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The chiral phase transition

An important phase transition of QCD is the chiral phase transition [1, 2]. Two effective models

have been widely used to describe it:

e NJL-model [3]: chiral phase transition is driven by quark loops

e Linear-c model [4]: mechanism behind the phase transition are mesonic loops

A large- N, [5] study of the critical temperature T is interesting: we expect that 7. ~ N (Just as the

deconfinement phase transition).

= the behavior of the NJL and ¢ model do not coincide, linear-c model fails

= The behavior of the linear-c model must be improved [6].

Nambu-Jona-Lasinio model

The Lagrangian of the NJL-model as function of V. reads [3]:
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The quark develops a constituent quark mass m* which is proportional to < gq >. As
a result the scaling of the critical temperature 7.(N.) as a function of the number of
colors reads:
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To leading order the chiral transition is independent of N.. The chiral phase transition
IS triggered via the N, quark loops.

Te(Ne) >~ A

The result is In agreement with expectations [8].

Modified linear o-model

At least one parameter is chosen to be temperature-dependent [6]:

ph = p(T) =’ (1 - Tj) - ()
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The quadratic behavior is in agreement with Ref. [11]. This change :

lead to the following correct scaling of 7.
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Phenomenological improved linear -model shows the correct large- 0.02

N.behavior. The mesonic loops pull the T to lower values. (Coupling
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Figure 1: Schematic phase diagram of the QCD [7]

Linear o-model

The Lagrangian of the linear o-model [4] with N, scaling reads:

1 1 A3
L,(N,) ==(0,9)* + —°P* ot Pl = (0,7, 3
where the scalar field sigma ¢ and the pseudoscalar pion triplet 7 have been intro-

duced. The chiral condensate reads: ¢y, = (T = 0) = u\/NC/)\S = +/N./3f.. The
critical temperature 7.(N,) calculated with the CJT formalism [9] reads:

Ne 1/2
Te(Ne) = Vafr| 5 o N2 (4)
The critical temperature increases with the number of colors. Interactions vanish in
the large- N, limit the symmetry cannot be restored.

The result contradicts the result of the NJL-model [10].

Finite temperature study

Linear-c model including an additional scale 7 in a large-/N. consistent version:
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Finite temperature study within the CJT-formalism in a double-bubble approximation:

e dotted line: N. =3 and Ty, — oc
edashed line: N. — oo and Ty, = 270 MeV
e continuous line: N. =3 and 7T, = 270 MeV

e The critical temperature 7. decreases when me-
son loops play a role.
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to Polyakov loop leads to same scaling) .

References

[1] N. Cabibbo, G. Parisi, Phys. Lett. B89, 67-69 (1975).

[2] D. H. Rischke, Prog. Part. Nucl. Phys. 52 (2004) 197-296. [nucl-
th/0305030].

[3] Y. Nambu, G. Jona-Lasinio, Phys. Rev. 122, 345-358 (1961);
Y. Nambu, G. Jona-Lasinio, Phys. Rev. 124, 246-254 (1961).
T. Hatsuda, T. Kunihiro, Phys. Rept. 247, 221-367 (1994). [hep-
ph/9401310]. S. P. Klevansky, Rev. Mod. Phys. 64, 649-708
(1992).

oh/0102260].

B160, 57 (1979).

[7] http://www.gsi.de.

[5] G. 't Hooft, Nucl. Phys. B72, 461 (1974). E. Witten, Nucl. Phys.

[6] A. Heinz, F. Giacosa, D. H. Rischke, in preparation.

—— TiIn[GeV]

[4] M. Gell-Mann, M. Levy, Nuovo Cimento, 16, 705 (1960). P. Ko [8]C. B. Thorn, Phys. Lett. B99, 458 (1981). L. McLerran, R. D. Pis-
and S. Rudaz, Phys. Rev. D 50 (1994) 687/. S. Gasiorowicz,
D. A. Geffen, Rev. Mod. Phys. 41, 531-573 (1969). M. Urban,
M. Buballa, J. Wambach, Nucl. Phys. A697, 338-371 (2002). [hep-

arski, Nucl. Phys. A796 (2007) 83-100. [arXiv:0706.2191 [hep-
ph]].

[9]J. M. Cornwall, R. Jackiw, E. Tomboulis, Phys. Rev. D10, 2428-
2445 (1974).

[10] E. Megqias, E. Ruiz Arriola, L. L. Salcedo, Phys. Rev. D74, 065005
(2006). [hep-ph/0412308].

[11] J. Gasser, H. Leutwyler, Phys. Lett. B184, 83 (1987). S. Leupold,
U. Mosel, AIP Conf. Proc. 1322, 64-72 (2010).



