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Relaxation of the uniform precession of the magnetization of an antiferromagnetic substance
due to the interaction between the uniform precession and spin waves is considered. The
model of localized spins with exchange interaction was employed in the calculations. Terms
of the fourth order in the creation and annihilation operators were taken into account in the
Hamiltonian. The relaxation time for uniform precession at low temperatures has been

derived.
1. INTRODUCTION

WHILE the theory of line width in ferromagnetic
resonance has progressed considerably, [1,2] the
line width in antiferromagnetic resonance has not
to date received any explanation that is at all sat-
isfactory.

. The object of the present paper consists of
evaluating the linewidth (or the relaxation time
associated with it) resulting from the interaction
of the uniform precession of the magnetization
with spin waves. A similar interaction in the case
of ferromagnetic substances has been discussed
in the papers by Akhiezer and co-workers. 2] gow-
ever, the line width in the case of ferromagnetic
substances turns out to be very small. This is
associated with the fact that the interaction of
spin waves with uniform precession (in the fer-
romagnetic case) is due to comparatively small
relativistic effects, while the exchange interaction
does not affect uniform precession. In the case of
an antiferromagnetic substance the exchange in-
teraction turns out to be the dominant one in the
calculation of the relaxation brought about by the
interaction between the uniform precession and
spin waves, and, as will be seen from our esti-
mates, leads to an appreciable line width.

2. THE INTERACTION HAMILTONIAN

We shall write the Hamiltonian for a system
of spins in an antiferromagnetic substance in the
following form* (cf., for example, [3])

*We note that if the energy associated with the anisotropy
is taken into account in a more general form (cf., for ex-
ample,[?]) than in (1), then this leads to the appearance in (4)
of a number of additional terms. However, it can be easily
seen that some of these terms describe processes for which

=20 3 SSn+gBHa(RSI—DSH). (1)
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Here 8; and 8, are spin operators of the first
and the second sublattices respectively, (Im) de-
notes summation over the nearest neighbors, the
exchange integral is J > 0, Hp is the effective
anisotropic field (for simplicity we shall assume
that there is no external magnetic field).

Further, we express 87 and Sp, in the usual
manner in terms of the spin deviation operators,
restricting ourselves to terms of order not higher
than the third:

S = 28" (1 —aja; /4S) a1, Si = (2S)" a; (1 — aa,/4S),
S; =S —aja;, Sh = (2S)"bm (1 — bpba/4S),
Sy =(28)" (1 — bpbm/4S) b, Si =— S + bpbm,
Sty = Sim  iStn. )

After these operators have been substituted into (1)
the Hamiltonian can be separated into a sum of
second- and fourth-order terms in the operators
a and b. The second-order terms are subse-
quently diagonalized. They represent the unper-
turbed Hamiltonian for the spin waves. The fourth-
order terms represent the interaction energy of
the spin waves:

# =— 20 N {2 @iaabn + bbb + braiaia;
. im>

+ brnbrbnti) + @i aibpbm) -

We next transform to the Fourier components

of the operators a and b:

the law of conservation of energy does not hold, while the
others have no effect on the uniform precession. From this it
is clear that a more complete method of taking anisotropy into
account, as has been done, in particular, by Akhiezer et a1,[?]
turns out to be superfluous in our calculation.
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a = Q2/N)" Dae*, a; = 2/ N)* D aret™,
k k

bn = @IN) D 6™, by = 2/ N) Zibye ™™,
k k

The Hamiltonian 3¢’ can be put in the form

Jz

H =— A 2 {74 [b;bzbs% + b;b;bla; -+ a;azaab4

1,2,3,4
+ Qxa1b4] - AT gk @1abib ) A (ky + Ky — ko — Ky,

1 3
— - etk (1—
Te = 2 ekl-m,
{Im)

where 2z is the number of nearest spins.
We diagonalize the second order terms by in-
troducing new variables:

ar =agch 0, — Be sh0s, be =— o sh 6, + Buch 0,

@3)*
where tanh 20k = yx/D; D =1+ gBHp /2JS. This
operation, analogous to the Holstein-Primakoff [4]
transformation brings the interaction Hamiltonian
into the form

’ Jz * * . _*
#H = N 2 {D 12914 01020505 + W¥i(25)4B1B2B3B4

1,2,3,4
* * *
+ M2ga01@aBaBy — ¢’1234a102°‘334

—IF1234B;5233°°4} A (ky — ky — k3 + ky). @)
Here we have omitted terms of the type a;a,y8:8;
which cannot correspond to processes in which the
energy of the spin waves is conserved. In formula
(4) we have introduced the notation

Moss = Mya@a + M2y + Maey + Maysen

We shall not in future need the specific form of the

coefficients & and ¥, and, therefore, we do not

give them here. We merely note that the omitted

coefficients do not exceed A in order of magnitude.
The quantities A(q)y(syq and Afp(gq) are of the

form

Mus@s = Ta (sh 8, sh 8, ch 8;sh 0, + ch 8, ch 8, sh 0, ch 8,)
— 2112 ch 6, ch 8, ch 85 ch 6,,

Masy@ = Ta (sh 84 ch 8, sh 8;sh, + ch 6, sh 8, ch6;ch,)
— 21,2 ch 8, ch 8, sh 65 ch 6,,

where vy, = vk,-k,; A" are obtained from the

corresponding A’ by the substitutions cosh 6

— sinh 6j and sinh 9 — cosh 6.

3. RELAXATION PROCESSES

The Hamiltonian (4) is responsible for the in-
teraction of the spin waves. We note that this
Hamiltonian satisfies Van Hove’s condition of di-
agonal singularity.[5] This enables us in discus-

*ch = cosh, sh = sinh,
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sing the relaxation processes to utilize the ordi-
nary method involving probabilities per unit time.
We shall now consider the relaxation of the uniform
precession of the magnetization which is, in par-
ticular, represented by the operators «, and ag.
In carrying this out we assume that the spin waves
are in the state of thermodynamic equilibrium at
the temperature T. We obtain the probabilities
for the occurrence of processes involving a change
in the number of spin waves and containing the
operator oy:

W(nlsn2’n3)n4'—’n]_11n2+1yn3+1)n4_1)

27 g2
=5 ﬁ | ©12310+ Duiazya+ Pacenyr+ PLoagzon + D102
+¢'2(14)3+(D2(41)3+ ®3(41)2|2'A (k] + k4 - ke - k3) o (81
48y — &, —&3) (N2 + 1) (na + 1) nyny, (5)

W(nlynz»n3vn;_"nl+ ly ng — ly ng — 11 n;—l)
2 e
=—:—‘TK/’; | @123 7 A (ky + kg — ko — k;) 8 (87 — &
— e3— &)( 1y + 1) nyngny, (6)

W (ny, ng, ns, ng >ny+1, np—1,n; + 1, n, — 1)

2

== %;% | Aiose + Aoras[* A (ky + ks — ke — k3) 8 (g

— & — &5 — &) (114 1) 1 (my + 1) i M
Here €gx = 2Jz, the primed quantities refer to spin
waves described by the operators 8; n, and n;{
are the mean numbers of a- and B-spin waves in
the state of momentum k; ex and ei are the en-
ergies of magnons of momentum k.

In the rest of the paper we restrict ourselves
to the low temperature case

kT < eo. 8)
In this case we can neglect processes of type (5)
since the corresponding matrix elements vanish.
The contribution made by processes (6) will be
small, since in order to satisfy the law of conser-
vation of energy it is necessary that one of the
€k should be greater than 3¢, and this corre-
sponds to a relatively small value of ngi if condi-
tion (8) is satisfied. Thus, the principal contribu-
tion to the line width is made by processes of type
(7). This leads to the following equation for the
relaxation of the uniform precession of the mag-
netization:
ny = Z[W (ng, N2, ng ny — ng + Lng— 1, ng— 1, ny—1)
234
— W (g, Ny, Mgy g —1g— 1, 1y + 1, ng — 1, ng+ 1)]

-|-2[W/(n1— 1, n,, ng— 1, ny + 1—ny,n, +1, n;,ri;)
134

— W (ny, no, 13, ng —ng + 1, ng — 1, ny +1, ng —1)1.

9)
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Here we have everywhere taken ny.y = fig
= 1/[exp (ex /kT) — 1].
Equation (9) can be written in the form

no =— A (no — no).

A71 is equal to the average relaxation time of uni-
form precession. It can be easily obtained from
(7) and (9) that

A =l.ezﬂznozs4+7\'2043|2A (kg — ks — ko) 8 (g) — &,
R N? oy

+ e3— &) (13— nany + nong + nyny). (10)

By utilizing the expression for Ajxym, we obtain
| Aosaa + Agoas [* = Dzﬁ:xl ki ko 12 [/ egeststy, (11)

where ef{ = eéx(hA +k%%/3); hp = gBHp /2d8,
l is the lattice constant, and we have taken into
account the fact that k-1 «< 1.

We carry out the summation over k,, replace
the summation over k, and k; by integration, sub-
stitute (11), integrate over the angles 6,, ¢4, ¢,
and as a result obtain
A 2T & (€2 — €2) "2 (e2 — €2) "2 cos? § df sin §

7 (2n) ey o3 is

X e=T8 (8 — €5 + &5 — £549) deg de,. (12)

Here €3,y = €kq+k, and D? ~ 1. In going over from
formula (10) to formula (12) we have taken into ac-
count condition (8), and we have retained only the
term ng ~ exp (—€3/kT). Integration over e, re-
duces, as follows from the presence of the 6-func-
tion, to the replacement

&s 1 & + cos® § (85 — o)
0 g5+ 8 — cos? § (es— &) ’
&3 (€0 + €3) sin? § + 2¢2 cos? §

€3 -+ €9 — c0s? f (83 — &9)

8y —§&

8340 =
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From the condition €;,3 < €3 (since €< €;) we
obtain

n/2 L8 < .
After integrating over 6 and €3 we finally obtain

e

" (16%8 + 303 + 463 + 54xot 37),

M e
(l)o—hA xg

where ko= (€y/kT), hp =gBHp /zJS = Hp /HE,
Hg is the intensity of the ‘‘exchange force field,’’
wy = €y/h is the antiferromagnetic resonance
frequency.

We give estimates of A for the case of MnF,.
In this case[®] Hp = 9 x 10% gauss; HE = 6 x 10°
gauss, and at T = 6°K, A = 160 gauss, at T = 4°K,
A =12 gauss, i.e., even at such low temperatures
considerable broadening is present. It is obvious
that at higher temperatures the line width increases.
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