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NOTE ON THE EXISTENCE
OF CONTINUOUS PHASE TRANSITIONS
IN AN ANISOTROPIC FERROMAGNET WITH FIELD

Z. BAK'), Czestochowa

An anisotropic ferromagnet in an external magnetic field is considered. By renormali-
zation group arguments necessary conditions for the existence of the continuous phase
transitions are found. A general form of the interaction with the external field and
a general form of anisotropy are taken into account.

O CYMIECTBOBAHUH HENPEPBIBHBIX ®A30BBIX [IEPEXOI0B
B AHM3OTPOIIHBIX ®EPPOMATHETHKAX, HAXOTAMMXCA BO BHEIIHEM
MATHUTHOM IIOJIE |

B pa6oTe paccMOTPEHO NOBECHHE aHU30TPOIHOTO (eppOMATHETHKA BO BHEITHEM MArHUTHOM TOJE.
Ha ocHOBE MCTIONB30BaHuA TPYMIbl PCHOPMAIH3ALHK HaiiicHbI HCOGXOMMBIE YCHOBHS CYLIECTBOBAHUS
HenpepbIBHBIX (pa30BbIX MIEPEXOAOB B ITOM eppomarteTnke. [Ipy 3TOM yUHTBIBAIOTCA ofuias ¢popmMa
B3anMONEHACTBIA (heppPOMATHETHKA C BHEITHUM TOJIEM H o6as opMa aHU3OTPOITHH.

1. INTRODUCTION

A critical behaviour of anisotropic ferromagnets in the presence of a uniform,
external magnetic field has been studied within the renormalization group theory
by many authors (see e.g. [1—=3]). The interaction with the field was given
however, by the Zeeman term. There are systems in which the another form of
interaction with the external magnetic field must be taken into account. It was
shown in paper [4] that in some substances a more general type, the so-called
Bleaney—Koster—Statz (BKS) term should be included in an effective spin
Hamiltonian. The BKS term of interaction with the external field has the form

Hoxs=gB(B.S)+fB[B*(S") + B () + B (SY]- (1.1)
—1/5B.S[3S(S+1)—-1];

for details see paper [5].
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Let us rewrite (1.1) in the form

I:.Q“lMFM....I.MFQE h..__hg_,:umc:l: A—Nv
=L Jq4 Jay

i=1

where s, —isa three-component classical spin of the wave vector 4, h; denotes the
i-th component of the effective external field, the integrals in (1.2) are taken over
lal=1.

In paper [6] there is considered an anisotropic ferromagnet described .by the
Landau—Ginzburg—Wilson (LGW) Hamiltonian of the form

Law= |_\~M% (ri+q?)ses’-a— (1.3)
'

i=1i

k)
O i i i i
- M ::.\q _\ ‘—\ h...hﬂZhﬁ-uhulG\fl.-u;
if=1 q Jq1 Jq2

the thermal variables r{ are given by
ﬂ.w“&&ﬁﬂ..ll@.&. Aﬂ#v

For a spin system in which the interaction with the external field is given by the
BKS Hamiltonian (1.2) an additional term to Hicw (1.3), the so-called
dipole-octupole term can appear. Such form of interaction between spin compo-
nents has been introduced for description of ferromagnetic compounds {71
metamagnetic substances [8], paramagnetic ions [9]. The dipole-octupole term can
be written as .

:»_.I:H M :...".;‘ —\ \—v Mu.._.mu.:mm.uh..lalfiau. Aﬁ.Mv
ij=1 q Jay Jaz
In the following we assume the Hamiltonian of the system in the form
H= :rai + Haks + m.._l.,. ) :@v

By an appropriate choice of the parameters ri, Ui, vy in (1.6) one can establish
different forms of anisotropy of ferromagnetic systems. . .
In part II we will derive with the help of the renormalization group theory
conditions for the existence of continuous phase transitions in systems described by
Hamiltonians like (1.6). .
We will generalize the method of Ritter and Sznajd [6] on our model, this will
enable us to show analogies with models known in literature.

1. DISCUSSION

In the following we show that the Hamiltonian (1.6) can be transformed into
a form which has been considered in literature. Having that, we establish by
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analogy the conditions for the existence of continuous phase transitions. Primarily
we eliminate from (1.6) terms which are linear in spin variables. This can be done
by the insertion of new spin variables into (1.6) defined by the relation

si o> sqt+Mdgo. Q.1

The linear term in (1.6) vanish if M, are taken as a root of the equation
(1 +uzwnam?t_M:._EwiM:_..EL+M:”._. 2.2)
i i i
After this transformation the Hamiltonian (1.6) takes the form

H=-1/2 M h ?._.+a~u:vu,.,.mw..| M E..% ‘— St ~a
4 ij=t q Jur

ij=t

3 5
s M” U
\— hx ‘— E:.Mh..hv_hvuhlg|flau ANWV
ij=VJq Jg1 Jaz

3
— M” ioh o o
.C.,..;—x h» \‘ S$ySq1SqaS —a-ai-42
ij=t q Jqy Jaz

where the coefficients r; and wy are given by

rij = ‘....“.Aw..-. + mggza + Av@.._,M gmﬁb» ANA.V
k

k

and
wy = (vh + viMi) &y + 4Mjuy + 3IMus. (2.4)

The M, have a meaning of magnetization of the paramagnetic phase when it arises
from the interaction with the external field.

In the presence of the external magnetic field phase transition occurs for systems
for which an idependent on the field ordering mechanism exists. The direction
along the magnetization M cannot be critical since magnetization in the presence of
the external magnetic field is non zero at any temperature. Hence only two
directions perpendicular to M can be critical.

Let us make a transformation into a new set of spin variables, in which one
component is directed along the magnetization. After transformation

sS4 HM.H._. . 2.5)
H
the Hamiltonian (2.3) takes the form
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H=-123 ‘ (y+q?8,)SiSt — 3 Wy % % SISL Sy~ (2.6)
4 i 4 Jq;

i=t i=1

|M$\‘ —~ m._.Mw:%w:l:i M “ ~_w _‘ ~m:.mu._m“.: uum\u._\.:l?l
Jq i q Jqr Ja2 °

ij=1.l

‘A.—ws - ‘\ M .~.w:.m..,~mm.: “NMWaIa_)aNI M E:,»;—x ._w \— .mama_mA:MIg!fi:u.
Jqg dqy q Jai Jd2

gz =l mE Tk )

The expressions for 7;, w, W, {iy, iy, M are given in the appendix.

The Hamiltonian (2.6) has the form as that given by egs. (10) of [6], with the
coefficients 7;, W, Wy, Uy, i and M, of Ritter and Sznajd [6] replaced by eqgs.
(2.2), (2.4) and the formulae in the appendix. Following further the analysis of
Ritter and Sznajd we can immediately write down the conditions for the
existence of continuous phase transitions in the considered system. There are two
types of them: for the existence of the X — Y like transition (two critical directions)
and for the Ising-like one (one critical direction). The critical exponents are equal
to the classical X — Y and the Ising critical exponents, respectively.

The conditions for the X =Y like critical behaviour are

Fan= Faa<Fu, F;=0 for i#j @7
w; =0 for i,j=2,3
By — wwy/(2F) =0 for i#j5i,j=2,3
0<[iiza— QW — Wiwis)/(2ri)] <A
with )
A<Biinin), i == Wi/ (2F1) (2.8)

the 7, is associated with the noncritical &Rnno: along M.
h WuuAﬂ.Au_Nﬁ ﬁa___ﬁ —.A:,_v"o mOH m%&. : . : AN.@V

‘

,., ‘ N .. "..,L
W =0, muuHM_Hs\mJN\ANwM_._JAOu . ,.
i=t :

the superscript ““1” denotes the coefficients 7;, w; after rotation around the critical

direction “3”. %

Conditions (2.7) and (2.9) form restrictions on the Hamiltonian coefficients and .

fields, which must be satisfied if continuous phase transitions are to occur. When
none of these conditions is fulfilled the system undergoes the first order phase
transition. The Hamiltonian (1.6) is represented in its most general form of
interaction between classical spins in the presence of an external uniform field of an
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arbitrary direction. The qualitative picture of a critical behaviour in such a system
remains in comparison with the simpler model of Ritter and Sznajd [6], but the
parameters of BKS and the dipole-octupole interaction modify the necessary
conditions (2.7) and (2.9) for the existence of continuous phase transitions.

APPENDIX
ri = M raTSTH S .
w=2, w, Ti T3 T
7

w; = M wil TiTITi + 2TiTiTi,

uy = 3w TTLTIT + 2TITITITY) +.§ﬁ+ﬁ§ :
vy = M\ [4u TiTiTiT} + (v(TETITIT) + 3TITATITOMN

M= — Ui — Ui +2 Mt,\ u TETTIT] + 2 "TITTI +

+33 vl TWTITITi + THTETITL]-
kit
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