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QCD phase diagram

“Conjectured” QCD phase diagram

The Phases of QCD Lattice QCD suggests:
e Smooth crossover at small us

Temperature (MeV)

» Understand properties of Quar

Superconductor

* Pseudo-critical temperature Tec = 156.5 MeV

Y. Aoki et al., Nature 443, 675 (20006)
A. Bazavov et al., PLB795 (2019) 15

Heavy-lon Collisions Experiment aims to:

K-Gluon Plasma

» Explore the QCD phase structl

0 £ - Where is QCD critical point?
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Any signal of the first-order phase t
Onset of QGP formation?

A. Bzdak et al., Phys. Rep. 853 (2020) 1-87
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Time evolution of heavy-ion collisions

) yC final detected
Relativistic HZGVY-IOH Collisions particle distributions

made by Chun Shen Kinetic
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collision
overlap zone

pre- hydrodynamic expansion
equilibrium +hadron rescattering free streaming

T~0fm/c ~1fm/c ~ 10 fm/c ~ 1015 fm/c

Understanding the initial state and collision dynamics is essential for probing
the QCD phase structure and medium properties
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Lowering Vsnn: Probing the high-baryon-density region

STAR, PRC96, 044904 (2017)

C. Shen and B. Schenke, PRC97.024907(2018) STAR, PLB831(2022)137152
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Less Lorentz-contracted at low energy ..
Collision energy \'s,,, (GeV)

2 At lower energy, the passing time increases, leading to more baryons in the reaction region

> Indeed, baryon density seems to become maximum around +/snn = 5-7 GeV

O Interplay of associate production of K+ and A (N+N->N+A+K+) and particle-antiparticle pair production
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Temperatures at different stages

STAR, PRC96, 044904 (2017) STAR, Nature Commun. 16, 9098 (2025)
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- Chemical freeze-out Ten: Close to Tec and stays constant at v/snn>= 7.7 GeV
- Kinetic freeze-out Tkin: Sudden change around /snn ~ 6-8 GeV, where Tuin coincides with Tor
- Temperature via lepton pairs in the intermediate mass Tiu
- Free from blue-shift, dominated by thermal radiation from QGP
- Tim~280 MeV, much higher than Tec ~156 MeV from LQCD
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Collective flow

2 Longitudinal collective flow

2 [ransverse collective flow

1 Radial flow

d Anisotropic flow
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Collective flow

2 Longitudinal collective flow

B [ransverse collective flow

O

d Anisotropic flow

1. Niida, QCD CP and Hydro evolution (@Kyoto

Radial flow

- Related to dN/dn and directed flow
- Longitudinal flow velocity scales with log(Epeam)

F895, PRL8S.102301(2002)
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Collective flow

B Longitudinal collective flow - Radial expansion with a common velocity field
- Studied by spectra, <pt>, and HBT etc
B Transverse collective flow - “vo” (pr fluctuations) has been recently proposed
1 2
1 Radial flow PHENIX, PRC69.034909(2004) T ~ Ty + §m<vr>
3 S e Contrat 055
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Collective flow

P

ongitudinal collective flow - Hydrodynamic response to the initial geometry driven by
pressure gradients

B [ransverse collective flow

]
]

/Zhang, Gyulassy, Ko, PLB455(1999)45
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Azimuthal anisotropic

flow

Hydrodynamic model (MUSIC), CERN COURIER

1 &N
21 prdprdy

1+ 2 Z vp cosn(o — U, )]
n=1

¢: particle azimuthal angle
relative to the nth-order event plane

Bernhard et al.,

1. Niida, QCD CP and Hydro evolution (@Kyoto

> Extensive study of anisotropic flow for particle collectivity

» Medium response to the initial geometry with tfluctuations

€y X Uy

2 Anisotropic tflow: Fourier coefficient vy of azimuthal distributions of
final state particles
» directed (v1), elliptic (v2), triangular (v3) flow
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Nat. Phys.15, 1113 (2019)
A nearly perfect fluid of quarks and gluons
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Energy dependence of elliptic flow

STAR, PRC103, 034908 (2021)
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The sign of vochanges twice when decreasing the collision energy
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Energy dependence of e
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Energy dependence of e

“squeeze-out” emission (v2<0)

OFF plane emission

side flow v,
hounce off

impact porometer b

reaction plane

hounce off

OFF plane emission
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Energy dependence of e

Rotating system of projectile-target 0.1
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STAR, PRC103, 034908 (2021)
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Energy dependence of e

Rotating system of projectile-target 0.1
(v2>0 at Vsnn<1.4 GeV)
0.05
“squeeze-out” emission (v2<0) ~ g
OFF plane emission >
side flow v,
bounce off —0.05

impact porometer b

reaction plane

hounce off

OFF plane emission

The sign of va changes twice when decreasi
Understanding of spectator effects is a
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STAR, PRC103, 034908 (2021)
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B. Korodi (STAR), WPCF2024

Spectators in dN/dn and
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e.g. In Bayesian analysis

1. Niida, QCD CP and Hydro evolution (@Kyoto

Danicol et a
See Chun S

. UB). Important to unde

mp

~
%

O

v2(n)

M. Isshiki (STAR), Hot Quarks 2025
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2z At lower energies, spectator effects are indeed visible
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nen’s talk

Bump is gone in most central collisions
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NCQ scaling vs. beam energy

STAR, arXiv:2605.27815
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Where does the NCQ scaling break?

STAR, PRL135, 072301 (2025)
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» NCQ scaling starts to break below \/snn = 4.5 GeV

> Turning-off of partonic collectivity between vsnn = 4.5-7.7 GeV ?

O Spectator shadowing effect needs to be understood

1. Niida, QCD CP and Hydro evolution (@Kyoto

T. Reuchert and |. Karpenko, arXiv:2603.02927
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Directed flow

> Directed tlow: collective sideward motion of particles

O Proposed as a sensitive probe to EOS and 1st-order phase transition
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-----------------------------------------
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0.1
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v1 = (cos(¢ — Ygrp))

Csernai and Rohrich, PLB458(1999)454
Brackmann et al., PRC61.024909(2000)
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“Wiggle” structure or minimum dv+/dy due to anti-flow (or third flow)

driven by pressure gradient (+ spectator shadowing), if the softening ot EOS happens

1. Niida, QCD CP and Hydro evolution (@Kyoto
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Extensive studies of v

STAR, PRL112.162301 (2014) STAR, PRL 2(2-)062301 (2018)
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ndeed, the minimum of dvi/dy was observed around /snn = 10-20 GeV
for some of particles

However, most of models satistactorily explain the data
(+/snn and particle-species dependence simultaneously)
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Origin of Directed flow

> Origin of characteristic rapidity dependence of vy “~"

O Initial source tilt with longitudinal expansion

O Density asymmetry at non-zero rapidity (dipole flow)

Bozek and Wyskiel, PRC81.054902(2010)
Heinz and Kolb, J.Phys.G30:51229(2004)
Snellings et al., PRL84.2803(2000)

[ Baryon stopping

> (Contribution from the tilt to v40dd: ~2/3 at RHIC, ~1/3 at the LHC
STAR, PRC98, 014915 (2018)

» Connection to global vorticity with the initial tilt

1. Niida, QCD CP and Hydro evolution (@Kyoto

STAR, PRC98, 014915(2018), TN(STAR), QM2018

(a) tilted source

spectator

spectator

7 ->
rapidity

high pr dipole flow
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>
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low p;dipole flow

>

rapidity

17



Origin of Directed flow

STAR, PRC98, 014915(2018), TN(STAR), QM2018

C - ST (o (a) tilted source
2 Origin of characteristic rapidity dependence of v1 “~ b ol fon ‘
O Initial source tilt with longitudinal expansion @
O Density asymmetry at non-zero rapidity (dipole flow) s N — =
- Bozek and Wyskiel, PRC81.054902(2010) W
U Baryon Stopplng Heinz and Kolb, JPhySGSOS1229(2004) ' low prdipole flow
Snellings et al., PRL84.2803(2000) o

2 Contribution from the tilt to v40dd: ~2/3 at RHIC, ~1/3 at the LHC ’/\/'r;,idity ' ity

STAR, PRC98, 014915 (2018)
& Connection to global vorticity with the initial tilt
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Fig. 6 Directed flow of pions for different values of n,, parameter with ,Flg' 9 Angular momentum (in /i units) of the plasma with Bjorken

n/s = 0.1 compared with STAR data [22] initial conditions as a function of the parameter 7,

Better description of vi with the tilt, which leads to vorticity

F. Becattini et al., Eur. Phys. J. C (2015)75:406

1. Niida, QCD CP and Hydro evolution (@Kyoto 17



Origin of Directed flow

STAR, PRC98, 014915(2018), TN(STAR), QM2018

(a) tilted source

2 Origin of characteristic rapidity dependence of v1 “~"

O Initial source tilt with longitudinal expansion

O Density asymmetry at non-zero rapidity (dipole flow)

Bozek and Wyskiel, PRC81.054902(2010)

O Baryon stopping Heinz and Kolb, J.Phys.G30:51229(2004) '

Snellings et al., PRL84.2803(2000)

Contribution from the tilt to vqodd: ~2/3 at RHIC, ~1/3 at the LHC ’/\/'ra’pidity

STAR, PRC98, 014915 (2018)
Connection to global vorticity with the initial tilt
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n/s = 0.1 compared with STAR data [22]

Fig. 6 Directed flow of pions for different values of n,, parameter with
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>
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Fig. 9 Angular momentum (in 7% units) of the plasma with Bjorken
initial conditions as a function of the parameter 7,,

Better description of vi with the tilt, which leads to vorticity
F. Becattini et al., Eur. Phys. J. C (2015)75:406
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Origin of Directed flow

STAR, PRC98, 014915(2018), TN(STAR), QM2018

(a) tilted source

2 Origin of characteristic rapidity dependence of v1 “~"

O Initial source tilt with longitudinal expansion

O Density asymmetry at non-zero rapidity (dipole flow)

Bozek and Wyskiel, PRC81.054902(2010)
Heinz and Kolb, J.Phys.G30:51229(2004)
Snellings et al., PRL84.2803(2000) A

[ Baryon stopping

Contribution from the tilt to vqodd: ~2/3 at RHIC, ~1/3 at the LHC ’/\/'ra’pidity

STAR, PRC98, 014915 (2018)
Connection to global vorticity with the initial tilt
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n/s = 0.1 compared with STAR data [22]

Fig. 6 Directed flow of pions for different values of n,, parameter with
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Fig. 9 Angular momentum (in 7% units) of the plasma with Bjorken
initial conditions as a function of the parameter 7,,

Importance of 3D initial conditions at lower energies Better description of vi with the tilt, which leads to vorticity

(No longer longitudinal boost-invariant)

1. Niida, QCD CP and Hydro evolution (@Kyoto

F. Becattini et al., Eur. Phys. J. C (2015)75:406
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Model calculations with different EOS

Y. lvanov and A. A. Soldatov, Phys.Rev.C91, 024915 (2015) Y. Nara et al., PLB769(2017)543
0.2 I—II haldrclmilc IIIII . _I | INiAI49I IIIIIIIII o AM
[ = = 1st order tr. | ::18? 4 0.10¢ J -
0.1 =-= crossover [. T m v1@3) ,g + . : \ X —A— ‘AM-]..O.P.T.
R Z S S _ protons —e— JAM-y-over
et Dy - - 0.05
| A _ I
-0.2_= —tt—t——t———— 4ttt g A
: . =
0.04+ O pions 1 %ﬁi gfglgev /'[ i % 0.00 I | T S ﬁ ....... ﬁ ...................... ........ -
> 0
| —0.05; ¥ STAR
004 H _ Y E895/NA49
32 1 0 1 2 33 2 14 0 1 2 3 0 5 10 15 20 25 30
y y Vsyn (GeV)

Many model studies show that v1 is sensitive to EOS . ,
see more plots in Y. Nara's talk

2> At low energies, baryonic mean-field plays a role
Y. Nara and A. Ohnishi, Phys.Rev.C105, 014911 (2022)
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Why femtoscopy (historically)?

System lifetime peaks at CP

It the transition from QGP to hadron gas (HG) is the first-order, 00 l N
the HG volume (or emission duration) is expected to - 0/dy =378
iINncrease to conserve entropy

@ 1

—_ T=07T |
Pratt, PRD33, 1314 (1986) l et |
Bertsch, NPA498 (1989) 173 |

Stotal = SQaPVQapr = suVu

0 \ + R L e e S B S

&y by 1

TH _ SQcp _ dqgp e ‘e ®
Tc SH d7T A

| T o

S: entropy density 2,

d: degree of freedom -. |

TeH): time when the transition happens (ends) 4 /’\__ :_::

0 #———.'—F | e e

0.1 1 10 10

Yagi, Hatsuda, and Miake, Cambridge UP. (2005) e/T S,

Rischke and Gyulassy, NPA608 (1996) 479
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Rout/ Rside

Pratt, PRD33, 1314 (1986), Bertsch, Gong and Tohyama, PRC37,1896 (1988)
Bertsch, NPA498, (1989)173 STAR, PRC103, 034908 (2021)

M. Lisa et al., Ann.Rev.Nucl.Part.S5ci.55:357 (2005)

;
o 1.2 .
5 o
o) | é
o v ¢ 2
1.1 f .
T.
T | Central Collisions
1 )] = HADES
R © E895
¥ STAR Fixed Target
C(k*) = = - - v E866
P (pl)P (p2) e STAR Collider
— x =\ |2 7 0.9 &
— [ s w7 ar
1 1 1 1 lllll 1 1 1 | .| llI 1 1 1
) . 1 10 10° “l ength of homogeneity”
“HBT” radii (Gaussian source): Rout Rsige R
( )- Rout, Rside, Riong sy (GeV) Akkelin and Sinyukov, PLB356(1995)525

2 Pion Rout/Rside Shows a peak around /snn = 20 GeV

O Indication of the softening of EOS?

2z Note: We don’t measure the whole size in an expanding source (x-p correlation)
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initial state at kinetic freeze-out

System size and shape

System volume System shape along z System shape in xy

" :g Fixed Target
7000 -+ E895  © WA9s * STAR o 8|+ E895
- @ eF ~ 2Rside 22/Rside, 02 \
o -+ [E866 U NA44 = ALICE ) x | STAR
E 6000 . nags .« PHOBOS - HADES ——
- - | 0.4 m  E895 (-0.6<y<0.6, 7.4-29.7%) —— UrQMD
5000~ ° CERES - 270 GeV Lo F & CERES (-1<y<-0.5, 10-25%) (2+1)D hydro E0S-Q
e - B —/ 0.35 — * STAR (-0.5<y<0.5,10-30%) ='='= (2+1)D hydro EOS-H
> B i —+— + - : *  STAR (-1<y<-0.5,10-30%) ~°°°~ (2+1)D hydro EOS-I
mcu 4000 - 0.3 STAR (0.5<y<1, 10-30%) (2+1)D hydro MC-KLN
=) - u e —— — (2+1)D hydro MC-GLB
N O :; L2 4 GeV 2.76 TeV . ..
Nm 3000 — T N B + " 0.25 :— T T mt=tt
3 - g Lo« o N O = Coel el k; = 0.15-0.6 GeV/c
—_ - .o * 0 - 4.5 GeV 0.2— \ .........
ct\;; 2000 A *A’% 1I- 5_ o ¥ 200 GeV C e N L e T,
N’ B A % B () ° ) Z —
- tH i + 0.15—
1000 i 11.5 GeV =
: II| L1 II| ] ] L1 1.1 II| ] ] 4_ COIIider 0-1 :_
2 3 i =
10 10 10 I - STAR 0.05f
\/ SNN [Gev] A1 1 | I I I I I I I I I ™ ALICE 0 -
4 5 6 7 8 —
R,ong (fm)

2z System volume increases by a factor of ~2 from RHIC to the LHC

> “Oblate” from “prolate” shape in AGS—=SPS—RHIC/LHC (nuclear stopping to nuclear transparency)

> Eccentricity is reduced from the initial to final-state at higher +/snn: strong in-plane expansion,
sensitive to EOS

21
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Final-state tilt angle probed by pion HBT

STAR, arXiv:2605.15013

< 2 ° L
£ out RZ,, <0 RZ, >0 = -
e : . . | ¢
20 (a) b=90 | b x @ |a=9 [ 2blx +.+.
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@ out-side (d) R} — R > 0 * Z B -—-e-—- UrQMD 3.4 HBT
€ S|de X Rlong X hg t
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©  43050% —*50-80% — 13 :
2°W - UrQMD 3.3 + Hydro[BM] FC
Os > 0 05 <0 10
0 sl sl .
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— e OUt-|Oﬂg B ﬂ
(b) (e) 1 R2 i
< A 0 o 1 arctan o side-long,1 \
< |Oﬂg : side-long — & 9 N \q
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DS Wﬁ
? | [ [ ] ] |‘ | I O I B ‘ | [ \l‘ \ |
R e side- long 0 10 102 e

0 100 200 300 0 100 200 300
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e Tilt angle © at freeze-out increases at lower +/snn as expected

and is found to be sensitive to EOS

1. Niida, QCD CP and Hydro evolution (@Kyoto

Caveat: Not only geometrical eftect but also dynamical effect
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Extracting speed of sound in QGP

CMS, Rep.Prog.Phys.87(2024) 077801

0 35 CMS PbPb (0.607 nb™) 5.02 TeV
- Gardim et al., Nat.Phys.16, 615(2020) : ormorading T
b~0 Gardim et al., PLB809(2020)135749 03l -
c2_ 9P _d(nT) _ d(n(pr)) ‘ ~t i
S de d(ns) d(nNg) i
0.25 T -
2 d_P _sdT d(pr)/{pr) 2 | :
> de Tds dNCh /Nch 0.2 — —
j ® CMS Ultra-Central Data
0.15 Lattice Quantum Chromodynamics —
I TRAJECTUM Hydrodynamic Simulation
cMws PLPb (0.607 ) 5.02 TeV o NePs A8ERIOSTS
. opsk Pr>0GeV, n<0.5 e 150 200 250 300 350
b 1% Data y T . (= (p)/3) or T (MeV)
1.02F — - Fit to extract ¢ ./:"'74 .
o 1osf ~°7 TRAJECTUM '/ :
U SR Gardi . E . : : N N
g  pooooeemes Y > Fix the volume by selecting ultra-central events, and
- 101 ¢2=0.241+0.002 (stat) + 0.016 (syst) / ; - .
" oos|. Y 4 : see entropy variation due to guantum fluctuations
1?--'.3.?.‘_‘._'.:?:?-_.’:‘_—':3 Sonng T .—c "“l. _ : : , D
0905] > Rise of <pr> Is observed in ultra-central collisions
'o'a"'déé"'o'g"'d.s'aé'"%"0'1'65'"1'1"'1"15"'1'2"'
N, /N, .
> The extracted Cs2agrees with LQCD  cms, Rep.Prog.Phys.87(2024) 077801

C
ATLAS, PRL133, 252301(2024)
ALICE, JHEP11(2025)076
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Temperature dependence

of Cs2

WO T T T T T T St boamamind
s STAR Preliminary 1 B Interesting to see that STAR BES data fall on the same

B Au+Au Collisions . curves as LQCD

0.25/- ; - b Caveats:
E E O Assumptions {(pr) x T, Ne, x S, Teg = (pr)/3 may be guestionable

0.2
g ® 1 O Self-correlation due to centrality selection makes a factor of
i B +27.0 GeV ] ~2 difference

0.15 g m54.4 GeV | |
- $200.0 GeV . O Kinematic cuts, e.g. low pr cut, also affect the results
. +5.02 TeV (Pb+Pb, CMS) : (a factor of ~4)
- LQCD (u, =0) 5 G. Nijs and W. Schee, Phys.Lett.B853 (2024) 138636

e Holo+LQCD (u, = 154 MeV) _ ALICE, JHEP11(2025)076

- L. Gavassino et al., Phys.Rev.C112, 054903 (2025)

140 160 180 200 220 240
Tett (=CP/ a(\'syy)) or T[MeV]
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Global polarization

Reviews:
TN and S.Voloshin, Int.J.Mod.Phys.E33(2024)2430010
PROJECTILE F.Becattini, M.Buzzegoli, TN, S.Pu, A.Tang, Q.Wang, Int.d.Mod.Phys.E33(2024)2430006
SPECTATORS
— Il e L I 11 | | | | T T 1T T | | | T T T T | | | I T 11
32 B STAR Au+Au 20%-50% n
— 8_— | BES-| ] ~
Q i h/\ ﬁ K':/(llpl\_/er;\ICwHLLE,A ®A O ly|<1 i
— /\ ----- Chiral ,kinetic, A+A iEi_lik X lyl< —
6 - LW | mmimi- YangMills-IC+PICR, A —
O > N \\ — — 3FD, 1PT-EQS, A ZIOOAGGE\I/K _
~ Inl<1

~ B # 0 B : \\ —— . - 3FD, HG-EOS, A _
TARGET L i } \ ALICE Pb+Pb 15-50% |
SPECTATOR 4_ |
A\ N ]
P (S —|— ].) (w —|— /LB / S ) ] Q\. f HADES 20-40% -05<y<0.3
_ | - T3 .. ¢ A Au+Au ]
ST 2— \ SRRER JQ . + A Ag+Ag _
0 - 073240014 X '~'---.-7_~.:.: |
The most vortical fluid ever observed! w~1021 (s-1) ol_c30758 £0012 \ _______________________ — ot
STAR’ Nature 54862(2017) ] ] 1 11 III| ] ] 1 1 1 III|2 ] ] 1 11 III|3 ] ] L 1 111

1 10 10 10

\'Syy (GeV)

Energy dependence of Py can be explained by models based on thermal vorticity

- Smaller velocity shear at higher energy due to longitudinal boost invariance |.Karpenko, F. Becattini, EPJ(2017)77.213

- Dilution effect due to longer system lifetime Y. Xie, D. Wang, L. P. Csernal, PRC9S, 031901(R) (2017)
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Global polarization

Reviews:
TN and S.Voloshin, Int.J.Mod.Phys.E33(2024)2430010
PROJECTILE F.Becattini, M.Buzzegoli, TN, S.Pu, A.Tang, Q.Wang, Int.d.Mod.Phys.E33(2024)2430006
SPECTATORS
— Il e L I 11 | | | | T T 1T T | | | T T T T | | | I T 11
32 B STAR Au+Au 20%-50% .
\; 8 —_ A UrQMD-IC+vHLLE BE?\_I A 1 _—
D. I J\ n A':/(IDPT ;\ +V ;A o @) lyl< ]
— /\ ----- Chiral ,kinetic, A+A iEi_lik X lyl< —
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82}2 6 N \\ — — 3FD, 1PT-EQS, A ZIOOAGGE\I/ < _
~ Inl<1

~ 8 # 0 5 : \\ —— . - 3FD, HG-EOS, A _
TARGET L i } \ ALICE Pb+Pb 15-50% )
SPECTATOR 4 | |
L o2a<t) *A TR i _
P (S —|— ].) (w —|— /LB / S ) ] Q\. f HADES 20-40% -05<y<0.3
_ | - T3 .. ¢ A Au+Au ]
ST 2— \ SRRER JQ . + A Ag+Ag _
| o, = 0.732+0.014 ‘ X "'-----::.Z |
The most vortical fluid ever observed! w~1021 (s-1) ol_c30758 £0012 \ _______________________ — ot
STAR’ Nature 54862(2017) ] ] 1 11 III| ] ] 1 1 1 III|2 ] ] 1 11 III|3 ] ] L 1 111
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| Sy (GeV)

Energy dependence of Py can be explained by models based on thermal vorticity

- Smaller velocity shear at higher energy due to longitudinal boost invariance |.Karpenko, F. Becattini, EPJ(2017)77.213

- Dilution effect due to longer system lifetime Y. Xie, D. Wang, L. P. Csernal, PRC9S, 031901(R) (2017)

Transverse polarization (wrt production plane) coupled to vi may contribute at lower /snn

- |ts origin is not understood since the first measurement in 1976 F.Liu and Z. Tu, arXiv:2603.19581
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Polarization in HIC

— .
reaction plane

P, (%)

Recent reviews

TN and S.Voloshin, Int.d.Mod.Phys.E33(2024)2430010
F.Becattini, M.Buzzegoli, TN, S.Pu, A.Tang, Q.Wang, Int.J.Mod.Phys.E33(2024)2430006

UrQMD-IC+VvHLLE, A
AMPT, A

= = Chiral kinetic, A+A

= YangMills-IC+PICR, A
— = 3FD, 1PT-EOS, A

= 3FD, HG-EOS, A
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Driven by the initial orbital angular momentum
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Driven by anisotropic flow

Spin observables seem to have sensitivity to the medium properties such
as the shear/bulk viscosities and EOS

60 80

S. Alzharani et al., PRC106.014905 (2022)
A. Palermo et al., EPJC84(2024)920
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Bayesian analysis with spin

S. Singh, E. Grossi, and F. Becattini, arXiv:2605.29383 With P, Without P,
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Phase diagram of rotating nuclear matter

0.10 ~—
0.08 - RN - - 0.16
s N 0.14
% >0 Crossove\r\ S ]
3 j N o R - Tc [GeV] 0.12
— 0.04 - R
NN | 0.10
0.02 - CEP ) . 0.08 0.01
T 1st order\ 1 | . .\l\
0.00 ! . , . , : : 1 1,92 | o
0.50 0.55 0.60 0.65 {Gey 0 W
o (GeV) |
Y. Jiang and J. Liao, PRL117.192302(2016) Y. Fujimoto, K. Fukushima, Y. Hidaka, PLB816(2021)136184

* Vorticity w acts like baryon chemical potential us and lower deconfinement
transition temperature
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Summary

e Differen

which m

 Complexity in the interpretation due
need to be disentanr

 Spin observables could be useful
the medium properties and to stuc

Outlook

gled/understooc

to constrain

V phase structure

o Stay tuned for completing BES-II FXT analyses

o Future experiments: CBM, CE

1. Niida, QCD CP and Hydro evolution (@Kyoto
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C. Broodo(STAR), SQM2026
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ATLAS, PRL133, 252301 (2024)

o\o I I I I I I I I I I I I I I I I I
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FIG. 4. Correlation between Apr/{{prl)ow_1s  and
AN,/ (Nen)ogw-19 1n the 0%—1% most central Pb + Pb and Xe +
Xe collisions for two pt ranges. The error bars represent the
statistical uncertainties of the measurement, whereas the shaded
boxes represent the systematic uncertainties of the data along the
x and y axes. The data are compared to the MUSIC hydro-
dynamic model with ¢2 =~ 0.23 at T ~ 222 MeV and the HIJING
model, both at zero impact parameter (b = 0 fm) [11].
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