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Theory includes two classes of models: 

( = ±1. 

The first cla.ss (£ = 1). Stable vacuum is a trivial one ¢v "' 0 
(symmetry is not broken). There are following physical models: 
"easy plane" ferromagnets; a nuclear model (¢4 - a¢6 theory); 
a - helical molecules in biophysics and so on. Hathematical 
models of this class are, e.g.,¢! and SG theories. SLS are 
elementary excitations over the trivial vacuum. 

The second class (£=-1).Stable vacuum is nontrivial, viz. 
¢v = const (symmetry is spontaneously broken at T < Tcr ) • Such 
a vacuum in a number of models describes a condensate at T = 0. 
Physical models usually are "easy axis" ferromagnets. Those 
of structural phase transitions, superconductivity (after Ginz­
burg-Landau), hadron phenomenology (after T.D.Lee and coauthors) 
and so on. The above nonrelativistic nuclear model (¢4 - a¢6) 
admitting stable nonzero vacuum (nuclear matter) is embedded 
in this class, too. Elementary excitations are Bogolubov spectra 
and soliton modes usually of the hole type. Mathematical models 
contain, for example, the ¢ 4 -theory and models with noncompact 
groups of internal symmetry. 

DEFINITION 

Soliton is a different from vacuum field configuration of 
finite energy localized in space. 

Programm (I) may be fulfilled quite completely for various 
models of . theory (2). Soliton existence and stability problems 
are studied in the Ro,I space-time 11 •21. Small amplitude ex­
pansions have been obtained for certain models allowing us to 
calculate the form factors of solitons and their bound states -
bions (pulsonsY 3( Dynamical structure factors (DSF) of the 
system studied are obtained / 3 •4/ in the ideal dilute soliton 
gas approximation. The dynamics of solitons has been investiga­
ted via numerical experiments for a number of models/ 51. For 
integrable models of the first class (SG and NLS with a com­
pact isogroup) the inverse method is well developed giving 
a chance to study the system dynamics at T = 0 in detail. 

Solriton statistics at small T /, 0 is learned rather comple­
tely in the framework of only the SG and ¢4 theories via the 
Feynmann integral technics as well as the phenomenological ap­
proach of Krumhansl and Schrieffer/7/, The latter gives good 
results at small T and was used in papers/Ill in deriving DSF 
for the SG, NLS and LL models. 

3 



In the case of the second class of models, even integrable, 
the inverse method is developed for only NLS with the U(O,I) 
compact isogroup. For higher symmetry groups both compact and 
noncompact it faces serious mathematical problems related to 
the presence of the condensate in the system (analyticity of 
the Jost functions) 19~ 

I. Nevertheless, upon using the small amplitude expansions 
derived in works/ 10•111 one can prove the following general theo-

f 1 . b'l' 131• rem o so lton sta l lty . 

I) In the R1 1 space-time SLS (if exist) are stable for 
infinitesimal a~plitudes and hence masses Ms , their size Rs 
varies inversely with the mass: Rs - M~1 • 

2) In R 0 , 1 ( D;:: 2) SLS (if exist) are stable in only a cer­
tain mass region necessarily bounded below, viz. p. < M
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(this region may be an empty set, too) and p. .£ 0, M varies in 
the interval lp., oo]. The values of p. and M depend on the type 
of the model and even on its parameters; p. grows usually withD. 
It is important that p. can be considerably less than the mass 
of the t'Hooft-Polyakov monopole. 

II. The next conclusion follows from the analysis of compu­
ter experiments on the soliton dynamics and of results obtained 
via IM on studying integrable models as well. In the system 

,-,.. ._~_] , ___ - 1~ ........ 1.: ........... ...1 ..... ,..,.,......,.~.'Y"'hroot-..;'"',.., f"\F n'1""o~t-ol"' t-h~n , ~nProv 
C:.1...L~\,..\..'-'-*' LIJ ...... ..._.._..._ ...... .._.&-.,..._....,.. r-- ---------- -- (.J I 

there arize sol;i.ton like objects (see, e. g. ,1 5•11 •12/ ) . Bound 
states of solitons were also found, in particular, a stable 
bound state from two absolutely unstable quasisolitons/137. 

III. The form factors for all known solitons (kinks and 
antikinks and biens-breathers) have been calculated in the 
framework of the SG, 9 4 and LL models (see/ 141) and upon using 
the Feynmann approach Z: JD<i>D9 exp (-J3H), J3: T-~r the dilute 
soliton gas approximations their DSFs were found. The form of 
DSF, i.e., its central peak and satellites, gives information 
about the properties of soliton-like excitations occurring in 
the system at small temperatures. The position of the DSF sa­
tellites reflecting the internal soliton structure varies 
with T: they move towards the central peak with temperature 
growing/ 3/ Since in the D > 2 case there is a low mass limit p. 
for stable solitons to exist the central peak and satellites 
different from those of linear waves appear at finite tempe­
ratures, T > p. that may be regarded as a phase transition in 
the system with respect to clusterization. 

IV. Is an experimental test of the results discussed pos­
sible? 
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I) High energy physics: monopoles, instantons, gluonium .•• 
At the moment either we do not see them (can't identify) or 
they correspond to higher energies. However, according to Gell­
Mann the list of particles must contain "Goldstone bosons and 
fermions, ... solitons (such as magnetic monopoles) or other 
particle-like solutions and bound states involving them ... We 
must understood to what extent all these secondary objects can 
masquerade at present energies as elementary particles/ 151. 

2) Nuclear physics. Clustering in nuclei: by now, on the ba­
sis of the nonrelativistic 9 4 -a 9 6 model SLS have been obtained 
for both the problems, i.e., with zero and condensate boundary 
conditions. In the first case they simulate the nuclei, in the 
second one they model internal excitations in the medium and 
heavy nuclei. The latter is of two types: usual hole ones (rare­
faction) and droplet ones (compression). In R1,1 Barashenkov 
and the author have obtained their analytical expressions. 

Note that the hole-like excitations can be responsible for 
a breakup of the compound nucleus produced in the heavy ion in­
teractions. In the framework of this and some other models via 
numerical experiments on the nuclear (soliton) interaction there 
have been firstly observed "fission windows" in angular momentum 
(or that just the same in impact parameter) and nuclear molecu­
les discovered in nature experiment later (see, e.g.,/ 16/and/130. 

Precision computer experiments on the fission windows can 
shed a new light on the possibility of the production of super­
heavv nuclei in the heavy-ion collisions. 

3) Low energy physics. Ferromagnets (e.g., CsNiF3). DSF have 
beem measured/T7/, the kink contributions to CP have been calcu­
lated/4/ and also the bion contributions to CP and satelli­
tes131. In the latter paper the satellites and their positions 
have been obtained as functions of T . There is an obvious qua­
litative agreement between the experimental data and the theo­
retical calculations. The comparison of quantitative results 
comes to turn. 

The authors indebted to I.V.Barashenkov, S.A.Sergeeenkov 
and O.K.Pashaev for many fruitful discussions of the results, 
and to Yu.V.Katyshev for helping in preparation of this report. 
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