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Public database of NR BNS waveforms
https://core-gitlfs.tpi.uni-jena.de/core_database

and ejecta profiles
https://zenodo.org/communities/nrgw-opendata

https://core-gitlfs.tpi.uni-jena.de/core_database
https://zenodo.org/communities/nrgw-opendata


Constraints on EOS after GW170817

NS radius measurement w/ NICER
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Breschi+ [https://arxiv.org/abs/2101.01201] 

https://arxiv.org/abs/2101.01201


GW170817 inference of tidal parameters
Gamba, Breschi, SB+ [https://arxiv.org/abs/2009.08467]

GW 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]

Tides

Chirp mass

https://arxiv.org/abs/2009.08467


Systematics & waveform accuracy

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

https://arxiv.org/abs/2009.08467


Entropy flux-limiter scheme
Doulis,Atteneder,SB,Bruegmann [https://arxiv.org/abs/2202.08839] (see also work by Guercilena+)

https://arxiv.org/abs/2202.08839


Entropy flux-limiter scheme
Doulis,Atteneder,SB,Bruegmann [https://arxiv.org/abs/2202.08839] 

https://arxiv.org/abs/2202.08839


Entropy flux-limiter scheme
Doulis,Atteneder,SB,Bruegmann [https://arxiv.org/abs/2202.08839] 

https://arxiv.org/abs/2202.08839


AT2017gfo inference: tidal par & mass ratio

- Λ & q from color/disk/ejecta mass (Radice,Perego,Zappa,SB  [https://arxiv.org/abs/1711.03647])
- NR-informed semi-analytical kN models (Perego+ [https://arxiv.org/abs/1711.03982])
- Model selection: 3-components + anisotropic models preferred [https://arxiv.org/abs/2101.01201]

https://arxiv.org/abs/1711.03647
https://arxiv.org/abs/1711.03982
https://arxiv.org/abs/2101.01201


AT2017gfo & targeted simulations

- Need at least two components high/low opacities (tentatively ~ dynamical ejecta+ winds ?)
- Spherical two-component models are incompatibile with NR ejecta

Dynamical 
ejecta

w/ Spiral-
wave wind

Disc wind
(upper limit)



Weak interactions in the dynamical ejecta

● Dynamical averaged properties are captured 
by the reduced tidal parameter* and the mass 
ratio

(EOS-insensitive relations) 

● Large uncertainties related to different neutrino 
transport schemes employed in simulations

[Nedora+ https://arxiv.org/abs/2011.11110]

* Λ (or κT
2
 ) = coupling constant of tidal interactions at leading Newtonian order.

https://arxiv.org/abs/2011.11110


Weak interactions in the dynamical ejecta

[Perego,Radice,SB ApJL 2017]   See also [Wanajo+ 2014, Sekiguchi+ 2016, Foucart+ 2017/2018]

Neutrino absorption determines composition and kinetic properties



Leakage+M0 vs M1 gray+

Radice,SB,Perego,Haas [https://arxiv.org/abs/2111.14858]  

Optically thick sources on long timescales
Out-of-equilibrium effects

+ lower nu luminosities

https://arxiv.org/abs/2111.14858


M1 gray+ scheme
Radice,SB,Perego,Haas 2021 
[https://arxiv.org/abs/2111.14858]   

Compare Foucart+ 2016 and Zelmani codes:
 
 * diffusion limit : 2nd order asymptotically 
preserving scheme.

Avoids ill-posed heat equation.
  

 * complete sources : appear necessary even 
for simple tests 

https://arxiv.org/abs/2111.14858


Remnant evolution on viscous timescale

[Radice, Perego, SB, Zhang MNRAS  2018]
[Nedora, SB+ https://arxiv.org/pdf/2008.04333]

● Angular momentum (“super-Keplerian) and 
mass in excess

● Evolution governed by neutrino cooling and 
viscous processes (magnetic turbulence & 
stresses, neutrino absorption, etc)

● Nuclear recombination → Massive winds

[Siegel+ 2014][Perego+ 2014]

Need comprehensive approach !

https://arxiv.org/pdf/2008.04333


Towards exascale numerical relativity
GR-Athena++ [Daszuta+ 2021] based on Athena++ (Stone+)

https://arxiv.org/abs/2101.08289


Complete GW spectrum model
SB+ [https://arxiv.org/abs/1504.01764] 
Breschi,SB+ [https://arxiv.org/abs/1908.11418] 
Breschi,SB+ [https://arxiv.org/abs/2205.09112]

https://arxiv.org/abs/1504.01764
https://arxiv.org/abs/1908.11418
https://arxiv.org/abs/2205.09112


Full-spectrum constraints on M-R diagram
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.)
Recalibration parameters: account for theoretical uncertainties in EOS-insensitive rel.

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

https://arxiv.org/abs/2110.06957


Small “window” of binary parameters (EOS dependent)
Frequency vs collapse time?
Recalibration parameters: are critical here 1,2,...N-sigma (?!)

Radice,SB+ [https://arxiv.org/abs/1612.06429] 

EOS softening from model deviations

Breschi,SB+ [https://arxiv.org/abs/1908.11418] 
Breschi+ [https://arxiv.org/abs/2205.09979]

https://arxiv.org/abs/1612.06429
https://arxiv.org/abs/1908.11418
https://arxiv.org/abs/2205.09979


EOS Softening from model deviations

Small “window” of binary parameters (EOS dependent)
Frequency vs collapse time
Recalibration parameters: are critical here 1,2,...N-sigma (?!)

Be careful concluding something about your favorite EOS model!
Breschi,SB+ [https://arxiv.org/abs/1908.11418] 
Breschi+ [https://arxiv.org/abs/2205.09979]

Radice,SB+ [https://arxiv.org/abs/1612.06429] 

https://arxiv.org/abs/1908.11418
https://arxiv.org/abs/2205.09979
https://arxiv.org/abs/1612.06429


Where do we stand with the modeling?

● Waveforms: NR not yet sufficient for high-
SNR signals (and no alternatives)

● Waveforms: complete model exist now 
but accuracy to be improved

● Post-merger signals & inference: caveats!

● Prompt collapse inference to be improved 
by precise NR EOS-insensitive relations

● Dynamical ejecta: Neutrino heating 
cannot be neglected

● Remnant & winds ejecta: Need 
comprehensive approach to attack 
viscous timescales



Public data release

CoRe www.computational-relativity.org

http://www.computational-relativity.org/
https://core-gitlfs.tpi.uni-jena.de/core_database
https://zenodo.org/communities/nrgw-opendata/?page=1&size=20
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