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We present numerical evidence and a theoretical analysis of the appearance of anticoherence resonance
induced by noise, not predicted in former analysis of coherence resonance. We have found that this phenom-
enon occurs for very small values of the intensity of the noise acting on an excitable system, and we claim that
this is a universal signature of a nonmonotonous relaxational behavior near its oscillatory regime. Moreover,
we demonstrate that this new phenomenon is totally compatible with the standard situation of coherence
resonance appearing at intermediate values of noise intensity.
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Subtle signatures of the ordering role of noise in complexour emphasis here will be on the fact that the whole phenom-
systems constitutes nowadays a new and celebrated parmon of coherence and anticoherence is simply controlled by
digm in nonlinear science. Very well documented scenarioghe noise intensity.
are those of stochastic resonaftéand, closer to our inter- We propose that the physical mechanism underlying this
est here, coherence resonance either in single (Rjt®r  phenomenon is that the excitability threshold changes in time
arrays[3]. In this later situation, features of coherent noise-during the nonmonotonous but rather oscillatory relaxation
induced emitted pulses can be recognized in autonomous eto the rest state, as we will see. Although this is a feature
citable systems that do not exhibit self-sustained oscillationgdisplayed by probably quite a number of excitable dynamical
The whole phenomenon rests on the fact that the time inteischemes when placed closer enough to oscillatory condi-
val between pulses decomposes into an activation and &ions, we have decided to investigate two very different ex-
excursion time which depend differently on the noise ampli-amples of nonlinear models: the standard two variable
tude. Restricting to small noise intensitibsi.e., far indeed FitzHugh-Naguma(FHN) model and a single model incor-
from the optimal conditions of stochastic resonance, the firsporating a delay feedback. In both cases and by appropriately
contribution largely exceeds the second one, and thus constthoosing the system parameters, we can separately control
tutes the emitting rate controlling process mediated by dhe time scales of both its excitatory and relaxational behav-
Kramers-like mechanisr2]. This in turn leads to a nearly iors, favoring, in this way, the effect of fluctuations in tuning
Poisson-like distribution of interpulse intervals. Conse- both coherence and anticoherence resonance.

quently, taking its normalized variance defined by Actually the use of feedback to either modify or control
nonlinear dynamical responses has been proposed since a
\/((Atp)z> long time ago in different chemic&b] and biochemical7]
- T (D) contexts. Much more recently, this question has been revis-

ited after experiments have been conducted introducing glo-

as an indicator of a noncoherence emition, we hRwel,  bal feedback techniques, either delay@ or nondelayed
with the limiting Poissonian valu®=1 approached from [9], into different scenarios of spatiotemporal pattern forma-
below asD—0. tion. Closer to our scenario, diverse situations of laser dy-

Apparently thus, there should be nothing specially rel-namics[10—12 have been explored, searching for the coher-
evant in this limit for an excitable system subjected to noise€nt role of the coupling of time delay and noise. From the
However, and quite surprisingly we will show in this paper theoretical point of view this question was already addressed
that this is not always true. In a very abstract way, the keyn Refs.[13,14], and emphasizing features of resonant be-
point to realize is that by referring to a conveniently modi- havior in Refs[15,16§.
fied Poisson distribution, one might have a situation opposed First and as a reference model, we consider the FHN
to that of coherence resonance, and so terareitoherence model[2]
resonance with R>1 and indeed approaching unity from
above. This phenomenon is related with the appearance of - u® -

) . . ; : eU=U———v, v=Uuth+§(t), 2

another temporal scale which enchains pulses into time in- 3
tervals much shorter than the mean excitation time. In this
way the statistics of pulse appearance would be modifiedyhereu andv are the activator and inhibitor variables. For
decreasing both the variance and, hopefully more markedlyalues of the parametérslightly larger than one, the system
the averaged value of the interspike intervals distributionis excitable but very close to the oscillatory regime.
The existence of situations witR>1 was conjectured and The second model will exhibit more clearly the behavior
studied within the context of neuronal dynamies5], but  we want to study. Here we will illustrate the subtle synergy
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t situation, the system is in a metastable state and even small
fluctuations can allow the system to cross the potential bar-
rier. Thus, in the presence of noise, a series of pulses, at more
or less random intervals, can be observed. The statistics of
these pulses are the subject of our study as a function of the
noise intensityD. Let us analyze two runs of each model,
with appropriately chosen and quite different noise intensi-

. . . - ies. We will start assuming that due to the oscillating decay
of noise and delay, that will lead to the previously antmpatedinc the pulse the next one to be generated will more likely

anticoherence resonance phenomenon, by referring to a . . L
. . ; . take place at the timé; (slightly larger than the intrinsic
single variable bistable mechanism. As a prototype of a . S .

refractory time of the pulgewhen this first maximum ap-

\Slgﬂgﬁ;ngg(f;g\lnethseéfe'tr?lbﬁ;hZr?](gegtsi\t/'gsa:ll: proersg: d%ggéears. Actually this is what one can see in Fig&) land
y 9 y (d). What is striking, however, is the completely different

term. The explicit model equations read long time distribution of interpulse intervals in the extreme
situations represented, respectively, by Figs) &nd Xe). In
Figs. 1b) and Xd), we detect a clear signature of coherence

whereT is the time delay. The reaction term has three posf€Sonance. Contrarily in Figs.(d and 1e), we observe
sible steady states and two of them are stable. The feedba@@@in enchained pulses grouping, this time, into small clus-
term is linear and controls the stability of the steady stated®rS Separated by long and random time intervals.
This term acts as the inhibitor variable in standard excitable TNiS behavior is quantified in Fig. 2, where we show, for
systems with a characteristic tinfe acting here as a refrac- the two models, the numerical results of the coherence indi-
tory time. catorR defined abovg,_as a func'qon of the noise mte_nsny.
In both models the noise is prescribed to be Gaussian arfd’St We observe a minimum of this quantity for some inter-
white with an intensityD, mediate noise intensity. Such minima are indicative of the
accepted signature of coherence resonance, that is, the pres-
(E(D)E(L"))y=2D8(t—t"). (4) ence of relatively coherent oscillations induced by a random
perturbation of appropriate noise intensf8]. Second and
We have numerically integrated Eq®) and4) for pa-  more importantly in Fig. 2, we observe the presence of a
rametersh=1.005 ande=0.1, and Eqs(3) and(4) for pa-  relative maximum, a feature which has not been reported in
rametersa=0.2, b=2, c=0.2, «=0.5, andT=8. These previous studies of coherence resonance. This maximum ap-
models have been defined to have dimensionless variablggars contrarily for very small values of the intensity of the
and parameters. In the absence of noise, these systems ewise, with the Poisson limR=1 reached from the above.
hibit an excitable behavior in the form of pulses, with oscil- Although the position of this maximum slightly depends on
lating relaxations, as appear in Figallfor both models. A the particular model, its occurrence is a generic feature of the
pulse can be generated either by a special preparation of thiefluence of the noise in both excitable systems, being more
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FIG. 1. A single pulse for the FHN modé(a), left] and for
the feedback modédl(a), right]. A train of pulses obtained from
the FHN model for noise intensitied®=0.02 (b) andD=10"* (c)
and from the feedback model for noise intensities=0.1 (d)
andD=7-102 (e).

v=—v(v—a)(v—b)—c—av(t—T)+ &), (3)
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FIG. 3. Probability distributions of the interpulse time intervals
for the FHN mode(solid line) and for the feedback modeashed FIG. 4. Parametet, versus noise intensity for the FHN model
line). They correspond to noise intensitid3 = 10* and D (top) and the feedback modébottom). Continuous lines are the fits
=0.015, respectively. given by Eq.(6), for the range ofD values corresponding to
pronounced in the model with delay. Rt

Let us see how this maximum is possible from theoretical The dependence of the parametersn D for both mod-

considerations based on the observation of the numericalls is seen in Fig. 4. Assuming a Kramer's-like dependence
data. According to the generic analysis of the simulation datgg ¢,

we can conjecture the following functional behavior of the

probability distribution of the time intervals between pulses: t,=toe?VP, (6)

almost no pulses for times smaller than that corresponding to

the first relaxational peak, a very pronounced maximum awe obtain the parameter valugs-8 andAU =0.046 for the

this time and an exponential decaying distribution, characterfeedback model anth~7 andAU=0.000 35, for the FHN

istic of the Kramer’s escape, for larger times. model. The parametek is similarly obtained although the
We observe precisely this type of behavifig. 3) from  explicit dependence ob is not simple but it can readily be

our numerical data accumulated in very large runs, and, adabulated.

cordingly, we propose the following probability distribution ~ Once the parameters of the system have been evaluated,

for the interpulse time intervals, we proceed with the calculation of the statistical moments.
The first moment and the standard deviation of this distribu-
P(tp) =Ad(t,—ty) +Bo(t,—ty)e "', (5)  tion are
t, is associated with the characteristic time of the first maxi- )= °°t EVdbmt 4 (1= ANt
mum of the relaxational oscillations, anglis the character- (tp)= 0 pP(tp)dtp =1y +( )z,
istic time of the barrier crossing mechanism or Kramer's
time. A andB are the relative weight parameters of the two ((Atp)2>=t§(1—A2). 7)

functional components gi(t,). Due to the normalization of

p(t,) only one of them is independent and our choice here is From Eq.(7) the quantityR, defined in Eq.(1), can be
to eliminateB. At this point our system has only three un- written as

known parameters;, t,, andA. An easy way to evaluate

them from the simulation data is to look at the cumulative J1—AZ
probability distributionP(t,)=fPp(t’)dt’. This function is R=T 1 —a ®)

almost zero for small, with a high slope at,;, and a relax-

ational approach to 1 for largg . Our numerical data fol- wherek=t,/t,<1, compares these two time scales of the
lows quite well this functional dependence and moreover thesystem.

value oft; can be estimated easily at the point in which In Fig. 2 we present a comparison between the numerical
P(t,) has a maximum slope. The values obtained @gre values ofR versusD obtained from simulations and those
~ 24, larger but proportional t& and independent dd for ~ obtained from our analysis using the parameteys,t,(D)

the feedback model artd~5 for the FHN model. A (t;) from Eq. (6), andA(D) from tabulated data. The agreement
has a simple exponential decay, we can also evaluate the remarkable in a wide range around the maximum in spite
other two parameters(D) andA(D). of the simplicity of the model.
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According to our numerical estimates and for very smallleading to a dynamical excitability threshold. The anticoher-
values of the noise intensity, we have that1 and conse- ence phenomenon for very small values of the intensity of
quentlyR>1. Although the argument of Ref2], predicting  the noise is also implicit in the figures of Refd1,12.

R=1 when Kramer’s barrier crossing mechanism dominates, What is also remarkable, although this is indeed not to-
is correct in most cases, this is not true if a new time scale igally unexpected, is that features of coherence resonance are
involved, t;, which is precisely the situation near the oscil- also captured at larger noise intensities. In summary, we ob-
latory regime. serve a crossover from maximal anticoherence to maximal

Our more physically oriented interpretation of the antico-coherence as noise intensity increases. In the context of sto-
herence phenomenon is thus the following. When adding adshastic resonance, a similar crossover has been found in Ref.
ditive noise of appropriately small intensity the system re17] The mechanism opposite to that of standard stochastic
sponds in what appears t.o be trains C(_)nsisting of a _feWesonance is termed resonant trapping.
random number of enchained pulses with a deterministic rinq)ly et us emphasize that to convince ourselves that
time scale separatioty. These clustering episodes appear,s;ch combined effects of coherent and anticoherent reso-
however, in a considerably unpredictable way separated byance are not at all spurious effects of using uncorrelated
long time intervald,, when recording the whole signal over f,cqations(white noisg, we have checked that the behavior

long times. This is the signature _of maximal antic_ohere_ncebf R shown in Fig. 2 also appears for coloured noigesults
the mixture of two very different time scales. In this regime ot shown herg

the variance((At,)?) decreases withD but (t,) decreases )

much more rapidly, producing the relative enhancemeft of This research was supported by the Direncigeneral de
Two very different dynamical models show the sameEnsémnza SuperiokSpain under Project Nos. BFM2000-

trends and one can thus conclude that this as a universal af$24 and BXX2000-0638. We also acknowledge financial

robust phenomena induced by noise and characteristic of esupport from the Comissionat per a Universitats i Recerca

citable systems near its oscillatory regime, where the relaxtCatalonia  under  Project Nos. 2001SGRO00045,

ation to the steady state is not monotonous but oscillator001SGR00433, and 2001SGR00221.
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