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Overview: Constraining EOS in 
multimessenger era 

GW:
Tidal deformability 
measurement (robust)

Op/IR/UV:
Kilonova (mass and 
velocity of the ejecta, 
model dependent)

Gamma Ray:
Off-axis sGRB
(formation of a BH, 
model dependent)

Abbott et al. 2017



Overview: Constraining EOS in 
multimessenger era 

Coughlin et al 2019

Merger product       -> Mtov constraint  ？

Tidal deformability  -> Radius constraint
No prompt collapse -> Radius constraint



Merger products -> Mtov

Shibata & Hotokezaka 2019



EM counterparts  -> Merger products

Negligible shock driven ejecta
Negligible disk ouflow
Red KN dominated

Margalit & Metzger 2017

Injection of spin down power
Abnormally large expansion 
speed of ejecta and 𝐿GRB



EM counterparts  -> Merger products

Ruiz et al. 2018

Long lived remnant
No BH -> No GRB

Prompt collapse
Low B field -> No GRB

HMNS
BH formation + strong B



Previous constraints on Mtov

Rezzolla et al. 2018

• GW170817 most likely 
result in a short-lived 
merger remnant, which 
collapse to BH shortly 
after its differential 
rotation is dissipated.

• For NSs, 
𝑀Kep~1.2𝑀TOV



Motivation for a new analysis
• GRB = BH ?

• Is the remnant really at the mass shedding limit 
when it collapses to a BH??

Rezzolla et al. 2018



Motivation for a new analysis

Radice et al. 2018 argues that the merger remnant has enough angular momentum 
such that the remnant should collapse at the mass shedding limit.
However, this paper doesn’t account for angular momentum loss by neutrino 
emission, ejecta and the rotational profile.



Motivation of a new analysis

Hanauske et al. 2017

Simulation data from Fujibayashi

Conclusion: it’s very likely that the collapsing 
core is not at mass shedding limit when it 
collapses! 



New analysis: the model

• Conservation of rest mass
𝑀𝑏,0 = 𝑀𝑏,𝑓 +𝑀𝑒𝑗𝑒 +𝑀𝑜𝑢𝑡

• Conservation of energy
𝑀𝑔,0 = 𝑀𝑔,𝑓 + 𝐸𝑔𝑤,𝑖 + 𝐸𝑔𝑤,𝑝 + 𝐸𝜈 +𝑀𝑒𝑗𝑒 +𝑀𝑜𝑢𝑡

• Conservation of angular momentum

𝐽0 = 𝐽𝑓 + 𝐽𝑔𝑤,𝑝 + 𝐽𝜈 + 𝐽𝑒𝑗𝑒 + 𝐽𝑜𝑢𝑡

There are in total 15 variables! But we only have 3 relation…
Needs to find more relations!

Details in 
Shibata, Zhou, Kiuchi, Fujibayashi 
PRD 100, 023015 (2019)
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From GW170817 observation, we have initial gravitational mass



New analysis: the model

• Conservation of rest mass
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When certain EoS is assumed, 𝑀𝑏 can be related to 𝑀𝑔 (for any given mass) , 

𝑀𝑏,0 and 𝑀𝑔,0 is related by the factor 𝑓0 in our paper.

By constructing initial data with this certain EoS and perform a simulation 
until merger, 𝐽0 and 𝐸𝑔𝑤,𝑖 are determined simultaneously.



New analysis: the model

• Conservation of rest mass
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The d.o.f of this equation 
system is 6 at the moment



New analysis: the model

• Conservation of rest mass
𝑀𝑏,0 = 𝑀𝑏,𝑓 +𝑀𝑒𝑗𝑒 +𝑀𝑜𝑢𝑡

• Conservation of energy
𝑀𝑔,0 = 𝑀𝑔,𝑓 + 𝐸𝑔𝑤,𝑖 + 𝐸𝑔𝑤,𝑝 + 𝐸𝜈 +𝑀𝑒𝑗𝑒 +𝑀𝑜𝑢𝑡

• Conservation of angular momentum

𝐽0 = 𝐽𝑓 + 𝐽𝑔𝑤,𝑝 + 𝐽𝜈 + 𝐽𝑒𝑗𝑒 + 𝐽𝑜𝑢𝑡

𝑀𝑏,𝑓 can be solved from 1st equation now

𝑀𝑔,𝑓 and 𝐽𝑓 are related to it!



New analysis: the model

𝐽,𝑀𝑔,𝑓 and 𝑀𝑏,𝑓 are related by constructing rotating solutions and find out the 

quantities of the turning points.



New analysis: the model

• Conservation of rest mass
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Blue values are from the observation
Purple values are from the simulations
Red values can be determined once a value of 𝑀𝑒𝑗𝑒 +𝑀𝑜𝑢𝑡 is chosen

Then, with 2nd and 3rd equation, 𝐸𝑔𝑤,𝑝 and 𝐸𝜈 as well as 𝐽𝑔𝑤,𝑝 and 𝐽𝜈 can be 

solved.
Then a consistency check can be done



New analysis: the model



New analysis: the results



New analysis: the results

Note that the matter outside the star can be constrained from observations and 
simulations, so we can roughly know where the star is on the marginally stable 
line when it collaspes to BH. (example for EOS 6)



Influence of drot at collapse
Previous studies are not realistic 

J-const law used in previous studies.
A monotonic omega profile

Actual omega profile seen in NR 
simulations
Hanauske et al. 2016



Influence of drot at collapse

Bozzola et al. 2017
EoS-independent relation for j-const law

Bozzola et al. 2019
Deviations realized when hybrid stars are 
considered



Influence of drot at collapse

Zhou et al. 2019
For 2 different QS models as well as the new drot law
Therefore, it’s safe to use the uniform rotation marginally stable line, even if the 
remnant still rotates differentially at the time of collapse



New analysis: the results



Future prospects

Magnetar model?

• requires high E_gw,p

• requires relatively low B field

• requires larger Mtov (M_supra) but should not 
violate tidal deformability constraint.

Zhou et al. 2019

QSs (e.g. MIT bag model) might be a 
suitable model candidate for the 
magnetar scenario. 



Future prospects

• Indeed, in order to move one step forward from the 
simplest approximation, we have to make more 
approximations since we are touching more details. 
This can be improved in the future by better study 
of long term post-merger simulations.

• Future observation of post-merger GW signal as 
well as neutrino (i.e., exact time of collapse) will 
significantly improve our constraint on EoS models. 


