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History of Phase Diagram Investigations Based on SC-LQCD

Confinement in Pure YM.: Wilson(’74),Munster(81), c.f. Creutz(79)

Deconfinement Trans in Pure YM. SU(2): Polonyi,Szlachanyi(’82) ,
SU(3): Gross, J. Bartholomew, and D. Hochberg(’83) ,
Recent: O.Philipsen,J.Langelage,S.Lottini

Chiral SSB in vac.: Kawamoto,Smit(’81, Staggered), Smit (’80, Wilson),
Kluberg-Stern,Moreo,Napoly,Peterson(’81,Naive), Brower,Svetitsky
(’00,DW), Ichinose,Nagao (’00,Overap).

Staggered Flavor Interpretation Golterman,Smit (’85),

1/d expansion: Kluberg-Stern,Moreo,Peterson(’83)

Chiral Trans. in equilibrium: Damgaard,Kawamoto,Shigemoto(’84),
Damgaard,Hoghberg,Kawamoto(’85), Faldt,Petersson(’86),
Bilic,Karsch,Redlich(’92)

Chiral+Deconfinement Transitions: Gocsch-Ogilvie (’84) ,
Ilgenfritz-Kripfganz (’84) , (c.f. PNJL model Fukushima (’04))

Phase Diagram at Strong Coupling Limit:
Nishida,Fukushima,Hatsuda(’03), Fukushima(’04), Nishida(’04),
Kawamoto,Miura,Ohnishi,Ohnuma(’05), Forcrand,Fromm(’09)
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Forcrand Fromm (2009)Kawamoto-Miura-Ohnishi-Ohnuma (’07)

c.f. A. Ohnishi, Friday 18.
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Outline of Analyses (β = 6/g2)

Phase diagram
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effects !!

Z ∼
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(1 + e−(ε−µ)/T )(1 + e−(ε+µ)/T )
i

, (Free)

→
Y

detc

h
(1 + Lpe

−(Eq(σ)−µ)/T )(1 + L†pe
−(Eq(σ)+µ)/T )

i
,

(Gocsch-Ogilvie and Ilgenfritz-Kripfganz (’84),Fukushima (’03))

→
Y

detc

h
(1 + Lpe

−(Ẽq(σ)−µ̃(ωτ ))/T )(1 + L†pe
−(Ẽq(σ)+µ̃(ωτ ))/T )

i
, (PNLO) .

µ̃(β, ωτ ) ' µ− βωτ/18 , ωτ = −∂Feff

∂µ
≡ ρq . (1)
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−(Ẽq(σ)−µ̃(ωτ ))/T )(1 + L†pe
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Interplay Between Chiral and Deconfinement Transitions
Phase Diagram

Setups

Fermion: One Species of Unrooted Staggered Fermions.

Chiral Symmetry: Uχ(1) Symmetry breaking and restorations without
anomaly.

Approximations:
1 NLO O(1/g2) in Strong coupling expansion,
2 Leading pure YM contributions for Polyakov loop

(c.f. NNLO, T-Z. Nakano, Next talk),
3 Leading order of 1/d expansion (c.f. A.Ohnishi Friday 18),
4 Mean field approximation.

Scale: a−1 ∼ 500(MeV) at β = 6.0, Kluberg-Stern et al. (’83)

Simplest Laboratory to See Interplays among Chiral and
Deconfinement Transitions with Dynamical Density!!
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Interplay Between Chiral and Deconfinement Transitions
Phase Diagram

Polyakov Loop (PNLO,(β, m0) = (4.0, 0.0))

Miura,Nakano and Ohnishi, Preliminary!
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Interplay Between Chiral and Deconfinement Transitions
Phase Diagram

Deconfinement Cross-over (PNLO,(β, m0) = (4.0, 0.0))

Miura,Nakano and Ohnishi, Preliminary!
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Summary

Results

We have investigated interplays between the chiral and deconfinement
transitions with dynamical quark density effects based on the PNLO of
SC-LQCD.

We have found two sequential deconfinement cross-overs, Chiral induced
and ZNc induced deconfinements.

In the same way to NLO invesigation, the PCR matter satisfying the
balance Eq. µ̃ ∼ Ẽq appears in PNLO case, and the lp is finite in PCR, i.e.
Quark and Diquark excitation exists (c.f. Quarkyonic).
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Further Developments

Toward Collaboration to LQCD-MC

Imaginary chemical potential with Polyakov loop effects.

Suggestion of analytic form of fitting functions in the extrapolations from
µI region to µ region: ρq(µI )→ ρq(µ), (lp(µI ), l̄p(µI ))→ (lp(µ), l̄p(µ)) ,...

TCP (CEP) with and without (µ/T ) expansion → Test of Taylor
expansion method used by MC.

EXTENSIVE INVESTIGATIONS !!

NNLO O(1/g 4) SC-LQCD with Polyakov loop (Weiss app.):
Mr. T-Z. Nakano, Next Talk!

NLO of 1/d Expansion = Quark (Baryon) Hopping Effects:
Prof. A. Ohnishi, Friday 18.
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THANKS !!

THANKS !!
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