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Effective Lagrangian

Consider the following Ginsburg-Landau effective Lagrangian for the soft gauge fields satisfying the require-
ments of invariance under the gauge groupSU(3) and space-time transformations,

Leff = −1
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where

Dab
µ = δab∂µ − iÂab

µ = ∂µ − iAc
µ(T

c)ab, F a
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a
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a
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ba
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and the gauge coupling constant is absorbed into the gauge field: gAµ → Aµ.

lim
V →∞

〈V −1

∫

V

d4xF 2〉 6= 0 −→ C1 > 0, C2 > 0, C3 > 0.

F a
µνF
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/3C3.
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ConsiderAµ fields with the Abelian field strength

F̂µν = n̂Bµν,

where matrix̂n can be put into Cartan subalgebra

n̂ = T 3 cos ξ + T 8 sin ξ, 0 ≤ ξ < 2π.

It is convenient to introduce the following notation:

b̂µν = n̂Bµν/Λ2 = n̂bµν, bµνbµν = 4b2
vac,

ei = b4i, hi =
1

2
εijkbjk, e

2 + h
2 = 2b2

vac.

(eh) = |e| |h| cos ω, (eh)2 = h
2
(

2b2 − h
2
)

cos2 ω.

Hence the effective potential takes the form

Ueff = Λ4

[

−C1b
2
vac + C2

(

2b4
vac − (eh)2

)

+
1

9
C3b

2 (10 + cos 6ξ)
(

4b4
vac − 3 (eh)2

)

]

.

There are twelve discrete global degenerated minima at the following values of the variablesh, ω andξ

h
2 = b2

vac > 0, ω = πk (k = 0, 1), ξ =
π

6
(2n + 1) (n = 0, . . . , 5).
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Kink-like configurations

Discrete minima mean there exist kink-like field configurations interpolating between these minima.
For instance, for the angleω

Leff = −1

2
Λ2b2

vac∂µω∂µω − b4
vacΛ

4
(

C2 + 3C3b
2
vac

)

sin2 ω,

with the sine-Gordon equation of motion
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Figure 1: The gauge field flips from the anti-self-
dual att ≪ −1/µ to self-dual att ≫ 1/µ configura-
tion: h3 = bvac cos ω, h2 = bvac sin ω, ei = δi3bvac.
Herebvac = 1, µ = 10.

∂2ω = m2
ω sin 2ω, m2

ω = b2
vacΛ

2
(

C2 + 3C3b
2
vac

)

,

with kink solution

ω = 2 arctan
(

exp
(√

2mωx1

))

,

which can be treated as domain wall.
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Spectrum of the charged field in the kink-like background

Consider the eigenvalue equation of the charged field in the kink-like background

− (∂µ − iBµ(x))2 φ = λφ.

Bulk: We have homogeneous (anti-)self-dual fields

Bµ(x) = Bµνxν, B̃µν = ±Bµν, BµαBνα = B2δµν, B = Λ2bvac,

The eigenvalue equation can be rewritten as follows
[

β+
±β± + γ+

+γ+ + 1
]

φ =
λ

4B
φ

where creation and annihilation operatorsβ±, β+
±, γ±, γ+

± are expressed in terms of the operatorsα+, α,

β± =
1

2
(α1 ∓ iα2) , γ± =

1

2
(α3 ∓ iα4) , αµ =

1√
B

(Bxµ + ∂µ),
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± =

1

2

(
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2

)
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± =

1

2

(
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4

)

, α+
µ =

1√
B

(Bxµ − ∂µ).

The eigenvalues and the square integrable eigenfunctions are

λr = 4B (r + 1) , r = k + n (for self − dual field), r = l + n (for anti − self − dual field) (1)

φnmkl(x) =
1√

n!m!k!l!π2

(

β+
+

)k (

β+
−
)l (

γ+
+

)n (

γ+
−
)m

φ0000(x), φ0000(x) = e−
1

2
Bx2

, (2)

Discrete spectrum. Absence of periodic solutions is treated as confinement of the charged field.
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Domain Wall:

B2 = 0, B1 = 2Bx3, B3 = 0, B4 = 2Bx3 (Hi = 2Bδi2, Ei = −2Bδi3)

φ(x) = exp(−ip4x4 − ip2x2)χ(x3)
[

p2
2 − ∂2

3 + (p4 + 2Bx3)
2 + 4B2x2

3

]

χ = λχ

Square integrable overx3 solution
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)

Continuous spectrum similar to Landau levels. The presenceof periodic eigenfunction can be treated
as localization of charged field on domain wall.
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Conclusions

• Effective action for pure Yang-Mills gauge fields invariantunder the standard space-time and local gauge
su(3) transformations is considered.

• It is demonstrated that a set of twelve degenerated minima ofthe potential exists as soon as a nonzero
gluon condensate is postulated. The minima are connected toeach other by the parity transformations and
Weyl group transformations associated with the colorsu(3) algebra.

• The presence of degenerated discrete minima in the effective potential leads to kink-like gauge field
configurations interpolating between different minima. InEuclidean space-time these configurations rep-
resent domain walls. In the real space-time they are solitons.

• In the bulk (outside the domain wall) charged fields are confined. The charged field is localized on the
domain wall.
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Thank you for your
attention!

XX ISHEPP, October 7, 2010
9


