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STRUCTURE OF POST-MERGER REMNANTS
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Parts of the remnant reach temperatures of several tens MeV. 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De Pietri et al. (2019)Need to construct quasi-equilibrium models.



• 4-parameter rotation law by Uryu et al. 
(2017), with p=1, q=3. 

•The remaining two parameters A, B are 
redefined as  

EQUILIBRIUM MODELS OF POST-MERGER REMNANTS
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Sequences of (cold) equilibrium models of 
post-merger remnants: 
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DENSITY DISTRIBUTION OF REMNANT MODELS
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We find both quasi-toroidal (Type C) and quasi-spherical (Type A) models. 
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ROTATION PROFILES
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The rotation profiles show a qualitative agreement with those extracted from simulations. 
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Iosif, Stergioulas (2021)

Currently: time evolution of perturbed quasi-equilibrium models + hot EOS 
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The GW signal can be divided into three distinct phases:  
 inspiral, merger and post-merger oscillations. 
                                                                                                        

inspiral
fpeak
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POST-MERGER PHASE IN BNS MERGERS
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is due to the fundamental l=m=2 f-mode oscillation                                                                                                        

        are quasi-linear combination tones

fpeak = f2
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POST-MERGER PHASE IN BNS MERGERS
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Orbiting spiral arms also lead 
to a distinct frequency 

fpeak
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Bauswein & Stergioulas (2015)
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EMPIRICAL RELATIONS FOR GW ASTEROSEISMOLOGY OF BNS MERGERS
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Vretinaris, Stergioulas & Bauswein (2020)

Distinct frequencies in the whole parameter space Classification of post-merger GW emission
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BIVARIATE vs. MULTIVARIATE EMPIRICAL RELATIONS
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Vretinaris, Stergioulas & Bauswein (2020)
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EMPIRICAL RELATIONS FOR GW ASTEROSEISMOLOGY OF BNS MERGERS
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Vretinaris, Stergioulas & Bauswein (2020)
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NEW UNIVERSAL RELATIONS BETWEEN REMNANTS AND NONROTATING STARS
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m=2 mode of  
post-merger  
remnant

• Using the correspondence 
 

Lioutas, Bauswein, Stergioulas (2021)

m=2 mode of nonrotating star

±5%
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EOS CONSTRAINTS THROUGH POST-MERGER REMNANTS
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Vretinaris, Stergioulas & Bauswein (2020)

It will be possible to directly  
extract the radius in a mass  
range                                                                                                        1.2� 1.8M�
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EXTRAPOLATION METHOD
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Bauswein, Stergioulas (2015)
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TABLE I: Equation of state models with references and resulting stellar properties. Mmax denotes the maximum mass of
nonrotating NSs with the cirumferential radius Rmax corresponding this maximum-mass configuration. emax and ρmax are the
central energy density and the central rest-mass density of the maximum-mass configuration. R1.6 refers to the circumferential
radius of a nonrotating 1.6 M⊙ NS. Mthres is the highest total binary mass which leads to differentially rotating NS merger
remnant for the given EoS. The dominant GW frequency of this postmerger remnant is f thres

peak . Hatted quantities are the
estimates for these merger properties and stellar parameters based on the extrapolation procedure described in the main text
(Sect. IV).

Mmax M̂max R1.6 R̂1.6 Mthres M̂thres f thres
peak f̂ thres

peak Rmax R̂max ec,max êc,max ρc,max ρ̂c,max

EoS (M⊙) (M⊙) (km) (km) (M⊙) (M⊙) (kHz) (kHz) (km) (km) (g/cm3) (g/cm3) (g/cm3) (g/cm3)

NL3 [70, 71] 2.79 2.68 14.81 14.72 3.8 3.73 2.77 2.87 13.40 12.78 1.52×1015 1.68 ×1015 1.09×1015 1.25×1015

LS375 [73] 2.71 2.69 13.76 13.86 3.6 3.57 3.04 2.93 12.32 12.62 1.78×1015 1.74 ×1015 1.25×1015 1.29×1015

DD2 [71, 74] 2.42 2.40 13.26 13.18 3.3 3.33 3.08 3.00 11.90 12.38 1.95×1015 1.83 ×1015 1.41×1015 1.35×1015

TM1 [68, 69] 2.21 2.28 14.36 14.34 3.4 3.45 2.93 2.96 12.57 12.49 1.80×1015 1.79 ×1015 1.36×1015 1.32×1015

SFHX [75] 2.13 2.19 11.98 12.07 3.0 3.05 3.52 3.43 10.77 11.06 2.39×1015 2.33 ×1015 1.74×1015 1.71×1015

GS2 [76] 2.09 2.07 13.38 13.35 3.2 3.17 3.22 3.24 11.81 11.64 2.05×1015 2.11 ×1015 1.56×1015 1.55×1015

SFHO [75] 2.06 1.97 11.77 11.76 2.9 2.88 3.71 3.68 10.31 10.29 2.67×1015 2.63 ×1015 1.91×1015 1.92×1015

LS220 [73] 2.04 1.98 12.52 12.47 3.0 2.99 3.55 3.52 10.65 10.80 2.55×1015 2.43 ×1015 1.86×1015 1.78×1015

TMA [69, 77] 2.02 2.12 13.73 13.89 3.2 3.27 2.98 3.08 12.12 12.14 1.92×1015 1.92 ×1015 1.48×1015 1.42×1015

IUF [71, 78] 1.95 2.05 12.57 12.50 3.0 3.04 3.36 3.44 11.32 11.03 2.19×1015 2.34 ×1015 1.67×1015 1.72×1015
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FIG. 7: Same as Fig. 6 for two EoSs with similar stellar prop-
erties in the intermediate mass range around 1.6 M⊙ where
the two mass-radius relations cross. using the extrapolation
procedure described in the main text (Sect. IV) the two EoSs
can clearly be distinguished.

with the stability line also provides an estimate for the
GW oscillation frequency at Mthres. This peak frequency
f thres
peak scales well with the radius Rmax of the maximum-
mass configuration of cold, nonrotating NSs (see left
panel of Fig. 3 in [32] and Fig. 8). (The relation can
be understood by noting that f thres

peak should scale approx-

imately with
√

Mthres/R3
max, where the variation in R3

max
dominates over the relatively small change in Mthres.) In
Fig. 8 we display the extrapolated fpeak (circles) and the

actual frequency obtained in the simulations (crosses) as
a function of Rmax for different EoSs. Using the linear
fit to the simulation data

Rmax = −3.065 · f thres
peak + 21.57 (±0.7), (4)

the extrapolated frequency determines the radius of the
maximum-mass configuration with an accuracy of typ-
ically 4% or better. Only for the NL3 EoS the esti-
mated Rmax deviates by 5%. The somewhat larger dif-
ference is understandable, considering that for NL3 the
extrapolation is performed over the largest distance be-
tween data measured at 2.7 M⊙ and at the intersection
at Mthres ≈ 3.8 M⊙). The results of the extrapolation
procedure are listed in Table I, together with the actual
values of Rmax. The estimated and actual radii of the
maximum-mass configuration are also shown in Fig. 5.
The shifts denoted in parentheses in Eq. (4) define curves
which lead to upper and lower limits for Rmax, when used
in the extrapolation procedure.

C. Estimating the maximum central density

For maximum-mass TOV solutions it is empirically
known and intuitive that the stiffness of an EoS, quan-
tified by the ratio ⟨e⟩max/ec,max between the mean den-
sity and the central density, roughly scales linearly with
the compactness Cmax = GMmax

c2Rmax
[12, 79] (see also Fig. 2

in [32]). Here, e refers to the energy density, which, how-
ever, is related to the rest-mass density through the EoS
and therefore, the following analysis yields analogous re-
sults when applied to the rest-mass density (see Table I).
Adopting ⟨e⟩max = 3

4π
Mmax

R3
max

implies that the central

density should scale roughly as 1/R2
max. Consequently,

extrapolation 
method 
breaks EOS 
degeneracies

Extrapolation method 
allows for constraints 
on maximum mass model  
using only low-mass 
detections.                                                                                                      
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NEW ANALYTIC WAVEFORM TEMPLATE
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Relies only on physical parameters  
                                                              

aLIGO  
                                                              

ET  
                                                              

Soultanis, Bauswein, Stergioulas (2022)
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NEW ANALYTIC WAVEFORM TEMPLATE
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Relies only on physical parameters  
                                                              

Soultanis, Bauswein, Stergioulas (2022)

aLIGO  
                                                              

ET  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NEW ANALYTIC WAVEFORM TEMPLATE
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Physical parameters of analytic model depend mainly on total mass along a single EOS.   
                                                              

Soultanis, Bauswein, Stergioulas (2022)

Expect new, multi-variate empirical relations when extended to large EOS sample.  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