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Partial Noise—Averaging Method

In analysis of an escape over a fluctuating barrier
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phenomena separated in time — different time-scales

the larger number of time-scales, the more complex behaviour
Nature of time-scales

equilibrium systems (complex) «—— many degrees of freedom

nonequilibrium systems (driven by external signals) «—— independent
time-scales

Adiabatic approach — well defined separation of time-scales t;,., < tfqst

1. fast process with fixed values of slow variables
2. parametric evolution of slow variables

How to treat problems in which the relation between the time-scales of some
processes varies from t; < t, through ¢ =ty to t1 > t5?

Partial noise-averaging method (PNAM)

applies for the whole range of time variability of the stochastic perturbation
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Ox

e’ : OP(Z;to, ) _ Lo(z)P(z,to,t1)
Oto

stationary solution: lim P(xz,to;t1) = p(t1) - N texp [-U(x)/q] = p(t1) P ()

to— 00

guasiequilibrium = Integrating over x from —oo to x4, ONE gets

dp(t1)
dtq

€ = —J(Tthr, 11) = —kp(t1)

Kinetic approx. — the escape process is described by a single kinetic coefficient
and 7 =k~ = [~ dt p(t)
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chemical reaction with large molecules,
e.g. CO binding to myoglobine

transport in membranes (stochastic
changes of channel shape)

relaxation in compose materials, e.g. In
glasses

dye laser pumped by an another laser

upeconducting  antum nterference
evice acting under the external
magnetic field

dynamics of populations of species in the
presence of external random factors, e.g.
climatic
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Exponentially correlated noises

{_\/57+\/E} (—O0,00)
ZE o+ & L
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Exponentially correlated noises

{_\/57 _l_\/ﬁ} (—OO, OO)
C?—: = —vz+ + V2¢ Z—'z = —%z + \/i_Dn(t)
v =1/(27) (n(t)) =0, (n)n(t")) =4a(t —1t')
1{ -1 1 s, 0?
L forz=+VD 1 )
WO(Z) = {g for » — _\/E WO(Z) — \/27_‘_7]) exp(—z /2D)
limit behaviour survival
T — 0 C(t) — Q4(t) Q(7) — const # 0

T — 00 C(t) — D

D(1) — const # 0
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If the potential variations influence the escape process

this happens mostly during the time interval ¢;.
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ldea of artial oise— veraging ethod

figs/ftraj.eps

zs(t) slow component — constant within ¢,
z¢(t) fast component — white noise within ¢,

1 to+t¢
zs(tg) = <— / ds z(s)> (...)— noise realisations
to
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limit

T—0

T — OO

zs(to) = — (L —e” ‘ where A =t/
_—

random gaussian number

D, = (2%) = % (1—6_A)2 — D

T—00

<(% /tttthtds z(s))2> = (22) + <Z]26> — Iy =F 2%

fast component slow component

Qf — Q Qs — 0(7_2)

Dy = O(1/72) D, =D
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zs(to) = — (L —e” ‘ where A =t/
_—

random gaussian number

D, = (2%) = % (1—6_A)2 — D

T—00

<(% /ttthds z(s))2> = (22) + <Z]26> — Iy =F 2%

limit fast component slow component
7 — 0 Qr=0Q Qs = O(7?)
T — 00 Dy =0(1/7%) Ds=D
2(t) = z5(t) + 24 () : : zy exists for r St
Independent gaussian noises with :
: ) zs exists for r > t,
correlation time 7 ~
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PNAM for DN

2(8) = 2 (1) + 27(t)

2s(t) and z;(t) are not independent dichotomic noises

similarities between OUN and DN

assume this Is true

Ds, Dy, Qs, Qs the same as for OUN

(Az)’
N

For equilibrium systems ¢;=t,., SO one can estimate ¢, =
or take t, =MFPT(zr — Tmin)-
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3D Fokker—Planck equation

gt (x,y¢,ys,t) = L(z,y7,ys)P(z,ys, yYs, t) normalized noise: z(t) = /D(7)y(t)

1
L(z,y5,ys) = + —Ly, (ys)

\ 7
~

oOP 1 0P j 1
ot + ot [A(x,yf,ys) T ;Lys (ys)] P

P = P(x Yr, ys,to,h) P p(y&tl)Pst(xayf;ys)

0—>OO

Az, yr;ys)Pst(,yr;ys) = 0with U(z,ys) =U(z) + /Ds(7) ysV

1 0

1 1
;a—tlg(ys,tl) =T (Ysr b1 Zenr) + =Ly, (Ys)o(ys, t1) = [;Lys (ys) — k(ys)] 0(ys, 1)
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OUN: path integral method with Pade approximant
Result:
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Quasiequilibrium

Ways of solution:
DN: (almost) exact solution — weak noise approximation

OUN: path integral method with Pade approximant
Result:

i(t) = ~Uppp(2(t)) + v/ 2G (2(1)0(t)

mean first passage time:
—1 = LT (z;y5)T (;ys)

Lthr 1 1 u 1

kinetic rate
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Kinetic approach

Ways of solution:

DN: exact (trivial) solution

O o+ \ [ —v— k4t gl 0+ 1
— — ; fy —
ot \ o_ y —y —k_ 0— 2T

o 27+T_ —|— T(T_|_ —|— T_)
- T 4+ T 427

7(7)
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Kinetic approach

Ways of solution:

DN: exact (trivial) solution

A R e S

o 27+T_ —|— T(T_|_ —|— T_)
- T 4+ T 427

7(7)

OUN:

0 0) = | 2Ly, (52) — h(w)| (.

Solutions known only for limiting cases - — 0 and 7 — ~c.
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PNAM at work |

Doering—Gadoua problem — exact results for triangle barrier driven by DN

Q(T) = Qot", 0<a<1

a =0,0.25,0.5,0.75, 1.0

0.0———="2"-

10

10° 10° 10" 10° 10" 10° 10° 10° 105r 10°
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PNAM at work IV

--- Q=const

— D=const
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What Is In resonance?

minima T~ 1, resonant activation

maxima system dependent (non-resonant) inhibition of activation

crossing points 7 ~ 7, depend on the perturbation

—p.23/2



Conclusions

PNAM for different problems with coloured noise

— p.24/2



Conclusions

PNAM for different problems with coloured noise

How to deal with deterministic perturbation or e.g. QMN?

— p.24/2



Conclusions

PNAM for different problems with coloured noise
How to deal with deterministic perturbation or e.g. QMN?

General approach to multi-time-scales problems
1. consider all the processes

2. find the relation between their time scales

3. decompose processes into the simple parts
4. use adiabatic approach

— p.24/2



Conclusions

PNAM for different problems with coloured noise
How to deal with deterministic perturbation or e.g. QMN?

General approach to multi-time-scales problems
1. consider all the processes

2. find the relation between their time scales

3. decompose processes into the simple parts
4. use adiabatic approach

— p.24/2



	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales
	jiy Time scales

	jiy Kramers problem -- formulation
	jiy Kramers problem -- formulation
	jiy Kramers problem -- formulation
	jiy Kramers problem -- formulation

	jiy Kramers problem -- escape time
	jiy Kramers problem -- escape time
	jiy Kramers problem -- escape time

	jiy Kramers problem -- time-scales
	jiy Kramers problem -- time-scales
	jiy Kramers problem -- time-scales
	jiy Kramers problem -- time-scales
	jiy Kramers problem -- time-scales

	jiy Kramers problem -- approach
	jiy Kramers problem -- approach
	jiy Kramers problem -- approach
	jiy Kramers problem -- approach
	jiy Kramers problem -- approach

	jiy Kramers problem -- multivariable case
	jiy Kramers problem -- multivariable case
	jiy Kramers problem -- multivariable case
	jiy Kramers problem -- multivariable case
	jiy Kramers problem -- multivariable case
	jiy Kramers problem -- multivariable case

	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier

	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier
	jiy Escape over a f-luctuating barrier

	jiy Exponentially correlated noises
	jiy Exponentially correlated noises
	jiy Exponentially correlated noises
	jiy Exponentially correlated noises
	jiy Exponentially correlated noises

	jiy Single escape event
	jiy Single escape event

	jiy Idea of {
ed P}artial {
ed N}oise--{
ed A}veraging {
ed M}ethod
	jiy PNAM for OUN
	jiy PNAM for OUN
	jiy PNAM for OUN
	jiy PNAM for OUN
	jiy PNAM for OUN
	jiy PNAM for OUN

	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN
	jiy PNAM for DN

	jiy 3D F-okker--Planck equation
	jiy Quasiequilibrium
	jiy Quasiequilibrium
	jiy Quasiequilibrium
	jiy Quasiequilibrium
	jiy Quasiequilibrium
	jiy Quasiequilibrium

	jiy Kinetic approach
	jiy Kinetic approach
	jiy Kinetic approach

	jiy 
	jiy 

	jiy PNAM at work I
	jiy PNAM at work II
	jiy PNAM at work III
	jiy PNAM at work IV
	jiy What is in resonance?
	jiy What is in resonance?
	jiy What is in resonance?
	jiy What is in resonance?

	jiy Conclusions
	jiy Conclusions
	jiy Conclusions
	jiy Conclusions


