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Quark Matter 2018: 
Patrick Steinbrecher (BNL)



!3

order parameter:

susceptibility: and it’s quark-line  
disconnected part:

Taylor’s expansion:

crossover temperature:
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χm ∼ m1/δ−1fχ(z)

χt ∼ m(β−1)/βδf′�G(z)

fχ(z) : χsub, χdisc, ∂2
μB

χdisc

f′�G : ∂TΣsub, ∂2
μB

Σsub

m = 0: all these susceptibilities will diverge at 
a unique transition temperature 

m > 0: crossover, different susceptibilities 
can lead to different crossover temperatures  

z ∼ #[(Tpc − Tc) + #μ2
B]/m−1/βδ
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revampedTc(μB = 0)
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Tc(μB)

μB > 0

μB > 0
HotQCD 

preliminary
HotQCD 

preliminary

heavy-ion collision like strangeness neutrality & charge-to-baryon rationS = 0, nQ/nB = 0.4 :
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4th order corrections orders of magnitude smaller than 2nd
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along the chiral crossover 
energy density & entropy 
density remains constant 

freeze-out line coincides with 
the chiral crossover
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net-baryon number fluctuations 
along the crossover line

increase remains less than 
(ideal) hadron gas resonance 
gas model
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little change in peak-height & width with increasing baryon chemical 
potential: no indication of a stronger transition becoming stronger
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Tc(μX)

X=B: baryon 
X=Q: electric charge 
X=S: strangeness 
X=I: isospin
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Summary
chiral crossover temperature: 

Tc(μB= 0) = 156.5 ± 1.5 MeV

κB
2 = 0.012 ± 0.003

κB
4 = 0.0001 ± 0.004
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nS = 0, nQ/nB = 0.4 :

no indication of increased fluctuations & transition becoming stronger

along the chiral crossover energy density & entropy density remains constant

freeze-out line coincides with the chiral crossover

μB ≲ 250 MeV
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QCD transition: towards chiral limit

HotQCD preliminary Quark Matter 2018: Anirban Lahiri (Bielefeld)

u/d quark masses: 

s quark mass: mphys
s

H ≡ ml /mphys
s

M ≡ Σsub∼ H1/δfG(z)

χM ≡ χsub∼ H1/δ−1fχ(z)

mu = md ≡ ml → 0
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volume dependence of chiral susceptibility

mπ ≈ 80 MeV

no direct evidence of 1st 
order transition



!19

consistent with O(N) universality


