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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 inter-
actions leads to the soliton solutions itself this contribution has been completely
neglected in the previous quantum approach to the solitary magnon lattice wave

5].
g 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

I{:Zﬁ 0 Z(“1+1“‘uz) —JZSSH-I
_Hho Zsz -9 E(uz+1 - Uz)S Sz+1; (1)

where u is the dlsplacement operator of the magnetic ion from its equilibrium, p
— the momentum operator, vg — the sound velocity, ¢ is the exchange striction
coefficient (g = 0J/0x) and hy is the external magnetic field. Here we assume the
lattice constant to be equal to one. We take the Holstein—-Primakoff transformation
of the spin operators in the low temperature approximation

S*(3) = (25)/?[a(d) - a* (i)a(i)a(i)/45), (22)
S (i) ~ (28)12[a* (i) — a* (i)a* (i)a(i)/4S], (2b)
S2(i) = S — at(d)a(i). (2¢)
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 cou-
pling. 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 Hamil-
tonian reads

H = Eo + Hy, + (uho + JS) Z at(é)a(i) + I3 E [a*(i + 8)a(i + §)
—a*(i)a(i +8) —a*(i+ 6)a(z)] - _.Ea+ z)a(z)a+(1 + 8)a(i+ &)
5 X; [a* (i + 6)a* (i + 6)a(i + )a(i) + a* (i + )a* (Da(i)a(i)
+at(i)a* (i + 8)a(i + 6)a(i + 8) + a* (i)at (i)a(i)a(i + 8)]
+9S ;(um — ) [a* (i + 1)a(i + 1) + a* (5)a(d)] , (3)

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

o) = exp Z:(aiai+ — aja;)[O)r, (4a)
|4, IT) = exp _ri—1 Z(Aipi — ILiu;)| |O)LaTT, (4b)

where [0)r denotes a ferromagnetic ground state and |0)part — the lattice vac-
uum. In the following the functional F(t) = (II, A, o|H|a, A, IT) serves us as a
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

L 00;  OF )
lh—aT = aj&;;, (5&)
94; _OF 81l; _ —0F
ot ~ OII;’ ot — 04;° (5b)
Moreover, we consider only the stationary profile solutions
A= A(E), a = ag(§) exp(iB(z,t)), E==z—ot. (6)

Having in mind the above assumptions one gets from (5) the nonlinear Schrodinger-
-like equation

., Oa a R da|?
1h§ = phoo — JSg— — Blo|*a — Ja |— o
1 26201 Oa
S50 4 Lrar (89:)’ @)
where
(295)*
~ m(vE - v?) (8) |
and the lattice deformation reads
8A —2g98

% = Ml =) la(z, ). (9)
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The one-soliton solution to Eq. (7) is known [7] and is given by
4ptho B2
03(€) = L0 (@4 97+ (27 4 yV2)/2 cosh(L70¢)| (10)

o) = 3¢

+ arctan

02 V2)1/2 N-V2 1/2
((92-:_?},1/2))1/24;((9 — Vz//22))) tanh(L‘1§/2)] ,  (11)

where
¥ = B/J, 2 = pho/JS — 7, V =hv/JS,

B =1-V2/42+7), L' =2B(uho/IS)2. (12)
The corresponding total energy and the local magnetization distribution (5%) =
S — {a]atala) are

1/2
E=4J58 (“h°>

TS
7 /2
4Spho 2+2y - (22 +VA)H2\
+=i7 arctanh (9+27+(92+7V2)1/2 , (13)
Aph
(57) =5 — L20p2 [2+ 2y + (922 + 7V cosh(L1)] . (14)

In the absence of spin—phonon coupling (¥ = 0) our solution is the same as the
one obtained classically by Tjon and Wright [8]. The coupling to the lattice broad-
ens the soliton, reduces its amplitude and energy. For small velocities the soli-
ton (10,11) corresponds to the large deviations from the ground state. The en-
ergy of the static soliton is of order of (JS/uho)!/? larger than the energy of the
one-magnon state. For large velocities close to the critical (Ve = 2(uho/JS)Y/?)
the configuration (10,11) comes close to the ground state. The case of the mag-
netic 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 exci-
tations. 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.

References

[1] M. Cieplak, L.A. Turski, J. Phys. C, Solid State Phys. 13, L777 (1980).
[2] J. Fivez, J. Phys. C, Solid State Phys. 15, L641 (1982). '
[3] E. Magyari, J. Phys. C, Solid State Phys. 15, L1159 (1982).

[4] M.J. Skrinjar, S.D. Stojanovi¢, D.V. Kapor, J. Phys. C, Solid State Phys. 19, 5885
(1985).



370 S. Lipiski

(5] D.I. Pushkarov, Kh.I. Pushkarov, Phys. Status Solidi B 81, 703 (1977).

[6] L.G. de Azevedo, M.A. de Moura, C. Cordeiro, B. Zeks, J. Phys. C, Solid Phys. 15,
7391 (1982).

[7] O.F. de Alcantara, M.A. de Moura, Phys. Lett. A 94, 239 (1983).
(8] J. Tjon, J. Wright, Phys. Rev. B 15, 3470 (1977).



