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Constraints on the high-density nuclear equation of state from the phenomenology
of compact stars and heavy-ion collisions
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A new scheme for testing nuclear matter equations of state (EoSs) at high densities using constraints from
neutron star (NS) phenomenology and a flow data analysis of heavy-ion collisions is suggested. An acceptable
EoS shall not allow the direct Urca process to occur in NSs with masses below 1.5M, and also shall not
contradict flow and kaon production data of heavy-ion collisions. Compact star constraints include the mass
measurements of 2.1 & 0.2M, (1o level) for PSR J0751+1807 and of 2.0 £ 0.1 M, from the innermost stable
circular orbit for 4U 1636536, the baryon mass—gravitational mass relationships from Pulsar B in J0737-3039
and the mass-radius relationships from quasiperiodic brightness oscillations in 4U 0614+4-09 and from the thermal
emission of RX J1856-3754. This scheme is applied to a set of relativistic EoSs which are constrained otherwise
from nuclear matter saturation properties. We demonstrate on the given examples that the test scheme due to the
quality of the newly emerging astrophysical data leads to useful selection criteria for the high-density behavior

of nuclear EoSs.
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I. INTRODUCTION

The investigation of constraints for the high-density be-
havior of nuclear matter (NM) has recently received new
impetus when the plans to construct a new accelerator facility
(FAIR) at GSI Darmstadt were published. Among others
a dedicated experiment for the investigation of the phase
transition from hadronic matter to the quark-gluon plasma
(QGP) in compressed baryon matter (CBM) shall be hosted,
which will study the phenomena of chiral symmetry restoration
and quark (gluon) deconfinement accompanying the transition
to the QGP. A firm theoretical prediction for the critical baryon
densities and temperatures of this transition in the QCD phase
diagram as well as the existence and the position of a critical
point depends sensitively on both the properties of NM at
high densities and the model descriptions of quark-gluon
matter in the nonperturbative regime close to the hadronization
transition.

In the present work we apply recently discovered as-
trophysical bounds on the high-density behavior of NM in
B- equilibrium, i.e., neutron star matter (NSM), from compact
star cooling phenomenology and neutron star mass measure-
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ments together with information about the elliptical flow in
heavy-ion collisions (HICs) in order to suggest a scheme for
testing NM models. This new test scheme will be applied
to candidates for the equation of state NM equation of state
(EoS) which describe properties at the saturation density
ns ~ 0.14-0.18 fm > such as the binding energy per particle
in symmetric nuclear matter (SNM) a,,, the compressibility K
and the asymmetry energy J and characteristics of large nuclei,
such as the neutron skin, surface thickness and spin-orbit
splitting probing the domain of subsaturation densities. In this
paper we do not discuss the possibilities of various phase
transitions, like hyperonization, pion and kaon condensations,
quark matter, etc. [1-3]. Corresponding comments on how
their inclusion could affect our results are added at the
appropriate places.

While there are several NM models giving a rather similar
description of the saturation and subsaturation behavior they
differ considerably in their extrapolations to densities above
~2ny, the regime which is relevant for NS physics and heavy-
ion collisions. Recent progress in astrophysical observations
and new insights into the compact star cooling phenomenology
allow us to suggest in this paper a test scheme for the high
density EoS which consists of five elements.

The first one demands that any reliable nuclear EoS should
be able to reproduce the recently reported high pulsar mass
of 2.1 &+ 0.2Mg, for PSR J07514-1807, a millisecond pulsar
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