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Phase diagram for us > 0, mgq > 0
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Phase diagram for us > 0, mgq > 0

Does freeze-out occur close to a critical point?
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Phase diagram for us > 0, mgq > 0

Does freeze-out occur close to a critical point?
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Freeze-out conditions at RHIC
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Determining 7y and up

using the HRG model
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The RHIC low energy runs
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Baryon number

susceptibilities in the HRG

¥ the pressure in the HRG model
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Cumulants of net-baryon

fluctuations
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charge fluctuations at freeze-out agree 'almost’' with HRG model predictions

significant deviations between HRG model and data for the variance (xg))?
(talks by K. Redlich, V. Skokov)
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Freeze-out parameters from QCD

While hadron yields are “not easy” to obtain from lattice QCD
calculations, fluctuations of conserved charges and their higher
order cumulants are directly accessible in lattice QCD calculations
(in particular for small or vanishing chemical potential)

eventually we should get rid of model calculations and
should be able to determine the freeze-out parameters
directly by comparing experimental results with (lattice)
QCD calculations

assume that you have never heard

about the HRG model; »
try to determine freeze-out conditions

by comparing experiment with QCD
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Mean, variance, skewness & kurtosis

STAR results from RHIC low energy run
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Mean, variance, skewness & kurtosis

STAR results from RHIC low energy run
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Taylor expansions of
baryon number susceptibilities

mean. Mp = VTgxg’)u = VT3 (?XB,O + )
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skewness and kurtosis and volume independent ratios of
susceptibilities
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Cumulants of net-charge

susceptibilities in Lattice QCD

pd-action: 16% x 4, 24°% X 6
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M. Cheng et al, Phys. Rev. D79 (2009) 074505

- results from an O(a”*2) improved action (p4) on coarse lattices

- currently repeated with highly improved action (HISQ) on fine lattices
(talk by Swagato Mukherjee)

generic features: larger deviations from HRG model for higher order cumulants

X;‘, xf >0 forall T > @ Structure consistent with

- O(4) universality/ crossover
Xé( >0 foralT > Ty “ g transition
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Quadratic charge fluctuations

preliminary results from hotQCD; using the HISQ action at three values of the lattice cut-off

comparison of baryon number and electric charge fluctuations with the
corresponding HRG model calculations

net baryon number: generic lattice problems larger
deviations start for T'>170 MeV in the electric charge sector
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Quadratic charge fluctuations

preliminary results from hotQCD; using the HISQ action at three values of the lattice cut-off

comparison of baryon number and electric charge fluctuations with the
corresponding HRG model calculations

net _ba_ryon number: generic lattice problems larger
deviations start for 7'2,170 MeV in the electric charge sector, BUT:
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deviations from HRG result seem to
be significant already for T%lﬁ(} MeV
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Quadratic charge fluctuations

preliminary results from hotQCD; using the HISQ action at three values of the lattice cut-off

comparison of baryon number and electric charge fluctuations with the
corresponding HRG model calculations

net baryon number: generic lattice problems larger
deviations start for 7' 2,170 MeV in the electric charge sector, BUT:
1.4 T T T T T T 1 T T T T T T
B ,HRG ]
10 _+X2/X2 hotQCD
& |- preliminary fx scale
17 + P hotQCD
0.8 | \Q’Zgoé f scale preliminary 1
"g":’*\.\, N’C=12 @
0.4 |Quadratic extrap. ”'¢ ] MCP_160 MoV —
N’C=12 @ nm (RMS,12) —
| 02| n(TVS,
0o | 2 : m_(RMS,8) —
' - iy’ RMS,6) —
0 T [MeV] 0 Mx(RMS.0) T [MeV]
120 140 160 180 200 220 24 120 140 160 180 200 220 240

deviations from HRG result seem to

_suffers from taste symmetry viplations be significant already for 7> 160 MeV
inherent to the staggered fermion scheme ~
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LGT:

BARYO-meter

Even-odd ratios of cumulants are BARYO-meters
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BARYO-meter

LGT: Even-odd ratios of cumulants are BARYO-meters
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THERMO-meter

LGT: Even-even ratios of cumulants are THERMO-meters
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THERMO-meter

LGT: Even-even ratios of cumulants are THERMO-meters
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Electric charge fluctuations:

a better THERMO-meter?

Cumulants of net electric charge fluctuations XQ ”/X(z)

HRG: XQ ‘,,/XQ L > 1 due to double charged hadrons and quantum
statistics (pions)

ideal gas: 2/m2 » larger variation with T in the transition region
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A better THERMO-meter

Cumulants of net electric charge fluctuations

HRG: XQ p,/XQ e 1 due to double charged hadrons and quantum
statistics (pions)

QCD: cut-off effects arise from
taste symmetry violations;
rapidly reduce for T'> 160 MeV

15 ¢
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this will unambiguously
determine T
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Relating net baryon number

and net proton susceptibilities

@ experiment: only net-proton rather than net-baryon numbers
are accessible;

@ as far as critical behavior is concerned, proton number
fluctuations capture the same singular behavior
(Stephanov et al, 1998)

@ proton and baryon number fluctuations may differ quantitatively
(Asakawa, Kitazawa, 2011)

: . : 2
@ given experimental data on xg), X&) we can obtain ng)

using QCD results on x&’, x5’ at freeze-out
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Relating net baryon number

and net proton susceptibilities

: : 2 2 : 2
@ given experimental data on ><2£2), x> we can obtain xgg)
using QCD results on xéz),xgg) at freeze-out:
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The freeze-out volume

the probability distribution of net charges, P(N),
may be expressed in terms of a cumulant expansion;

Po(N) = — [ dk cos(k vrs (K p LK e K
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Ne? Proton - . (2) (2)
P. Braun-Munziger et al., arXiv:1107.4267 getitfrom Xp /XB

2 .
in order to extract V¢ from experiment we need X or analyze directly P(Q)
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Conclusion

@ higher moments of charge fluctuations are increasingly
sensitive to critical behavior, even at up = 0 ; differences
between HRG and QCD will inevitably show up

@ experimental results on moments of B or Q charge fluctuations
up to 4™ order can be used to determine freeze out paramters
from QCD;
results are similar to HRG calculations, BUT they are based
on QCD!

@ comparing this analysis with calculations of the QCD transition
temperature allows to quantify the relation between
freeze out and transition temperatures

Establishing this at g ~ 0 provides an anchor point for the
analysis of the entire phase diagram
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