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Mean first-passage time of a bistable kinetic model driven by cross-correlated noises
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The transient properties of a bistable system driven by cross-correlated noises are investigated; the correla-
tion times of the correlations between the noises are nonzero. The mean first-passa@érftiigis calcu-
lated. From numerical computations we find the followiffy: The MFPT of the system is affected by both the
correlation timer and the correlation strength (2) 7and\ play opposing roles in the MFPT3) when\ or
a/D(a andD are the additive and multiplicative noise intensities respecthaaly far away from 1, the MFPT
as a function ofr is monotonic; however, when bot/D and\ approach 1, the MFPT as a function ofs
nonmonotonici4) for the case of perfectly correlated noisas=1), the MFPT corresponding ta>D and
a<D exhibit the same behaviors and the MFPT dor D is continuous, which is very different from the case
of the 7=0 [Phys. Rev. B53, 5764(1996]. [S1063-651X99)14203-X]

PACS numbegs): 05.40.Ca

I. INTRODUCTION Il. DISTRIBUTION AND MEAN FIRST-PASSAGE TIME
OF A BISTABLE KINETIC MODEL

On the level of a Langevin-type description of a dynami- Consider a one-dimensional bistable kinetic system
cal system, the presence of correlation between noises q
change the dyngn_wics of the_ syste[m—_7]. Rece_ntly_ the —X=x—x3+x§(t)+ 7(t), 1)
steady-state statistical properties of a bistable kinetic model dt
with correlations between additive and multiplicative noise

for case of zero correlation timer€0) are investigated in where £(1) and 7(t) are Gaussian white noises with zero

Ref.[3]. They showed that in the-D parameter plane, the mean, and

critical curve separating the unimodal and bimodal regions (EDEN))=2D(t—t") )
of stationary probability distributiofSPD of the model is

shown to be affected bk, the strength of correlations be- (p(O)p(t))=2ad(t—t"). 3

tween additive and multiplicative noise terms, the area of the

bimodal region in thex-D plane is contracted as is in-  Herea andD are the additive and multiplicative noise inten-

creased; Whem andD are fixed, the form of SPD changes sities, respectively. Assume that the correlation times of the

from a bimodal to a unimodal structure ass increased. For correlations betwee#(t) and 5(t) are nonzer¢5-7]. Here,

the case of perfectly correlated noidas-1), the SPD’s cor- assume

responding tax/D>1 anda/D <1 exhibit a very different AJaD

shape of divergence, andD =1 plays the role of a critical I\ — N ¢

ratio. However, wherr+ 0, there is not the phenomenon of (6O 7(t))=(n(EM) T exfl —[t=t'|/7]

critical ratio (/D =1) on the steady-state statistical proper- ,

ties of the mode[5]. The transient properties of the model —20aDo(t-t') as 70, )

for the case ofr=0 are discussed in Refi4]. They showed \yhere 7 is the correlation time of the correlations between

that the mean first-passage tifldFPT) of the system is 4y and 5(t), and\ denotes the strength of correlation be-

affected by\. For casen=1, the MFPT corresponding 10 tween thes(t) and £(t). The potential

a/D>1 and a/D<1 exhibit very different behaviors, and

the MFPT for «/D=1 diverges to infinity. However, the U(x)=—3x?+ix4 (5)

transient properties of the model for the case-f0 are not

investigated. A natural question is whether the presence dforresponding to Eq.(1) has two stable states;=

nonzero correlation time changes the transient properties of 1. FX;=1 and an unstable staig=0. By virtue of the

the system. Nowkoy theorem[8], Fox’s approaclﬁ9], and the ansatz c_)f
In this paper, the transient properties of the model for thd1anggiet al. [10], the approximate Fokker-Plank equation

case of nonzero correlation times of correlations betweeff°rresponding to Eqll) with Egs.(2), (3), and (4), is ob-

additive and multiplicative noise sources are investigated. Iﬁamed[S]:
Sec. Il the analytic expressions of SPD and MFPT of the

system are presented. In Sec. Il discussion and conclusions
end the paper. ot

IP(x,1) d d°
=——AX)P(x,t)+ —B(X)P(x,t), (6)
(9X (9X2
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FIG. 1. The MFPT of the bistable systgi?) as a function of
for 7=0.2 with =0.1 andD =0.1 (straight ling, =0.12 andD
=0.1 (dotted ling, «=0.1 andD =0.11 (dashed ling

where
2\\aD
oy 3
A(X)=Xx—x°+Dx+ 172, (7)
and
2\vaD
—y2
B(x)=Dx*+ 1127 X+ a. (8)

The stationary probability distribution of system can be ob-
tained from Eq.6) with Eqgs.(7) and(8) and is given by

= ©

Poi(x)=NB(x) 12 exp( ) for 0=<\<1,

where the generalized potential is given in terms of a quadra-

ture by
- X (z—2%)dz
U(x)=— N " (10
2+_\/Ez+_
1+2-Vp°' D

and N is the normalization constant of E®). It must be
pointed out that the correlation timemust be zero when the
strength of the correlation between noiges zero; however,
Eq. (9) is valid when7=0. The form of the stationary prob-
ability had been investigated previously in R¢&]. Our
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FIG. 2. (@) The MFPT of the bistable systefi2) as a function

of 7for A=0.5 with «=0.1 andD =0.1 (straight ling, «=0.11 and
D=0.1 (dotted ling, «=0.09 andD=0.1 (dashed ling (b) The
MFPT of the bistable systerfll2) as a function ofr for =D
=0.1, with A=0.5 (straight ling, A\=0.8 (dashed ling A=0.95

(dash-dotted ling A=1 (dotted ling. (c) The MFPT of the bistable

prime concern here is the transient properties of the systengystem(12) as a function ofr for A=1 with «=0.1 andD=0.2

i.e., the MFPT of a particle escapes from a stable state.

(straight ling, «=0.1 andD=0.12 (dashed ling «=0.1 andD

We now proceed with the MFPT. The exact expression=0.105(dash-dotted line =D =0.1 (dotted ling.

for the MFPT for a particle to reach the final poiy, from
the initial pointx; is given by[11-13

X2

dx X
mepst(y)dy- (11

T(X3—Xp)= f B(x

X

In particular, we choosg,=—1 as the initial point, and,
=0 as the final point. Substituting Eq®) and (9) into Eq.
(11), the expression of MFPT is obtained:

T(—1—>0)=D’1f0 dx F(x)exgU(x)/D]
-1

|” ay Fyrexi-Geyion, 12

where
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FIG. 3. The MFPT of the bistable systeii?) as a function oD FIG. 4. The MFPT of the bistable syste?) as a function oD
for \=1 andr=0.1 with «=0.1 (straight ling «=0.18(dotted ling, ~ for A=1 and «=0.05 with 7=0.1 (straight ling, 7=0.02 (dash-
«=0.3 (dashed ling dotted ling, 7=0.01 (dotted ling.
2\ o o) 2 from Fig. Ab), we can see that whencame close to 1, the
F(x)=|x2+ 172.VD +5 (13 MFPT [Eq. (12)] for casea= D increases as increases and

when 7 exceeded a certain valuge., 0.), then that de-

From Eq.(13), we can see that when#0, asx——1 the Creases as incteases. From Fig.(@), we also can see that

value of theF(x) for the case oih=1 anda=D does not Whena/D approached 1, the MFHEq. (12)] for casen=1
diverge to infinity. However, for the case of that, the value ofincreases asincreased and whenexceeded a certain value

(i.e., 0.D then that decreases asincreases. Stated briefly,
when\ or «/D are far away from 1, the MFPT as a function
of 7is monotonic. However, when both/D and\ approach
1, the MFPT as a function of is nonmonotonic.
The MFPT[Eg. (12)] corresponding tax<<D and a>D
exhibits the same behavior, namely the MFFHq. (12)]
IIl. DISCUSSION AND CONCLUSIONS decreases with both andD increasing, and the MFP[EQ.
When the correlation time- is zero, the MFPT of the (12)] for a=D is continuous, which coincides with the con-
bistable kinetic model has been discussed in R€f. and  clusions of the case=0 (7=0) in Ref.[14]. However, when
will not be recounted here. Our aim in this paper is to discuséN€ 7 approaches zerr=0.02 andr=0.01), the MFPT[Eq.
the MFPT of the bistable system when the correlation time (12)] exhibits a big peak at positiom=D as shown in Fig.
is nonzero. By virtue of numerical calculation of the MFPT 4. that is, the MFPTEQ. (12)] corresponding tax>D and
[Eq.(12)], we have plotted the MFPT for the different values @<D exhibits very different behaviorgl]: For «>D, the
of parametergr, \, a, andD) in Figs. 1-4. All quantites MFPT[EQ.(12)] increases witfD increasing under the same
plotted are dimensionless as in Ref]. The conclusions that @ (a=0.05); However, fora<D, the MFPT[Eq. (12)]
can be drawn from these figures are as follows. decreases witld increasing under the same (a=0.05).
When we fix the value of the correlation time.g., The value of the-(x) [Eq. (13)] is finite, the MFPT[EQ.
7=0.2) and take the values andD in the neighborhood of (12)] corresponding tax<<D and a>D exhibits the same
=D, Figures 1a) and ib) show that the MFPTEq. (12)] behavior, namely the MFP[IEg. (12)] decreases witlx and
increases as tha increases. Figure (4 shows that the D increasing. However, as—0 andx— —1, for casen=1
MFPT [Eq. (12)] for a<D is the biggest in the three cases and @=D, F(x) [Eq. (13)] approaches infinity, then the
a>D, a=D, and a<D under the same\. as A<0.175. MFPT [Eq. (12)] approaches infinity. Therefore, the MFPT
However, the MFPTEQq. (12)] for «>D is the biggest in [EQ. (12)] exhibits a big peak at position=D as ther
these cases under the samas\>0.175. approached zero. The MFHEQ. (12)] corresponding tax
When we fix the valua (e.g.,\=0.5) and take the values >D anda<D exhibits very different behaviors.
a andD in the neighborhood ofv=D, Fig. 2a) shows that
the MFPT[Eq. (12)] decreases as theincreases. It is inter-
esting to point out that the MFP[E(q. (12)] for a>D is the
biggest in the three cases>D, a=D, anda<D under the This work was supported by the National Science Foun-
samer as shown in Fig. @). A (A is far away from 1andr  dation of ChingGrant No. 19863001and the Applied Basic
play an opposing role in the MFPT of the system. HoweverResearch Foundation of Yunnan Education Committee.

the F(x) approaches infinity as well a$(x) (10) diverges to
infinity as 7—0 and x— —1, therefore, the value of the
MFPT [Eq. (12)] approaches to infinity. The transition from
x=—1 tox=0 of a particle is suppressed.
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