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Phase diagram of
strongly interacting matter
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Generic QCD phase diagram

QCD, physical quark masses QCD, chiral limit (u,d quarks)
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Hadronic fluctuations and
chiral symmetry restoration
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expect 2nd order transition in 3-d, O(4) symmetry class;
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singular part: fs(T, µu , µd) = b−1fs(tb
1/(2−α)) ∼ t2−α

∂2 ln Z

∂µ2
u,d

∼ t1−α ,
∂4 ln Z

∂µ4
u,d

∼ t−α (µ = 0)

O(4)/O(2): α < 0, small ⇒

〈(δNu,d)2〉 dominated by T-dependence of regular part

〈(δNu,d)4〉 develops a cusp

How does µS couple to the singular part of the light quark sector?
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Hadronic fluctuations and
chiral symmetry restoration

expect 2nd order transition in 3-d, O(4) symmetry class;
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O(4)/O(2): α < 0, small ⇒

〈(δNq)2〉 develops a cusp

〈(δNq)4〉 diverges on the O(4) critical line;
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(∼ 10−4 at RHIC and LHC)
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Hadronic fluctuations at µ = 0 from
Taylor expansion coefficients for µ > 0

nf = 2 + 1, mπ ≃ 210 MeV: RBC-Bielefeld, preliminary

Taylor expansion of bulk thermodynamics in terms of µq,s

p

T 4
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1

V T 3
ln Z(V, T, µq, µs)

=
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ci,j
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T

)j

expansion coefficients evaluated at µq,s = 0 are related to
fluctuations of B, S, Q at µB,S,Q = 0:

⇑ baryon number, strangeness, charge fluctuations

event-by-event fluctuations at RHIC and LHC
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Hadronic fluctuations at µ = 0 from
Taylor expansion coefficients for µ > 0

nf = 2 + 1, mπ ≃ 210 MeV: RBC-Bielefeld, preliminary

higher derivatives ⇒ higher moments

mixed derivatives ⇒ correlations
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Quark number and isospin fluctuations at
µB = 0 in 2-flavor QCD (mπ ≃ 770 MeV )

C. Allton et al. (Bielefeld-Swansea), PRD71 (2005) 054508
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Charge fluctuations at µB = 0

nf = 2, mπ ≃ 770 MeV: S. Ejiri, FK, K.Redlich, PLB633 (2006) 275

second moment: 〈(δQ)2〉 = 〈Q2〉 increases monotonically to ideal gas value;

fourth moment: 〈(δQ)4〉 = 〈Q4〉 − 3 〈Q2〉 develops a cusp at ”phase” transition
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Charge fluctuations at µB = 0
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Strangeness fluctuations

RBC-Bielefeld, preliminary

first results on strangeness fluctuations and their correlation with
baryon number fluctuations in QCD with physical, dynamical
strangeness sector and almost physical light quarks

(2+1)-flavor QCD, mπ ≃ 210 MeV

lattice sizes: 163 × 4 and 243 × 6 (today only Nτ = 4)

calculations with improved staggered fermions (p4)
⇒ small cut-off dependence in the high temperature, ideal gas limit
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Quadratic fluctuations of baryon number
and strangeness in (2+1)-flavor QCD

RBC-Bielefeld, preliminary

vanishing chemical potentials:
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Quartic fluctuations of baryon number
and strangeness in (2+1)-flavor QCD

RBC-Bielefeld, preliminary
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⇒ large light quark (baryon) number fluctuations

⇒ enhanced strangeness fluctuations (factor ∼ 2)
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Correlation between light quark number
and strangeness fluctuations

RBC-Bielefeld, preliminary
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µq > 0:Fluctuations of baryon number
and strangeness in (2+1)-flavor QCD

RBC-Bielefeld, preliminary
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Conclusions

- Taylor expansion coefficients of finite density QCD provide
information on fluctuations at µB,Q,S = 0

- fourth order moments show strong signal of the ”phase” transition

detectable at RHIC and LHC in event-by-event fluctuations??

- rapid rise of baryon number (and charge) fluctuations with increasing
baryon number density (µB/T );
with less strength also visible in strangeness fluctuations

- fluctuations at low T still compatible with HRG model;
deviations become visible for T>

∼0.95Tc, e.g. in cq
8
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