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The quantum Ising-like metamagnet in a field F perpendicular to the
easy direction in the mean field approximation is investigated. The conditions
for the existence of critical and tricritical points have been analyzed. The
result is illustrated by an appropriate plot in three-dimensional space of
the following parameters: the temperature, F, and field parallel to the easy
direction.
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A. behaviour of an Ising system in a transverse magnetic field T (applied to
the easy direction) has been the subject of several theoretical [1-4] and experi-
mental studies [5, 6]. An important feature of such system is a crossover near the
zero-temperature from the quantum to the classical behaviour. It has been studied
theoretically [2-4] and observed in a simple two-sublattice Ising-type antiferromag-
net. MnCl2 •4H20 (MnCl2 •4D20) at temperatures in a range 100 < T < 350 mK
[5, 6].

It is interesting, however, to consider the Ising-type two-sublattice system,
when except of the transverse field T a field H parallel to the easy direction is
applied. In such a case we have metamagnet, in which the phase transition can be
driven by three parameters, namely, F, H, and T. This problem has been recently
reported in Ref. [7], where the system in the quantum regime has been investigated.

The aim of the present paper is to show that in the three-dimensional space
of parameters F, H, and T not only critical lines, in F, H [7] and T, H [8]-planes
but also a surface of critical points exist, which is bounded by the line of tricritical
points.

Consider an Ising-like metamagnet described by the following Hamiltonian [7]
(cf. also Ref. [8]):

(381)
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where Si with p = x, z denotes the p-component of the spin operator referred
to the site i = a, b. The spins occupy the sites of two identical sublattices A
and B, labelled by a, a' E A and b, b' E B. The exchange interactions Jij within
each sublattice are ferromagnetic, while the inter-sublattice interactions Kij are
antiferromagnetic. The spin S is assumed to be arbitrary. In Eq. (1) the term with
the staggered field Ht [7, 8] has been omitted because one assumes that Ht = O.

The partition function Z = Tr exp(—βτ) can be represented as the following
functional integral [7]:

where S[φ] is the functional Hamiltonian [7] and pi (T) denotes the order parameter
field proportional to the local staggered magnetization dependent on the Matsu-
bara parameter T (O < T < ,Q). The presence of the τ-parameter is a consequence
of noncommutativity of the spin operators entering Hamiltonian (1) [3, 7].

The part of S[φ] relevant for the description of the critical behaviour of the
system reads [7]:

where φ = φ(r, r) is the appropriately resealed (cf. Ref. [3]) field φ i(τ) in the con-
tinuum limit with r denoting d-dimensional spatial vector. Because of the limited
space available for the present work we will not define here the parameters c, r0,
u0, and v0 referring to the paper [7].

In the mean-field approximation we evaluate Z (2) by the saddle point
method. This leads to the following Landau expansion of the free energy:

where M = (φ(r, τ))s with (...)s = f d(φ) exp(—S[φ]) ... / f d(φ) exp(—S[φ]) is
the order parameter, V denotes the volume of the system, and

As usual, at the critical point 02 F/8M2 I M=0 = O and 84/8M4 I M=0 > O.
Therefore, a condition for a critical point reads
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whereas for a tricritical point we have

Equations (5) and (6) were analyzed for S = 1/2. It is rather easy to find the
solutions of (5) and (6) in an explicit form in two limiting cases: F = O and T = 0.
For F = O one obtains in the (T, H)-plane a line of critical points, which satisfies
the equation (cf. Ref. [81):

which terminates in the tricritical point T = 0.3333 and H = 0.4390, where T and
H denote the temperature and longitudinal field scaled by the Neel temperature
T0 = I0/2. In the quantum regime for T = O the equation of the critical line in
(F, H)-plane is following [7]:

and the tricritical point is located at Γ  = 0.7155 and H = 0.3578, where Γ = Γ/T0.
For arbitrary parameters T, F, H Eqs. (5) and (6) can be solved only nu-

merically. Our calculations give that the surface of critical points, bounded by the
line of the tricritical points exists. In addition, there is the isolated critical line at
T = O terminating in the tricritical point (cf. [7]).

Fig. 1. Critical surface in the space of parameters H, Γ and T, which are, respectively,
the temperature kBT, parallel (H) and transverse (Γ) fields scaled by the Neel temper-
ature To. The loci of tricritical points are indicated by the dotted line. In the F, H-plane

at T = O the isolated critical line exists.

The results are presented in Fig. 1. For the points (H, Γ, T) lying under the
critical surface the ordered phase exists with M= 0, while above we have the
phase with M = 0. Lines and surfaces of coexistence of the phases are not placed,
because we are interested only in a continuous transition.
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