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Soon after the soliton solutions [1] for the two-dimensional
isotropic Heisenberg magnet had been found numerous attempts were
undertaken to generalize thege solutions to the anisotropic versions
of the Heisenberg model (see [2] and references cited therein).
Difficulties ¢f analytical obtaining of mentioned solutions gtimu-
lated their numerical search. By means of a computer the localized
distributions having soliton-like shape have been obtained and their
main parameters have been calculated [2]. But it is easy to demon-
strate (see below),using scaling transformations [3],that the exis-
tence of static soliton solutions is forbidden within the framework of
the discussed two-dimensional anisotropic models.

Congider two-dimensional anisotropic Heisenberg model having

rather general form of the static Hamiltonian density:
2 a
H= (s pug, (ST + 2 (432 =T+ A+ (1

here thg anisotropy energy density un'}o, a non-negative addendum
F is of the fourth order in differentiation with respect to X, ,
a/ =0, 92= a} ,3%5% =1, a =1,2,3, & ,)8 and |~ are constants.
Consider continuous localized distributions &% (r;) with
the topological charge Qt>1, here Qt is the degree of map <from
R? (with the condition3 ()= J, taken into account) to the sphere S ¥

[4,2]. The following inequalities are valid for such configurations
,1-/K=f]{'< d% >0, k=423, /—/=}/1 +H, +H>0, ()

"Under scaling transformations, T @ Sa), /‘/‘_(a=1) is
transformed to HL(1)’ //2—>a'2,l4(1), H3(1)»azl'{;(1). Such trans-
formations determine  at | Q -1« 1 small variations of initial dis-

tributions: $7(X;). It is nessesary for the soliton existence, that
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-deduce from Egq.3, that the existence of soliton solutions to the

%/aﬁU):o, i.e. .
Hy —H, = (3) |

One can see that Eq.3 has no solutions at F =0, i.e. the func-

tional H cannot reach even a local minimum,and,hence, static soli-

tons cannot exist in the model (1) with F: 0. When F;é 0, one can

equation %: 0 is not excluded a priori, and if they exist
the relationship /'/f /é ig valid for them.

As an example consider an easy-axis type anisotropy, %:50119)
here 9 is the angle between the vector _5“ and the ¥ axis.
Specify the addendum F as well , choosing it in the Skyrme[5]
form

= [(3,5%9,5%)"- (3,5°3s7] (1)

Such the F option is characterized by an abgence of the

goliton solutions of the form
i . 2 3 _ —
$*=38in 6, 4°=0, 37 =cos 6, 6=0(xy), (5)
representing the Ol: = 0 sector, since for the configurations defi-
~ 4
ned by (5) we have : /‘Z-: 0, //3 = 0 and therefore g—&/(ﬂ #0.

Now consider the distributions :Sa(I;.) having 0t>1.
Introduce the dimensionless variables X,Y,R:

X=X y=3Y R-Ix%Y% @)

Using the well-known ansa‘isz,

s'e 5in® %Q 2_ sin 9%/— st 6-6(R), 7
we find 2 .
\
PR = (40)%s i snr0 4 5in%6 + 2R sin0 (48’ ® |
where\lp F x‘za is the dimensionless parameter. ("(

Calculating the variation g—e—fa, when f(k) is given by (8),

we obtain the equation for the O (R) function
2
1
S8 4 40~ (et 1) sinp s +
5120 d29 5m6 o30 [ 3026 40
+2,0[ ( ) & k] =0
To find the sollton solutlons of Egq. (9) with Ot_ 1 one vhould

(9)

golve this equation with the following boundary conditions : 9(0):]’(,
Qo) =0 (we assume that &¥(eo) 45\) From the Eq.(9) we find
that 9()9) J©-CR+ O(Rz) when R——» 0. Using this expansion,
we solve (9) numerically, to get boundary condition 9(00) =
satisfied we vary "the shooting parameter" C

The numerical studies have been made in the wide region of the /D
parameter: from f) = 10_5 to f)mu- 500. These investigations demon-
strate, that at least the local minimum of the functional /L[e (,(7)]
/L= o(zfy{’dz s 1is reached on the obtained solutions 9:,(/8;10).
We shall prove in a separate paper, that these solutions give the

absolute minima of the energy /190) in the sector 0t= 1.
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The radial functions Q,(R) are displayed in Fig.1. The soli-

4
ton half-width Rd monotonously increases with the increase of the
parameterp; when ID——O R,_‘-»O (k‘%4-10—2 at P: 10_6 , &%0.4

at P = 10'-2 , S0 when /)»0 the half-width /Qd' ig proportional to
PV , here y =2;/— ). The soliton energy j(/1)) is the monotonously



increasing function of the parameter /3 too(see Fig.2), the curve

Aﬂ

may be investigated analytically at small values of /) by means of f'h
the perturbation theory in the parameter f),
tions of the zero approximation equation are the Belavin-Polyakov

golitons in the isotropic Heisenberg ferromagnet [1].

investigation the soliton-type distributions have been found at all
f) having the energy less than the double energy of the Gk =1 so-
liton; this circumstance proves the existence of the bound state of
two solitons with C&: 1 within the frameworks of the model under

consideration.
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90) ig described at /)<21 by the formula

hyp=8w+Bp=  B=37 ==04. ,‘

The soliton solutions 6&(2) found numerically in this paper

and the localized solu- '

In conclusion we note, that in the course of the gector CL==2
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0 OBYMEpHBIX TOIOJIOTHUECKHX COJIMTOHax
B aHM3OTPOIIHHIX MarHeTHKax
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IlokazaHoO, UTO B OBYMEpPHbIX MOOEJIAX MarHeTHKOB TreiizeH6ep-—
TOBCKOI'O THIA C PAaSJIMYHbBIMH BHOAMH AHHU3OTPOIHH HE MOXEeT
6bITh CTATHUECKHX COJMTOHHBIX pemeHHH, OIMChIBAWIMX JIOKATH30—
BaHHble paclpefesieHHs TPeXKOMIOHeHTHoro nons sa(x), a = 1,
2,3, s8s@ = |, BxiwdeHHe B IaMHILTOHHAH MOMEJIH CKHPMOBCKO-—
ro c¢jlaraeMoro pgejaeT BO3SMOXHBIM CYIeCTBOBAHHE YCTOHUMBBIX
TOIIOJIOTHUYE CKMX CONHMTOHOB. C momombio 3BM mccnenmyworcsa cra—
THYECKHEe COJIMTOHBI C TOIIOJIOTHYEeCKHUM sapanbm'Qt = 1 B gBY—
MEepHOM JIeEKOOCHOM MarHeTHKE.

Pabora BhimosiHeHa B JlaGopaTOpHH BBIUHCIIHTENIBHOH TEeXHHUKH
U aBromaTusauuu OUAHU.
Ipenpunt O6beHHEHHOTO HHCTUTYTA ANEPHBIX UcclenoBaHmi. [ly6ua 1987
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It is shown that in two—dimensional Heisenberg-type
magnets with various anisotropy forms static solitonms,
describing localized distributions of the three-component
field sa(x), a = 1,2,3, s3s? = |, cannot exist. Inclusion
of the Skyrme addendum into the Hamiltonian of the model
makes the existence of the stable topological solitons
possible. By means of the computer we investigate the sta-
tic solitons having the topological charge Q¢ = 1 in the
easy-axis two-dimensional magnet.

The investigation has been performed at the Laboratory
of Computing Techniques and Automation, JINR.
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