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INTRODUCTION

The problem of the existence of the localized excitations-solitons in the magne-
tic systems has received large attention during the last years [1, 2, 3]. We wish to study
here the case of the one-dimensional compressible isotropic Heisenberg model, in order
to test the influence of the spin-phonon interaction on the creation of solitons. The sys-
tem can be described by the Hamiltonian (with the ground state energy subtracted):
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We consider the chain with the period a in an external magnetic field h in z-di-
rection, with an ion of the spin S; at i-th site. lon’s displacement is u;, corresponding mo-
mentum p;, J is the exchange integral, g > 0 is the spin-phonon coupling and Yo is the
sound veloclty in the chain. One can also introduce the ,,spring constant” J( through the
relation Ha? = mv,>.

The effective hamiltonian .

The first step is to apply Holstein-Primakoff boson representation for the spin
operators [4]:
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+
where Bj, B:. are Bose-operators, and we limit ourselves to the approximation with
terms up to four Bose operators in the Hamiltonian.
Following the standard procedure [3], one averages the Hamiltonian over the

wave-function (coherent state)
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and this average value is treated as the classical Hamilton’s function of the system. The
next step is to perform the continuum transition:
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(subscript denotes corresponding partial derivative). The boundary conditions allow
bell-shaped solution for a (x, €) :a (x =t o) = O,GL;( = 'dXx =....=0 x=2%0o and kin-
-solution for displacement: u (+ o) % u (— 9}, Ug S Upy =....=0 x=2%oo

With these conditions one arrives to the following Hamiltonian density with
terms up to a° and a*:
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and corresponding Lagrangian density:
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Now one can write down the equation of motion for u (x, t). The usual assum-
ption of the existence of the stationary state u (x, t) = u (x — vt) where » is the soliton
velocity, gives after integration
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Introducing u,, into L we obtain Lo up to a’
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giving
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It is important to notice that the term mut2 is of order a® so it was neglected.

RESULT AND DISCUSSION

Our conclusion is that we have obtained the Hamiltonian density which is
equal to the density of the system with no spin-phonon interaction, [3] but with renor-
malized exchange interaction.

The system has the soliton solution of the form:
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The soliton characteristics are (h= 1), (a=1)
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or

P
E= (1 — cos s ) + uhM, (14)

E
It is important to note that due to the renormalization of J, the relation v=—
is fulfilled only approximately, for v<< Vo 0
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