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FIG. 3.— Maximum-mass constraints MTOV (blue lines) as a function
of the observed gravitational mass of the BMP Mg and of the inferred blue
ejected mass Mej as obtained from (6). The dashed lines refer to conservative
error estimates of the disk mass of the merger product (Hanauske et al. 2017).
Shown in red is the 90% credibility interval of Mg (Abbott et al. 2017b),
with the red line denoting the most probable value from GW 170817. The
transparency of this area reflects the probability distribution of Mej.

where � = 1.20+0.02
�0.02 (Breu & Rezzolla 2016) and Mg =

⌘�1Mb = 2.74+0.04
�0.01, which is consistent with low-spin pri-

ors (Abbott et al. 2017b).
The assumption that the core collapses exactly at the max-

imum mass-shedding limit, i.e., � ' 1.2, brings in an error
that needs to be accounted for, by considering a lower value
for � (Equation (12) in Breu & Rezzolla (2016)). We thus set
the lower bound to � = 1.15, corresponding to a star close to,
but not at the maximum mass-shedding limit.

Hanauske et al. (2017) have found that the mass frac-
tion of the core after dynamical mass ejection is roughly
⇠ = 0.95+0.06

�0.06 [see table II in Hanauske et al. (2017)]. The
mass of the ejecta from the core is harder to estimate but, us-
ing standard kilonova models (Metzger 2017b; Shibata et al.
2017), it is reasonable to associate them with the blue ejecta
Mblue

ej
= 0.014+0.010

�0.010 (Cowperthwaite et al. 2017; Drout et al.
2017), where we have assumed a conservative kilonova model
dependent error that we use as 2� for assigning a Gaussian
probability distribution to the blue ejecta.

The resulting fit for MTOV is shown in Fig. 3, where the
dashed lines refer to errors in ⇠ and the red shaded region is
modeled with a Gaussian distribution taking into account the
errors of Mej. This region is framed by the 90% credibility
levels of the binary mass (Abbott et al. 2017b).

In summary, collecting all available information, we con-
clude that the maximum mass that can be supported against
gravity by a compact nonrotating star is in the range

2.01+0.04
+0.04 < MTOV/M� < 2.16+0.17

�0.15 , (7)

where the lower limit in the range (7) is actually derived from
accurate observations of massive pulsars in binary systems
(Antoniadis et al. 2013).

The error corresponds to twice the standard deviation (⇠
90% confidence) computed with standard error propagation,
where the asymmetric errors in Mg and � are taken into ac-
count by computing the standard deviation for the upper and
lower limit separately. Clearly, values close to the upper and
lower limits are unlikely, given the fact that not all the values
of Mg and Mej are equally likely (compare to the red shaded

area).
Note the interesting general trend shown by the maximum

mass in Fig. 3: the estimates for MTOV grow systematically
with increasingly massive binary systems and with decreas-
ing ejected masses (compare to the shading from light to dark
blue). Hence, future detections of merging binary systems
with masses smaller than that of GW 170817 will help set
even tighter constraints on the maximum mass MTOV.

5. CONCLUSIONS

We have combined the recent GW observations of merg-
ing systems of binary neutron stars via the event GW 170817
with a quasi-universal relation between the maximum mass
of nonrotating stellar models MTOV and the maximum mass
that can be supported through uniform rotation to set new and
tighter constraints on MTOV.

Our estimate follows a simple line of arguments and is
based on a single and reasonable assumption that the prod-
uct of the merger measured with GW170817 has collapsed
to a rotating black hole when it had reached a mass close to
the maximum mass for SMNS models. In this way, we can
exploit quasi-universal relations to deduce that the maximum
mass for nonrotating stellar configurations should be in the
range 2.012.01+0.04

�0.04  MTOV/M� . 2.16+0.17
�0.15. We note

that it is, in principle, possible to constrain the lower limit
for MTOV also with a quasi-universal relation on the maxi-
mum mass of a neutron star in differential rotation (Weih et al.
2018).

A few remarks before concluding. First, a much more con-
servative upper limit MTOV can be set uniquely assuming
that the maximum nonrotating mass MTOV cannot be smaller
than the mass in the uniformly rotating core Mcore. Tak-
ing into account the amount of mass ejected and the con-
version between baryon and gravitational mass, this yields
MTOV/M� . 2.59. Second, our predictions are compat-
ible with those recently presented by Shibata et al. (2017);
Margalit & Metzger (2017), sharing a number of similar con-
siderations with the latter. However, differently from these
other works, we have not employed a simple correlation be-
tween the maximum mass-shedding mass and the maximum
nonrotating mass, or fitting formulas stemming from numer-
ical simulations whose error budget is uncertain (Bauswein
et al. 2013), nor have we relied on direct comparisons with
numerical-relativity simulations for the electromagnetic emis-
sion. Rather, using basic arguments from kilonova model-
ing (Cowperthwaite et al. 2017), we have exploited the power
of universal relations for the maximum mass that are valid
for any value of the specific angular momentum (Breu &
Rezzolla 2016). Third, the results presented here already
have a direct impact on some of the EOSs describing mat-
ter at nuclear densities (see, e.g., Oertel et al. (2017) for a
recent review). For instance, a popular EOS routinely em-
ployed in numerical-relativity calculations such as the DD2
EOS (Typel et al. 2010), violates the constraint (7) since it
has MTOV = 2.419M�; at the same time, EOSs with hyper-
ons, e.g., BHB⇤� (Banik et al. 2014) and DD2Y (Marques
et al. 2017), have maximum masses . 2.1M� and there-
fore seem favoured (Richers et al. 2017). Finally, we note
that the procedure outlined here and the use of stacking tech-
niques, as those developed in the analysis of the GW signal
of BNSs (Del Pozzo et al. 2013; Agathos et al. 2015; Clark
et al. 2016; Bose et al. 2017), can be employed in the future
as the results of new detections become available to set new
and tighter constraints on the maximum mass. New obser-


