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• Roman Rogalyov
• Vladimir Goy
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Dual superconductor scenario of confinement

t’Hooft ’75, Mandelstam ’76
• In a dual superconductor roles of the electric and magnetic

fields are interchanged
• Formation of the Abrikosov-Nilsen-Olesen string is due

condensation of color-magnetic monopoles
• Described by dual Abelian Higgs model
• Yet unsolved task to rigorously prove that infrared QCD is

dual to Abelian Higgs model

Ilya Kudrov ITEP, Moscow
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Maximal abelian gauge

MA gague condition (SU(2) case)

(∂µδkl + ϵk3lA3
µ(x))Al

µ(x) = 0

Functional

F [A] =
∫

d4x
[
(A1

µ)
2 + (A2

µ)
2]

Abelian projection

Aa
µT a → A3

µT 3 (in observables)

Ilya Kudrov ITEP, Moscow
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Abelian dominance hypothesis

Abelian projection (in terms of lattice gauge fields):

Uµ(x) = Cµ(x)uµ(x)

< O >=
1
Z

∫
e−SO(Uµ)DUµ

and
< O >Ab=

1
Z

∫
e−SO(uµ)DUµ

give rise to approximately equal values of infrared physical
observables like string tension.

First numerical results:
Suzuki and Yotsuyanagi, 1990
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Monopoles

We use the DeGrand-Toussaint definition:

uµ(x) = eiθµ(x)T3

θµν(x) = ∂µθν(x)− ∂νθµ(x)

θµν(x) = θ̄µν(x) + 2πmµν(x)

kµ(x) =
1
2ϵµναβ∂νmαβ(x)

Ilya Kudrov ITEP, Moscow
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Monopole decomposition

θmon
µ (x) = −2π

∑
y

D(x − y)∂′
νmνµ(y)

θph
µ (x) = θµ(x)− θmon

µ (x)

umon
µ (x) = exp(iθmon

µ (x))

uph
µ (x) = exp(iθph

µ (x))

Umod
µ (x) = Uµ(x)umon,†

µ (x)

Ilya Kudrov ITEP, Moscow
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G. Bali et al., 1996
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Observables

W (C) =
1
2Tr

(∏
l∈C

U(l)
)

Wmon(C) =
1
2Tr

(∏
l∈C

umon(l)
)

Wmod(C) =
1
2Tr

(∏
l∈C

Umod(l)
)

V (R) = lim
T→∞

− log

(
W (R,T + 1)

W (R,T )

)

Ilya Kudrov ITEP, Moscow
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Usual representation:

Uµ(x) = Cµ(x)uµ(x)

uµ(x) = umon
µ (x)uph

µ (x)

We suggest to consider:

Uµ(x) = Umod
µ (x)umon

µ (x)

Then we demonstrate that:

V (r) ≈ Vmon(r) + Vmod(r) (∗)

at all distances r

Ilya Kudrov ITEP, Moscow
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Relative deviation
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Non-zero chemical potential
µ = 0

µ = 0.2 µ = 0.3
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β = 6.0, 164 lattice, a ≈ 0.1fm
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Adjoint representation, β = 2.6
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Flux tube

< f µνR (r) >=
< W (R,T )Pµν(r) >

< W (R,T ) >
− < Pµν(r) >

< E 2
i >= lim

T→∞
< f 0i

R >

< B2
i >= lim

T→∞
< f jk

R >

< ϵ >=< E 2 > − < B2 >

< L >=< E 2 > + < B2 >

Ilya Kudrov ITEP, Moscow
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Longitudinal flux tube
beta 2.4

beta 2.5 beta 2.6
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Transversal flux tube
beta 2.4

beta 2.5 beta 2.6
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Conclusions and outlook

We demonstrated that the relation

V (r) ≈ Vmon(r) + Vmod(r) (∗)

- holds in various theories: SU(2) and SU(3) gluodynamics with
Wilson and improved action; in SU(2) QCD
- might become exact in the continuum limit !
- similar relations for other observables: flux tube, adjoint
representation
- our next steps:
- to check the relation in full QCD
- to search for explanation. We will study the correlations between
Umod and umon.
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