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Dynamic scaling in diluted systems: Deactivation through thermal dilution
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Activated scaling is confirmed to hold in transverse field-induced phase transitions of randomly diluted Ising
systems. Quantum Monte Carlo calculations have been made not just at the percolation thpggHnid glso
well below and above it. We follow the evolution of the activated scaling at zero temperature in the phase
transition from ferromagnetic to quantum Griffiths phage>(p.) at the phase boundanp€p.) and for
transitions inside the nonferromagnetic quantum Griffiths phasep(). A novel deactivation phenomenon
inside the nonferromagnetic Griffiths-McCoy phage<(p.) is observed using a therméh contrast to ran-
dom) dilution of the system.
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The presence of quenched disorder in quantum phassomparing the dilution probability transitions at constant
transitions at zero temperature is a topic of current interestransverse fields fop values below and above the one cor-
Two of the most important special properties of the disor-responding to the multicritical poirj22].

dered quantum phase transitions are the appearanaetiof However, there is no study of the existence of activated
vated dynamic scalingnd the existence d&riffiths-McCoy  scaling for transitions tuned by the transverse field in diluted
singularities[1,2] even away from the critical point. Ising systems. These systems present a great advantage: fix-

Activated dynamic scaling was first analytically proved toing the probability of occupied placep) and varying the
hold in the disordered one-dimensional Ising model in atransverse fieldI() at T=0, it is possible to follow the evo-
transverse fieldl3], and there are many other results for thislution of the activated scaling at zero temperature in the
model in the literatur¢4—8]. The disordered Ising model in phase transition from ferromagnetic to quantum Griffiths
a transverse field considered as a quantum spin glass prphase p>p.) at the phase boundanp € p.) and for tran-
vides a reasonable description of the system LMao,F,  sitions inside the nonferromagnetic quantum Griffiths phase
[9] and also, considering the existence of long-range correfp<p.). In this paper, we will use the diluted Ising model in
lated disorder in it, may be an appropriate model to describa transverse field to directly determine the existence and evo-
non-Fermi-liquid behavior in certaiRelectron systemglO— lution of activated scaling in the three different zones of the
12]. Activated dynamic scaling implies the existence of anphase diagram. We will show how the activated scaling ex-
infinite dynamic critical exponentz& ). It means that in-  ists not just at the percolation threshold but well above it and
stead of the typical power-law relationship between the charhow it reaches a maximum near the phase boundary (
acteristic time scale and the characteristic length scale, =p.) keeping mostly constant for valugs<p.. We start
~¢&*%, a new exponential relation appears,~ exp(const from the two-dimensionald=2) diluted Ising model in a
X &) with =3 for the one-dimensional Ising modg8].  transverse field with the Hamiltonian given by
There are almost no analytical results for higher dimensions.
The activated dynamic scaling seems to disappear for two-
dimensional13] and three-dimensional Ising glass systems
[14], but it has been proved to hold in the disordered two-
dimensional Ising model in a transverse field by means ofvheree; €{0,1} are quenched random variables producing
quantum Monte Carlo simulations [15,16 and the dilution.e;=1 with probabilityp ande;=0 with prob-
renormalization-group analysi&7]. The only analytical pre- ability 1—p. In order to perform the Monte Carlo calcula-
diction of activated scaling in dimensions higher than 1 hasions, we use the Suzuki-Trotter decompositi@B] and we
been made for the dilution probability transition at the per-map the phase transition &=0 of the two-dimensional
colation threshold f§;) of a diluted Ising system in a trans- quantum system in a three-dimensional classical system with
verse field[18], where percolation critical exponents have action
been found.

The phase boundary of this modelTat 0 was studied a
long time agd19—21] and is expected to have a multicritical S=- Kh0r7<2ij> &i;Si(7)sj(7) — Kver; &Si(7)si(7+1)
point and a straight vertical phase boundary separating the o ’ )
ferromagnetic phase from the quantum Griffiths phase at the
percolation threshold. The existence of this boundary and theith K,,=A7, K,,=—(1/2)INtanh@A-’)], and A7—0.
activated scaling predicted by Sentgilal. has been recently This limit may be taken into account exactly considering a
checked by means of quantum Monte Carlo simulationscontinuous time algorithrh16], however making use of the

universality between the model with7— 0 and the model
with A 7# 0, we may simulate the usual discrete Ising model,
*Email address: julio.gonzalo@uam.es but with anisotropic interactions. In order to avoid problems

H=—<Z> SiSjO'iZO'jZ—FZ gjol, (1)
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arising from the critical slowing down at the critical point, Pe
we use the Wolff single cluster algorithf24]. It is impor- }
tant to notice that once a spin is diluted, the whole imaginary 4 T T T
time axis(Trotter axig is also diluted, which means that the : paramagnete
random disorder in a quantum system is equivalent to the 3T artiiths
long-range correlated disorder in classical systEpag giv- L phase
ing rise to a different universality class. In order to obtain the 2 :
T=0 phase boundary, we fix the occupied site probability r.(p) | Lo
(p) and we consider different values of the transverse field T
(I'") at intervals ofAT'=0.02. We really do not fix the prob- 1r
ability but rather the concentration, which means that we do I
not use a grand-canonical distribution of the vacancies but 0 —_—
rather a canonical distribution, however both kinds of con- 0
straints are supposed to belong to the same universality class 2r _ o Classical
[ 2 6]. paramagnetic o"", oystem
The critical magnetic field for each probability is deter- [ =
mined by a method previously used for Ising spin glasses
[13,14). First it is necessary to compute the Binder cumulant .
average from a certain number of realizations of the disorder | o ferromagnetic
(in our case, we consider 500 different realizatiorishis is
done for a fixed value ofI{,p) and for a fixed value of the 0 R S S T
size (we consider the valuds=8,12,16,24). Then we study 04 0.6 0.8 1.0 1.2
the evolution of such a cumulant for different sizes of the P
Trotter axis(we consider up td.,=600). Due to the dy-
namic scaling form of the Binder cumulant, it has a peak as FIG. 1. Phase diagram calculated for the classical mddels
a function of L. At the critical point[T'¢(p)], the peak p (white pointg, and for the quantum model &=0, I'; vsp (black
height is independent df and the values of . at the maxi- points. The dashed line in the classical model indicates a power-

mum, (L.), vary asL? for conventional dynamic scaling law fitting behavpr ofT.(p) with pc=0.6..Dottejd.I|ne |nd!cates the
and as ().~ exp(consk L") for activated scaling. Of phase boundary in the nonferromagnetic Griffiths regiprip.).

”T P}" . | . h f ’ IThe three arrows indicate the transitions to be investigated above
course, all the nonuniversal quantities, such as, for examp Ehe percolation threshold, at the percolation threshold, and below

the critical values of the transverse field, will depend on thgne percolation threshold.

model and in particular oA 7. In the present work, we

chooseA r=1. we have been using, up to nowparely randomprocedure
The results for the phase boundaryTat 0 are shown in {0 Produce the diluted samples. _

Fig. 1 together with the phase boundary obtained for the 1he existence of the Griffiths-McCoy zone is due to rare

classical system by means of conventional scaling. Th&€9iOns that are locally in the wrong phase. Basically, there

points where the existence of activated scaling is going to pare some strongly coupled _regions or c!usters in the ferro-
checked arep=1 (pure casg p=0.8,0.7 p>p,), p=0.6 magnetic phase even for spin concentrations smaller than the
~p,~0.59 [27], and p=0.55,0.5 (o.<,p.) The Crésults .for percolation threshold of the system. These zones are found
=p.=0. , =0.55,0. -

(L) vs L are presented in Fig. 2. Note how the scaling iSstudying the tail of local susceptibilitief7,28—33. The
7/m Bl

: d for th 1) wh he d ical quantum transitions allow the existence of these clusters in
not activated for the pure casp<1) where the dynamical ;o wrong phase but they are very difficult to detect in clas-

exponent is found to be~1, but it starts to activate as the gjcg systems. As we have shown, the phase transitions
dilution is increased. To ensure that for diluted cases th‘?tuned by the transverse fieldue to these rare regions also
scaling is activated, Fig. 3 presents a plot ofLlj vs L. present activated scaling.
The straight line behavior for the valugs#1 clearly indi- However, there might be a possible way to deactivate the
cates that the scaling is activated. The evolution of the valuescaling inside the Griffiths zone for values p&p.. Using
#(p) is presented in the inset. Note how it grows monotoni-the Suzuki-Trotter formalism, the existence of the wrong
cally until p=p. and then it keeps approximately constantphase comes from clusters that are infinite in the imaginary
inside the p<p.) zone. time direction, but they still ardinite in the perpendicular
So, basically, the results presented indicate that the scaslices. That is the reason why it is possible to “feel” the
ing is activated not just near the percolation threshold butffect of the dilution by the existence of an activated scaling.
well above it, and that it keeps nearly constant when thédowever, if the dilution is not introduced randomly, but in-
transition considered occurs inside the nonferromagneti¢orporates arinfinite correlation lengthbetween spins and
Griffiths-McCoy quantum zonep<p.), at least for the val- vacancies, some of the clusters formed in the slices may be
ues ofp considered, which are nea (it may also be a considered to havinfinite size The wrong phase arising in
maximumn). It would be interesting to investigate whethgr these clusters is equivalent to the pure system ordered phase
keeps growing, or is indeed a constant s p.. Note that and is not affected by disorder. In this case, the system in the

Quantum
system
T=0

[

ferromagnetic
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FIG. 4. (L)), vs L for a randomly diluted system with spin
oncentratiorp=0.5 and a thermally diluted system. The thin line
is a guide for the eye, and the thick line represents the behavior
expected for the pure case=1) excepting proportional factors.
Griffiths zone is expected to show deactivated scaling. ONote how the scaling has been deactivated for the thermal case.
course, this will happen only if the phase transition is due to
the existence of strongly coupled regiomg., if the system response is due to the whole systém., p>p.), the intro-
has an occupation probability<p.), but if the magnetic duction of long-range correlated disorder will affect chang-
ing the universality class of the systeas in thermal classic
— . transitions[25]) and enhancing the activation of the scaling
(L)m~exp(L") [12].

A way to produce this kind of dilution is by using the
thermaldilution instead of a random dilutiof84]. With this
kind of dilution, the system belongs to the universality class
of long-range correlated disordered systemigh an expo-
nenta=2- 7 [35], where is equal to 0.25 for the classical
(d=2) Ising model(the way to produce thermal dilution is
described irf 34]). Basically the procedure is as follows. The

FIG. 2. (L,), vsL for different values of the spin concentration.
Thin straight lines are just a guide for the eye. Thick line represent%
the behavior expected for the pure systerr ().

In(Ly,, pure system is first thermalized to criticality and then one
kind of spin is turned into a vacancy. The main property of
E { thermally diluted samples is that the spins and the vacancies
} are distributed in clusters of all sizes and are not randomly
B - os | distributed in small clusters. This resulting distribution of
E "fg? v spins and vacancies producesleactivationof the dynamic
o ﬂ;oje scaling in thep<p. region due to the fact that the larger
1k 2 szg-gf’ 02 | diameter clusters, made up of Trotter spin tubes, are less
S sensitive to the surrounding vacancies. The samples pro-
{undiluted) duced by thermal dilution at criticality will have a spin con-
00 055 o4 06 85 10 centration neap=0.5, so we can compare them only with
L P samples diluted randomly with probabilitp=0.5. Both
10 kinds of dilution will be at the nonferromagnetic Griffiths
L phase since in both casps(a)>0.5[36].

FIG. 3. In_),, vs L for different values of the spin concentra- 1 he analysis performed has been exactly the same as be-

tion. Thin lines are the linear fittings and the thick line is the be-fore, but now going up ta =40. By the Binder cumulantwe
havior expected for the pure system1). Inset shows the behav- have been able to determine the critical transverse magnetic

ior of the exponeniy(p). Dotted line is a sigmoidal fitting withy ~ field [I'c(thermal}=3.13] and the relation betweenL (),
=1 for p=1. andL. Figure 4 compares the behavior of the thermal dilu-
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tion with the behavior of the random dilution wit=0.5.  notonously towards the value corresponding to the percola-
The thick line represents the pure behaviexcept for the tion threshold and how it appears to remain nearly constant
proportional factors Clearly, the scaling has been deacti- in the (p<p.) zone for values op nearp.. A new way to

vated, as expected, aze-1 as corresponds to the behavior déactivate the scaling in the nonferromagnetic quantum Grif-

of the pure system. This phenomenon could never happen féths zone p<pc) by thermal dilution has been proposed.
a system withp>p The expected deactivation works due to the fact that phase
..

In conclusion, quantum Monte Carlo calculations in di-t[‘aen?/\'ltr']%r;: (;(;Tne Iféomrhsér%lﬂgtﬁ/%ﬂgﬁdhraeglggzh acrz]l?e gﬁt fr(‘:%rrr]]_
luted Ising models in a transverse field B0 show that pie. y

dynamic scaling holds above the percolation threshq@d ( firmed by means of quantum Monte Carlo simulations.

>pc), at the percolation thresholp & p.), and below the We thank P. A. Serena for generous access to his com-
percolation thresholdg<p.). The evolution of the activated puting facilities. Financial support from DGCyT through
scaling has been characterized, showing how it grows mocrant No. BMF2000-0032 is gratefully acknowledged.
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