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The realization of collective spin dynamics in dipole-coupled systems has been considered in nuclear spins under adiabatic demagnetization [1, 2] or in coupled electron-nuclear spin dynamics [3]. Theory of ultracold NMR was developed earlier [4]. Recent data about some rare-earth compounds, e.g. ErBr3, show there is a weak exchange interaction, therefore the dipole coupling produces spin waves temperatures up to mK and even units of K, when the sample is under a strong constant magnetic field; these spin waves were directly observed [5]. Similar systems are known as low-temperature paramagnets [6].
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Fig. 1. Schematic structure of finite dipole ensemble at cubic lattice and orientation of the longitudinal magnetic field 
A finite ensemble of classical magnetic dipoles is considered. All the particles are located in a uniform cubic lattice (Fig. 1) and interact each other by the dipole forces. An external field is strong enough to produce the state close to the magnetic saturation. The relative magnitude of dipole interaction is assumed to be pd = 0.01 of Zeeman energy. The direct numerical simulation of system dynamics is realized. At the initial time interval, a short pulse of transverse field occurs. It has the magnitude Hx and duration τ. After the pulse ends, the system oscillates freely. We have considered two kinds of the initial perturbations: “weak” has a “pulse area” Hxτ = 10, and “strong” has Hxτ = 100, in dimensionless units. The field Hx here is referred to H0 units, and the time is measured in periods of Larmor frequency.
A “weak” perturbation with a “pulse area” 10 does not produce a huge deviation of the total magnetization from the initial state in systems of 153, 203, 353 and 403 particles (Fig. 2, a). After the Gaussian-like decay, magnetization exhibits slow damping, which is between t–1/2 and t–1. The first dependence corresponds the long-range part of the dipole interaction, and there is no significant contribution from the short-wave collective modes. This indicates that the magnetic moments in the system turn only at small angles close to each other after the “weak” short transverse pulse.
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Fig. 2. Simulated envelopes of transverse magnetization after: a) “weak” and b) “strong” initial perturbation.
A “strong” perturbations with a “pulse area” 100 and durations between (0.1÷10) ω0–1 give significant deviation angles of the magnetization, and Mx tends towards the saturation value during the initial pulse. The envelope of the magnetization signal is also Gaussian before T2, while in the time interval of few T2, the signal is limited by law t–3/2exp(–t/T) which can be obtained under assumption that the collective modes (spin waves) of all the possible lengths are excited in lattice, and the inelastic scattering of spin waves realized. That matches a general features of spin wave approach [4, 7].
We assume that an experimental realization of the dipole spin-waves can be based on the effective magnetic moments induced at the doped carbon surface because the adatoms of H, F or N induce effective moments on the order of μB [8]. If the characteristic distance between the magnetic centers is of order 1 nm, the typical dipole energy is 10–7 eV. Considered pd = 0.01 corresponds to the longitudinal field H0 ≈ 1.6·103 Oe and Larmor frequency ~4.8 GHz. Thus, a pulse with τ = 1.0 and dimensionless Hx = 100 corresponds to a duration of 0.2 ns and field strength of 1.6·105 Oe (16 T). Under the given H0, the collective excitations will remain stable at temperatures near 1 mK. These estimates correspond the rarefied system; at high concentration of the adatoms the necessary temperature are mitigated, but the external field and pulse field must be enforced.
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