{

√

}

∫

∫

| | ≡

√

− −

−

·

− { − }

− −

≃

≃ μ μ

α

α

B

μν μν μν

μν μν μν μν μ ν

B

B B

μμ

μμ

B

PROPER

TIES OF THE QCD V

ACUUM

IN THE DUAL GINZBURG-LANDAU THEOR Y

R ese ar ch Center for Nucle ar Physics (RCNP), Ib ar aki, Osaka 567 Jap an

2 2

2 2

e

2 2

2

2

2

2 2

2 2

2 2

2

2 2

conf

Y

C

eff

2

c f

4

4

2 2 2

2

2 2

2 2 2

f c

4

4

4

4

2

2

2 2 2

2

2 2 2

conf Y C

eff

2

eff

2

quark conf Y

C conf χ

A B χ α , ,

χ v

m π v /e

D p d p T p /p α L p

/p T g L L p p /p

d p

d p m

p m p a

a a a p p

p m

a

d p

d p

d p

χ

χ

V M p N N d p

π p M p

p

M p

p M p

N N d p

π d q

π e

M p

p M p

M q

q M q

D p q

V V V

D

V M p M

e . m . a

R

M V M p V V V

V V

χ χ

S. Umisedo, H. T oki and H. Suganuma

Recent studies of the lattice gauge theory strongly supp ort the dual sup erconductor picture for

the QCD v acuum in the confinement phase in the ’t Ho oft ab elian gauge [1], and show ab elian

dominance and monop ole dominance for the confinement and dynamical chiral-symmetry

breaking (D SB) [2]. The dual Ginzburg-Landau (DGL) theory is an infrared effective theory

of QCD based on dual Higgs mechanism in the ab elian gauge [3, 4], and is describ ed by the

diagonal gluon , the dual gauge field , and the QCD-monop ole field ( = 1 2 3) [3].

In the QCD-monop ole condensed v acuum , the dual gauge field acquires a

mass of = 4 3 and propagates as a massive vector field [3]. On the other hand, the

nonp erturbative gluon propagator takes the form ( ) = ( ) ( ) ( )

, where = and = is the transverse and the longitudinal tensor,

resp ectively

. In the DGL theory

, ( ) is given as

( ) =

1

3

4

( + )

+

( + + )

+

2

+

+ 1 (1)

with the infrared cutoff parameter corresp onding to the hadron size intro duced in relation

with the p olarization effect of light quarks [4]. The first and the second term, ( ) and

( ) is related to the linear confinement and Y uk awa part in the static quark p otential,

resp ectively

. The third term, ( ) do es not contribute to the static p otential.

First, we discuss D SB in the quark sector physics. Our group showed the essential

role of QCD-monop ole condensation to D SB by solving the Schwinger-Dyson (SD) equation

[3, 4]. F or further investigation, we calculate the effective p otential to extract the contribution

of the confinement effect energetically

. Using the nonp erturbative gluon propagator in the

DGL theory

, the effective p otential is expressed as [5]

[ ( )] = 2

(2 ) ln(

+ ( )

) 2

( )

+ ( )

+ ( 1)

(2 ) (2 )

( )

+ ( )

( )

+ ( )

( ) (2)

in the improved ladder approximation [6]. The first term is the quark-lo op contribution. The

second term is divided into three parts ( , , ) corresp onding to the decomp osition of

in Eq.(1).

Fig.1 shows [ ( )] as a function of the infrared quark mass (0) using the quark-

mass ansatz which is consistent with the renormalization group analysis of QCD [6]. The

parameters = 5 5, = 0 5 GeV and = 85 MeV are chosen so as to repro duce the inter-

quark p otential and the flux-tub e radius 0.4 fm [3]. One finds a nontrivial minimum at

(0) 0.4 GeV in [ ( )]. Fig.2 shows the separate contribution , , and

. The effective p otential is mainly lowered by . Since the lowering of the effective

p otential contributes to D SB, the main driving force of D SB is brought by the confinement

-.3-.2-.1.0.10.60.40.20.0M(0) [GeV]

Veff[M(0)][fm-4]

6420-2-40.60.40.20.0M(0)[GeV]

Vquark

VCVYVconfVi[M(0)][fm-4]

= +

} M p V V Y C { − − } 2 0 2 2 p C C iA i i iD i , M k ε ε g g g g g g / g M μ μ μν τ υ τ υ ν νλμ κλ μν κμ λν τ : The effective p otential [ ( )] as a funcof infrared quark mass (0).

: The separation of the effective p otential . The t part dominates and .

: The SD equation for the off-diagon al gluon. The dashed lines with or without a blob t full or free propagators of the charged gluon , resp ectively

. The curly line denotes the erturbati ve propagator of the diagonal gluon. ( ) in the nonp erturbative gluon propagator, which means monop ole dominance

D SB [2].

we discuss the gluon sector physics. The observed feature of ab elian dominance confinement and D SB indicates that the remaining off-diagonal gluon ( 2 =

, ), which b ehaves as charged matter field in the ab elian gauge, is irrelev ant the low-energy physics. Here, we study the self-energy of the charged gluon using the equation for in the DGL theory

. In the Hartree-typ e approximation (Fig.3), the SD for is expressed as

= Δ +

Γ Δ (3) the full propagator of is assumed to b e

= (4) the Landau gauge, while the free one Δ and the vertex factor

= 2 (5) obtained from the QCD Lagrangian.

self-energy Σ defined by Σ Γ 2 = Σ is related to the effective of the charged gluon as Σ = . T o drop off the divergence from the p erturbative

� B } 2 2 2 2 4 2 22 4 − ⟩ ≃ ⟨ ⟩ ⟩ −⟨ ⟩ − ⟨ ⟩| ⟩ ⟩ − ⟨ ⟩ ⟩ 42 χ χ γ δ β γ δ α x δ x y γ δ β γ δ α β δ δ m p d p d p d p m d p d p p p θ m p m . G g g g ∂ ∂ x y , g g g i k k m k i k m k o c e e dings of the XVII RCNP International Symosium on Innovative Computational Metho ds in Nucle ar Many-Bo dy Pr oblems (INNO-

Osaka, 1997 in ( ), we replace ( ) by

) ( ; ) ( ; 0) in the momentum integration

Eq.(3). Then, the self-energy is given by the integral

= (2 ) ) the reduction of the monop ole condensate in the core region of the dual Abrikosov ortex [3, 5], we intro duce a physical ultraviolet cutoff to the monop ole condensate as ( )

( ), where = 1 21 GeV is the mass of the monop ole. W e estimate the harged gluon mass as = 1.31 GeV, which suggests the irrelev ance of the charged gluon low-energy physics in the ab elian gauge. This prop erty is also seen in the lattice QCD ]. , we investigate the gluon condensate. With the assumption of ab elian domifor the gluon condensate , where is the ab elian field strength

[3], we can estimate it within the DGL theory

. Since the non-p erturbative QCD acuum is filled with condensed monop oles, it is convenient to pro ceed in the dual field

2( ) ( ) ( )

4( ) ) obtain the expression

12 ) ( ) subtracting the contribution of p erturbative part, , we obtain the alue = (344MeV) , which is comparable to the v alues obtained by other studies

, 9]. G. ’t Ho oft, Nucl. Phys. (1981) 455.

O. Miyamura, Nucl. Phys. (Pro c. Suppl.) (1995) 538.

H. Suganuma, S. Sasaki and H. T oki, Nucl. Phys. (1995) 207.

S. Sasaki, H. Suganuma and H. T oki, Prog. Theor. Phys. (1995) 373; Phys. Lett.

145. S. Umisedo, H. Suganuma and H. T oki, Phys. Rev. (1998) 1605.

Suganuma, S. Umisedo, S. Sasaki, H .T oki and O. Miyamura, Aust. J. Phys. (1997)

K. Higashijima, Prog. Theor. Phys.(Suppl.) (1991) 1.

K. Amemiya and H. Suganuma, in orld Scientific, in press).

S. Narison, Phys. Lett. (1996) 162.

M. Camp ostrini et al., Phys. Lett. (1989) 393.