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Introduction

The condensation of magnetically charged
topological objects (viz. monopoles and
dyons) in a way analogous to the Cooper
pair condensation of electric charges in con-
ventional superconductivity plays an impor-
tant role in QCD to explain confinement and
other closely related issues [1, 2]. In such dual
superconductor model of QCD, the topolog-
ical interaction is spanned over the different
vacuum expectation values of complex scalar
monopole/dyon field (φ) at different length
scales in the spontaneously broken phase of
symmetry [1]-[4]. A non-vanishing vacuum ex-
pectation value (VEV) of the scalar field in the
ground state of such vacuum leads to the mass
acquisition of the dual gauge field and thereby
pushes the QCD vacuum in superconducting
phase [3, 4].
In this paper, we study the screening (charge
and flux) effects led by the magnetic condensa-
tion of the QCD vacuum along with their en-
lightening impacts on the quark confinement.

Lagrangian and Field Equations

We consider the following U(1) Lagrangian
with quarks [4, 5],
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+ψ̄ γµ(i ∂µ + g̃ C̃µ)ψ −mψψ̄ − V (φ∗φ), (1)

where G̃µν = ∂µC̃ν−∂νC̃µ is the field strength

corresponding to the dual gauge field C̃µ. Here
ψ is the quark field with m as free-quark mass.
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The effective potential in equation (1) has the
following form,

V (φ∗φ) = Ω (φ∗φ− η2)2, (2)

where η2 =< φ∗φ >0 is the vacuum expecta-
tion value of φ. The potential (2) at φ = η
gives the ground-state field configuration and
captures the essential physics for the symme-
try breakdown. The different field equations
are then derived in the following form,

∂νG̃µν + ig̃(φ∗
←→
∂µφ)−g̃ψ̄γµψ −m̃

2 C̃µ = 0, (3)

(∂µ + i g̃C̃µ)2φ − 2Ω ( |φ|2 − η2)φ = 0 , (4)

( iγµ ∂
µ + g̃γµC̃µ −m )ψ = 0 , (5)

where m̃ represents the mass of the dual
gauge field which arises as an immediate con-
sequence of the symmetry breakdown.

Screening Effects and Confine-

ment Scenario

The total colour charge from equation (3)
may be calculated as follows [5],

Qc = m̃2

∫

d3x C̃0 + g̃

∫

d3xψ†ψ. (6)

Since all the observed hadrons are colour sin-
glets and therefore the total colour electric
charge of any quark system must vanish. The
temporal gauge degrees of freedom for a single
quark system leads to the following necessary
condition for the total charge screening,

m̃2 C̃0 ≫ g̃ ψ†ψ. (7)

The equation (7) therefore puts a constraint

on the quark system and C̃0 plays a role of



screening potential [5]. As such QCD vacuum
having non-zero equilibrium values cannot be
achieved by just using the notions of perturba-
tive techniques where the equilibrium values of
all the the fields is considered to be zero. It is
therefore only possible to generate a vacuum
screening current in the non-perturbative sec-
tor of QCD having the non-vanishing VEV of
scalar field with the condition given by (7).
These vacuum screening currents give mass to
the dual gauge field and leads to a desired on-
set for the colour confinement. In order to
find the axial symmetric confined solution of
the field equations, we consider the following
cylindrically symmetric ansatz,

C̃ = − eθ C̃(ρ), C̃0 = C0(ρ)

φ(ρ) = ζ(ρ) exp (i nθ)







, (8)

where n = ±1,±2, . . ., which measures the
magnitude of the colour electric flux. In
asymptotic regime for large ρ, the scalar field
|φ| = η with ζ → η plays the role of an or-
der parameter like the Cooper wave function
does in the Ginzburg-Landau theory of con-
ventional superconductivity. The field equa-
tions corresponding to the colour electric and
magnetic fields are then written as follows,

dẼ

dρ
−

2ng̃

ρ
ζ2 + m̃2 C̃ = 0 , (9)

dH̃

dρ
−

1

ρ

dC̃0

dρ
− m̃2 C̃0 = 0 , (10)

with (7) and the following condition,

m̃2 ρ C̃ − 2n g̃ ζ2 ≫ ρ (ψ†
γ ψ). (11)

The electric and magnetic fields in equations
(9) and (10) are defined respectively as,

Ẽ = −
1

ρ

d

dρ
( ρ C̃) ; H̃ =

dC̃0

dρ
. (12)

The solution of the equations (9) and (10) are
exponentially approachable with some non-
leading terms in the asymptotic limit [4]. For
instance, the colour electric field at a particu-
lar coupling evolves generally as follows,

Ẽ → C

√

η

ρ
e− m̃ρ + · · · · · · , (13)

for ρ → ∞ and here C is a constant. The
equation (13) clearly indicates that the colour
electric flux would screen out in the vacuum
up to a finite depth (1/m̃) at large distances
which determines the magnitude of the dual
Meissner effect responsible for the colour con-
finement.

Conclusions

It is shown that the total charge and the
colour flux screening in dual QCD vacuum in
the background of the magnetic condensation
are ultimately responsible for a dual Meissner
effect and hence confinement. In fact, the tem-
poral degrees for freedom of the dual gauge
field (i.e. C̃0) plays a role of screening po-
tential in strong coupling regime which is re-
sponsible for the total charge screening. The
equations (7) and (13) represent the condi-
tions concerning the charge and flux screening
respectively. These screening effects, in turn,
guarantees the confined states of quarks (i.e. a
flux tube like structure) and the formation of
vortices in QCD vacuum. However, to under-
stand the strength of confinement properly, it
is necessary to calculate the exact energy con-
tents associated to such bound states.
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