Pis’'ma v ZhETF, vol. 115, iss. 12, pp.809—-810

© 2022 June 25

Higher rank 1 + 1 integrable Landau—Lifshitz field theories from
associative Yang—Baxter equation

K. Atalikovt*V) | A. Zotovt* 1)

+Steklov Mathematical Institute of Russian Academy of Sciences, 119991 Moscow, Russia

* Institute for Theoretical and Experimental Physics of National Research Centre “Kurchatov Institute”, 117218 Moscow, Russia

X National Research University Higher School of Economics, 119048 Moscow, Russia

Submitted 27 April 2022
Resubmitted 30 April 2022
Accepted 30 April 2022

DOI: 10.31857/S1234567822120096, EDN: inhoyv

We suggest a generalization of the Landau—Lifshitz
equation

0,S = c1[8, J(S)] + c2[S, 92S],

3 3 (1)
S=> Sor, J(S)=_ Sklron,
k=1 k=1

where ¢ , ¢ and J; , Jo, J3 are some constants. The pe-
riodic boundary conditions S(¢t,z) = S(t,z + 27) are
assumed. The widely known Sklyanin’s result is that
this equation is represented in the Zakharov—Shabat (or
zero-curvature) form:

U(z) = 9,V (2) +[U(2), V(2)] = 0, (2)
3
U(z) = Skowpr(2),
k=1
3 3
V(z) = Z Skok 901(2)?2258%(2) + Z Wiorpr(z),
k=1 k=1

where ¢k (z) is a certain set of elliptic functions.

In this paper we propose a construction of 1 + 1 in-
tegrable Heisenberg—Landau—Lifshitz type equations in
the gly case. The dynamical variables are matrix el-
ements of N x N matrix S with the property 52

const - S. The Lax pair with spectral parameter is
constructed by means of a quantum R-matrix satisfy-
ing the associative Yang—Baxter equation. The family
of such R-matrices includes the elliptic GLy Baxter—
Belavin R-matrix and its trigonometric and rational de-
generations.

Consider expansion of a quantum R-matrix in the
classical limit and the expansion of the classical r-matrix
near the pole in spectral parameter:

De-mail: kantemir.atalikov@yandex.ru; zotov@mi-ras.ru

9 Ilucbma B 2KOT® tom 115 BpmI. 11-12 2022

Vi(z)

809

1
ﬁ1N®1N+7"12

1
r12(2) = 2 NPp + ng) + O(z).

Ri(2) (2) + hmaa(z) + O(h?),
(4)

2
Next, define the following linear maps (here A= 1y® A
for A € Mat(N,C)):

2
A).
Using R-matrix identities one can show that the Lax
pair
).

—c0,L(S,z) + L(SE(S), z) + L(E(S)S, 2),

2

A

A — E(A)

1 0
N tro (r§2)

()
% tI‘Q (m12(0)

A— J(A)

2

U(z) = L(S,2) = %tm (T12(Z) S

V(z) = Vi(2) + Va(2),

(6)

) ™)

Va(z) = —cL(T, 2),

where T = —c~2[S, 9,.5], satisfies the Zakharov—Shabat
equations identically in spectral parameter and provides
the following equations of motion:

(®)

= 250[5, ()] ~ 1, E([5, 2:))] — = [E(5).[S,0.5]]

8,5 — % S, 929] — 0, (SE(S) + E(S)S)

which is the gly generalization of the Landau-Lifshitz
equation. The derived equation is simplified when the
matrix S is of rank 1, i.e. S =@ ¢ (S;; = &n;). Then
the equation takes the form

08 = % [S,025] + % (S, J(S)] — 2[5, E(0:5)]. (9)

The latter one equation can be easily described in
the Hamiltonian formalism. Namely, it is the Hamil-
tonian equation coming from the Poisson brackets
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+tr (ays E(S))), S =5(y). (10)  DOL 10.1134/S0021364022600811.
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