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We  have  studied  nonequilibrium  phase  transitions  in  the  vortex  lattice  (VL)  in
superconducting MgB2, where metastable states are observed in connection with an
intrinsically continuous rotation transition.  This represent an unconventional kind of
collective vortex behavior, not governed by pinning, most likely due to the nucleation
and growth of equilibrium VL domains.  Using small-angle neutron scattering and a
stop-motion technique, we investigated the manner in which the metastable VL returns
to  the  equilibrium  state  under  the  influence  of  an  ac  magnetic  field.   We find  a
qualitative difference between the supercooled case which undergoes a discontinuous
transition and the superheated case where the transition to the equilibrium state is
continuous [1,2].  However, in both cases the VL exhibits an activated behavior, where
the ac  field  amplitude  and  cycle  count  are  equivalent  to,  respectively, an  effective
“temperature” and “time.”  The activation barrier increases as the metastable state is
suppressed, corresponding to an aging of the VL.  Structural studies of the VL, as it is
gradually driven from metastable to equilibrium states, find a longitudinal correlation
length  that  remains  constant  and  comparable  to  the  sample  thickness  [3].
Correspondingly, the VL may be considered as a system of straight rods, where the
formation and growth of equilibrium state domains only occurs in the two-dimensional
plane perpendicular to the applied field direction.  Spatially resolved raster scans of the
sample  were  performed with  apertures  as  small  as  80 μm,  corresponding  to  ~106

vortices.   These  revealed  spatial  variations  in  the  metastable  and  equilibrium  VL
populations, but individual domains were not directly resolved.  A statistical analysis of
the data indicates an upper limit on the average domain size of approximately 50 μm.
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