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Curriculum vitae (18 lines max):
Edouard Sonin is a Professor Emeritus at the Racah Institute of Physics and a widely
known expert of hydrodynamic theory in superfluids, superconductors, and
magnetically ordered media. He comes originally from the Ioffe Institute in St.
Petersburg (Russian Academy of Sciences) from where he moved to the Racah
Institute in 1997. He is the author of a widely cited review on superfluid vortex
dynamics [1]. His recent review on spin superfluidity [2] was listed as one of the top
downloaded articles of Advances in Physics in January 2011.
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2. E. B. Sonin, Dynamics of twisted vortex bundles and laminar propagation of the
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4. E. B. Sonin, Symmetry of Kelvin-wave dynamics and the Kelvin-wave cascade in
the T = 0 limit in superfluid turbulence, Phys. Rev. B 85, 104516 (2012).
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Project description (12 lines max):
Current measurements display larger dissipation in helium superfluids from vortex motion in the zero temperature limit, T ⟶ 0, than what standard mutual friction theory predicts. These measurements also extrapolate
to a finite value at T = 0 which is not possible if simple direct mutual friction damping is considered. One current assumption is that these observations might be ascribed to a Kelvin-wave cascade propagating on individual vortex lines. However, recent numerical calculations with the vortex filament method on a single vortex
reconnection event between two inter-linked vortex rings at mutual friction values down to  ~ 10-3 show no
evidence for the presence of a Kelvin-wave cascade: the increased dissipation after the reconnection is explained by direct mutual friction damping of Kelvin wave excitations, without any indication for nonlinear interactions connecting different Kelvin modes. We plan to discuss how measurements and vortex filament calculations can be further extended to search for the existence of the Kelvin wave cascade.
Scientific objectives of the project (12 lines max):
The description of vortex motion in the very low temperature limit is one of the prime goals in the Microkelvin
Joint Research Activities (JRA3 Task 1). This regime is also of central interest for drafting parts of the monograph on superfluid vortex dynamics which prof. Sonin is working on.
One of the tasks is to estimate numerically the energy flux from the Kelvin-wave cascade in different physical
situations (or different Kelvin spectra) and to compare this flux with theoretical predictions and the direct
dissipation from mutual friction. This comparison should reveal e.g. the importance of finite size effects (due
to a finite resolution of the calculation) and, more generally, guide us to find the proper parameter values for
the regimes where the Kelvin-wave cascade is at its strongest, such that it might become also experimentally
observable.
Technical description of work to be performed (20 lines max):
During his 2-week visit in the Low Temperature Laboratory, prof. Sonin will get acquainted with the ongoing
numerical simulation calculations of dissipation losses from vortex reconnections using the vortex filament
model with Biot-Savart integration along the line vortices. The plan is to develop the calculations to a next
step in pinpointing the origin for the dissipation observed experimentally in the T ⟶ 0 limit. Also the measurements on vortex dynamics in the rotating cryostat at the lowest temperatures will be reviewed, to discuss
the physical interpretation of the results and a redesign of the measurement setup.
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