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We have performed Monte Carlo simulations on diluted Ising antiferromagnets in the limit of high external magnetic 
fields B and strong dilution. The two relevant lines in the B - T plane of the phase diagram, Bc(T) above which 
antiferromagnetic long range order is no longer stable and BCq(T) which marks the onset of hysteretic effects are 
determined. The random exchange-random field crossover exponent is obtained. The scaling behavior of Bcq(T) gives 
evidence for the occurrence of a spin glass phase. 

Random field Ising systems and diluted Ising anti
ferromagnets in a uniform external magnetic field 
(DAFF) belong to the same universality class [1]. The 
phase diagram of the DAFF in the limit of strong 
disorder and high fields is still an open question and 
several possibilities have been discussed, like the exis
tence of only a second order transition from antiferro
magnetic order to paramagnetic behavior [2], the exis
tence of a tricritical point with a crossover to a first 
order transition for low temperatures [3], the existence 
of a spin glass phase for low temperatures and high 
fields [4,5] and the existence of a stable domain state 
[6]. This frozen domain state which is usually thought 
to be metastable is a characteristic feature of the 
DAFF. It is obtained by cooling the system in an 
external field from the paramagnetic high-temperature 
phase. The mechanisms which are responsible for the 
corresponding hysteretic properties have been investi
gated experimentally [7] theoretically [8] and in com
puter simulations [6,9]. 

The hamiltonian of the DAFF in units of the cou
pling constant J reads 

H = L EiEjU'iU'j - B L EiU'i' 

(i .j) 

where U'i = ± 1 and Ei = 0, 1. Only nearest neighbour 
interaction is considered in our Monte Carlo simula
tion. The size of the system was 61 X 61 X 60 with a 
dilution of 50%. 

In order to determine the phase diagram we com
puted the magnetization M(T) and the internal energy 
E(T) during field cooling (FC) from the paramagnetic 
state and field heating (FH) from the antiferromag
netic state (for details see ref. [9]). Due to the freezing 
of the system during FC there occur irreversibilities the 
onset of which marks Beq(T). Fig. 1 shows four of the 
computed E(T) loops. The heating/cooling rate was 
100 MCS/point with a corresponding temperature in
terval of 0.01. For low B the energy of the system 
during FH is lower than during FC (upper curve). This 

behavior is reversed for higher fields where the domain 
state reached upon FC carries less internal energy (the 
two lowest curves). In the crossover region the differ
ence between the energies of FC and FH procedure is 
too small to determine Beq(T) (see the loop for B = 1.2 
in fig. 1). Therefore we observed the corresponding 
magnetization loops which split in this region as well. 

In comparing these two kinds of loops we have the 
possibility to determine Beq(T) for all possible values 
of B. The resulting data are summarized in the phase 
diagram fig. 2 (triangles for the M(T) data and crosses 
for the E(T) data). 

The second relevant line in the phase diagram is 
Bc(T). In order to estimate this critical line we have 
looked for the maximum of aM/aT during FH which 
marks the critical temperature in the crossover regime 
for random exchange to random field behavior [10], i.e. 
in the limit of small B. The corresponding data Tc(B) 
are shown as filled circles in fig. 2. 

As an estimate for the critical line in the limit T --> 0 
we use the field where practically no difference in the 
energy of the FC and FH loops occurs. Here the 

-0.8 

-1.0 

/ 
-1.2 

E 
-1.4 

-1. 6 

, // 

~/ 
-1. 8 ""-'----;;-'.,---;-'-__ -~o----:-'-=,....-J 

0.0 0.5 1.0 1.5 2.0 

T 
Fig. 1. Internal energy versus temperature during FH and FC 

for four different fields: B = 0.8, 1.2, 1.6, 2.2 (from above). 
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Fig. 2. Phase diagram of the DAFF for a dilution of 50% as 

explained in the text. The lines are guides to the eye. 

stability of the long range ordered state vanishes and 
the domain state becomes stable for B > Bc' This point 
is marked in the phase diagram by a circle on the 
B-axis. 

The phase diagram shown in fig. 2 is devided into 
three parts two of which easily can be identified: the 
high temperature paramagnetic phase and the low 
temperature antiferromagnetic phase which is stablc 
for small fields. In order to further investigate the 
phase diagram wc looked for the scaling behavior of 
BC4 (n and Be( n. Both of them are expected to scale 
with (T N - cB" - n<J\,,/2 for low fields [1] where <Pcn 

is the crossover exponent from random bond to ran
dom field behavior. In the following we neglect the 
correction term - cB 2 which is expected to be small 
for low fields. Fitting the data for the lowest fields of 
Be(T) to: Bc = aCT N - T),/\,,/2 we get the values <Pen = 

1.41, T N = 1.88 and a = 2.17. At next we fitted the data 
of Bc/T) in the same temperature region, the first 
seven points to Beg = a(Teq(l - T)</\,,/2 obtaining the 
values <PCll = 1.41 ± 0.14, Teqll = 2.01 and a = 3.21. As 
expected wc get the same value of <Pen as for Be(T). 

This value is in very good agreement with experimental 
results [7,10]. In contradiction to experimental results 
Tcqll differs from T ~. This of course is also obvious in 
fig. 2 and wc attribute it to dynamical effects which will 
be discussed later. 

As is obvious in fig. 2 there is a crossover to a new 
scaling behavior for higher fields. This lcads us to fit 
the high field data, i.e. the last seven points to (Teqll -

T),/'/2, using the same value for Tcqo as before. We 
now get a new value of <P = 3.27 ± 0.05 which is just in 
between the theoretical value of <PAT = 3 for the de 

Almeida Thouless replica symmetry breaking line 
known from spin glass theory [11] and the experimental 
value <PAT = 3.4 found recently in these systems [5]. 

Here some comments about the dynamical effects 
already mentioned earlier arc in order. As is well 
known from spin glasses the position of an AT line 
depends on the cooling/heating rate which is used in 
experiments and simulations, respectively. In our simu
lations this effect could be observed also by calculating 
phase diagrams with BCq(T) obtained through runs 
with different heating/cooling rates. The position of 
the AT line then changes as well as the value of BciT) 
in the crossover regime but this does not affect the 
exponents <Pen and <PAl' It is even this effect that 
explaines the difference between T", and TCqll ' In the 
limit of very long cooling/heating rates Te411 tends to 
T N' The phase diagram which is shown here is that we 
obtained for the slowest rate. 

To summarize, our phase diagram is in good agree
ment with refs. [5,4]. We conclude that the domain 
state is a stable phase between the AT line and Be(T) 

with the characteristics of a spin glass, although the 
spin glass behavior here is field induced. Without an 
external field the system is long range ordered and 
there is no frustration. 
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