Tachyonic instability of the scalar mode prior to the QCD critical point
based on the functional renormalization-group method in the two-flavor case
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Introduction The analytic continuation of the Green's function can be performed in
the flow equation by making use of 3D regulators.
What is the true nature of the phase transition between the hadronic phase and K. Kamikado, N. Strodthoff, L. Smekal, J. Wambach, EPJ C (2014)
quark—gluon p|asma phase? R. Tripolt, N. Strodthoff, L. Smekal, J. Wambach, PRD (2014); R. Tripolt, L. Smekal, J. Wambach, PRD (2014)
First-order phase transition? QCD critical point (CP)? Temperature Green'’s fcn. Retarded Green's fcn.
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Dynamical quantities such as particle dispersion relations is useful to investigate RESLIlt
the nature of the phase transition.
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Even if the QCD CP exists, some aspects of the QCD CP such as the nature of ﬁj‘;ﬁﬁ B \ . 0
the soft modes are unrevealed. The particle dispersion relations is also useful to Phe | t ’ 0 "
investigate the nature of the QCD CP itself. - ys'(;aS ey e s owe m m s
. ) . . ] q — O Me T 4
Different universality class and different soft modes depending on the current _ HIMeV]
quark mass X spectral function near CPs ) @ CP
T Ap = p— U -

® m, = 1.27 MeV

A 0.0059 MeV
300

250

Sigma does not
become soft.

200

150

Sigma one-particle mode <

100

Soft particle-hole modes
H. Fujii, M. Ohtani, PRD (2004) %

o0

1st order bounda i
Y Particle-hole mode <«

1
1
1
1
1
1
1

D. T Son, M. A. Stephanov, PRD (2004) ‘t‘ u 0 50/ 100 l')ﬂ 200 | | 0 50 'lm ','..'“ 200 | 0 50 100 1_"'?0 200
t“ P mq — 508 MeV p [MeV] p MeV| p [MeV|
‘v‘ Tachyonic mode starts =
: QCD CP(s) in T — u — m, space o appear. =0 200
ExcitaFion from :' -y 2. 150 g 150
D fermi sphere o o E | | | 3 .
_ _ < \ Sigma one-particle tachyonic mode
Due to the breaking of the chiral and G = ( i) ) " e 0 8
charge conjugation symmetries @y (y Yy y) o 9 o | 4
T. Kunihiro, PLB (1991) p [MeV] p [MeV] p [MeV]
: : Ap = —0.1399 MeV Ap = —0.0999 MeV Ap = —0.0599 MeV
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® A tachyonic mode appears in ¢ channel near CPs as m, becomes large.
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