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Abstract:

Recently, electromagnetic knots have attracted much attention.They are the solutions
of Maxwell equations possessing knot structures. They might be important in plasma
physics and fluid dynamics. On the other hand, Ferreira succeeded in obtaining the
3 + 1 dimensional exact solutions of a model, which we refer to as the conformal
nonlinear σ model (CNLSM), for a complex scalar field. It is expected that the
CNLSM has connections to the low energy limit of the Yang-Mills theory and the
Skyrme-Faddeev model.
The Lagrangian density of CNLSM is given by LF = − 1

4HµνHµν , Hµν = 1
2n ·

(∂µn × ∂νn) Here n denotes a point on S2, n = (n1, n2, n3),
∑

a = 13nana = 1,

which is related to the complex field u by the stereographic projection u = n1+in2

1−n3 .
The field equations are given by

∂µ(Hµν∂νu) = 0, (1)

∂µ(Hµν∂νu∗) = 0. (2)

Because of the conformal symmetry of electromagnetism and CNLSM, solutions of
both theories cannot be energetically-stable. The solutions of both theories, however,
can be topologically-stable in the sense that conserved topological numbers called
Hopf indices can be defined for them.
The present authors have recently pointed out that Ferreira’s solution of CNLSM
supplies us with a class of exact magnetic knot configurations in some electric charge
and current distributions. We have also shown that electromagnetic knot solutions of
Maxwell equations can yield solutions of CNLSM other than Ferreira’s solutions.
In this talk, we discuss the properties of the magnetic knots induced by Ferreira’s Hopf
soliton solutions of CNLSM. The electric charge and current densities associated with
these magnetic knots should satisfy some constraints. Their behavior for some cases
of Hopf indices are investigated analytically and numerically.
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