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6. Theoretical (models and lattice) predictions for the location of the critical point. The
labels correspond to Table I. The two dashed lines indicate the magnitude of the slope d2 T /dµ2
obtained by lattice Taylor expansion.38) The upper curve agrees with Ref. 39). The lower curve
corresponds to smaller quark mass. Errors/uncertainties are not shown.

QCD critical point

In the absence of a controllable (i.e., systematically improvable) method, one
ns to model calculations. Many such calculations have been done.9)–16) Figure 6
d Table I summarize the results. One can see that the predictions vary wildly. An
eresting point to keep in mind is that each of these models is tuned to reproduce
uum, T = µB = 0, phenomenology. Nevertheless, extrapolation to nonzero µB is
constrained significantly by this. In a loose sense, the existing lattice methods
be also viewed as extrapolations from µB = 0, but finite T .
Two new lattice approaches are being developed. Each of them has the capacity
determine the location of the critical point. One approach is based on simulans at finite imaginary values of µB 39) and the other on Taylor expansions around
= 0.38) The curvature of the phase transition line found using these methods is
icated by the upper parabola in Fig.6. Recent result38) (lower parabola in Fig.6)
ms to indicate large sensitivity of this curvature to the quark mass. This may or
y not be related to the strong sensitivity of the position of the critical point to
value of the strange quark mass observed in Ref. 39). Qualitatively, one should

QCD phase diagram: an overview
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In theories similar, or approximating, the finite density QCD, the sign and/or overlap probs have been tackled recently, using various new methods see, e.g., Refs. 35)–37).
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Figure 4: Comparison of predictions for the location of the QCD critical point on the phase diagram. Black
points are model predictions: NJLa89, NJLb89 – [12], CO94 – [13, 14], INJL98 – [15], RM98 – [16],
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At the critical point

m !0

QCD inequality
+ some approximations
Neglecting disconnected diagrams
Neglecting quark loops mixing flavors

Large-Nc QCD satisfies both approximations!
Several model such as NJL with mean field
approximation, random matrix also satisfy.
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If disconnected diagram is neglected,
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No second order phase transition as long as

m =0

QCD inequality also works at finite T and μI.
Son and Stephanov (ʼ01)

QCD phase diagram at μI
No critical point out side
of the pion condensed phase
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QCD phase diagram at μ
QCD inequality does not work at μ...
If some quark loops
mixing flavors are negligible,
i.e., complex phase is negligible,
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OK, at large-Nc, outside of pion condensed phase

The phase structure
at finite μ
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At large Nc, Hanada and Yamamoto (’11)
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Summary

No critical point out side of
the pion condensed phase.
( if quark loops and disconnected diagram are suppressed.)

Large Nc QCD, OK.
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Lattice QCD can
determine the boundary.
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cf. Kogut, Sinclair (’04), (’06), (’07),
de Forcrand, Kratochvila (’06)
de Forcrand, Stephanov, Wenger (’07)
Detmold, Orginos, Shi (’12)

Lattice simulation is
diﬃcult in the pion
condensed phase.
We need to estimate
contributions of
µ disconnected diagrams.

