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Nonlinear excitations in a Heisenberg chain coupled to the lattice in the
presence of an external field are studied within a semi-classical approach.
PACS numbers: 75.10.Jm, 75.40.Gb

The problem of a soliton formation in the Heisenberg chain coupled to the
lattice has been considered both for the classical [1-4] and for the quantum model
[5]. In spite of the fact that nonlinearity resulting from the magnon–magnon interactions leads to the soliton solutions itself this contribution has been completely
neglected in the previous quantum approach to the solitary magnon lattice wave
[5].
The aim of the present paper is to discuss how the magnetic solitons having
the sense of the multi-magnon bound states [6] are influenced by the spin–phonon
coupling.
We consider the compressible Heisenberg chain

where u is the displacement operator of the magnetic ion from its equilibrium, p
— the momentum operator, v 0 — the sound velocity, g is the exchange striction
coefficient (g = ∂ J/ 0ia∂8sthnexxdrlm)gcf.Hewasumth
lattice constant to be equal to one. We take the Holstein–Primakoff transformation
of the spin operators in the low temperature approximation

We rewrite H using the boson representations (2) restricted to the biquadratic
terms in the Heisenberg Hamiltonian and to the bilinear in the spin–lattice coupling. The latter approximation is justified by the assumption that the spin–phonon
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coupling is much smaller than the spin–spin interaction. The approximate Hamiltonian reads

where HL denotes the lattice part of (1) and E 0 is the ground state energy. Let us
introduce the multi-mode coherent states defined by

where |0)F denotes a ferromagnetic ground state and |0)LATT — the lattice vacuum. In the following the functional F(t) = (Π,Δ, α|H|α,Δ, Π) servua
Hamilton functional. We look for the solutions of the Hamilton equations (5) in
the continuum approximation because we are interested in the excitations of space
extension much larger than the lattice constant

Moreover, we consider only the stationary profile solutions
Having in mind the above assumptions one gets from (5) the nonlinear Schr
ödinger-like equation
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The one-soliton solution to Eq. (7) is known [7] and is given by

The corresponding total energy and the local magnetization distribution (S2 ) =
S— (α|a+α|a) are

In the absence of spin—phonon coupling (y = 0) our solution is the same as the
one obtained classically by Tjon and Wright [8]. The coupling to the lattice broadens the soliton, reduces its amplitude and energy. For small velocities the soliton (10,11) corresponds to the large deviations from the ground state. The energy of the static soliton is of order of (JS/ μh0)1 /2 larger than the energy of the
one-magnon state. For large velocities close to the critical (Vc = 2(μh0/JS) 1/2 )
the configuration (10,11) comes close to the ground state. The case of the magnetic Davydov type solitons, energetically more favorable than magnons, were
previously discussed by Pushkarov [5]. In the present formalism these solutions
can be obtained by considering only the first three terms of the right hand side
of Eq. (7). It corresponds to the assumption of large space extension of the excitations. The influence of the magnon—magnon interactions on the Davydov type
solitons is under consideration and will be published elsewhere.
The author thanks Professor J. Morkowski for a discussion.
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