Condensed Matter Physics 2006, Vol. 9, No 1(45), pp. 121-125 CONDENSED
IVIANTRERS
RPHVSICS]

Solliton-like order parameter distributions in the critical
region

A.V.Babich, S.V.Berezovsky, V.F.Klepikov, Yu.V.Sereda

Institute of Electrophysics and Radiation Technologies,
National Academy of Sciences of Ukraine}
28 Chernyshevsky St., PO.BOX 8812, Kharkiv 61002, Ukraine

Received August 26, 2005, in final form January 23, 2006

Some exact one-component order parameter distributions for the Michelson thermodynamic potential are
obtained. The phase transition of second kind in Ginzburg-Landau type model is investigated. The exact
partial distribution of the order parameter in the form of Jakobi elliptic function is obtained. The energy of this
distribution is lower at some temperature interval than for the best known models.
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1. Introduction

The problem of spontaneous symmetry breaking (SSB) at the second kind phase transition
(PT), which is the basis of many theories and processes in physics is notable for the fact that even
in an 0-approximation it cannot be reduced to the model of free field [1]. This is conditioned by the
strong interacion and correlation in the system of anomalously growing strong critical fluctuations
— the system with infinite number of degrees of freedom.

In most physical systems, the number of order parameter (OP) components in the critical region
decreases, and many PT can be described by a scalar one-component OP (as in ferroelectrics, nu-
merous magnetics, superconductors without magnetic fields, etc.). In this case SSB for the discrete
group of reflection symmetry (¢ — —¢, where ¢(x)-OP field) takes plase in the system [2,3].

We consider the following model which describes the PT to the commensurate phase through
the phases with modulated structures:

~ N// o N/ /-\_// — 5 — h — ~
Dy = (I)o/ [@0 2 +939002<P0 ? — 0@0 >+ 100 + 30%4 + ?OWOG dz, (1)

where g () is the scalar OP field (@6/ = dipo/dT); C’};, 90,70, T'0, S0, ho are material constants [4-6].

Without the gradient terms this model describes the second kind PT from phase pg = 0 to
phase pg = v/— (r0/s0), occuring at rq sign inversion. In this case the system has one degree of
freedom. The inclusion into ®¢ of only one gradient term ~ (Vg)® (Ginzburg-Landau-Wilson
model) adds to @ the continuum of freedom degrees, interconnected by shot-range interaction,
and that allows us to take into account both the correlation and the interaction of fluctuation
©o(z). However, the stable gg(x) structure can arise only as a result of the competition between
several gradient terms or due to the specific boundary condition.

Using the scale transform of @g, T as well as by relationship:

©0 (T) = V/|oly (%/I%I) . To=q7, S0 = PY0, T/ 0| =z, (2)
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we reduce the number of parameters by 3, clearing coefficient under (30”2), (%) and EE

1" / ’ p 1
<I>=<I>o/[<p2+92902902—<p2+q¢2+5904+5906 dz. (3)

The Euler-Poisson variational equation for functional (1) has the following form:
AV +9 (0% +002) + 9" +ap+ g+ =0, (4)

2. Analysis of order parameter asymptotic behavior

The first integral of equation (4) has the form:

romn 1" ’ / p 1
20 ¢ —<p2+92¢2902—902+q¢2+5904+5906=D7 (5)

where D — integration constant.
Equation (5) by means of substitution:

90/2 =24 (()0) ) (6)

can be easily led to the form [7]:

" ’ 1
4AA —A2+2gA<p2+27A+q<p2+gs04+§w6=0. (7)

One can introduce the function U (p) = A (gp)% and obtain the following equation:

16 5 . 1
SUSU" +296°U% + 29U + g + Lot 50" =0, (8)

In case ¢ () — 0 one can eject the terms with infinitesimal order more than

5 1" 3 4 3
UsU + -AU3 + —qp® = 0. 9
+ g UR + eay 9)
Equation (9) is equivalent to the linearized initial equation (4), it makes the scale invariance
possible. Anomalous scale dimension of equation (9) is A = 3/2. Due to this fact by means of
substitution:

Ulp) =9 22(t), @=¢, (10)

it is possible to dispose of obvious dependence on the argument:

wlot

7" ’ 3 3 _1 3 —
z +2z +-z4+ -v2" 3 + —qz

=0. 11
4 8 16 0 (11)

The analysis of equation (11) shows that if p(x) — 0 then z(t) — const, and therefore A (¢) ~ 2.

The analysis of ¢ (z) pole shows that if ¢ (x) — oco,then A (¢) ~ ¢*.

3. Exact partial solution of variational equation
Consider the solutions of (5), which satisfy the following relation:
92 =a+bp® +epto (12)

where b > 0,¢c < 0.
This approach allows us to investigate the set of PT from the ordered to the disordered state
throught the phases with modulated OP structures.
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After substituting the relationship (12) into (5) one can obtain the following set of equations
for a, b, c:

24¢® + 3gc+1 =0, b2 +b+q+12ac+ ag = 0,

10bc+gb+c+§:0, %ab+a =D, (13)

the set (5) is overdetermined, therefore it is possible to find the relationship between g, ¢, p, which
is the condition of compatibility (5) and (12).

Consider the case D = p = 0, in this case a = 0, and the set of equation (13) will take the
following form:

24¢2 +3gc+1 =0, B 4+b+q=0, 10bc + gb+ ¢ = 0. (14)
In this case the condition of compatibility (5) and (12) will be:
92(61) —_ (1Ob(Q) + 1)2
3b(q) (2b(¢) + 1)’

where b is the solution of the second equation (14). The graph of function g*(g) is the line of
PT. This function has minimum ¢2(—7/16) = 32/3 and asymptote ¢ — 00, g?(q) — 50/3. The
corresponding solution of (5) has the following form:

(15)

) = i (16)
and describes the bell-soliton state of OP field [9].
Consider the solution of variational equation (4) of the following form:
o (z) =a-sn(b(z — xp), k). (17)
After substituting (17) into (4) we obtain the set of equations for a, b, k:
a* + 3g(abk)® + 24(bk)* = 0,
—2(1 + k%)(ga®b® + 10k%b*) + 2(kb)* + pa® = 0,
(1 + 14k + B0 + g(ab)?> — 1+ k*)?* +q = 0 (18)
The solution of set (18) has the following form [10]:
a = gi(k0)*,  g.= ; (g — /9~ %) , (19)
B2 = ﬁ aszﬁ, (20)
o L0+ 99007 + 20— 00)) + (0 T2 50 (16 + ggi)o +40a — 0. o
2[af + (¢ — as)] ’
g<—%,q>—£(16+ggs)a§+%- (22)
Consider the solution of variational equation (4) of the following form:
o () =a-cn(blx — xp), k). (23)
After substituting (23) into (4) we obtain the set of equations for a,b, k [11,12]:
a* — 3g(abk)? + 24(bk)* = 0,
2(1 — 2k?)(10k%b* — ga®b?) — 2(kb)® +pa® = 0,
(1 +16Kk% + 16EM)b* 4 g(1 — k*)(ab)*> — (1 — 230> +¢q = 0. (24)
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If k% # 1/2 then the solutions of set (24) has the following form:
2 2 2 Qe 2 1 oz(12 — ggc)
= ge(kb)?, BP=—"_ P=2{14 : 25
@ = gu(kb) T 2{ \/az<16—ggc>+4<q—ac (25)

3 32 2 —pge
. 2lgtq]g2 -2, S 26
9 2{9 g 3} % = 500 gg) (26)
In case k? = 1/2:
4 . 1
p=—"9 g2z ) 2 (27)
12 — g9. 2V 12-ggc

Consider the solution of variational equation (4) of the following form:

¢ (z) =a-dn(b(z — o), k). (28)

After substituting (28) into (4) we obtain the set of equations for a, b, k:

a* —3g(ab)* 4+ 24b* = 0,
2(k — 22)(10b* — ga®b?) — 26> + pa®> = 0,
(16 — 16k> + k)b* + g(k*> —1)(ab)? — 2 — EDD* +q¢ = 0 (29)
Solutions of set (29) has the following form:
3-1
2_9 2 — _p3-1
a V3(kb)2, b g %d 5 (30)

4. Conclusion

In the present paper we investigate the PT in Ginzburg-Landau type model with high gradients.
New OP distributions were found. These distributions make it possible to discribe the set of PT
from the ordered to the disodered phase through the set of states with modulated OP structures.
We also investigated soliton-like OP distributions. The presence of soliton-like solution in the model
considered is determind by variational symmetry of initial Euler-Poisson equation.
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ConiTOHHO-NOAIOHI po3noAainu napamMmeTpa NOPSAAKY B KPUTUYHI M
o6nacTi

A.B. Babiy, C.B. bepe3oscbkuin, B.®. Knepikos, K0.B. Cepena
IHCTUTYT enekTpodi3nkm i pagiauiiHmux TexHonorin HAH YkpaiHu,
BYyJl. HepHumwescekor 28, XapkiB 61002, Ykpaina

OTpumaHo 26 cepnHs 2005 p., B ocTato4yHoMY Burnagi 23 ciuHs 2006 p.

OTpuMaHo fekinbka TOYHUX PO3MNOAINIB NapameTpa Nopsaky Ans TepMOAUHAMIYHOMO NoTeHujany i gochi-
IkeHo ¢as3oBuin Nepexig, apyroro poay B mogeni tuny lNH3bypra-JlaHpay. OTpMMaHO TOYHWUIA PO3NOAin
napamMeTpa nopsaky y Burnaai enintuyHoi GyHkuii 9ko6i. Moka3aHo, Wo B NEBHOMY TEMMNEPATYPHOMY iH-
TepBaJsii eHeprig Lboro po3noainy € HUXYOIO HixX y BUnaaky gobpe BiloMux moaenen.

KniouoBi cnoBa: cumeTpis, pa3oBuii nepexia, napameTp rnopsiaky, CoNiTOH, MOAY/IbOBaHa CTPYKTYpa

PACS: 64.70.Rh, 61.44.Fw
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