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Parametric amplification of spin-waves is used to sustain spin-wave amplitudes in magnetic waveguides and for nonlinear signal processing [1]. Here
we establish the conditions and calculate the gain for surface-acoustic-wave
(SAW) parametric amplification of spin waves in a magnetic waveguide. In
contrast to the well-established method of using RF magnetic fields for parametric pumping [2], the symmetry of magnetoelastic interactions allows for
the pumping of forward volume spin wave (FVSW) modes. In RF magnetic
field pumping, the coupling depends on the ellipticity of precession and
vanishes for circular precession. Thus, this method works well for the backward volume spin-waves (BVSW). The application of BVSW faces difficulties: BVSW may decay via the three-magnon process, and the RF field
excites not only the desired long wavelength dipolar waves, but also short
dipolar-exchange spin-waves, which are not usable in signal processing.
FVSW do not suffer from the these problems, but the precession in FVSW
is circular, disallowing pumping with magnetic fields. We propose an alternative approach, using magneto-elastic coupling to pump FVSW. A thin
film magnetic waveguide is patterned atop a substrate which supports a
standing Rayleigh SAW, Fig. 1. The SAW results in a surface strain, which,
via magnetostriction, modulates the magnetic anisotropy and couples to the
magnetization. For a uniform spin-wave profile the coupling coefficient is: V
≈ γ B1/Ms ∫uxx(x)dx/w where γ is the gyromagnetic ratio, the integral is taken
across the waveguide, uxx(x) is the in-plane strain in the SAW, w is the waveguide width and B1 is the magnetoelastic constant. Importantly, the coupling,
V, is nonzero for circular precession. In Fig. 2 we plot the amplification ratio
for FVSW traveling in a waveguide made of NiAlZn-ferrite, a material with
a large magnetoelastic coupling (B1= 1.6 MJ/m3) and low magnetic damping
(αG = 3.5 10-3) [3], assuming the waveguide width w = 1.1 µm, thickness is
50 nm. The plot demonstrates that it is possible to amplify FVSW with a
SAW amplitude of less than 100 pm.

Artificial spin ices1 (ASIs) are a class of magnetic materials composed of
geometrically frustrated arrangements of magnetic nanoelements. This
gives rise to a rich static and dynamic behavior that depends sensitively on
the local arrangement of the magnetization of the nanoelements2-4. If the
long-range magnetostatic interactions between the elements are sufficiently
strong, the frequency-dependence of resonances acquires a wave-vector
dependent dispersion and gives rise to magnon bands. The magnetization
in the nanoelements can be set – at least in principle – in different periodic
arrangements, and the magnon bands depend on the specific arrangement;
artificial spin ices can therefore be viewed as reconfigurable magnonic crystals (RMCs)5. Recently, Wang et al6 demonstrated a new geometry in which
the magnetic charges of each element are at the same location as those of
a square ASI, with the advantage that the magnetic state is much easier to
reconfigure. The problem with this ASI from the point of view of a RMC is
that geometric constraints force a large separation between the nanomagnet
elements, such that they are weakly interacting, and the corresponding
magnon bands are flat. We will demonstrate, using micromagnetic simulations and semi-analytical models, how, starting with the Wang ASI, we
can design a spin ice that is both reconfigurable and has dispersive magnon
bands. This opens up broader possibilities for designing metamaterials based
on artificial spin ices as reconfigurable magnonic crystals. Work by O.H.
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Fig. 1. Principal scheme of SAW parametric pumping

Fig. 2 Amplification ratio of spin-waves by acoustic waves for two values
of the pumping region.
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Fractals are a ubiquitous phenomenon in nonlinear physics and a key facet
of natural systems, from the lungs in human bodies to attractors underlying the weather. Spin-wave fractals have previously been observed in a
Y3Fe5O12 (YIG) thin film-based active feedback ring, where the periodic
amplification ensures the strong nonlinearity of the spin waves, while the
periodic feedback was used as a time-dependent potential to create regions
of large dispersion in the spin-wave spectrum. Strong nonlinearity and high
dispersion are two essential ingredients needed for fractal development.1
In a YIG thin film not working in a feedback configuration, it is relatively
easy to excite spin waves which are strongly nonlinear, but their dispersion
is usually too low for fractal formation. This presentation reports for the
first time that it is also possible to use a position-dependent potential to
create the large dispersion necessary for fractal formation.2 The experiments

