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We investigate topological composite states occurring in the immiscible regime of a bosonic binary
mixture loaded in a boxlike circular trap. Such states are characterized by one component exhibiting
point vortices while the second component features soliton-like peaks confined in the vortex cores. In
[1], the dynamics of this system has been conjectured to be represented by poinlike massive cores with
topological charge obeying effective Lorentz equations. Here, we explicitly derive these equations by
applying the time-dependent variational method to the Gross-Pitaevskii (GP) field Lagrangian describing
the binary mixture. After showing how the resulting effective Lagrangian indeed resembles that of charged
particles in a static electromagnetic field, we study the simplest example of a single vortex with a rigid
circular boundary. Unlike a massless vortex, which can only precess uniformly, we show that a vortex
core equipped with a sufficiently large mass can trigger an unstable precession, while a small core mass
can determine small radial oscillations witnessing, in turn, the associated inertial effect. The numerical
solution of coupled two-component GP equations with a single vortex combined with a small second-
component core confirms such radial oscillations, implying that this more realistic GP vortex also acts as
if it has a small massive core.
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