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NS EOS and NS mergers:

o equation-of-state (EOS) of cold dense 
(asymmetric) nuclear matter unknown

o cannot be directly probed with 
current terrestrial experiments

o but these conditions are reached in 
NS interiors

???
𝑃

𝜌



Constraining the nuclear EOS using NS Mergers

NS EOS and NS mergers:

o neutron star 
mergers can 
produce many 
observable 
signatures!

Fernandez & Metzger (2016)
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(1) Tidal Deformability:

o finite-size corrections to GW waveform

o (almost) direct constraint on NS radius

o GW170817 ⇒ 𝑅!.# < 12 − 13 km

Capano, Tews, …, BM, … (2020)

(LVC+17; Fattoyev+18; Annala+18; Raithel+18; De+18; 
LVC+18; Landry&Essick19; Coughlin+19; Capano+20)

[and many many more…]



Constraining the nuclear EOS using NS Mergers

(2) Post-merger GWs:

o 𝑓$%&' of post-merger GW 
emission (remnant oscillation) 
correlates with NS size

o but hard to detect!

(Bauswein&Janka12; Bauswein+12; Chatziioannou+17; …)

Bauswein & Janka (2012)
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Constraining the nuclear EOS using NS Mergers

Multi-Messenger Constraints:

o merger outcome determined by:

o NS EOS

o initial conditions 
(binary mass, mass ratio, spins, eccentricity)

[+ nuclear & atomic physics of r–process nuclei, 
viewing angle, neutrino transport?, magnetic fields?]

EM

GW

⇐ infer
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(3) Energetics:

o if merger remnant formed “long-lived” NS then its 
large rotational energy would be tapped

o this is not seen for GW170817 

⇒ 𝑀!()*!( ≳ 1.2×𝑀+,-

⇒ 𝑀+,- ≲ 2.2𝑀⊙
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(BM&Metzger17; …; Shibata+19)
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Constraining the nuclear EOS using NS Mergers

(4) Ejecta Mass:

o if merger remnant collapsed “promptly” then 
ejecta mass would be low

o GW170817 kilonova implies large mass

⇒ 𝑀!()*!( < 𝑀451%65(𝑀+,-, 𝑅!.7)

⇒ 𝑅!.7 > 10.3 km
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(Bauswein+17; Radice+18; though see Kiuchi+19)
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(5) Detailed Kilonova Modeling:

o can use numerical relativity simulations + radiative 
transfer to quantitatively map binary parameters + EOS 
properties to kilonova light-curve

(Coughlin+18; Radice&Dai19; Coughlin,Dietrich,BM+19)
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Constraining the nuclear EOS using NS Mergers

EM-only Constraints:

o merger outcome determined by:

o NS EOS

o initial conditions 
(binary mass, mass ratio, spins, eccentricity)

o without GWs: no info about initial conditions (mass)

o must assume a binary NS mass distribution…

Kiziltan et al. (2013)
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(6) “GRB=BH” Assumption:

o if: 
o binary NS mergers are the exclusive progenitors of SGRBs

o GRB jet can only be launched through BH-accretion
⇒ merger remnant must collapse to BH relatively quickly, i.e. 𝑀)*+,&- ≲ 1.2𝑀!"#

o further, if:
o 𝑀)*+,&- ≈ 1.35𝑀⊙ + 1.35𝑀⊙

o then: 
𝑀+,- ≲ 2.2𝑀⊙ (Lawrence+15; Fryer+15)

[Galactic double NS mass distribution]
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(7) SGRB Radio Follow-up:

o similarly assumes: 
o binary NS mergers are the exclusive progenitors of SGRBs

o some binary mass distribution

o if 𝑀./0&12 ≳ 1.2𝑀+,- then:

o ∼ 10/0erg of magnetar rotational energy should be injected 
into surroundings 

o ⇒ produce bright radio emission at late times 

(Nakar&Piran11; BM&Piran15; Hotokezaka&Piran15; …; BM&Piran20)
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(7) SGRB Radio Follow-up:

Schroeder, BM, … (2020)

o SGRB radio follow-up 
constrains this scenario

(Metzger&Bower14; Horesh+16; Fong+16; 
Klose+19; Liu+20; Schroeder+20)
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(8) SGRB Extended X-ray Emission:

o similarly assumes: 
o binary NS mergers are the exclusive progenitors of SGRBs

o some binary mass distribution

o also assumes:
o magnetar model for extended X-ray emission  

o within this model: can constrain magnetar and EOS 
parameters from X-ray light-curves

(Fan+13; Lasky+14; Gao+16; …; Sarin+20)

(Metzger+08; Rowlinson+13)



Constraining the nuclear EOS using NS Mergers

Summary:



Constraining the nuclear EOS using NS Mergers

Summary:

o NS mergers have already provided numerous 
constraints on the cold dense matter EOS!



Constraining the nuclear EOS using NS Mergers

Summary:

o NS mergers have already provided numerous 
constraints on the cold dense matter EOS!
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2. post-merger GWs

3. EM-inferred energetics
4. ejecta mass
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6. “SGRB=BH” assumption
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