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Search for the QCD critical point with 
fluctuations of conserved charges in HIC

Relation to 
QCD criticality?

STAR data: X.F. Luo, 1503.02558, X.F. Luo and N. Xu, 1701.02105

Ratio of the 4th to 2nd  
order proton number fluctuations



/223

QCD transition with mπ =140 MeV  
at µB=0/√sNN ≳200 GeV 

T. Bhattacharya,…HTD,…et al. [HotQCD collaboration],  
Phys. Rev. Lett.,113(2014) 082001 (Editor’s suggestion)
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QCD transition with mπ =140 MeV at µB=0

Tpc =156.5(1.5)MeV
Higher precision in the continuum limit:
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QCD transitions at the physical point
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HTD, F. Karsch, S. Mukherjee, arXiv:1504.05274
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1st order chiral phase transition region
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[7] Jin et al., PRD96 (2017) no.3, 034523

Nt=4, naive stag.[1,2,3]

Nt=6, naive stag. [2]

Nt=4, p4fat3[1]

Nt=6, stout[4]

Nt=6, HISQ[5]

mc
⇡[MeV]

 0

 50

 100

 150

 200

 250

 300

 350 Nt=6, 8
Wilson clover[6]

Nt=4-10
Wilson clover[7]

The region shrinks from LQCD results 
with improved actions and finer lattices 
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Chiral phase transition region 
in Nf=3 QCD at µB=0
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1st order chiral phase transition seem to be not much 
relevant for thermodynamics at the physical point

How about the 2nd order O(4) transition line?
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S: Science

计算决定未来！

“道⽣⼀，⼀⽣⼆，⼆⽣三，三⽣万物。”  — 《道德经》老⼦ 600 BC

N: Nuclear C3: Color 3 -> QCD

June, 2018

”Tao gives birth to One, One gives birth to Two, Two gives birth to Three, Three gives birth to everything.“- Lao Tzu

Peak performance: 
1 PFlops/s 
Storage: 

1 PB

18 computing nodes 
(144 V100 GPUs)

8
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S: Science

计算决定未来！

“道⽣⼀，⼀⽣⼆，⼆⽣三，三⽣万物。”  — 《道德经》老⼦ 600 BC

N: Nuclear C3: Color 3 -> QCD

June, 2018

”Tao gives birth to One, One gives birth to Two, Two gives birth to Three, Three gives birth to everything.“- Lao Tzu

Peak performance: 
1 PFlops/s 
Storage: 

1 PB

18 computing nodes 
(144 V100 GPUs)

8 GPUs in each node

On 1-single GPU: 
643x16, 723x12

8 nodes in each rack
8
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Towards chiral limit of (2+1)-flavor QCD 
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Volume dependence of chiral susceptibility

No direct evidence of 
1st order phase transition 

down to mπ =80 MeV 

hot from the machine
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Chiral phase transition temperature Tc

H     /M → 1/δ @ Tc�M
0

H: ml/ms 
M: chiral condensate 
   : chiral susceptibility�M
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A novel approach to estimate Tc
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 small variations among           
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Estimate of chiral phase transition Tc

Tc ≈ 135 MeV
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Taylor expansion coefficients of QCD pressure at µB =/=0
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Taylor expansion coefficients of QCD pressure at µB =/=0
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 The EoS is well under control at μB/T≲2 or √sNN ≳12 GeV

Bielefeld-BNL-CCNU, Phys.Rev. D95 (2017) no.5, 054504

Consistent results obtained using analytic continuations  
from the imaginary mu Wuppertal-Budapest-Houston: 

EPJ Web Conf. 137(2017) 07008
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Crossover,  line of constant physics & freeze-out

curvature at constant b: 

0.006  b
2  0.012, b = P, ✏, s

Bielefeld-BNL-CCNU, PRD95 (2017) no.5, 054504
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Order Parameter Susceptibility at µB=/=0 

No indication of a stronger phase transition at larger µB 
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Estimates of the radius of convergence  

radius of convergence = lim
n!1

r�2n = lim
n!1

���
2n(2n� 1)�B

2n

�B
2n+2

���
1/2

A QCD critical point is disfavored at µB/T≲ 2 at 
T≳135 MeV

A. Bazavov, HTD et al., [Bielefeld-BNL-CCNU], Phys.Rev. D95 (2017) no.5, 054504

HISQ + Taylor Exp. (this work): 
Nf=2+1, Nt=8

Bielefeld-BNL-CCNU, 
PRD 95 (2017) no.5, 054504

unimproved staggered + Reweighting:
Nf=2+1, Nt=4 

Fodor and Katz, JHEP 0404 (2004) 050

unimproved staggered + Taylor Exp.:
Nf=2, Nt=4,6,8 

Datta et al., PRD 95 (2017) 054512

stout +  Img. mu:
Nf=2+1,Nt=8

D’Elia et al., PRD 95 (2017) 094503
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Cumulant ratios of proton (baryon) number fluctuations:  
HIC data v.s. Lattice results

strangeness neutral
case:
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Bazavov et al., [HotQCD], Phys.Rev. D96 (2017) no.7, 074510

√sNN ≳20 GeV:   
𝜅σ2 is consistent with QCD in equilibrium
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Conclusions
 The chiral Tc of Nf=2+1 QCD is ~135 MeV, and the O(N) universality 

class of the chiral phase transition is preferred  

EoS from Taylor expansions of QCD partition functions are now 
reliable in the region µB/T≲ 2 or √sNN ≳12 GeV 

 Properties of cumulants measured in BES-I for √sNN ≳20 GeV clearly 
differs from HRG thermodynamics but are consistent to QCD 
thermodynamics close to the transition region 

 A QCD critical point is disfavored at µB/T≲ 2 at T≳135 MeV

22
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Lattice 2019
37th series

June 16-22, 2019
Wuhan, China

like the role of  
QM in HIC community

~ 400 participants annually

You are welcome 
to join us!
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Thanks for your attention!
谢谢！
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Possible connections between deconfinement 
& chiral aspects of the cross over
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chiral phase transition and universal scaling
Behavior of the free energy close to critical lines

f(m,T)=h1+1/δ fs(z) ,             z=t/h1/βδ

fs(z): universal scaling function, O(N) etc.
h: external field, t: reduced temperature, β,δ: universal critical exponents

Magnetic Equation of State (MEoS):
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