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Supplementary Material

In the Supplementary Figure[I] we provide the sequences of neutron star configurations based on the newly
developed SF EOS parametrisation (black lines), in comparison to the hadronic reference EOS (red dash-
dotted lines)'. It contains the neutron star mass-radius relations in graph (a) as well as the corresponding
neutron star matter EOS, pressure and sound speed with respect to the energy density in graph (b) — only
shown for the SF EOS. The tidal deformabilities are displayed in graphs (c) and (d). The latter are com-
pared with the data obtained by the LIGO/Virgo collaboration® from the first observation of a binary neutron
star merger GW170817. The employed low-mass prior neutron star masses, m; = 1.36 — 1.60 M, and

my = 1.16 — 1.36 M, corresponding to the tidal deformabilities A; and A, respectively, which are shown in

graph (c).
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Supplementary Figure 1 | Neutron star configurations comparing the SF EOS (black lines) and the under-
lying hadronic EOS" (red dash-dotted line). a pressure P (solid line) and square of the sound speed ¢ in units
of the speed of light ¢ (dashed line) of the SF EOS only, with respect of the energy density € expressed in
units of the value at saturation density, £, ~ 142 MeV fm~2 in 3-equilibrium at zero temperature. The grey-
shaded region marks the hadron-quark mixed phase. b. mass-radius relations. The horizontal dark-yellow
band marks the maximum neutron star mass constraint deduced from the pulsar observation PSR J0348+432-.
¢. A;—A, tidal deformability relation as constrained from GW 170817 (blue dashed lines show the 50% and
90% confidence levels) corresponding to the low-mass prior neutron star masses®, and d. tidal deformability

dependence on the neutron star mass.

Note that the maximum hybrid star mass, M., = 2.17 Mg, predicted by the SF EOS not only satisfies
the lower limit of 2.01 Mg, (see graph (b) in the Supplementary Figure [I]), but also fulfills the upper limit of
~ 2.2 Mg, recently deduced from the multi-messenger observation of GW 1708174,

The behaviour of the speed of sound is largely unknown between the maximum (energy) density of about



twice the saturation value — up to which ab-initio nuclear matter calculations might at best be extrapolated,
e.g., chiral effective field theories — and the maximal densities attained in the core of neutron stars, which
are still well below the asymptotics of the conformal limit case ¢? = 1/3. In a recent work” different cases
have been discussed that would fulfill the observational constraints for the compactness and the maximum
mass of compact stars but that do not cover the case of a first-order phase transition which is provided by
our hadron-quark hybrid star EOS. This work suggests that any hadron-quark hybrid EOS which satisfies
both the current nuclear physics constraint at p < 2 X pg,; and the lower bound on the maximum mass of
2.01 Mg, would have a region where the sound speed exceeds the conformal limit. We note here that an EOS
construction which switches from a well constrained nuclear EOS directly to an asymptotic EOS, that obeys
the conformal limit with cz = 1/3, would fulfill the 2 M, constraint on the maximum mass, provided the
transition occurs at low enough densities not exceeding 2 X pg,°>. A detailed discussion of this statement
and a variety of model ansaetze for ¢ can be found in the recent literature”. In our SF EOS that features a
first-order phase transition, which was not considered previously”, the value of the sound speed right after the

phase-transition exceeds this limit but gradually approaches it at large energy density.
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Supplementary Figure 2 | Supernova simulation summary of all stellar models considered, ZAMS masses
of 12-40 M, and 50 M., where the quark-hadron phase transition was taken into account based on the
SF EOS. a restmass density profile at the moment of core bounce, t,ounce. The horizontal band approxi-
mately marks the region of the silicon/sulfur layer, which determines the mass accretion onto the central
proto-neutron star during the post-bounce evolution. b post-bounce evolution of the baryon mass enclosed
inside the PNS, relative the onset times, ¢,,s.t, When the hadron-quark phase boundary is reached (the corre-
sponding conditions are given in Table 1 of the manuscript). The medium-modified SF EOS maximum mass

is approximated by the horizontal band denoted as M,.x.



References

1. Typel, S., Ropke, G. Klidhn, T., Blaschke, D. & Wolter, H. Composition and thermodynamics of nuclear

matter with light clusters. Phys.Rev. C81, 015803 (2010).

2. Abbott, B. P. et al. [LIGO scientific and Virgo collaborations] GW170817: Observation of Gravitational

Waves from a Binary Neutron Star Inspiral. Phys.Rev.Lett. 119, 161101 (2017).

3. Antoniadis, J. et al. A Massive Pulsar in a Compact Relativistic Binary. Science 340, 448 (2013).

4. Margalit, B. & Metzger, B. D. Constraining the Maximum Mass of Neutron Stars From Multi-Messenger

Observations of GW170817. Astrophys. J. 850, L19 (2017).

5. Shibata, M. et al. Modeling GW 170817 based on numerical relativity and its implications. Phys. Rev.

D96, 123012 (2017).

6. Rezzolla, L., Most, E. R. & Weih, L. R. Using gravitational-wave observations and quasi-universal rela-

tions to constrain the maximum mass of neutron stars. Astrophys. J. 852, L25 (2018).

7. Tews, L., Carlson, J., Gandolfi, S. & Reddy, S. Constraining the Speed of Sound inside Neutron Stars with

Chiral Effective Field Theory Interactions and Observations. Astrophys. J. 860, 149 (2018).

8. Alford, M. G., Burgio, G. F.,, Han, S., Taranto, G. & Zappald, D. Constraining and applying a generic

high-density equation of state. Phys. Rev. D92, 083002 (2015).

9. Woosley, S., Heger, A. & Weaver, T. The evolution and explosion of massive stars. Rev.Mod.Phys. 74,

1015-1071 (2002).

10. Umeda, H. & Nomoto, K. How much Ni-56 can be produced in Core-Collapse Supernovae? Evolution

and Explosions of 30-100 M, Stars. Astrophys.J. 673, 1014 (2008).



