SOVIET PHYSICS JETP

VOLUME 12,

NUMBER 3 MARCH, 1961

RELAXATION OF THE MAGNETIC MOMENT IN AN ANTIFERROMAGNETIC DIELECTRIC

G. I. URUSHADZE

Physico-Technical Institute, Academy of Sciences, Ukrainian S.S.R.

Submitted to JETP editor April 2, 1960

J. Exptl. Theoret. Phys. (U.S.S.R.) 39, 680-683 (September, 1960)

The relaxation time of the magnetic moment of an antiferromagnetic dielectric is calculated
in the case in which the nonequilibrium magnetic moment is perpendicular to the axis of the
crystal. It is shown that at temperatures satisfying condition (17), the relaxation time is in-
versely proportional to the first power of the temperature.

THE present work deals with the problem of relax-
ation of the magnetic moment in an antiferromag-
netic dielectric in the case in which the external
magnetic field and the magnetic moment of the body
are perpendicular to the crystal axis z. After
switching off of the magnetic field, the magnetic
moments of the sublattices begin to relax, turning
toward the crystal axis; that is, the magnetic mo-
ment induced by application of the field disappears.
Since the nonequilibrium value of this magnetic
moment is determined by the number of spin waves
with momentum k = 0, the magnetic-moment re-
laxation time found here determines, in order of
magnitude, the line width in uniform antiferromag-
netic resonance.

As is known, the exchange-interaction Hamil-
tonian commutes with the total magnetic moment
of the body, and therefore it cannot change the
previously induced nonequilibrium magnetic mo-
ment. The change of the magnetic moment of the
body will occur because of weak relativistic inter-
action.

1, We write the Hamiltonian of an antiferromag-
netic dielectric in the following form:
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where M; and M, are the magnetic moments of
the sublattices; h is the magnetic field produced
by the oscillations of the magnetic moment; o,
a4y, and 7y are constants related to the exchange
interaction; and B is the magnetic anisotropy
constant.

By analogy with the work of Holstein and
Primakoff,! we introduce the spin-wave creation
and annihilation operators aj+ and aj (j=1, 2),
connected with the sublattice magnetic moments

M; and M, by the relations

mj = M — iM;, = (2pM)"=[a; — (n [ 4M) ajaa;],
mj= Mjx + iM;, = (2uM)':[af — (n [ 4M) afafay),

2
m; = M;; — M = — pafa;.

(2)

Here p is the Bohr magneton and M is the satu-
ration magnetic moment of a sublattice. The op-
erators ai’ and aj are subject to the usual com-

mutation rule
[a; (r), af (r')] = 8;0 (r — ). (3)

By using formulas (2) and expanding the opera-
tors an'(r) and aj (r) in Fourier series, one can
write the Hamiltonian (1) in the form

.%’ = gf 0 + %int;
Ho= Z {;— Agafwa + % Axazkax + Braik0s—«
k

(4)

+ Cxajxai—x + Cxaox@o—k + 2Cka{§a2k} 4+ Herm. adj.
(5)

2
Hie=—0 3 (alainaman,

kikakok,

+ a3k, 03k, ok ok,) A (kg + ka — ks — kg)- (6)

Here the following symbols have been introduced:
Ay = pM (0k? + 27 sin® 0y 1 -+ B),

Bi = pM (cyah® + 2msin® b + 1),

Cx = J'tp,M sin? ek exp (— 2iq)k), (7)

where 0k and ¢k are the azimuthal and polar
angles of the wave vector k; A(k) =1 for k=0,
=0 for k= 0. In #jt we have not inclugled terms
containing products of three operators ajkajk; as
will become clear later, these will not interest us.
2. To find the spin-wave spectrum of the anti-
ferromagnetic dielectric, we diagonalize the Hamil-
tonian (4). To this end, we go over from the opera-
tors ajk and aj'k to the operators cjk and chkz 3.
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ax = Upcke—t/h 4 U\oCone— 5t /h

+ Vici—xe’®st/h 4 Vics_ye's/h,
Qo = UnpCoxe™ etk 4 Uy cppe—eit/n
+ Vics xettdh 4 Vici_yetst/h, (8)
The amplitudes Ujj and Vij in (8) are found with
the aid of the equation of motion of the operators
ajk.
ap = (i [ 1) [Hor ap)- ©
On substituting formula (8) in Eq. (9) and
equating coefficients of cjk and c}k, we get the
system of linear homogeneous equations
(Ak —&x) Uns + BiVar + 2CiVyy 4 2CkU5 = 0,
2CUn + 2CVa1 + (Ax + &) Viy + BuUs =0,
BiUii + (Ak + &) Var + 2CikViy + 2CkUy = 0,
2CkUny + 2C\Vyy + ByVyy + (Ak — &) Ugy = 0,

(10)

and similar equations in which, instead of the
quantities Uy, Uyy, V44, and V,4, there enter the
quantities U;z, U;z, V;z, and V‘{Z

On solving (10), we find the dispersion law for
spin waves in an antiferromagnetic dielectric:

era (k) = pMV 27 [B 4 (2 — 012) BP1 {1 £ (ot / 7) sin? 0] .(11)

Here Ok is the angle between the z axis and the
direction of the wave vector k. The upper and
lower signs correspond to two energy branches,
the difference between which is A€ ~ pM.

For the amplitudes, from (8), we get the fol-
lowing expressions:

Up = Upg = Upy = Upy = Uy = — 2 ()"

11 =Ugg=Upp =Ugn = U= 2“":}';+VA" (12)
& 2

V11=V22=V12=Vz1Esz—(kzek k)

By use of formulas (8) and (12), one can express
the Hamiltonian for the interaction of spin waves
with one another in terms of the operators cjk
and cik:

Hint = S+ Hirk:

1 ! ¢Y] +
Hini= —%—’:,— Y Pk, i CrxCa
ki kek k,

+ O ok, CiCiC1koCox ) A (ky + kg — kg — ky)
+ ¥ ik, CliCikCik,Cix, + Wk ek, Chicy Cok,CoksCak )
x A (k; + ke + ks—k,) +Herm. adj.} (13)
where

G)f‘l,)kzk,k. = —21— (UkthUk,Uk‘ + Vk,szvk.Vk.)r
D ik, = 2U1 ViU Vi
sk, = 206 VilUkVio  ikiak = 2ViViUn Vi,
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.%’&)t is obtained from .’%’ﬁft by the substitution
Cik <> C2k-

We now calculate the mean value of the square
of the magnetic moment and of the square of its
component perpendicular to the crystal axis:

s = ([ w7,

@ = [{ Moy + Moy)dV]™.

With the aid of formulas (2), (8), and (11), the
quantities <M?*> and <$J)?i> can be expressed
in terms of the occupancy numbers njy and nyy of
spin waves with momentum k = 0.

The averaged quantities ®? and 9)23_ have the
following form:

(MY = (M* > = 2ee MV [(1 + cos 2q,) nyg

(14)

+ (1 — cos 2q,) ngel,

where ¢, is the polar angle of the spin wave vector
with k = 0, and

(&0 + Ap)* + Bg Y\
Bett = B G T AP —B2 (26) :

To determine ¢, it is necessary to take into
account the boundary conditions on the vectors M
and H. In the case in which the antiferromagnet
fills the half-space x > 0 and the crystal axis is
directed parallel to its surface, the value of ¢, is
zero. Suppressing the index 1 on n;), we get

(MY = (ML) = dpogg MVn,. (15)

Thus we see that the relaxation of the magnetic
moment of an antiferromagnetic dielectric is de-
termined by the number of spin waves with mo-
mentum k = 0. From knowledge of the interaction
Hamiltonian #int, one can find the change of the
number of spin waves with momentum k = 0. We
remark that a change of n, cannot cause processes
of union of two spin waves into one, or of splitting
of one spin wave into two, since in these processes
it is impossible to satisfy simultaneously the laws
of conservation of energy and of momentum.
Therefore for determination of the change of ny
with time, as has already been indicated, it is
necessary to take into account, in the Hamiltonian
Hint, the later terms of the expansion, describing
processes that involve participation of four spin
waves.

On using expression (13) for the interaction
Hamiltonian that describes these processes, we
get the following kinetic equation:
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no = Z,{n},
Z 3wt e sz 1
o{n} = PR Us 2_, {(UW3Us((no + 1) (ny + 1) nong
1.2,3

—nony (ne + 1) (ns+ 1)1 A (k; — ks
—ks) O (g0 1+ 81— &2 — &3)
+ 2UfU§U§[("o + 1) (ny 4 1) (ny 4 1) ng — nonyn, (ng
+ DIA (k1 + ks — kg) 8 (20 +- &1 + 83 — &5)}.
In writing £y{n} we have assumed that €k
~ €k and Uk = Vk; this is correct at sufficiently
low temperatures, uM «< T « ®¢. Since the occu-
pation numbers n, are large (ny > 1), the colli-

sion operator £, can be expressed approximately
in the form

Lo {n} = —ny/ 7,.
The kinetic equation then takes the form

Ny = —ng /Ty,
where the relaxation time 7, is determined by the
formula
2024
L BUR
To  4n5%Sh (@ — ap2)® T

—1)J(T),

7 (1) = (BBt — g (d — 8 (4 — 21"
X URAUnnnse™ (58 (& + 1 — %2 — %)
+ 20 (& o+ xa — x) 1 (61 — 8"y

+ (3 — E2) " ny — (23 — E2)" ny). (16)
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Here nf{ - (e€k/T —1 )™! is the Bose equilibrium
distribution function, ¢ = €,/T, ¢ = uM/T, and ny,
n,, and ng are unit vectors in the directions xj,
Xy, and Xj.

At temperatures

T > (BuM8,)" 17)

(which corresponds to £ « 1), the expression for
J(T) simplifies considerably, and except for a
numerical factor of order unity we get the follow-
ing expression for 1/7,:

1 pMpM T
W P s e e

In conclusion, the author considers it a pleasant
duty to express his profound gratitude to A. I.
Akhiezer and V. G. Bar’yakhtar for proposing the
problem and for discussion.
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