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Especially, the first form is due to collective excitations (e. g.,
from excitations of magnons perpendicular to the magnetic
field).

Application 3: Co nanoislands on Cu(111). As seen before,
the nutation strength of a local moment depends on the
coordination number of the respective atom. This effect
becomes even stronger in a nanoisland as compared to a
chain. To support this observation further, we address a
2-monolayer-thick Co island on Cu(111) with 36 atoms in
total. Here, the effective field incorporates the magnetocrys-
talline anisotropy, calculated from ab initio (for details see
Ref. 23). The chosen Gilbert damping α of 0.02 is typical for
nanostructures (Refs. 16 and 23). The abrupt magnetic-field
increase of 5 T perpendicular to the island results in a
stronger nutation at a corner atom [Fig. 4(b)] as compared
to that for a center atom [Fig. 4(c)]. For even larger islands
(not shown here), the nutation at a center atom can vanish
completely, but that at a corner atom remains. Because of
the angular-momentum conservation, the average magnetic
moment exhibits no nutation (not shown here).

We estimate the range of nutation lifetimes to about 100 fs
up to 500 fs (a lifetime of a few ps was found in Ref. 13).
This rather short time scale corroborates why nutation has not
been measured so far. The dependence on the coordination
number suggests that nutation is negligible in bulk materials.
An increase of the relaxation time τ enlarges the cycloid period
because the system reacts more inert; increasing the damping
constant reduces the cycloid amplitude and the nutation decays
much faster.

Temperature effects are usually incorporated in the LLG
equation by a white-noise ansatz, i. e., Beff

i is replaced by

Beff
i + bi(t) where bi(t) is an uncorrelated random field.16

However, this approach does not hold in the presence of the
nutation term: the process is no longer a Markov process
due to the second derivative in the LLG equation. The
occurring temporal correlations can be included by a color-
noise approach.24 Using nevertheless white noise, the random
fields result in a broadening of the trajectories because both the
nutation as well as the precession axes are varied randomly.
Hence, the nutation effects reported are significantly reduced
(not shown here).

Concluding remarks. Nutation is significant on the fem-
tosecond time scale since a typical damping constant of
0.01 . . . 0.1 reduces the nutation lifetime to about 100 fs. It
shows up preferably in low-dimensional systems, e. g., at
edges and corners but with a small amplitude with respect
to the precession. These findings lead to the conclusion that
the observation of nutation effects is a strong challenge for
experimental investigations.

Since the inertia of moment and the dissipation depend
on the environments of the local magnetic moments, one
could improve the theory by replacing the damping constant
and the moment-of-inertia constant by respective tensors,
both of which could be computed from first principles.18,25,26

Further, there is, to our knowledge, no theoretical founda-
tion for a Langevin dynamics including nutation at finite
temperatures.
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