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The Doppler (and Cherenkov) effect is the physical phenomenon existing for any kind
of waves. To observe it one needs to move uniformly the source of the wave with a
velocity comparable to (or larger than) the velocity of propagating waves. In 2013,
Ming Yan et al [1] demonstrated (using micromagnetic simulations) the Doppler and
Cherenkov effects for spin waves excited by the moving pulse of the magnetic field.
The authors also found that for 2D and 3D ferromagnetic systems a bending of the
wavefront forming a Mach cone can be observed.

In our work, we reproduced the results obtained by M. Yang, using the micromagnetic
solver MuMax3. Our studies were supplemented by the case of pair of linearly oriented
sources (generating plane waves), keeping the same distance from each other (i.e.
moving with the same velocity). For the appropriately selected distance and the
speed of the sources, we observed the destructive interference of the spin waves in the
front (or in the back of moving sources). Such a system works as a unidirectional spin
wave antenna, generating spin waves of different frequencies only in the forward (or
only in the backward) direction.

One of the main problems in the experimental observation of Doppler for spin waves
is the realization of a moving source that travels with the required velocity, i.e. in
the range of single km/s. We are going to discuss such possibilities. One feasible
realization is to use the stray field of superconducting vortices [2] (or Abrikosov lattices
of such vortices), which can travel in the superconducting layer, placed above the
ferromagnetic layer, with the velocity reaching single km/s.

References:

[1] Ming Yan, Attila Kékay, Christian Andreas, and Riccardo Hertel, Spin-Cherenkov effect and
magnonic Mach cones, Phys. Rev. B 88, 220412(R) (2013)

[2] Ernst Helmut Brandt, The flux-line lattice in superconductors, Rep. Prog. Phys. 58, 1465 (1995)

The authors would like to acknowledge the support of the National Science Centre -
Poland under projects: No: 2021/43/1/ST3/00550.



	Doppler effect for spin waves: micromagnetic studies
	Abstract


