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The reorientation temperature in an antiferromagnetic square lattice is studied within the framework of
many-body Green function theory. The model Hamiltonian includes a Heisenberg term, second-order single-ion
anisotropy, and a transverse external magnetic field in the z-direction. We investigate the orientation temperature
as a function of the single-ion anisotropy parameter and for different transverse magnetic fields.
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1. Introduction and fundamental equations

Recently, the Green function theories (GFT) [1-4]| were
proposed to treat the problem of magnetic reorientation
phase transition (MRPT) in ultrathin magnetic films.
In our consideration of MRPT in an antiferromagnetic
monolayer (ML) we use GFT developed by Schwieger
et al. [2] for ferromagnetic thin films. Our aim in this
paper is to study the reorientation temperature Ty as a
function of the surface single-ion anisotropy parameter
K3(T — 0) and of the transverse magnetic field A3. In
order to study the field-induced magnetic reorientation,
the Hamiltonian can be written as

1 — z z ]' z z
H = 5JZ(si Sj+sisj)+§DZSisj
(i) (i)
= > K(0)(S7)” —hi > S (1)

The first term is the Heisenberg operator for exchange en-
ergy with J > 0 and D denotes an anisotropy constant.
The third term represents the single-ion anisotropy with
the parameter Ko > 0. The transverse magnetic field h{
is shorthand for gug H”.

The theory in [2] is based on a transformation of the
fixed coordinate system (z,y,z) into a local coordinate
system (X,Y, Z). The magnetization in the fixed system
(z,y, z) can be read as

(8%) = (8%)sinf, (S%) = (S%)cosb, (2)
where 6 is the angle between the z axis and the magne-
tization.

A remarkable result of this theory is that the effective
field aligned parallel to the magnetization can be written

as a sum of the external magnetic field and an anisotropy
field
h = h§ sin 6 + 2K5(0) [cos? 6 — (sin® 0) /2] (SZ)Q'S)
3)
with Q%) =1 —[S(S + 1) — ((5%)2)]/252.
The orientation angle of the magnetization in ML is
determined by the components of the effective field

tanf = R hE — K5(0)(S%) sin® Q)
anv = hz 2K5(0)(S%) cos @ [1 _ (SmQ 0)/2] 0®

(4)

In the antiferromagnetic case, the square lattice is as-
sumed to be divided into two interpenetrating sublat-
tices. We now introduce sublattice indices (n, m) for the
up (A) and down (B) spins. Four equations of motion
for the Green functions (GF) in the local reference frame:
Gijm (W) = (S;F; (an)lS;m)w corresponding to the pairs
(in,jm) = (A, A), (B, A), (A, B) and (B, B) result. The
exponent [ is a positive integer number (0 < [ < 25)
defined. The subscripts of the GFs in momentum space
G ymn(wq) denote sublattice indices. As (S%)p = —(S%) 4
for an antiferromagnet, the four equations of motion de-
couple to two identical pairs of equations which deter-
mine (S%) 4 or (S%)p, respectively.

We use the technique of the equation of motion for
the Green functions within the usual random phase
approximation (RPA) for the Green function appear-
ing in the nonlocal exchange term and a generalized
Anderson—Callen approximation developed by Schwieger
et al. [2] and applied to investigate the reorientation
temperature in ferromagnetic films [5], in the local
anisotropy term. After decoupling procedures for the
Fourier components of the Green function G4 (w, q) we
have the following equation:

A% (m — Jo(S%) 4 + hy

GAA ((,u', q) =

wt —w~ w—wTt

w—w"

+w_ — J0<SZ>A +h0) ,

where
720 = 2(15*,(5%)'5 ])a,

wE = —hg £ (57) 4,/ I3 — J2,

(854)
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Jo=—J|4(1+ D/J) —2(K2/J)

% ([cos? 6 — (sin®6) /2]>Q(S>},

Jq = —4J cos(¢¥/2) cos(¢¥/2), ho = hgsinb.

After using the spectral theorem we finally obtain the
correlation function CX) = ((S%)!8~8*) 4 for the sub-
lattice A as

(8%)'s785%)a=([s*,(87)' S )a, (6)
where
o L /”/” 1 [w — Jo(S%) 4+ ho
w2 Jo Jo wt—w™ exp(fwt) — 1
w™ = Jo(S7)a + hO} A2qq (7)
exp(fw=) — 1 '
From (6) we obtain for S > 1 the system of algebraic
equations for calculation of (S%)4. The components of
the magnetization per site in the sublattice A in the fixed
system (z,y,z): m% = (S%)4 and m?% = (S*)4 can be

then calculated from (2) and the orientation angle of the
magnetization can be obtained from (4).

2. Results

The reorientation temperature Ty is defined as the
temperature, at which in the sublattices A (B) the lon-
gitudinal magnetization mi(B) = (S%) a(p) vanishes, the
transverse magnetization m3 ) = (S%) a(B) is nonzero
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Fig. 1. The components of the sublattice magnetiza-
tions m%,m% and the orientation angle 84 as a func-
tion of the reduced temperature k7'/J are shown for an
antiferromagnetic ML with spin S = 1.

and the equilibrium orientation angle |6 4(g)| = 90°. This
can be seen in Fig. 1, where we plot the components of the
magnetization per site m% and m? and the orientation
angle 04, as a function of the reduced temperature k7"/J
for spin S = 1 when the reduced single-ion anisotropy
parameter at zero temperature K5(0)/J = 0.01. The ex-
ternal magnetic field is directed along the x-axis with

out-plane

oy 0.010

Fig. 2. The reduced reorientation temperature kTr/J
is shown as a function of the reduced transverse mag-
netic field in the z-direction hg/J and of the anisotropy
parameter at zero temperature K»(0)/J.

hg/J = 0.004. The exchange integral J = 1.0 and
the anisotropy constant D/J = 0.1. The similar result
was obtained in [6] within the many-body Green func-
tion theory. In Fig. 2, the reduced reorientation tem-
perature kTg/J is shown as a function of the reduced
anisotropy strength at zero temperature K»(0)/J and of
the reduced external magnetic fields in the z-direction

&/J. The dashed line in the plane (h%/J, K3(0)/J), on
which the pairs of points [(hE/J)mrpT, (K2(0)/J)MRPT]
occur, marks the boundary between two regions. For
thU/J < (hg/J)MRPT and for KQ(O)/J > (KQ(O)/J)MRPT
the direction of the magnetization is out of the plane
of ML, while in the opposite case the magnetization is
in the plane of ML. To our knowledge, there are no in-
vestigations of this phase diagram. Our method can be
applied to the antiferromagnetic thin films and ferrimag-
netic systems.
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