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Project description (12 lines max):
The nature of vortex motion and dissipation is an intriguing open question in superfluids at the lowest temperatures. The traditional source of friction and damping, known as mutual friction, arises from the scattering
of normal excitations from a quantized vortex, when the vortex moves with respect to the reference frame
provided by the normal fluid. This mechanism of dissipation approaches zero in the zero temperature limit,
when the cloud of normal excitations becomes more and more rarefied. If the flow conditions are externally
changed in this situation, for instance by changing the rotation velocity, how does the superfluid component
and its vortices know how to respond? From measurements on both helium superfluids and Bose-Einstein
condensed cold atom clouds we now know that the superfluid with its vortices, nevertheless, is coupled to the
external reference frame. What provides this coupling: are there new dissipation mechanisms which govern
the superfluid dynamics in the zero temperature limit?
One such mechanism is the pinning of vortices on surface roughness. In usual experimental setups superfluid 4He is known to represent the limit of strong surface pinning, while superfluid 3He-B is assumed to display weak surface friction in the presence of smooth surfaces. In the case of Bose-Einstein condensates the
measurements are conducted in the absence of surfaces and pinning is not the answer. Measurements on
the spin-up and spin-down of the superfluid component in 3He-B under varied conditions have shown that the
superfluid remains coupled to the external reference frame down to very low densities of normal excitations,
where their mean free path is much longer than the sample dimensions, and that here dissipation in vortex
motion strongly depends on vortex polarization.
Scientific objectives of the project (12 lines max):
New experiments are starting where the spin-up of the superfluid component is studied at constant externally
controlled conditions. This measurement looks at the propagation of a vortex front along a rotating column in
stationary state conditions. Thus outside interference is minimized and it might be possible to measure the
small increase in the density of normal excitations, which the vortex dissipation is expected to give rise to.
This measurement of the conversion of vortex dissipation to heat is a continuation of the studies in Ref. [1].
References:
[1]. Quantum turbulence in a propagating superfluid vortex front; V.B. Eltsov, A.I. Golov, R. de Graaf,
R. Hänninen, M. Krusius, V.S. L’vov, and R.E. Solntsev, Phys. Rev. Lett. 99, 265301 (2007); preprint
arXiv:0708.1095 [cond-mat.soft].
Technical description of work to be performed (20 lines max):
David Schmoranzer is preparing his Ph.D. thesis on thermally driven superfluid - normal fluid counterflow
turbulence in 4He at temperatures above 1 K. He has completed roughly half of his experimental work. The
three-month participation in the measurements on spin-up in 3He-B at the lowest temperatures will provide
him new perspectives of superfluid helium studies. It will also familiarize him with the concepts of superfluid
turbulence in the limit of ballistic quasiparticle densities (commonly known as quantum turbulence). His measuring tool in superfluid 4He turbulence is the quartz tuning fork oscillator. This is one of the unifying features
between his Ph.D. studies at home and the measurements on vortex dissipation in 3He-B, since in this latter
case the quasiparticle density is monitored with sensitive quartz fork oscillators.
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