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Abstract

The phenomenon of the thermoinduce
length in imperfect magnetic films w
studied. - Fordescribing of the strip domain transitions into other
metastable states, the stochastic equation of s head movement is used. In
this cquation the spatial non-uniformities of the medium are modeled b
the restricted random function, and thermal fluctuations by the Gaussian
white noise. The dependences on the temperature and the bias ficld of the

mean time of strip domain stay in a metastable state were calculated by
the methods of the Markovian processes theory.

d jumps of the strip domains
ith perpendicular with anisotropy is

Introduction

In the perfect magnetic films with perpendicular anisotropy the long
strip domain at /7 >, ( I is the bias filed, H,, is the critical bias filed )
should be continuously reduced, at /{ <[, — extended, and at # — {/,
‘may have any length ( 1 ). But in imperfect films the ends of the strip
‘domain are fixed on the nonuniformities. The means that in some interval
of the bias fields (), M) including H,,, the strip dom:n may be
‘metastable state characterized by its varied length. Under influence of
thermal fluctuation the domain may be perform the transitions between
these states which at // >He, should be accompanier with discontinuous
decrease of its length, and at /] <I1,, with discontinuous increase. Such
thermoinduced Jumps of the strip domain length were discovered in (2).
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the problem of main time the strip domajp, ¥
ich to solving this problem is based g, X
{ the strip domain head. |

In this paper we solve 10

o .0 ¢

in metastable state. Our ap] o
following stochastic equatiol

Al 5 & I)

S R s A

whet - E,/(l[) i(s the domain head coordinate, p is the domain mobil;,
gre & =

: - parameters (1), G is the .

. - function of / and other p : Pes

(H) is the known function OF S5 € =0 i 4

i\q(ﬁ) of local coercive field, r(x) 1s @ restricted (Jr(x)<I[) random funcy;,

g ¢ < i i |

ino § -uniformities. |

taking into account the film non . . . o

If the characteristic frequency of lhc; lhf:ﬂﬂdl ﬂzcluailﬁn:i taking i,
account by the Gaussian white noisc which is defined by <f(t)> = ( apq

< ](1‘+r) f(t)) =02(t)§(t)z2A§(T) ...................... [2]

where A or o’ is the white noise intensity 8(t) is thc: Di'rac delta functjq,
and <> designates the averaging on white noise realizations. In this case
is the Markovian process and the problem of finding the meantime (T) ¢
the strip domain stay in a metastable state mainly reduces to the fi.
passage time problem in the random processes theory (3). Within
framework of such approach we found the general expression for 1
caleulated T in two cases responding to various random functions r(x) an
determined the dependence of T on H and temperature (0.

Theory

Suppose that at R(H) >0 (he dom

ain heat at the Initial mom im
L = 1 has the coordinate &(1) = y o TR ol

- and is within the inter ) |
0w : ol werval (-k.q) {at R(H
<0 within the interyg] (-a,k)}. Consider the left bound { (R(/;])) <tO — th

right o is |
'C% T()n:)} E(fz”t]l:il?rtlzrg:al A reflection - the domain head can not crossi
of f(t)} time necessary to

domain heat fo; .
. the exit from the interval (-k,q) in the case of an

realization W(X) of the

rand |
VIX) < g at <y < Olmof“”c“o” r(x) satisfying the conditions:
{at Retpy < o capd 4 Y(0) > .o and w(x) > = | R(H)|10
Pl ditiong Wix) > g { g = | R(h)
wio< gal—q<x < d
Then we sy define 7 VSRR
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T'= [duP@)<TO,0)> oo [3]
0

where P(u) is the probability density of the realizations w(x) with g=u,
and <>, designates the averaging on realization w(x).

For calculating T(0,0) we shall use the method (3) based on receiving
of the equation for the function T(y,0)=T(y). For this purpose we shall

first right down the reverse Fokker-Planck equation corresponding to
equation [1]:

d 0P &P
Ll Gy )AL [4]
dr y

where p = ( x,t]y,7) is the probability density of the domain heat transition
from the point &(t) = y to the point £(t) = x. Then with help of this
probability density we shall define the probability w(y.t) of that the

domain heat which does not came out from the interval (-k,q) during the
time (1):

q
WA= [ABPOGE|10) e bl
—k

Further using the correlation.

v 9]

0
And noticing that w(y,0) = | and w(y,») = 0, eq.(4) yields:

AT' (D) + u[R(H)+ Gy ()T = =1t s 17]
(The stroke indicates the differentiation on y). Solving conditions eq.[7]
| With the boundary conditions T(q) = T(-k) = 0 and taking account of the
| definition (3] the mean time of the strip domain stay in a metastable state
~  may be written in the form:
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T:lf[du ]d\-ATdZ Plu < i LN — [8)]
A 0

0 0
Here

F(x,z)=exp[-az—b .'[(// (D)AY].cvirienesieieniiins, [9]

a=u R(H) |/ dand b=pG/4 . |
The similar calculations for R(H) <0 lez'ids lo same expression [8]. Notjg
the formula [8] is applied if H satisfies t.he conc'htlon RH) <
otherwise there are no metasable state of the strip domain.

Random Jump Functlon

Using the general formula [8], we shall calculate T in the case whe
the random function r(x) assumes the value | and -1 with the probabilit
/2 each. Suppose that the distribution function p(s) of fixed sign interval
of r(x) depends only on their lengths and has the form P(s) = [ exp(-fs,
(/}>0). In this case the probability of realizations of r(x) which on th
nterval (0,z) dose not change a sign in exp(-f.s) and the probability of th
:ﬁzjliza‘nons," \i’hlch on thc‘interval (0.2) has n (n>1) changes of a sign ¢

cpomisx, =sit..+si=12,.... n) belonging to inter :
, ging to intervals ds; so

/H__ n
W =x Xp(-f.z) H(/s,

Inaccord :
ance with this
We have < fyy
X,z)>

vie = exp(bz-az) at z < x, and
<Hx.z) (bz-az)

> =eXp(b~q)x {exp(b+

,B) (X‘*Z)} +idw:"_xex bi}" 1): 5 [‘

Il:l
n=|
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at = > v ( the integration is carried out on variables s,
conditions x, <z-x, 8, > 0).

using the above expression and taking into account that in the given
case p(u) = fexp(-pu), eq.[8] at k = o reduces to

sat“sfying the

a+b+2 [

T:A/)’(az-{—?_ﬂa—bT) .............................. [12]

Forb>a 34 ={( a + ,6“7)'/:' BYoand T = o for a < A. Since at 440 the
strip domain head cannot be localized in any point of space, the last result
means that at @ < 4 the realization w(x) and f{t) on which the domain heat
moves to the reflecting boundary (the infinity) gives the main
contribution into 7. if 4 = 0 then the domain head will be localized at

origin and therefore, 7' = < in the whole interval of bajse fields where
metastable states of the strip domains exist.

The Step Function With Random Size

Consider more real case (from the point of view

of experimental
conditions (2) when

w(x}:—wz(x)u(u—x) ......................................... |13 ]

Here u(x) is unit step function, u and y are statistically independent
random values distributed in intervals (a/b,1) & (0,w) correspondingly.
Let D(y) and p(u) be the distribution of these random values. Then
according to eqs. [8], and [13], T at k = 0 may be written in the form.

1 W u(b-a) +ua ey___ ~1
FPear (ol Blising dvD|Z ' SN 14
Aboj p(u) j el i [14]

Ify and u are distributed uniformly, i.e. D(y) =b / (b-a) and p(u)= 1/w,
then eq. [14] gives (E = w(b-a)).

Ab S (n+3)1 (n+1) 191
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and Discussion
e formula [15] we calculated NUMericy

d 0. For the calculating of dependenc, T{)&
n|

) 2005

Numerical Rcsults‘ I
On the bases of th

dependence of 7-on H an
we used the expression-

c]n(l+l/cz)+1“(l+cz)”27"{’/6] ................ [16]

(1), and the equation for the equilibriy, Wiy

R(H)=-2M]
Following form the results
of the strip domain (4).

l -
__/] _l[zalctanl__cln{l+—7}J ................... [17]
R p c

4 ynM 7 ' .
and { are the width of strip domain

I ization, ¢
where M is the magenetization, . ] -
l 0 terial normalized on the fikm thickne

s -
the characteristic length of the n :
/i the temperature dependence 7 was obtained on the bases

p= /(RGP M=),

G=Gym(r)f"(r), P=dy fy" (#)

A:dr/(f,”z(/‘)/f(l')c) ........................... [18]

Here the zero subscripts denote the corresponding values at @ = 0, r =
/3C, C is the Curie temperature, d is the parameter, and fi(r). f2 () v
m(r) are defined by (5)

expressions.

l~3l' 1__].
fl(r):*,‘, ) — .
m- )') fz(’) m(’)

m(r)=coth (m(r )/r )=r/m(r)

Figur illustr: : .

O;bﬁ;e_é:]ilélglslngtes the main peculiarities of the behavior 7" as a functi®’

satisfying equhltl;os 012 the field interval of the strip domain metastabill
alion {R(H)} = G, are marked i figure (1) as H, and H>
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The slight asymmetry of the shown dependences  concerning the
dashed line is caused by the dependence of ¢ on #. With temperature
increase the metastability interval is constructed and displaced to the
coordinates origin, and the maximum value of I'(at I = Hy) is decreased.

Figure (2)illustrates the behavior of T as a function of @at H=H] +
(H>- Hpyn (0 <5 <1). in the case when n(ory=1)Eq. reducesto T =

w/64, and the temperature dependence of T is determined only by the
temperature dependence of 4 .
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Figi(1) The relation between T & H
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Fig.2)The relatiop, between T & @
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