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Why phase transition
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Universe evolution & Heavy-ion collisions
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Number-of-constituent quark scaling of
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Number-of-constituent quark scaling law

AE > 7.7 GeV Quark matter ?
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H ad ron |C Im atte I at 3G eV: Hadron/quark transport comparison

| ' T ' o ' ' 1 '
Au+Au, 0.4=-‘.pT{2 GeV, proton 4 i Au+Au, \IISNN=3 GeV, 0-5% A
0.0 s, =3 GeV, 10-40% s o~ | -0.5<y<0, 0.4<p <2 GeV |
v Q 3
=t L
_ . 0",k .
> .0.2} ¢ k- 9
—— 230 E (s H .
- - 300 0 o I dron transport | |
- — i — FIFFFFFFFIFF, /}ﬂ/
-04- 2.7 ° ;ﬁi dat 1 % / STAR data region %
[l i | I l - ~ - “ -
1.0 0.5 0.0 100 200 300 400
Rapidity K (MeV)
SN . ! R [ T @ ] ERCHE o]
o "~ AutAu, Vs, =3 GeV, 0-10% 1 HIFrr——s el
e 1 1 ;gﬁ’ 1]
4] | Au+Au Collisions | | o
— | ! Vsuy=3CeV 10-40% | .
-E o4l ® ep OA | | on” mn | | OK" &K vKI | |
m . O.4€p,:<2.0 GeVic E i 0.2< pr;<16Gerc : I O.4<p,ic1.6 GeVic :
0 0.04 |- | Jﬂ: ] (e) E (f) E
ke, e L) el . Vo ==l
o 5 = P ".“!‘E?'!I": 1 apmnmEnm | o &% q-,,o: ]
> 10- = v TEI —0.04 | \‘*'u i—_ 28280 i 4 C#D%}' i ]
B | P St R e B S
- 05 0 - 05 = -0.5 0
1 00 200 300 400 Particle Rapidity y

K (MEV) STAR: baryonic mean field plays crucial role, so hadronic mat
Zhi-Min Wu, Gao-Chan Yong, Phys. Rev. C 107, 034902 (2023) M.S. Abdallah et al.(STAR Collaboration), Physics Letters B 827 (2022) 13700




Energy range for Probing the Phase Boundary
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A Multi-Phase Transport (AMPT-SM)
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Ways to probe the phase-transition boundary

Or: PT-EoS+ pure hadron transport?

Temperature

0 Baryon density

1). EoS softening
2). Hadron/quark transport comparison
3). Phase transition fluctuation-correlation dynamics




Strange singlet-to-doublet ratio:
Sensitive to hadron/quark transport
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A phase transition occurrs at 4 GeV?
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Multiple-observable v1 and v2 comparison

3 GeV: 8 kinds of data
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4.5 GeV: 4 kinds of data
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4.5GeV: Quark Transport/Hadron
Transport. Both can essentially
reproduce the transverse flow

3GeV: Au+Au collisions, transverse flow
and elliptic flow. Only hadron transport
can roughly reproduce both simultaneously
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V2 at 4.5 GeV: a certain amount of parton .

4.5 GeV:

proton v2 data
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| NCQ scaling of v, at 3 - 4.5 GeV
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» NCQ scaling completely breaks below 3.2 GeV
» NCQ scaling becomes better gradually from 3.2 to 4.5 GeV

NCQ scaling = quark matter ?




Phase diagram
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Discuss model dependence

one of the primary reason why the PT is not determined over 20 years!

[ Phase diagram ]
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Recent results in BES-II

From Wei-Jie Fu’s talk "™

Net proton kurtosis Results in BES-I and BES-II
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® The kurtosis in the energy regime of fixed-target experiments, i.e. 3 GeV
< /s S 7.7 GeV, then become very pivotal.

® s there a “peak” structure?

We hope: This qualitative probe works




Directed flow probes dense EoS
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Directed flow probes dense EoS

Stiff EoS, large slope
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Phase-transition EoS and directed flow
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With 3 phase-transition EoSs
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Single particle potential (MeWV)
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Minimum point suggests phase transition
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Evolution 3 stages of HICs

[Initial stage] [Compression stage] [Final stage]
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Compression stage
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Particles from 3 reaction systems
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Ratios from Ca48Ca48/Ca40Ca40

Ratio: less model dependent?
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Ratios from Aul97Aul97/Ca40Ca40
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Parton rescatterings do not
increase hadron yields !
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Summary

1). Our previous research suggests that a phase-
transition may occur around sqrt(s) ~ 4 GeV.

2). Ratio of strangeness productions from heavy-light
systems and minimum point of proton or hyperon
directed flow slope are potential probes of phase
transition.

3). A variety of models/observables is needed.
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