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Relativistic Mean Field at High Densities
== F'Eﬁ %l J: U 1@“ ¥ 0) S i’>J 5% RIFLT- Neutron star matter
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Strong Coupling Limit of Lattice OCD

# SCL-LQCD has been a powerful tool in “phase diagram” study !

@ Chiral restoration, Phase dlagram Baryon effects, Hadron masses,

Finite coupling effects, . 1.2 T R
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Lattice OCD

# QCD Lagrangian

. 1 ;
L= (iy" D,~my) g5 1r(F,, F*")

y = Quark, F' = Gluon tensor, m = (small) quark mass

a8 [attice Action 7 U, x
Socn=S+Sy + 8% +my X X U D ) 70 O;x
SG:—% > TrU,(x)+cc 0 ®
19 plaqg.
S 5 Z X U,(x)X, - —X, U/ (x)X,

v = starggered fermion (quark)
U= link variable LI SU(N ) (gluon),
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Efjective Potential in SCL-LOCD (Zero T)

# QCD Lattice Action (Zero T treatment)
Kawamoto, Smit, 1981

=3C+S.+mXX

1

Strong Coupling Limit

—>—§()_<X)V (X X)-I—mOXX One-link integral

—

1

1
2

EO'VM_IO'-I-?_((O'-FITIO)X

—oV,, '0—N_) log(o

(1/d expansion¥®)

Bosonization

Fermion
(X)+ mO) Integral

LN

=

d+1

Nclog(5+mo)l

Effective Potential

X 04—0
L U +X

* d = Spatial dim.

(02

Fermion Matrix = Just a number

— Simple Logarithmic Effective Potential for o

1 2
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Chiral Relativistic Mean Field
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o IEBMRET QCD 13
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# Chiral RMF study of hypernuclei
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Effective Potential with 1/2° (1)

8 ]/d expansion of Plaquette action (Spatial One-Link Integral)
Faldt, Petersson (86), Bilic, Karsch, Redlich (92)

]
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@ Spatial plaquett - MMMM
@ Temporal Link — V'V~
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# Effective Action
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Effective Potential with 1/2° (2)

8 Extended Hubbard-Stratonovich Transf.

aAB

e

L™
P ™

/ dp dp e~ ¢ ~(A+B)etd"—i(A-B)¢}
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@ Mean field approx. ¢ , Saddle point approx. for ¢

@ E.e. Temporal Plaquette action becomes,
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@ FEffective Action becomes similar to the SCL action,
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Effective Potential with 1/2° (2)

8 Extended Hubbard-Stratonovich Transf.

e AP /d{,-:: db e~ 19" —(A+B)p+6"—i(A-B)o]

o—19?’—(A+B)e—¢*+H(A-B)o}

L™
P ™

@ Mean field approx. ¢ , Saddle point approx. for ¢

@ E.e. Temporal Plaquette action becomes,

1
AS) ~ 3 [;:3 (Vv

Jor —02 — (VF + V)6, | + (G = —3)

4N2g? ~ il
T,] . .
WF Renormalization 1w mod.
@ Effective ActWes similar to th 10
{ Aux. Terms
_|" ; |'- . —_— 1 .
S.q =5 1+ B3,0,) Z dﬂ Bré-fy+ _|efr o) 4 5,7 /
2 - .
1 3 . d3
P nF AL rord | Pr, 2 2 Hs 2
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Effective Potential with 1/2° (3)

s Effective Potential (after subst. equil. value for ¢_and ¢ )

Feit =Fx (0, ¢7) + Va(mg(o), i(¢r),T)

Vq=—Tlog [X‘a.,r (Eq/T) 4+ 2cosh(N.p/T

LT‘ Same as SCL

p=pl— Bror

from
Plaq.

@ W.F.Renormalization factor (1+ ¢ ) 1n the Eff. Action
— suppr. of quark mass m,

@ Higher order terms M* — o* (Self-energy of o)

@ Aux. Field @ =p_(equil) — pis shifted by baryon density

‘ Let us examine the phase diagram with this F . ! I
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Evolution of T

s T_(u=0) rapidly decreases with § = 6/g> increases.
@ WF Renormalization — T " =T *9(SCL) x (1-N B )’

@ Higher order terms of 6 — P.T. becomes the first order at 6/g> ~ 1

@ Comparison with MC results (Critical behavior with N_=2)
Quench 3 =5.097(1)

2

(Kennedy et al, 1985) N =3 | (an) ==
m =0.05 — B =3.81(2) 15 I ¢ fh}ﬂt)
m=0.025 — B =3.67(2) T | N S (1st) _‘_
(de Forcrand, = 1| N ucflnd) .
private comm.) = Rl
|
MC results with small m 0 S~

agrees with SC-LOCD !
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BaQon DensiQ and PoQakov Loog in QY
s Example: N =3, 6/g’=4.5, m =0 ( y limit)

N.=3, ﬁ.n"gl —4.5 J,_..« ‘-:ﬁ:wr
<M>=-g
s Baryon Density (= pq/3) J i “T""
2 :__.-""f__-_-----—-__,__h J
@ p,~ 0 in Nambu-Goldstone (NG) phase Yol e
p,> 0 1n Wigner phase TPy NG
@ p, i QY ~p_in Wigner phase p | j;"! “I::H
3 A e
# (Quark Driven) Polyakov Loop (=P) =
ﬂ-;.:-“_ﬁ_::;'_';_-...._.____hhq__ﬁﬂ e
@ Quark driven P ~ O(N)) i s, - B
T 02 l:” e 0.2 '“
@ P(QY) <P (Wig.) ki
!__. Wigner
1 T
~9N <t.r H ot H Dd} > 25 ﬁ___?dr]'\
€ T T urflr e e :TN
~ Xn.—1cosh [p/T] + Xy cosh [(N, — 1)p/T] ‘}-5“-‘;{;_3"- _ "\ ;d 06
- N. (Xn. + 2cosh [N.i/T)) el
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Phase Diagram

s Three phases in SC-LQCD with N =3, 6/g* > 3.53, m =0 ( y limit)

@ Nambu-Goldstone (NG) phase: Large o, Small Py Small P

@ Winger phase: 6=0, Large Py finite P

@ Quarkyonic phase:
0<o<<o

p,(QY) ~p (Wig.)

P(QY) < P(Wig.)
Quark driven P — 0
at large N_

OY in SC-LOCD
can be regarded
as QY at large N

0.5

N =3, 6/g°=4.5

Wigner (6=0, p>0) Ist —

2nd ——

QY
(0<<0;, p::-l])_

-
i o

L
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Summary
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