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l. Introduction

Chiral transition in the QCD phase diagram
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Phase diagram of iCP’s within the mean-field approximation (MFA)
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There are few works about fluctuation effects: Qquasi-Long-Range-Oder

Stability of the one-dimensional structure T.-G. Lee et al, PRD92,034024(2015)
by the Nambu-Goldstone excitations Y. Hidaka et al., PRD92,(2015)

Here we discuss the fluctuation effects near the phase boundary.

Consider the right (R-) boundary, which is described by
the second order phase transition within MFA.



Il Brazovskii and Dyugaev effect
Partition function Z within the NJL model:

Z :_[DchTe‘S,
3| = 0o O . 0 —\2 | (m 2
s=-[dr[d X{q(—y iV jq+G[(qq) + (Tiysra) ]}
Introduce the auxiliary (collective) fields: ¢, =(-2G0q,—2Gqiy,7q)

After integrating out the quark degrees of freedom we have
an effective action Seff in terms of these collective fields:
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Chiral pair fluctuations in the chiral-restored phase

e.g. Pseudoscalar channel (Lindhard function)
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n-th order renormalized vertex function:
o'Q
80(-q,)oP(-q,)..0P(-q,)
which includes the fluctuation effects
given by &,
—I"(q,,q,,..,q,) within MFA.
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Second-order vertex function
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G (p,iw,) = _
: e +7(IpF -00) +a| @, | (p,iw,)

We can see how the difference is generated for
guantum fluctuations and thermal fluctuations,
Looking into the loop integral.

* All the Matsubara frequencies contribute to the integral at T=0

d’p d'p _ .
TZI(ZE) (27)" (ImH0 = 0 1S Important)

, and washed out the singularity mG

*On the other hand, n=0 gives a Ieadlng contribution
at finite temperature

d°p
Zj(277) I(27T)3 ]

Momentum integral becomes more singular

Fluctuation effect becomes more drastic.

(cf Coleman-Mermin-Wagner’s theorem)



Fourth-order vertex function
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To summarize

® <0 (positive definite)

Phase diagram
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I1l. Anomalies of the thermodynamic quantities

Usual second-order phase transitions

(second derivatives of (2)

Ex) Specific heat, number-susceptibility
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How about the fluctuation-induced first-order phase transition?

Anomalies in the first derivatives
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Sf: entropy density for free quarks



IV Summary and concluding remarks

We have studied the fluctuation effects on the inhomogeneous
chiral transition.

Fluctuation induced first-order phase transition

" Peculiar dispersion of the fluctuations is very important.
Singular behavior on the sphere \q\ =0,

*The effects of quantum and thermal fluctuations are figured out;
Thermal fluctuations are more drastic than the quantum
ones due to the dimensional reduction.

- Anomalous effect can be seen in the first derivatives of
the thermodynamic potential, besides the discontinuous jump.

- Common features for inhomogeneous phase transitions.
Application for the FFLO state should be interesting.






Dangerous diagrams=long range interaction between ¢2
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We can prove similar behavior in the FFLO case.
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Il Brazovskii and Dyugaev effect

We discuss the properties of the phase transition to
the inhomogeneous phases.

Pion condensation, liquid crystal,
FFLO state of superconductivity, diblock copolymer,...

Chiral pair fluctuations in the chiral-restored phase

e.g. Pseudoscalar channel (Lindhard function)
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Fluctuation effects:

Stability of the one-dimensional structure
by the Nambu-Goldstone excitations ¢

T.-G. Lee et al, PRD92,034024(2015)
Y. Hidaka et al., PRD92,(2015)

Anisotropic dispersion
o’ =ak? + Dbk

Correlation function at large distance:

(#(2)6 (@) > A% cos(a) (Zi] 2,=2q/ A2

0

(46,06 @) > S " [';—] fh=A"

0

Quasi-long-range order (QLRO)
Note that LRO exists at T=0
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