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The diluted mixed spin Ising system consisting of spin-1/2 and spin-1 with a transverse random field is
studied by the use of an effective field method within the framework of a single-site cluster theory. The
equations are derived using a probability distribution method based on the use of Van der Waerden identities.
The phase diagrams are investigated for various lattice structures both for pure and diluted systems, where
the transverse field is bimodally and trimodally distributed.

I. INTRODUCTION

Over the last few decades, there has been considerable
interest in the theoretical study of the effect of quantum
fluctuations in classical spin models. The simplest of such
systems is the Ising model in a transverse field. The spin-
172 transverse Ising model was originally introduced by De
Gennes' as a valuable model for the tunnelling of the
proton in hydrogen-bonded ferroelectrics’ such as the
KH,PO, type. Since then, it has been successfully applied
to several physical systems, such as cooperative Jahn-
Teller systems® (like DyVO, and TbVO,), ordering in rare
earth compounds with a single crystal-field ground state,’
and also to some real magnetic materials with strong
uniaxial anisotropy in a transverse field.® It has been
extensively studied by the use of various techniques®"
including the effective field treatment'? based on a
generalized but approximated Callen-Suzuki relation
derived by Sa Barreto, Fittipaldi and Zeks. In addition to
the works on the two-state spin systems, the spin-one
transverse Ising models'”™ have received some attention,
as well as the quantum transverse spin higher than one.**

Recently, an other problem of growing interest is
associated with the transverse random field Ising model
(TRFIM). Special attention has been devoted to bimodal
(two peaks) and trimodal distributions for the transverse
random field. This model has been investigated using
different approximate schemes, such that the mean-field
and mean field renormalization group (MFRG),” a method
of combining the MFRG with the discretized path-integral
representation (DPIR)™***’ and an approach combining the
pair approximation with DPIR.* These investigations
predicted a discontinuity in the phase diagram at T=0,
between the bimodal and trimodal random distributions of
the transverse field. Using  Suzuki-Trotter formula,”
Yokota™ gave arguments which show that the above-
mentioned discontinuity at the ground state, seems to be an
artifact of the mean-field-like approximation. We point out
that all transition lines are second order and the directional
randomness of the transverse field does not change the
critical behaviour of the system.”

|—

Recently, attention has also been directed to the two-
sublattice  mixed spin-1/2 and spin-S Ising systems
described by the Hamiltonian

H=-3 108 - Y Tio} - 2. I\S% (0
<i,j> i J
where ¢ and s9 (0=x,z) are components of spin 1/2 and

spin S operators at sites i and J» respectively. J, is the
exchange interaction, T, and I, are transverse fields, and
the first summation is carried out only over nearest-
neighbour pairs of spins. The Hamiltonian (1) is of interest
because it has less translational symmetry than its single
spin counterparts. It shows spin reversal symmetry (¢"—-
¢, $‘>-S", 650", $*58") which is spontaneously broken
below a field dependent critical temperature. In the
absence of the transverse fields (I“izl"i=0), the system is
well adapted to study of a certain type of ferrimagnetism.”
It has been shown that the MnNi(EDTA)-6H,0 complex is
an example of a mixed-spin system.” The mixed spin Ising
system in the case of S=I, has been studied by
renormalization group technique,™* by high-temperature
series expansions,” by free-fermion approximation™ and by
finite cluster approximation.” The effects of dilution on the
phase diagrams of these kind of systems are also
investigated performing various techniques.*”™ On the
other hand, the influence of the transverse field on the
transition temperature have been investigated by using
different approximate schemes, such as the effective-field
theory based on approximated™” and exact generalised
Van der Waerden identity,**' discretized path-integral
representation, and the two-spin cluster approximation.”

In this work™ we are interested in the site diluted mixed
spin Ising model in a random transverse field. This system
can be described by (1) in which we introduce the site
occupancy number & which takes 0 or 1 depending on
whether the site is occupied or not, and a probability
distribution function Q(T) for the random transverse field
I'.. Thus, the Hamiltonian of such system takes the form

H=-21,880{S] - ST ol - X TE st . @
i J

<i,j>
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In the present work, we limit our study to the case S=1.
The transverse fields T, are assumed to be independent
variables and obey to trimodal probability distribution

Q(T) = pd(T;) + l—;—p[a(n -T)+8(, +1)] 3)

where the parameter p measures the fraction of spins in the
system not exposed to the transverse field I'. When p=1 or

I'=0, the system reduces to the simple diluted mixed spin-
1/2 and spin-1 Ising model.

We first investigate the phase diagrams of the mixed
spin-1/2 and spin-1 in a transverse random field which is
bimodally (p=0) and trimodally (p#0) distributed. To this
end, we use an effective field method within the
framework of a single-site cluster theory.” The effective
field equations are derived using a probability distribution
method based on the use of generalised Van der Waerden
identities” that account exactly for the single-site
kinematic relations. Second, we examine the effects of the
site dilution on the obtained critical ferromagnetic
frontiers. Since the derived state equations are applicable
for arbitrary coordination number, phase diagrams are
given when the lattice is chosen to be honeycomb, square
and simple cubic one.

The outline of this work is as follows: In Section 2, we
describe the effective field theory based on a probability
distribution method. In Section 3, the phase diagrams of
the undiluted and diluted systems are examined and
discussed. Finally, we comment our results in Section 4.

II. THEORETICAL FRAMEWORK

The theoretical framework we adopt in the study of the
transverse mixed spin-1/2 and spin-1 Ising model
described by the Hamiltonian (2), is the effective field
theory based on a single-site cluster theory. In this
approach, attention is focused on a cluster consisting of
just a selected single spin, labelled 0, and the neighbouring
spins with which it directly interacts. To this end, the total
Hamiltonian given by (2) is rewritten as H=H+H’, where
H, includes all terms of H associated with the lattice site 0,
namely

8=*{§hma@§ﬂcz—mapa, 0
J

H(S) = _[ZJ()i&(){;iciZ]S(z) =To&eSo » )

if the lattice site O belongs to o or S-Sublattice,
respectively.

First, the problem consists in evaluating the
longitudinal and transverse components of the sublattice
magnetisation and its quadrupolar moments. Following Sa
Barreto, Fittipaldi and Zeks," and Sa Barreto and
Fittipaldi,” the starting point of our approach, in the
framework of the single-site cluster theory, is the set of the
following identities

o Tr, O exp(-BHD) | (6)
0T\ Trg, exp(—BHY)

and

oNn s
<(Sg)">:<TrS() (Sy) exp( BH())> , 7

Trg, exp(—BHY)

where B=1/k,T, a =x or z specifies the components of the
spin operators ¢f* and S‘j", and n=1 and 2 correspond to

the magnetisation and the quadrupolar ~moment,
respectively. Trg, (or Trs(,) means the partial trace with

respect to the o-Sublattice site O (or S-Sublattice site 0)
and <...> denotes the canonical thermal average.

The equations (6) and (7) neglect the fact that Hq and
H’ do not commute. Therefore, they are not exact for an
Ising system in a transverse field. Nevertheless, they have
been successfully applied to a number of interesting
transverse Ising systems. We emphasise that in the Ising
limit T;=0 for all i, the Hamiltonian contains only & and

SJ?. Then, relations (6) and (7) become exact identities.

One notes that since Hj and H; depend on & (&=0or 1),
Egs. (6) and (7) can be written in the
a - . Tr, 0 exp(~BH)
(o) = 175 1, (o) + (e PRV )
20 +1 Tr,, exp(=BHo)

a\n o
TI’S“ (S‘)) CXP(—,BH()) i (9)
T, exp(—ﬁﬁz)

(=

T 2S8+1
which imply
Tr%o]‘," exp(—ﬂﬁg)

<§)O-(;x> =& —o ’ (10)
Tr,, exp(—SHo)

Tr, (S2)" exp(—BHo) ’ an
Tr, exp(—ﬁ—ﬁi)

(BT =&
where

H; = _[Jz;s;](;; ~Tyo7 -
J
and

Ho = _[Jzéq")S{; =Tt -

Now we have to evaluate the partial traces on the
right-hand side of (10) and (11) over the states of the
selected spin, labelled 0. To do this, one can either first

find the eigenvalues and eigenstates of H; and Hy in a
representation in which ¢* and S* are diagonal, or more
conveniently one makes use of a coordinate rotation"
which brings the Hamiltonians H, and ﬁz into diagonal
forms. For ﬁﬁ, the latter method proves the simplest to

use. For a fixed configuration of the site occupational
numbers &; and transverse fields T'j , we obtain

<€008t> - &()(fa(Es ,r())> ) (12)
(B0(55)") = Bo{FE B T)) - (13)
with
v E E
7 (Eg J9) = EES_Itanh['?I) > (14)
FE(B,.T,) = o —omh(Ba) (15)

Ez_ 1+2cosh(E,)
I
(E,)*(1+2cosh(E,))

BB, = ((Bry? +



|—

+(2(E,)? +(BT,)?) cosh(E,)) »
(16)
and

Es= BZ Jo,i 585 = ((Es)z ""(ﬁrn)z)“z ’

E, = ﬁi‘]()ié'o-i: t E,= ((Ec)z +(‘Br0)2)“2 :
i=l

where z is the coordination number of the lattice. The
corresponding results for the transverse components

(Gioi) and (550)")
longitudinal components by interchanging (E/fB) and T, in
Eq. (12) and (Es/B) and T, in Eq. (13), respectively. The
next step is to carry out the configurational averaging over
the site occupational numbers &, to be denoted by <...>.

may be obtained from the

In order to perform the thermal and configurational
averaging on the right-hand side of Egs. (14)-(16), we
expand the functions f*(Eg,T,)) and F*(E,,T,) as finite

polynomials of SJZ. and o, respectively, that correctly

account for the single-site kinematic relations. This can
convemently be done by employing the Van der Waerden
operators*

£°(By:Ty) =T 1 O™(S0.E 6% By, T (17)
i]
Fy (Bo.Ty) = [10°(67,8)F7 (Bo,Tyy) (18)
where
Ow)(o-,,f)—[(c + )5(r g FEOF +1)5U _”7}<

X[éé.f,,l +(1_§i)6§,..0] s (19)
0(516) = 357 5, +
1 # N2\ S 1 N2\ S
+E(—S;+(S}) )555,_[ +5(1—(Sj) )551;‘0]><

x[éjsgj,, +(1—E,J.)Séj_0] , (20)

where § A 18 a forward Kronecker delta-function

substituting any operator A to the right by its eigenvalue a.
In order to carry out the thermal and configurational
averaging, we have to deal with correlation functions. In
this work, we consider the simplest approximation which
neglects correlations between quantities pertaining to
different sites, but we take exactly account of the
correlation between the site disorder and the local
com‘louratlonal dependent thermal averages of the spin
operators® and use the exact identities

({a-gosrm)). =2]S;CTr0((SS‘)") , @1

(((1—&,(,)0(0;»r 2‘ HTrO(cs(,), 22)

which are directly derived from Egs. (8)-(11). ¢ denotes the
average site concentration defined by ¢ = <§I > . Doing this

we find
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Z

((r*(Es.Ty) )) =11 2 ZP(SJ,g) B, Ty) s (23)

| St=-18;=0
<<E?<Emm>>,.=l'l[ 3 ZR(G.J;)}FH (E,.Ty) . (24)
i | o7=—112&=0
with
+1 1
Ps3E)= D, Za(ll,lz)SS“ 8 1, - (25)
Ii=—11,=0 I
+1/2 )
R(6ZLE)= X, D blk,.k, .1 Bty (26)
ki=—1/2k,=0 -
where
a(l, l)——(+m +mj) (27)
a(0) =(c-mj) (28)
a(l,,O)z—;(l—c) ; (29)
+1 ¢
S A s 30
b(z,l)—(ziui) (30)
| 1
e P o 31
b(2,0)—2(l c) (31
where
ur={(eor), + mi =((esspm)) - G2)

Since the transverse field is randomly distributed, we
have to perform the random average over T, according to
the probability distribution function Q(T") given by Eq. (3).
The order parameters p* and my are then defined as

pE=pf, mE =m?
random field average. Thus, using the probability
distributions, we obtain the following set of coupled

where the bar denotes the transverse

equations for L% and ma
+1 +1 1 1 z
£io o X H“(lj’ff) X
h=-1 .=-|.§,=u £.=0] j=I

T E8T (U )ssssE 820 ips T

(33)

- ¥ 3 3 M)

ky==1/2  k,=—1/2&=0 & =0 i=I

X Ff(&oi(k),....E05(k.); p.T),

(34)
where p? and m’, in Eqgs. (27)-(31) are replaced by n*
and m?, respectively; and

f_“(x,p,r) = JQ(E,)f“(x,F(,)dE, ;

E(x,p.T) = [ QT E% (x, T, »
with Si()=1 and o7 (k)=k. We like to note that these

equations can be solved directly by numerical iteration
without further algebraic calculations. This treatment has
successfully been used in the study of other systems.*
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Since the total number of loops (2z) is relatively large, the
combined sums in (33) and (34) extend over large numbers
([2(2S+1)]" and [2(2c+1)T’, respectively) of terms, leading
to quite long computational time, particularly near second-
order phase transition. Therefore, it is advantageous to
carry out further algebraic manipulations on Egs. (23) and
(24) employing the differential operator technique

£ (Bg,Ty) = exp(EsD O (x.Ty)| _, > (35)

F(Eq.T,) = exp(EDOFy (x,Tp)| _, (36)
or the integral representation

£%(Eg,Ty) = [ dx8(x—Eg)f*(x.Ty) 37)

F*(Eq,Ty) = | dx8(x —E4)F¥ (x.T) » (38)
with the delta-function

1
8(x) = g_'.dy exp(iyx) - (39)

Choosing the differential operator approach, we obtain
from Egs. (33)-(36)

+1 1 Z—
ue = Cl: Z 23(11712) exp(l,l, JDx)} f"(X,p,r)l —o’ s

1=—1 1,=0

+1/2
[ 2 zb(klvk';)exp(k kzﬁJD ):l (X,Pvr)\ 0’
k, e

==1/2 k,=0

41)
which can be reduced to

1
w = C[E(mlz +m5)exp(BJD,) +

+%(—mf +mj)exp(—fID,) +(1— mg):ll X

xFph)| “2)
mf=c[(%+pﬁ]exp(ﬁ]§)‘]+
(5~ )l 5

+ z—u exp

D =
X )+ (1 —c)] Fj"(x,p,r)ix:(,

(43)
Using the multinomial expansion, we find
pe=c > Y 2 memIenC (m! 4 mg)™ (—m] +m;)" X
n; =0 n2=0
x (1= m2)f*(BI(n, —ny),p,T) » (44)

)m (2_ Z)n: ”
2 u

X(1=c)™"™ E[ﬁ—zj (n—n), p,Fj . K45)

2 zZ-m
o ny
m, *Cz ECIC—IH(

ny=0 n2=0

where CE is the binomial coefficient n!/[p!(n-p)!]. The

iteration process of these equations becomes suitable for
the study of the present system even in the vicinity of the
critical temperature.

III. RESULTS AND DISCUSSIONS

In this paper we are interested in investigating the
phase diagram of the system described by the Hamiltonian
(2). At high temperature, the longitudinal magnetisation

moments p* and m} are both equal to zero. Below a
transition temperature T¢, we have spontaneous ordering

(u*#0, m?#0), while the corresponding transverse

magnetizationsy* and m] are nonzero at all temperatures.

To calculate T¢ it is preferable to expand

2.0

Tl HF

0.0

0.0 3.0 60 9] 920

FIG. 1. The phase diagram in T-T plane of the mixed spin-1/2 and
spin-1 Ising system in a random transverse field on simple cubic lattice
(z=6). The number accompanying each curve denotes the value of p.

the right-hand sides of (44) and (45) with respect to m{ (or
u?). Doing this we find

zZ-nyp Ny Ny

g =¥, Dy D cnes| e

ny =0 n2=0 i;=0i,=0

X(mf)il+iz (mé)nli»n:—ipi (1 ‘—ﬂ’l»,) =iy +iy X

X £ (BI(n, = ny).p.T) »
(46)
and

Z-ny Ny Ny

=cY, 3 B> Enen, chehan i x
ny =0 n2=0 iy=0i,=0
—i (‘u:)f,-H‘z (l _C) 2=y

x(c)”l+"z_il
===
XFS‘(%(H, —nz),p,rj :

(47)
For the z-components (o=z), they can be written in the
following form

w = A, (B1,p,c.,T,my)m! +B,(Bl,p.c.T,mp)(m)* + ...,

(48)
m? = A, (BL,p.c,DR* +B,B1,p,c, D" + ... (49)
where A, B, ... (i=1,2) are obtained from Eqs. (46) and
(47) by choosing the appropriate corresponding
combinations of indices i (j=1,2). Retaining only terms
linear in p* and mj, the second-order transition
temperature is then obtained from the equation
1=A,(J,p,c,T,m5)A,(BJ,p.c.T)» (50)
where mj_ is the solution of the equation (47) for pu*—0,
namely

z-1

= =c 2 chxc/rz”l 5= (ny+ny )( 1) ( )u,+u

ny=0 n2=0

X(l_c):—npngF—zz(Ezi (”1 _”2)’ p’r) “ (51)



A. THE UNDILUTED SYSTEM

First, we study the undiluted case (c=1) for the simple
cubic lattice (z=6). In Fig. 1, we represent the phase
diagrams in (T, T') plane for various values of p. When the
transverse random field is bimodaly distributed (p=0), the
critical temperature decreases gradually from its value
Te(I'=0), to vanish at some critical value T'c=3.52. The
phase diagram so obtained is the same as that obtained by
two of us (N.B and R.Z)" for the mixed spin-1/2 and spin-
1 Ising system in a uniform transverse field. As is shown in
the figure, when we consider a trimodal random field
distribution (i.e. p#0), a finite critical transverse field I

also exists for relatively small values of p. This means that
the thermodynamic properties of the system are continuous
between the two distributions. We have to point out that
the spin-1/2 Ising model in the trimodal random transverse
field (3) has been investigated within the standard mean-
field and mean-field-like approximations.” These studies
show a crossover from the trimodal distribution, with
p<<l, to the bimodal distribution (p=0) indicating a
discontinuity between these two cases in the ground state
phase diagram. Yokota” discussed this result and, he
showed, using the Suziki-Trotter formula,” that the above
discontinuity may be an artefact of the mean-field-like
approximation. In our present work, we have not found a
discontinuity in the phase diagram at T=0 (see Fig. 1)
between the trimodal and the bimodal random field
distributions. Thus, our calculations agree with Yokota’s
conjecture. This is due to the fact that we have used a
method which treats correctly all self-spin correlations,
while neglecting correlations only between spins on
different sites; whereas in the mean-field approximation all
correlations are neglected. Moreover, we note the existence
of a critical value p* of p (p*=0.478 for z=6)

Te/J T/ p*(c=1) | c*('=0)
(T=0,c=1) | (p=0, c=1)

2=3 0.891 1.42 0.657 | 0.5378

z=4 1.290 B3 0.600 | 0.4133

7=6 2.111 3.52 0478 | 0.2824

Table-1: The critical temperature T, the critical transverse field I, the
critical value p* for the undiluted system, and the percolation threshold c*
for the honeycomb (z=3), square (z=4) and simple cubic (z=6) lattices
indicating two qualitatively different behaviours of the
system which depend on the range of p. Thus, for p<p*,
the system exhibits at the ground state a phase transition at
a finite critical value I'¢ of T. But for p*<p<I, there is no
critical transverse field, and therefore, at very low

We note here that the phase diagrams in the case of the
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honeycomb (z=3) and the square (z=4) lattices are
qualitatively similar to that plotted in Fig. 1 for the simple
cubic lattice. In Table 1, we give the corresponding values
of the critical transition temperature T, when T'=0, the

critical transverse field I’ when p=0, and the critical value
p*.
B. THE SITE DILUTED SYSTEM

First, we investigate the system in the absence of the
transverse field ('=0 or p=1) by solving numerically the
Eq. (50). For the simple cubic lattice (z=6), the phase
diagram is represented in Fig. 2 and it expresses the
standard result of a diluted magnetic system.”™ The
critical temperature T, decreases linearly from its value in
the mixed Ising system T¢ (c=1), to reduce rapidly to zero
at the percolation threshold c*= 0.28246 which is quite
good compared with the best value of 0.31 calculated by
M. F. Sykes and J. W. Essam.” In table-1, we also give the
value of c* calculated for different coordination number z.

z=6, =0

T

10 =

FIG. 2. The phase diagram of the diluted mixed spin-1/2 and spin-1
Ising system on simple cubic lattice (z=6) in the absence of the transverse
field (I'=0, or p=1)

Secondly, when the transverse random field is a
bimodal distribution (p=0), results for the case of the
simple cubic lattice are summarised in Fig. 3. These give
the sections of the critical surface Tc(c,I') with planes

of fixed values of the dilution parameter c. As is expected

z=6 , p=0

Tl |

10

FIG. 3. The phase diagram in T-T" plane of the diluted mixed spin-1/2
and spin-1 Ising system in a bimodal transverse field (p=0), when the
value of ¢ is changed from c=1 to 0.4.

when ¢* < ¢ « I, the general behaviour of the critical



48 N. BENAYAD , A. DAKHAMA, A. FATHI, R. ZERHOUNI 1

temperature T¢(c,I) falls with decreasing ¢ and increasing
T, and vanishes at a critical value I'¢ of the transverse field

strength which depends on the value of c. These results
have a form similar to those observed in the dilute Ising
model in a transverse tield.”"

Next, we investigate the phase diagrams of the system
when the form of the random transverse field is chosen to
be a trimodal distribution (pe0). In the pure system, we
have defined a critical value of p, namely p* above which,
at low temperature, the system do not present a finite
critical value T¢/J which means that the ferromagnetic

order is stable for any value of the transverse field T". As is
expected, such behaviour appears in the diluted case, but
the location of p* depends on the concentration ¢ of
magnetic sites. As shown in Fig. 4 for the honeycomb
(z=3), square (z=4), and simple cubic (z=6) lattices, p*
increases with decreasing values of ¢ which is physically
reasonable. The variation of the critical temperature with
the transverse field T/J, keeping ¢ and p fixed, is obtained
from the Eq. (50). Results for the case of the simple cubic
lattice, are shown in Fig. 5. For a given value of c, we
have plotted the two kinds of behaviours which have
the

08 |-

06 =

04 L 1 L
0.0 0.5 10

FIG. 4. T he dependence of the critical value of p* as a function of the
dilution parameter c, for different lattice structures (z=3, 4 and 6).

system when the fraction p of spins not exposed to the
transverse field is greater (dashed line) or less (solid line)
than the corresponding critical value p*(c). For the
chosen values of ¢ used in Fig. 5, the corresponding p*
values are: p*(c=1)=0.478, p*(c=0,8)=0.535,
p*(c=0.6)=0.631, and p*(c=0.4) =0.803.

Furthermore, it is interesting to investigate the phase
diagrams of the system in (T-c) plane when T"and p are
kept fixed. This allow us to know the influence of I" and p
on the site-dilution model, particularly on the dilution
curve depicted in Fig. 2. The results are represented in Fig.
6a and Fig. 6b for various values of T when the random
field is bimodally (p=0) and trimodally (p*0) distributed,
respectively. As seen from the figures, the obtained curves
have the same shape as the dilution curve, and there appear
different thresholds as solutions of the equation
Tc(c,p,T)=0. We also note that the critical temperature Tc

falls with decreasing ¢ and p, and increasing T".

On the other hand, the zero temperature phase diagram
for the system under study, is of considerable interest. It is
obtained from the solution of the Eq. (50) keeping T¢=0.

Fig. 7a shows the dependence of the critical value T'c on

the concentration ¢ when p takes different values. As is
clearly seen from Fig. 7b, the part of the phase diagram
near the percolation threshold c¢* represents an outstanding
feature. In particular, for p=0 the critical transverse field
T'c takes a finite value at c=c* and shows a discontinuity

change from a finite value to zero at ¢=0.2637 below c*.
This result may support the conjecture done by Harris®
for the diluted transverse Ising model (DTIM), which
can be summarised as follows: at percolation threshold c*,
the critical transverse field should display a discontinuity.

Tel

0.0 20 4.0 00 y)

FIG. 5. The phase diagram in T-T" plane of the diluted mixed spin-1/2
and spin-1 Ising system in a random transverse field on simple cubic
Jattice (z=6), when the value of ¢ is changed from c=1 to 0.4, with p=0.2
(solid lines), p=0.6 (dashed lines), and p=0.85 (broken lines).

Tl |

0.0

0.0 0.5 10

FIG. 6a. The phase diagram in T-c plane of the diluted mixed spin-1/2
and spin-1 Ising system in a random transverse field on simple cubic
lattice (z=6), with p=0 (bimodal distribution). The number accompanying
each curve denotes the value of T".

It is worthy to notice here that the investigation of the
DTIM by series expansion techniques,” CPA treatments,
and effective field theory’ led to a critical transverse field
TI'c which reduces continuously to zero at c=c*. However,
the position space renormalisation group methods”™
showed the existence of a discontinuity of T'¢ at c=c*, and
therefore they verified the Harris conjecture. On the other
hand, when the transverse random field is taken as a
trimodal distribution (i.e. p*0) T'¢ shows, for a given value
of p, a discontinuity similar to that found in the case of
bimodal distribution (p=0) as shown in Fig. 7b. The
discontinuity of T'¢ is located on a (p-dependent) well
defined value of ¢, and its height increases with increasing
p. We can also see in Fig. 7b that, for all values of p, the
discontinuities appear only in a narrow range of ¢
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(0.2637 < c < c*), and at c=c* the critical field T'; takes a
finite value which is independent of the value of p.

— p=2

r=0,

0.0 L

0.0 0.5 C 1.0

FIG. 6b. The phase diagram in T-c plane of the diluted mixed spin-1/2
and spin-1 Ising system in a random transverse field on simple cubic
lattice (z=6), with p=0.2 (solid lines) and p=0.6 (dashed lines). The
number accompanying each curve denotes the value of T.

Next, let us clarify the role of the applied random

transverse  field in the diluted mixed spin-1/2 and
spin-1 Ising system. To this end, we have examined its

60
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FIG. 7a. The zero temperature phase diagram of the diluted mixed spin-
1/2 and spin-1 Ising system in a random transverse field on simple cubic
lattice (z=6). The number accompanying each curve denotes the value of

p.
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FIG. 7b. The zero temperature phase diagram of the diluted mixed
spin-1/2 and spin-1 Ising system in a random transverse field on simple
cubic lattice (z=6), for different values of p, on an enlarged scale with c in
the vicinity of the percolation threshold.

phase diagrams in the (T,I') space, selecting two values of
¢ (¢=0.29 and c=0.28) greater and less than the percolation
threshold ¢*=0.28246. For the case of the bimodal
distribution (p=0), the results are plotted in Fig. 8a. For the
system with ¢=0.29, the variation of the critical
temperature with the transverse field takes the same form
as those depicted in Fig. 3 since ¢ > c¢*. As shown in the
figure, an important behaviour of the system is found with
¢=0.28 (c less than c*): T¢ reduces to zero at I'=0 but,
however, in a certain range of ' (0 < "< T'¢ ) the system
exhibits a second order transition at a finite value of Tg
which vanishes at I'=T. These results indicate that for
small transverse field strength, the system may have a
magnetic ordering even if ¢ is less than c*. As seen from
Fig. 7b, such behaviour may be obtained in the system
when the dilution parameter belongs to the range
0.2637<c<c*. On the other hand, when the transverse field
is trimodally distributed (p+0), the phase diagrams are
represented in Fig. 8b for various values of p, when the
concentration c¢ takes the above values. Thus, for ¢ = 0.29,
the T¢ curves are plotted for p=0.2 and p=0.99 which are,

respectively, less and greater than its corresponding critical
value p* = 0.983 (see Fig. 4). The obtained transition lines
have the same shape as those shown in Fig. 5. For the case
of ¢ = 0.28 the variation of T; with T, for different values

of p, are represented in Fig. 8b. They are qualitatively
similar to the results (Fig. 8a) obtained for the bimodal
distribution when ¢ < c*. In contrast to the case ¢ > c*, we
notice that, for a given ¢ < c* (¢=0.28 in Fig. 8b), the
region which corresponds to the long-range ferromagnetic
order, decreases with increasing p and disappears at c-
dependent value of p (see Fig. 7b and Fig. 8b). Therefore,
when ¢ is less than 0.2637, there is no magnetic ordering
for any values of p and T".

0.2
p=0)

TelJ

0.1

FIG. 8a. The phase diagram of the diluted mixed spin-1/2 and spin-1
Ising system in a bimodal transverse field on simple cubic lattice
(z=6),when ¢=0.29 and c=0.28.

IV. CONCLUSIONS

In this paper, we have studied the undiluted and the
diluted mixed spin Ising systems consisting of spin-1/2 and
spin-1 in a transverse random field, which is bimodally and
trimodally distributed. We have used an effective field
method within the framework of a single-site cluster
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theory. In this approach, we have derived the equations
using a probability distribution method based on the use of
Van der Waerden identities accounting exactly for the
single-site kinematic relations. We have also included the
correlation between the site disorder and the local
configurational-dependent thermal average of the spin
operators.

Tl T \

5
00 L

0.0 0.2 0.4
m

FIG. 8b. The phase diagram of the diluted mixed spin-1/2 and spin-1
Ising system in a random transverse field on simple cubic lattice (z=6),
when ¢=0.29 (dashed lines) and c=0.28 (solid lines) with various values
of p.

For the undiluted mixed spin Ising system on simple
cubic lattice, we have investigated the variation of the
critical temperature T with the transverse field T" for
various values of p ( p measures the fraction of spins not
exposed to T'). We have not found a discontinuity in the
ground state phase diagram between the bimodal (i.e. p=0)
and trimodal (i.e. pe0) random field distributions. This
result agrees with Yokota’s conjecture.” It is worthy to
note here that the discontinuity found at T=0 in the spin-

1/2 Ising models in a transverse random field®™* may be
explained” as an artefact of the used mean-field-like
approximations. On the other hand, we have defined a
critical value p* separating two qualitatively different
behaviours of the system: for p less than p*, the system
exhibits, at the ground state, a phase transition at a finite
critical value T of the transverse field I'. However, for p

greater than p*, I'c does not exist and the ordered state is

stable at very low temperatures for any value of the
transverse field strength.

For the site-diluted case, we have investigated the
phase diagrams of the system for different values of the
dilution parameter ¢, when the transverse random field is
taken as a bimodal distribution. We have found that for the
values of c greater than the percolation threshold
c*=0.2824, T decreases with decreasing ¢ and increasing

I. When the transverse random field is trimodally
distributed, we also have noted (as in the pure case ) the
existence of the critical value p* which increases with
decreasing values of c¢. Furthermore, we have plotted the
zero temperature phase diagram in I'c-c plane for various

values of p. Near the percolation threshold, the phase
diagrams represent an outstanding features. First, at ¢ = ¢*
the critical transverse field I'¢ takes a p-independent finite

value, and exhibits a discontinuity change from a finite
value to zero at a p-dependent value of ¢ below c*. In
particular, for the case p=0, this may support the Harris
conjecture." We mention that the location of these
discontinuities (for O * p <1) appears in the narrow range
0.2637 < ¢ < c*. Secondly, in this latter range, we have
found that the system may have a magnetic ordering in a
well defined range of the transverse field, and this
behaviour disappears when c approaches to 0.2637.
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