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Myto pod Dumbierom, September 2010, Slovakia

Member of Selection Panel ULTI IV (Helsinki University of Technology) 2004-2008
Visits at Lancaster University ULT laboratory - 1997/2009
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Project description (12 lines max):

Magnons are bosonic quasiparticles in superfluid 3He which represent a deflection of the magnetization
from the direction of the applied magnetic field. At very low temperatures there are no thermally excited
magnons. However, magnons can be excited and pumped into the system with an applied rf field. These
excitations have long life times, so that they can form Bose-Einstein condensates in a suitable magnetic
trap. Condensation manifests itself as long-lived coherent precession after pumping is switched off: The
magnetization precesses around the applied field with a common phase in a macroscopic sample, despite
inhomogeneity in the magnetic field or in the order-parameter texture. Life times of up to 15 min have been
reported. Of great practical importance is that magnon condensates can be used to probe the quantum
vacuum state of 3He-B in the T — 0 limit, where most conventional measuring techniques become insensi-
tive.

The main motivation to study the increase in relaxation of the magnon condensate in the presence of
quantized vortices is the possibility to find a contribution of the vortex-core-bound fermionic quasiparticles to
the relaxation. These bounds states have attracted a lot of interest recently owing to the expectation that
they should have Majorana character. Current measurements of the relaxation rate as a function of temper-
ature and rotation velocity show that rotation in the equilibrium vortex state increases the relaxation rate as
(T,Q)1 = 1/75(Q) + C(Q) exp(=A/T). Now the task is to identify the mechanisms which contribute to this
relaxation, to find out whether excitations with a linear energy spectrum might be involved and become
distinguishable.
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Scientific objectives of the project (12 lines max):

The relaxation rate can be measured in different rotational states, in vortex-free rotating counterflow, in the
equilibrium vortex state, or in the presence of moving vortices when the rotation velocity is modulated. This
makes it possible to separate the influence of different features in the texture on the relaxation. The
temperature-dependent term in the relaxation rate, 1 (T,Q)! = 1/7(Q) + C(Q) exp(-A/T), is evidently
connected with the density of thermal quasiparticles and can possibly be attributed to the relaxation by spin
diffusion through the normal component. The effect of vortices on the prefactor C(Q) is related to the
changes in the order-parameter texture with increasing vortex density: the magnon trap becomes narrower,
the gradient of the magnon wave function increases and that enhances the spin diffusion. This effect can be
studied as a function of the magnon number which controls via self-trapping the texture and the shape of
the magnetic trap. The zero-temperature value of the relaxation rate 1/1y(Q) depends linearly on the
rotation velocity and thus on the density of vortex lines, i.e. it can be ascribed to the contribution from vortex
cores.

Technical description of work to be performed (20 lines max):

So far measurements have been performed in the equilibrium vortex state. More studies need to be carried
to establish whether spin diffusion plays an important role and if eg. oscillations around the equilibrium
value of the rotation angle ® ~ 104°, which controls the dipolar spin-orbit interaction, might have to be
considered.
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