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Abstract—The ground state of a two-dimensional antiferromagnet having spins S = 1/2 and interacting with
acoustic phononsisinvestigated in the nonadiabati ¢ approximation using the quantum-mechanical Monte Carlo
method. The critical parameters of the spin—phonon coupling, corresponding to the formation of bound spin—
phonon excitations, crystal symmetry lowering, and the emergence of a gap in the spin excitation spectrum, as
well asthe antiferromagnet—quantum spin liquid transition, are determined. The orthorhombicity parameter, the
sublattice magnetization, the violation of the spherical symmetry of spin—spin correlation functions, and the
magnetic moment in Gd,CuO, and Eu,CuQ, are calculated. © 2003 MAIK “ Nauka/Interperiodica” .

1. INTRODUCTION

Intense studied of electronic, elastic, and magnetic
properties of high-temperature superconductors and
manganites with a colossal magnetoresistance lead to
the conclusion that the electronic structure is closely
related to magnetic and | attice fluctuations. For weakly
doped superconducting cuprates, one of the hypotheses
is associated with the formation of a quasi-gap due to
the generation of coupled spin—phonon excitations.
This hypothesis is confirmed by the results of optical
measurements [1]; for example, Raman spectra are
explained on the basis of coupled two-magnon excita-
tions + phonon. I n thelow-temperature range, anumber
of the observed structural distortions are due to lattice
modulation, and superstructural reflections exhibit tet-
ragona symmetry as well as symmetry lower than the
orthorhombic symmetry. For La g_,Ndg.Sr,CuO,,
these transitions exist in the normal phase at T < 80 K
[2]. In La,_,Sr,CuQ, (x < 0.05), the isotopic effect is
observed with an intensity comparable to that for tradi-
tional superconductors [3]. Another feature of weakly
doped semiconducting cuprates is associated with their
thermal conductivity that cannot be described using the
theory of a Fermi liquid and presumes the existence of
certain delocalized quasiparticles [4]. These experi-
mental facts indicate the existence of two characteristic
energy scales. the electron—phonon and the spin—
phonon interactions.

Some peculiarities in magnetic properties, which
are also observed in allied compounds with atetragonal
T' structure and with CuO planes in R,CuO, (R = Eu,
Gd, Nd), can be due to the interaction between lattice
and spin fluctuations. Such compounds are character-
ized by low values of the magnetic moment of copper
ions (o = 0.4) and a relatively high Néel temperature

(Ty = 230-280 K). Strong anharmonism in local dis- 1
placements in the CuO plane in the temperature range
145 K < T < 175 K in the absence of structural transi-
tions up to 393 K and a minimum in the temperature
dependence of the sgquare of average displacements of
copper ions along the [100] directionat T = 175 K [5]
due to antiferromagnetic spin fluctuations are observed.
Antiferromagnet GdCuQ, with a tetragona symmetry
exhibits the electron spin resonance at wy, = 18.2 cm
[6], which can be explained by the orthorhombic distor-
tion of lattice planes with a stochastic arrangement of
the orthorhombicity vectors along the ¢ axis. At T =
20 K, the resonance disappears and the susceptibility
increases strongly [7], which can be attributed to the
coherent orthorhombicity state (although the elastic
scattering of neutrons and X-ray studies do not confirm
this effect). These effects are probably associated with
the formation of bound spin—phonon quasiparticles,
i.e., lattice and spin fluctuations coupled dynamically
with each other.

Antiferromagnets with the spin—phonon interaction
were considered in the adiabatic approximation, in
which the interaction between spin and acoustic
phonons can be reduced to the four-spin exchange
interaction and to the effective interaction between the
spins of next-to-nearest neighbors. For certain parame-
ters of thismaodel, a spin nematic state with violation of
the spherical symmetry of the spin—spin correlation
functions is formed [8] and the long-range magnetic
order disappears [9]. The interaction between the spin
and the elastic subsystems leads to nonlinear interac-
tions not only between spins, but also between
phonons. For this reason, a correct solution should be
carried out taking into account the nonadiabatic inter-
action between spins and phonons; this can be done
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using the quantum-mechanical Monte Carlo method
based on the continuous-time algorithm.

2. COMPUTATIONAL MODEL
AND METHOD

For guasi-two-dimensional magnets, the interplanar
exchange is several orders of magnitude weaker than
the intraplanar exchange; consequently, we can confine
our analysis to the interaction between the spins of the
nearest neighbors and with acoustic modes of vibra-
tionsin the plane of thelattice. In the harmonic approx-
imation, the Hamiltonian for a coupled spin—phonon
system hasthe form

= Z[J + 0 (U = U, j)]

X[SZ,J’SZ+1,] + %(SﬁjSll,j +S_,js++1,j)i|

+[J+a(u ;-

Ui j+1)] )

x[sz,jsz,ju"‘%(3Tj$j+1+s_,j3+,j+1)}

+lM

5 I12K(u

1
—Uisyg, 1)2 + ZK(ui,j —U +1)2,
where S? * are the components of the spin operator S=
1/2 at alattice site, u; ; is the displacement of an ion
over the trandlation vectors of the lattice, M is the ion
mass, and K isthe elastic rigidity constant of the lattice
(J > 0). Using the canonical transformation

A _ 1 fi igr
a, = ﬁ% m(b blye”, 2

we pass from variables u; ; to the production (b") and
destruction (b) operators of phonon with momentagg =
2m/L,n=1,2,...,L, where 3 =%, y and the | attice con-
stant a = 1. The transformed Hamiltonian has the form

_ fi i
- ;Ji,jsi Esj+q% nzma /—ZMQ(q)qu

X (bq + biq)[(l_ Cosqy — i Sinqx)sn,m |:Sn+1,m

. ©)
+ (1_ Cosqy_lany)sn,m |:Sn,m+ 1]

PIECLE

where Q(q) =
2KIM .

Wo./2—cosg,—cosq, and oy =
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In computations, the spin—phonon interaction con-
stant a and the excitation energy w normalized to
exchange are used. As the computational method, we
choose the quantum-mechanical Monte Carlo method
combining the algorithms of world lines and continu-
oustime[10] on aplane of dimensionsN = 32 x 32 with
periodic boundary conditions at temperature 3 = J/T =
50. In accordance with this method, the Hamiltonian is
divided into three parts: the diagonal part

Ho O JSS +4Q(q)n,,

where n, is the occupation number of phonons with the
same momentum, and two nondiagonal parts

03(S'S+SS),

| R
V, Ua m(bq

Applying the Trotter formula[11], we can disregard the
commutation of operators V; and V, to within

150J/(2./wy). This leads to a systematic error whose
maximal value is 15% for a = 4, w, = 8, and 1, = 0.5.
Following [10] we express operators exp[—To(Hy/2 +
V7] and exp[—to(Hy/2 + V)] ontheimaginary time seg-
ment T, in terms of the evolution operator g, in the
interaction representation exp(—toH) = exp(=toHg) Oy »
where

b')SS.

To

Oo = 1—J'dTVJ,a(T) + ..+ (=D"

(4)

Idr

IdTlvj cx(Tm) V.J cx(Tl) +.

and

Ho

Ho —
V(1) = €7V 08 7 Vg alBO= —gye(d, o)yl
Summation and integration of two operators V; and V,
in EQ. (4) is carried out using a stochastic procedure of
sampling various kink—antikink configurations in
accordance with their weights. The probability of the
formation of akink—antikink pair is given by

W = [aye(J, @) Pl (T~ T)Eyp)l, To=T1<To.
A subprocess of kink shift along the time axis with
probability W= exp(ATE,g) is possible. The use of glo-
bal spin flips at a site and a change in the occupation
number of phonons with momentum ¢ lead to a finite
transition probability W~ g g oninterval 1,. Asaresult,
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thetotal projection of the spin changes and discontinu-
ities are observed on world lines with even numbers.
Since computations lead to only an even number of

nondiagonal changes of trajectories g’p (J) and g (a),
we can avoid obtaining the minus sign due to an
increase in the systematic error. As an eigenfunction of
Hamiltonian H,, we choose the S representation of 1
and | spins, the occupation numbers of phonons with
momentum g aren, =0, 1, 2, ... (the maximum number
is not limited).

The spectral density of magnetic and spin—phonon
excitations can be determined from the corresponding

time correlation functions calculated in imaginary time
for T > 0. We define the spin correlator in the form

(5 (1)S'(0)D

5 5
= Z|D)|S+|Vacd exp[—~(E, —Eo)1l, ©

where |vlsthe complete set of eigenstates of Hamilto-
nian Hy, Hy|VE E, |V Hglvacl= Eglvacll For the vac-
uum state, we choose the Néel arrangement of spins
with energy Ey/NJ = 1/4. Let us redefine the spin corre-
lator (5) as

00

[5(1)S(0)d = Iomps(w)e**”

. (6)
p(w) = 3 8(w- Q)|WIS vt

Qv = Ev_E01

where py(w) defines the spectral density of magnetic
excitations. We treat spin—phonon excitations as cou-
pled excitations of spins, appearing as aresult of action
of operators § and S, and phonons induced by the

production operators b on the wave function of vac-
uum n, = 0. We represent the time correlators in the
form

[b(1)S'(1)b'(0)S(0)0 = lefsz|va¢:[l]2

x exp[—(E, —Eo)T], 120,

[b(1)S (1)b'(0)S"(0)0 = zlmb*swvactlf )

x exp[—(E,—Ep)1], 1=0.

In analogy with (6), we define the spectral density of
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coupled spin—phonon excitations in the form
Psp(W) = P (@) +p o (w).

In fact, the Monte Carlo method is used for cal culat-
ing the time correlator on afiniteinterval 0< T < T1,. In

order to reproduce the spectral density in awide range
of energies, we must solvetheintegral equation (6). For
this purpose, we use the stochastic procedure optimiz-
ing the deviation [12]

To

D = I|G(T) —G(1)|G (1)t (8)

of the computed correlator G(t) from the true correl ator
G(1) with the spectral density p,(w).

In order to calculate the nondiagonal operators, we
use a symmetrized representation of the wave function
intheimaginary timeinterval 1,. For example, we seek

the eigenvalue of operators (bq, b,) for T — Oonthe
basis of the functions

V(1)) = ¢4Ng1, Ngas Ng3... O

+Cy[Ng1 + 1, Ngp, Ngz... OF C3Ngq, Ngp + 1, Ngs.. . O

The displacement of anion at asite is defined as

Cu(r)d = lﬁ

xS ) (by + b')e* Q™ (q) v,

9)

The mean square displacement of theion is defined as

2n,+1
W= 2|v|Nz Q(q)

In the ground state, the number of phonons for a har-
monic oscillator with a — 0 is equal to zero. There-
fore, it is important to calculate the change in zero-
point vibrations as a result of action of the magnetic
system on the elastic one; i.e.,

W= W(a)0- Wé(a = 0)J

In the subsequent analysis, we will use the quantities
Cu(r)d

1 3o
H= NZ [AI2MNw, Zﬁ/ZNM(,oO

Correlated vibrations of ions and their momentum
dependence can be determined from the correlation
phonon density function (g)n(g + p)C The wave vec-
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UB(k)/UB (k)

1.0

0.5

; ; B
Fig. 1. The lattice structural factor UB(k)/UmaX (K) normal-

ized to the maximum value and calculated in two directions
B =[10] (1) and [01] (2) for wy/d = 6, alaz = 0.3 (a),
0.7 (b), and 1 (c).

tors of incommensurability of |attice and magnetic fluc-
tuations were determined from the ion displacement
structural factor

1 i
Ua) = 55 Mou e
q

in two directions [10] and [01] and the magnetic struc-
tural factor

S(K) = %z g
k

JOURNAL OF EXPERIMENTAL AND THEORETICAL PHYSICS Vol. 97

APLESNIN

In the computational procedure, the first 20000
Monte Carlo steps per spin were omitted and the aver-
aging was carried out over 8000 Monte Carlo steps per
spin. This value is much larger than the time of attain-
ment of thermodynamic equilibrium calculated from
the sublattice magnetization,

[6(0)a(t)- [0 (0) B (Trmax) L= AeXp(-t/ty),

wheret is the number of Monte Carlo steps, t, = 3000
and 7000 Monte Carlo steps per spin for a/a,= 0.3 and
0.75, respectively; and a . isthecritical parameter of the
spin—phonon coupling, for which the long-range mag-
netic order disappears. The mean sguare error amounts
approximately to 3% for the sublattice magnetization,
1% for the energy, 2% for the spin—spin correlation
functions, and 4% for the average phonon occupation
number.

3. DISCUSSION

The processes of inelastic scattering and formation
of magnon and phonon bound states are determined by
the density of states of the initial quasiparticles. In the
two-dimensional Heisenberg model, the density of
magnon states diverges logarithmically at the middle of
the band, and the interaction between quasiparticlesis
symmetric for points ' and X of the band. In the case
when the dispersion curves for magnons and phonons
intersect, whichisobserved for vy, <v,at wy/J <2 (v,
and v, are the velocities of phonons and magnons,
respectively), additional singularities are formed in the
density of states of these quasiparticles. The calcula
tions were made for wy/J =1, 2, 4, 6, 8, and 10; thefig-
ures show two typical cases when wy/J =1 and wy/J =
6. Under the action of the magnetic system, the struc-
tural factor of lattice fluctuations shown in Fig. 1
becomes spatially anisotropic. Ladder-type fluctuations
containing two nearest chains in the [01] direction and
quasi-one-dimensiona chain fluctuations in the [10]
direction, which are separated by distancer = 7-10, are
formed in the magnetic subsystem. The energy per
bond in an antiferromagnet with a square lattice is 1.3
times smaller than the energy in an antiferromagnetic
chain. Consequently, lattice fluctuations facilitate local
extension of the lattice dong one of the symmetry
directions of theinitial square lattice. Ladder-type fluc-
tuations accompanied by dynamic local lattice dimer-
ization also lower the magnetic energy; the approxi-
mated dependence of this energy has the form

|En() — En(0)] = A(a/ale5) ",
_ [011(1), V>V,
- Ep.18(2), V<V o

The gain in the magnetic energy is aimost an order of
magnitude higher than the loss in the el astic energy.
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The average displacement

VS, =SS B = x(10), y([01])
ij

is depicted in Fig. 2. Anisotropy of lattice fluctuations

leads to anisotropy of displacement U, — UJ,
(Fig. 2¢) and lowers the crystal symmetry from tetrag-
onal to orthorhombic. With increasing interaction
between the magnetic and elastic subsystems, zero-
point vibrations a a certain wave vector Q are

enhanced, as well as their correlation [U7USD O
(IN(O)N(Q)Udepicted in Fig. 3. The maximal value of
the correlator is attained at the wave vector Q. =
(0.75-0.9)1, 0, < O < 0 and reflects acoherent vibra-
tion of ions with localized spin excitations in the [10]
direction. For v, > v, intheinterval ag, < o < g of
the parameters, the local orthorhombicity parameter
shown in Fig. 2c decreases sharply, its value being
within the computational error. The change in the sym-
metry of structural distortions is in qualitative agree-
ment with the replacement of the condensed mode
(. 0)for<0.5(0=1J; ;+1—J i_1) by theoptical mode
(t, ) for & > 0.5, calculated on a square lattice by the
method of exact diagondization in the adiabatic
approximation [13].

A qualitatively different behavior of elastic and
magnetic propertiesis observed in the case when v, <
V- Thelattice volume and the orthorhombicity param-
eter increase monotonically for a > a., and the change
in zero-point vibrations is an order of magnitude
smaller as compared to the case when v, > v,
(Fig. 3a). Anisotropy of correlated vibrations aso
increases and the results of calculations can be cor-
rectly described by the power dependence

(- (U= 024(3)[ (0 —a ) 1] 4.

The changes in the lattice parameters in the region of
the critical values a, 3, in which the typical values of
the upper boundary of the region of acoustic vibrations
in quasi-two-dimensional antiferromagnets R,CuO,
(R=La, Gd, Eu, Nd) areM = 4 x 1(*qg, and wy, = J, are
equal to

Ug = 0.005(1) A, U =0.04(02) A
for wy =4 x 102Hz [14] and
Ug, = 0.002(1) A, Ug=0.007(2) A
for w, =10 Hz. The lattice-averaged change in the

exchange interaction in the region of the antiferromag-
net—quantum spin liquid phase transition constitutes
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Fig. 2. Dependence of |attice-averaged displacements UP of
ions, normalized to , /A/Mwy, for wy/J =1 (a) and 6 (b) in

directionsP = [10] (1) and [0.1] (2) on the normalized spin—
phonon interaction constant and the dependence of the

orthorhombicity parameter U:W - Ugv for wy/J = 1 (1),
6 (2) on a/o gz (C).

approximately 1% (dJ/J = 0.01), which is an order of
magnitude smaller than local exchange fluctuations.

Thelinear decreasein the magnetic moment at asite
upon an increase in the spin—phonon coupling constant
can be approximated by the dependence

o _%a.14—1.3a/0(03, V>V,
0(0) [L12-0.96a/0cs, V>V .

In the range of parameters 0.15 < a/a < 0.7. For a =
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W30 (N (O)N*(Q)]
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Fig. 3. Dependences of the mean square displacement IJJéD of ions normalized to #/Mwy for 3 = [10] (1, 2) and 3 = [01] (3, 4),

wg/J=1(2,4) and 6 (1, 3) (right axis) on the normalized spin—phonon interaction constant and of the maximum val ue of the phonon
density correlator (b) on the wave vector Q for wg/Jd =1,  =[10]) (1), [01] (2), and [11] (3) on O/ 3.

0/0(0) ($¢STIA8E ST 2
T T T T T 4’ T
1.0} -
0.8} 43 T
0.6 -
2t ]
0.4} .
1 ]
0.2+ _
1 1 1 (e 1 1
0 0.2 0.4 0.6 0 0.4 0.8 1.0 1.6
/a4 o/d

Fig. 4. Normalized magnetic moment o/0(0) at a site (a) and the ratio of the correlation functions between the transverse com-
ponents of spins and longitudina components for r = 1 (b) for wy/J =1 (1) and 6 (2) as functions of the spin—phonon interaction

parameter.

O3, the magnetic moment abruptly vanishes. The typi-
cal dependences are shown in Fig. 4a. In the region of
the critical parameters of the spin—phonon coupling, the
spin—spin correlation functions and the correlation
radius are spatially anisotropic and

1—2 5°(i, j))S(, j+r)0
z (i, j)S(i +r, j)O

= 0.02-0.04,

anisotropy of the spin correlation functions between
directions [11] and [10] is on the order of 0.1. For a =
O, the spherical symmetry of spin—spin correlation
functions depicted in Fig. 4b is violated. This fact
serves as a criterion for determining the value of the
spin—phonon interaction parameter a., and isin quali-
tative agreement with the results obtained by Andreev
and Grishchuk [8], who obtained a spin-nematic state
in the Hei senberg model with competing antiferromag-
netic interactions and the four-spin exchange. In the
vicinity of the wave vector Q = (11, T) corresponding to
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0 0.3

I
0.6
w

0.9

975

1.2

0.8

0.4

Fig. 5. Modd densities of states defined analytically, p(w) = (8/m) /(w(1—w) (a) and numericaly (b) (solid curves). The recon-

structed density of states are depicted by the dashed curves.

Ps Psp
T ' T T T 0.4 T T T T T
12} H (@) . ®) 'i
" N
0.3}
{1y 21
l|| 1
0.2 :
|

T
—~——
T —
-

0.1

N2 Vil 4 | 1 1

0 10 30

Fig. 6. Density of statesfor (&) spin and (b) coupled spin—phonon excitations for wy/J = 6, a/a.3 = 0.8 (1) and 1.14 (2).

the antiferromagnetic structural factor, satellites with

2 the nincommensurability vector of the spin density are
observed in theinterval g;, = (0.7-0.95)1t Theintensity
of the satellites varies in the limits

@ [0.05, o =ad.,
gz—(-g‘—“)— = Ep.lS, o = O,
(m.m EO.B, o = O3

The procedure of reconstructing the spectral density
of states[12] for given models can be successfully used
for determining the band boundaries and the positions
of the peaks of the function p(w) on the energy scale to
within 5%. The intensity has a saw-tooth shape and
fluctuates in the limits of 10-20%. Figure 5 shows the
reconstructed and model densities of states defined ana-

Iytically (p(w) = (8/M)Jw(1—w)) and numerically.
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The time correlator
G(1) = J'e"*"p(w)du)
0

was calculated over 100 pointsT;,i =1, 2, ..., 100. The
typical densities of spin excitations and coupled spin—
phonon excitations are shown in Fig. 6. For a > a,, a
gap is observed in the spectral density of spin excita-
tions. The dependence of the gap energy on the magni-
tude of the spin-phonon coupling together with the
approximating power function

AJI=[(a =00 *P®, = J

is depicted in Fig. 7. In the density of coupled spin—
phonon excitations, one can single out a quasigap. The
maximal density p(w) corresponds to quasiparticles
with zero energy and with the quasiparticle excitation
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/0.

Fig. 7. The gap energy Aqin the spin excitation spectrum as
a function of the spin—phonon interaction parameter for
w/J=1(1) and 6 (2).

energy w =1(wy +2J), 2(wy + J), and 3(wy, + J) for vy, >
Vmand w =4(wy, + J) and 8(wy, + J) for v, < v,. For
Wy =4 x 10 Hz[14] and J= 0.1 eV, these estimates are
in satisfactory agreement with the optical data on the
absorption spectra of Sr,CuCl,O, [1], which show a
broad peak in the vicinity of 4000 cm, aswell aswith
the values of excitation energy EM© = 4400 cm calcu-
lated by the Monte Carlo method. The observed excita-
tionsrevea aclose relation between the spin and lattice
degrees of freedom in the CuO, plane.

On the planeincluding the upper boundary wy, of the
region of acoustic vibrations and the spin—phonon cou-
pling parameter a, three critical lines can be singled
out. As the spin—phonon coupling constant attains the
critical value with the approximation dependence o, =
0.16(2)wy/J, coupled spin—phonon excitations are
formed in analogy with the formation of polarons in
systems with electron—phonon coupling. As the value
of a increases, the quasiparticle density becomes
higher, and the spectral density p(w = 0) of bound spin—
phonon excitations has afinite value at w =0 for a, =
0.39(6) (0y/J)*854. A gap A, appears in the spin excita-
tion spectrum and the crystal symmetry is lowered. If
we treat the gap width A, as an order parameter of sin-
glet pairs of spins, an inhomogeneous state consisting
of a long-range magnetic order and a singlet state is
realized in the range of parametersa, < a < 0. This
resembl es the coexistence of the normal and anomalous
phasesin liquid helium and in atype Il superconductor
in a magnetic field. For constant a4 which can be
approximated by the power dependence a4 =
0.62(4)(1)y/J)°8®), the long-range magnetic order dis-
appears and a quantum spin liquid is formed.

The correlated state of lattice fluctuations can be
destroyed by thermal phonons. The critical temperature

JOURNAL OF EXPERIMENTAL AND THEORETICAL PHYSICS Vol. 97

Fig. 8. Average occupation number for phonons as a func-
tion of the normalized spin—phonon interaction constant for
we/J=1(1) and 6 (2).

can be estimated from the condition of equality of the
thermal energy E;.; of phonons and the energy E;, =
(Noh — Nioh, c2) 0/ 2 of the bound state of phonons. In the
Debye approximation, E;.; = 3mtkgT#/(503), where ©
is the Debye temperature, the corresponding critical
temperatureis

T* = 0.740%[0.02(a -0 3) a4 V.

The dependence of the average number N, =
(UN) Y, Ny of phonons on the normalized value of the

spin—phonon coupling constant is shown in Fig. 8. Lat-
tice fluctuations are connected with magnetic fluctua-
tions which change under the action of the magnetic
field and temperature at T ~ A. For a > a3, the lowest
temperature at which the soliton lattice can be brokenis
determined by thermal phonons; for 8 = 400K, we have

* = 22K.

The low values of the magnetic moment o = 0.4(1)
for Gd,Cu), and Eu,CuO, [15], which were obtained
from elastic scattering of neutrons, aswell asthe values
o = 0.35(4) determined from the electron spin reso-
nances at Gd** ions in Eu,CuQ, [16], are probably due
to the spin—phonon interaction with parameters a/a 4 =
0.3 and 0.35 leading to the formation of coupled spin—
phonon excitations. This changes the acoustic excita-
tion spectrum. For example, an anomaly is observed in
the lower branch of the acoustic phonon excitation
spectrum aong the I'X direction in the isostructural
compound Nd,CuQ, [14]. The corresponding changes
in the lattice constant are on the order of 2 x 103 A and
are manifested in the X-ray spectra in the form of an
ellipsoidal displacement of oxygen ionsin the ab plane
at right anglesto the Cu—O bond [17].
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The lifetime of coupled spin—phonon quasi particles
and the average relaxation time are proportional to the
matrix element of the spin—phonon interaction operator
for a phonon transition from the ground state to an
excited state with a simultaneous change in the spin
configurations of the two spins. In accordance with the
“golden” Fermi rule,

1 - Mg Um0,
T, &

the quasiparticlelifetime 1, = 0.6 x 107 s([éxc| denotes
the excited state). The relaxation time distribution is
described by the power law P(t) O (1/10)%* for T < 1,.

4. CONCLUSIONS

Let us summarize the main results. The interaction
between the elastic and magnetic subsystems leads to
anisotropy of the elastic vibrations of the lattice aswell
asin magnetic properties; the change in the latter prop-
erties occurs at the three characteristic parameters of
the spin—phonon interaction. For x = a,, coupled lat-
tice and spin fluctuations are formed and the spherical
symmetry of the spin—spin correlation functionsis bro-
ken. For a = a.,, a gap opens in the spin excitation
spectrum and the crystal symmetry islowered. The sin-
glet state and the long-range antiferromagnetic order
may coexist. For a = a3, the magnetic moment at asite
vanishes and the antiferromagnet—quantum liquid
phase transition takes place. The constant of the spin—
phonon coupling corresponding to a decrease in the
magnetic moments of quasi-two-dimensional antiferro-
magnets Gd,CuQ, and Eu,CuQ, are determined.

SPELL: 1. anharmonism, 2. nincommensurability
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