic orbits



● Depending on initial 
energy and angular 
momentum the system has 
one or more encounters

● Above the magenta (N=2) 
line → capture

● Below the magenta (N=2) 
line → scattering

Phenomenology: full GR prediction (w/ rad.react) 

Nagar, Rettegno, Gamba, SB [https://arxiv.org/abs/2009.12857]

https://arxiv.org/abs/2009.12857


Validation: numerical relativity comparisons

NR simulations performed with GRAthena++ + < 1(3])) % matches against RIT catalog

Preliminary

https://arxiv.org/abs/2101.08289


Comparing prescriptions for rad.react.

Albanesi+ [https://arxiv.org/abs/2202.10063])]
Placidi+ [https://arxiv.org/abs/2112.05448] → NCN2PN 

NCN: Noncircular multiplicative/resummed correction to Newtonian prefactor +Fr P02
QC: Quasicircular +Fr [Ramos-Buades+ https://arxiv.org/abs/2112.06952]

QC2PN: QC times 2PN noncircular corrections [Khalil+ https://arxiv.org/abs/2104.11705 ]

https://arxiv.org/abs/2202.10063
https://arxiv.org/abs/2112.05448




BBH scattering: NR/AR comparison

Nagar, Rettegno, Gamba, SB [https://arxiv.org/abs/2009.12857]

https://arxiv.org/abs/2009.12857


More...



Highly eccentric BNS encounters

NR simulations: Stephens+ (BHNS) [https://arxiv.org/abs/1105.3])175] 
Gold,SB+[https://arxiv.org/abs/1109.5128] Chaurasia+[https://arxiv.org/abs/2003]).11901]

Preliminary
Gamba,SB

https://arxiv.org/abs/1105.3175
https://arxiv.org/abs/1109.5128
https://arxiv.org/abs/2003.11901


Intermediate mass-ratio regime



Towards 3G Albertini+ [https://arxiv.org/abs/2111.14149] 

https://arxiv.org/abs/2111.14149


Summary & thanks!
 Today

 Tidal effects:
 Further advances likely require more accurate NR simulations

 Eccentricity and generic orbits:
 Robust framework to be improved with upcoming analytical results

 Last weeks

 GR 2-body problem is rich and historically benefitted of various approaches
 e.g. the EOB map comes from “thinking quantum mechanically”

 Looking forward for more information ...
 … do not lose the big picture: PN/PM/GSF/NR/etc results must be incorporated 

into a coherent framework! (“resum”)



Backup slides





EOS-dependent self-spin terms up to NNLO + bilinear, cubic, quartic nonlinear effects at LO [Nagar,SB+ 2018, Nagar+ 2018]

https://arxiv.org/abs/1806.01772
https://arxiv.org/abs/1812.07923


See also Hinderer 2007, Binnington&Poisson 2009

Love numbers depends on EOS and NS compactness
“inner problem”





Merger parametrization (aka quasiuniversality)
● How to interpret numerical-relativity (NR) data?
● Y-axis: simulation results from multi-orbit NR 

simulations with different EOS, masses, mass-
ratio, spins, etc.

● X-axis: tidal coupling constant (plus effective 
correction for very asymmetric binaries)

● Tidal coupling constant captures strong-field 
features to high precision!
SB+ (2014) [https://arxiv.org/abs/1402.6244]

● Why useful? 
○ Lower bounds for energy, angular momentum, 

radiated to merger (at the end of chirp)
○ GW merger frequency/amplitude 

(not predicted by post-Newtonian methods)
○ Peak luminosity and upper bounds for 

remnant's energy, ang.momentum, etc. 
[Zappa,SB+ (2017)]

 

https://arxiv.org/abs/1402.6244

