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Contribution to this workshop

1. A flexible EoS of quark matter is developed and applied to relativistic heavy-
ion collisions at 3-200 GeV.

2. The effect of a first-order QCD phase transition on light nuclei production is
studied



Outline

1. Motivation: Why light nuclei? Why Nth/NC% (tp/d?)?
2. Spinodal enhancement of tp/d? from the first-order QCD phase transition

3. Summary and Outlook



1.1 QCD phase transition & light nuclei production (1)
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1.2 15t order QCD phase transition & light nuclei production (2)
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1.3 QCD phase transition & light nuclei production (3)

light nuclei production & QCD phase transition
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2. Spinodal enhancement of tp/d? from the first-order QCD phase transition



2.1 Equation of State (extended NJL model)

(4)

The eNJL provides a flexible equation of state (EoS) . The critical temperature can be easily changed by
varying the strength of the scalar-vector interaction without affecting the vacuum properties.

Lagrangian density for eNJL
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2.2 Box Simulation (5)

Effective mass: Test —particle method: . Xu, arXiv:1904.00131 (2019)
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2.3 Relativistic Heavy-lon Collisions (6)

‘ Initialization ‘

Parton evolution Exhibits dynamical
Mean field (eNJL) + scattering chiral phase transition

Hadronization: Quark coalescence

ART(A Relativistic Transport model for hadrons)

Nucleon coalescence

Light nuclei




2.4 Trajectories in the phase diagram

(7)
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2.5 Memory Effects (8)

Survival of density fluctuation in an expanding fireball

Off-equilibrium effects ,
: Density moment:
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‘Memory effects’: Large density inhomogeneity survives to kinetic freezeout



2.6: light nuclei production (9)
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2.7 Collision energy dependence
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1. Without a critical point:
The energy dependence of tp/d?
is almost flat.

2. With a first-order phase transition:

The spinodal instability induced
enhancement of tp/d* during
the first-order phase transition
increases as increasing the critical
temperature.
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(11)
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2.8 Centrality dependence
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2.8 Centrality dependence
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The spinodal enhancement of
tp/d? subsides with increasing
collision centrality because of
smaller fireball lifetime in more
peripheral collisions.



2.8 Centrality dependence (11)
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3. Summary and Outlook (13)

Main findings:
1. With scans of the collision energy and centrality as well as the equation of state using a
novel transport model, we find that large density inhomogeneities generated by the
spinodal instability during the first-order QCD phase transition can survive the fast expansion
of the subsequent hadronic matter and lead to an enhanced tp/d? in central Au+Au
collisions at /syy =3 -5 GeV for T, = 80 MeV, which is in accordance with the STAR
measurements.
2. We also find that the spinodal enhancement of tp/d? subsides with increasing collision
centrality because of the shortening of fireball lifetime, and this effect results an almost flat
centrality dependence of tp/d? at VSyn =3 GeV, which can also be used as a signal for the
occurrence of a first-order phase transition.

Future developments:
1. Incorporation of Polyakov loop

2. Inclusion of long-range correlation



