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Introduction
# QCD phase diagram is of great interest !
@ Transition at high T — Lattice MC, RHIC, LHC
@ High p transition has rich physics
— Various phases, CEP, Astrophysical applications, ...
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@ Perturbative QCD — Applicable only to high T or p
@ Lattice QCD — Sign Problem
@ Eff. Models (NJL [1], PNJL [2], POQM 3], ...)

—Model & Par. deps.
@ Strong Coupling Lattice QCD

> Strong coupling expansion & U, integral

L-G Mixed

— Sign problem is weak and applicable to large p region !
> Successes in pure Yang-Mills [4],
Chiral transitions [5], Deconf. transitions [6,7].
# No work on self-consistent description of chiral and deconf.
transitions with finite coupling effects based on SC-LQCD.

We develop SC-LOCD framework including both
Finite Coupling & Polyakov loop effects

Polyakov loop extended SC-LOCD (P-SC-LOCD),

and discuss chiral and deconf. transitions.

— Polyakov loop extended Strong Coupling Lattice OCL

# Lattice action — Eff. potential
@ Strong coupling (1/g*) expansion
(NNLO in with quarks [8], LO in Polyakov loop [6,7])
@ Large dimensional (1/d) expansion (LO)
@ Mean Field Approx. (static and constant aux. fields)

NLO (1/47)

SCL (LO)
e

Lattice QCD action
SLQCD ( X’ Xbar, U09 UJ)

1/g’ expansion

AT TR T 1

NNLO (1/4")

| and U, integral : E m o P
Eff. action ‘I=*II FAF AN MMMAMMM VYV-MM '..,|=I"ﬁll
Seff ( X’ Xbar’ U())
A ] I I
Bosonization [9] (ﬁ.x % E)"'O *.)!) )
y X X+ l Tlllfil.ri:“ 1;’,,; .;:' ‘
Eff. action (bi-linear in 7) C mtegral T
Seff ( X? Xbar, U(p 69 f,fbar, 0)9 “') )

quark det. (& U integral)

|

[ Eff. potential
F (o, 1,0, w,..)

l Min. Search

Equilibrium LA
[ G(Ta u)a f(Ta u)a soee . ] () ,“): )
11'!]||_Hh]'r| l:-l_t'l".'lllj lHJ]EH[IH

s Eff. Potential (in Haar measure method) O i )
Fu=F (®;u,T)+U,(1,1;T)+F (®) |
F,=-N,E,~TlogR(E,—ja,NI,N,I)-TlogR(E +j,NI,6 N1
R(x,L,L)=1+Lexp(—x/T)+ Lexp(—2x/T)+exp(—3x/T)
U,=—2TB,11—Tlog|1—611+4(I*+1)=3(11)]

H[H“—!]I]ill'l{ excltation T'-.'-.'c:—tpln]']i excitation

one-antiquark excitation

* T.Z.Nakano, K. Miura, A. Ohnishi, [arXiv:1009.1518]
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# Effective Potential of the Polyakov loop
@ Haar measure method [6] o o
— log(Haar measure) as the potential o vV
(No U, integral) = ’“[/
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@ Bosonization method [7] " ““ V
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— Perform U integral after bosonization '/ nw
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(Weiss mean field approximation) 04 f] |
s Chiral cond. and Polyakov loop (n=0) ¥
@ Chiral and Deconf. transition correlate !

P=2NJg=4.0, T/Ty =0.9,1.0,1.1
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@ SC-LOCD w/o PL: quarks are confined. ’ os !

B=2N/g"=4.0, u=0, my=0.05

— PL promote quarks to deconfine ! 1,
(cf. Quarks are not confined in NJL

— PL confines quarks in PNJL [2].) |
@ T is suppressed by PL

# Transition Temperature at p=0 0
@ -do/dT, d/ /dT are peaked at similar T's.

0
@ Improved from SC-LQCD w/o PL. T
@ Quantitavely, not bad for p <4 in T _(p ) [10]
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# Phase diagram [11]
@ Separated chiral & decont. _ o}
boundaries at finite p Y
— Quarkyonic matter [12] MR e
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would be measurable from
two peak structure of d//dT !
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Summary

8 SC-LQCD frameworKk is extended to include finite coupling
and Polyakov loop effects (P-SC-LQCD).
@ Two order parameters (chiral cond. & Polyakov loop) are
included on the same footing based on QCD.
@ Mixed strong coupling expansion orders.
— Double expansion in fermionic and pure YM parts.
# Chiral & Decontf. transitions are discussed in P-SC-LQCD.
@ Chiral transition temperature is suppressed by Polyakov loop
in P-SC-LQCD.
@ MC results on chiral transition T are roughly reproduced
for B, = 2N /g* < 4.

@ The existence of Quarkyonic matter is supported,
and may be measurable via the behavior of the Polyakov loop.
# Future works
@ Improvement: 1/g% 1/d, mean field, staggered fermions.

@ Model construction based on P-SC-LOCD.
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