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I. Solitons. 
 
Solitons in local and/or temporary processes of correlated electronic systems:  
from CDWs to FFLO 
 
We review a progress in experiments and theory, elucidating the role of microscopic solitons 

in quasi-1D electronic systems with a symmetry breaking. The recent interest rises from a discovery 
of the ferroelectric charge ordering in organic conductors, from nano-scale tunneling experiments and 
STM visualizations in Charge Density Wave (CDW) materials. The charge ordering allows to observe 
several types of solitons corresponding to holons, their bound pairs, and complexes with charge-spin 
reconfinement. Internal tunneling in CDWs, as well as doping, goes through the channel of 
“amplitude solitons”, which are realizations of spinons. At the onset of a 2D,3D long range order, 
these topologically nontrivial states experience the confinement resulting in a spin-charge 
recombination. It originates spin- or charge- roton like configurations with charge- or spin- kinks 
localized in the core, correspondingly for cases of repulsion and attraction. On this basis we 
extrapolate to a picture of combined topological excitations in general strongly correlated systems: 
from antiferromagnetic oxides to superconductors with strong coupling. They are viewed as 
elementary fragments of stripes or FFLO walls. 

____________________________________________ 
 

Solitons in strongly correlated electronic systems: 
the route from one to higher dimensions 

 
Physics of microscopic solitons in electronic processes was boosted in early 80's  by experiments on 
conducting polymers and theories for charge density waves. Its re-entrance in 2000's is motivated by 
the discovery of the ferroelectric charge ordering in organic conductor and by new nano-scale 
experiments in charge density wave materials. Solitons show up in conductivity, tunnelling 
spectroscopy, optical absorption. Instantons -- the processes of dynamic conversion of normal 
electrons into solitons -- are responsible for subgap transitions leading to a pseudogap formation. 
Recent confirmations for solitons in quasi one-dimensional systems call for studies of more 
complicated topological excitations in a broad class of strongly correlated systems, from 
superconductors to Mott-Hubbard states. Theoretically they are found as spin- or charge- roton 
configurations with charge- or spin- kinks localized in the core, correspondingly for cases of repulsion 
and attraction. These complex excitations are derived from spinons and holons in D=1 cases. They 
can be also viewed as nucleus of the melted stripe phase in doped Mott insulators or of the FFLO 
phase in spin polarized superconductors.  
 
RECENT IDENTIFICATIONS OF SOLITONS IN QUASI 1D ELECTRONIC SYSTEMS AND 
GENERALISATIONS TO STRONG CORRELATIONS IN HIGHER DIMENSIONS. 

 
We review a progress in experiments and theory, elucidating the role of microscopic solitons 

in quasi-1D electronic systems with a symmetry breaking. The recent interest rises from a discovery 



of the ferroelectric charge ordering in organic conductors, and from nano-scale tunneling experiments 
in Charge Density Wave (CDW) materials. The charge ordering allows to observe several types of 
solitons in conductivity and permittivity, and solitons' bound pairs in optics, in a fruitful comparison 
with conducting polymers. Internal tunneling in CDWs goes through the channel of “amplitude 
solitons”, which correspond to the long sought quasi-particle - the spinon. The tunneling experiment 
also gives an access to the reversible reconstruction of the junction via spontaneous creation of a 
lattice of phase solitons – a grid of dislocations. Individual solitons have been visually captured in 
recent STM experiments. On this basis we extrapolate to a picture of combined topological 
excitations in general strongly correlated systems: from nearly antiferromagnetic oxides to 
superconductors with strong coupling. They are viewed as elementary fragments of stripes or FFLO 
walls. 

________________________ 
 

EXCITATIONS IN STRONGLY CORRELATED ELECTRONIC SYSTEMS: 
CONFINEMENT AND DIMENSIONAL CROSSOVER. 

 
In strongly correlated electronic systems the excitation gap is originated by a spontaneous symmetry 
breaking and usually it develops only for one degree of freedom: charge for magnetic or Mott 
insulators and spin for singlet states. Then the fate of embedded electrons or holes (doping, 
tunneling, photoemission, optics, field effect) is to separate their charge and spin quantum numbers 
to different reservoirs. The effect is well established theoretically and experimentally in one 
dimensional 1D systems where solitons emerge as elementary excitations. They have been observed 
in conducting polymers, spin-Peierls chains, organic metals, Charge- and Spin Density Waves. In the 
general 2D or 3D world, these topologically nontrivial states experience the confinement resulting in a 
particular spin-charge recombination. It originates the spin- or charge- roton like configurations with 
charge- or spin- kinks localized in the core, correspondingly for cases of repulsion and attraction. 
Thus for the doped Mott insulator the spin-roton complex assists the holon propagation. For 
superconductors we find a π- vortex ring with the spinon bound to its center; here the spinon 
functions as the single electronic π- junction. The rich order parameter of Spin Density Waves allows 
for an unusual object of a complex topological nature:   the half-integer dislocation combined with the 
semi-vortex of the staggered magnetization. These excitations can be also viewed as the nucleus of 
the melted stripe phase which is typically observed under higher doping or of the FFLO phase in spin 
polarized superconductors. The crossover from bare band states to these combined quasi particles 
can describe the pseudogaps observed in tunneling, optics, photoemission.  
 

REFERENCES: cond-mat/0006355/0004313/9911143/0204147 
__________________________________________________________________ 

SOLITONS AND THEIR ARRAYS IN QUASI 1D CONDUCTORS. 

Recent interest to solitons in electronic processes emerges from a discovery of the 
ferroelectric charge ordering in organic conductors1 and from nano-scale tunneling 
experiments2 in Charge Density Wave (CDW) materials. Solitonic supertstructures are also 
seen, as discommensurations’ lattices or as arrays of dislocations, in space resolved X ray 
diffraction from synchrotron sources. The lattice of solitons must be present in recent 
experiments at high magnetic fields, where a CDW is broken by the Zeeman splitting. 
Corresponding dynamical processes - instantons are responsible for subgap transitions 
leading to a pseudogap formation3. Charge ordering allows to see solitons in conductivity and 
optics. In CDWs, the internal tunneling2a  of electrons goes through the channel of amplitude 
solitons, which correspond to the long sought quasiparticle - the spinon. The same experiment 
gives an access to the reversible reconstruction of the junction via spontaneous creation of the 
solitonic lattice grid2b. Its formation shows up through the staircase structure of the subgap 
tunneling spectrum. The resolved tunneling in the normally forbidden subgap region recovers 
collective quantum processes like coherent phase slips3. The theory involves interaction of 
gapful and gapless degrees of freedom resulting in allowed combined topological excitations. 



1 P.Monceau, F.Ya. Nad, S.Brazovskii, Phys. Rev. Lett., 86, 4080 (2001).  
2 Yu.I. Latyshev, P. Monceau, S. Brazovski, et al,  
a : LPhys. Rev. Lett., 95, 266402 (2005) and b: Phys. Rev. Lett., 96, 116402 (2006). 
3 S. I. Matveenko and S. Brazovskii, Phys. Rev. B 72, 085120 (2005). 

__________________________________________________________________ 
 

SOLITONS FROM CDWS TO FFLO 
 
Both Charge Density Waves (CDW) and superconductors (SC) are the spin-singlet states, 
which are subject to deparing under the Zeeman effect of magnetic field. Above a certain 
critical field, the ground state is affected by developing a periodic superstructure. In 
superconductors it is known as the FFLO state, which formation is a very week effect unless it 
is endorsed by strong coupling ∆~EF, or by open or partly flattened Fermi surfaces. Then the 
theory (S.B. et al 1981-83 for CDWs, Buzdin et al, Machida et al 1984 for SCs) predicts a 
solitonic lattice with unpared spins localized at midgap states near the order parameter nodes. 
For CDWs there are convincing theoretical and experimental evidences, see short reviews 
[1,2] that, beyond the coherent walls, the amplitude solitons (the walls building blocks) exist as 
quasi particles, the spinons. These subgap particles are more favourable than electrons, and 
they would determine the observable properties which are usually ascribed to conventional 
electronic overgap excitations. At presence of a 2D or a 3D long range order, the topologically 
nontrivial solitons experience the confinement resulting in the spin-charge recombination. It 
originates the symmetry broken roton configuration for the phase coupled with spin- bearing 
kink of the core.  Based upon the CDW notion, in SCs we expect to find a tightly bound pair of 
half-integer vortices sharing one unpaired spin. Its alternative in 2D is a single pancake vortex 
with a half-filled midgap state. 
[1] S. Brazovskii, J. of Superconductivity and Novel Magnetism, 20, 489 (2007);  

http://arxiv.org/abs/0709.2296v1. 
[2]S. Brazovskii, http://dx.doi.org/10.1016/j.solidstatesciences.2008.01.022. 

______________________________________ 
 

 
THEORY VIEWS OF NEW EXPERIMENTAL OBSERVATIONS OF  

SOLITONS IN QUASI 1D CONDUCTORS. 
(with Yu.I. Latyshev, S.I. Matveenko, P. Monceau) 

 
Physics of solitons in electronic processes was brought to the science of synthetic metals in 
1970’s through theories of charge density waves (CDW). It was boosted in the 1980’s epoch of 
the polyacetylene and the SSH model. Solitons have reentered in 2000's through the discovery 
of the ferroelectric charge ordering in organic conductor1 and via new nano-scale 
experiments2,3 in CDW materials. Corresponding dynamical processes - instantons are 
responsible for subgap transitions leading to a pseudogap formation4.  We are concerned with 
Electronic Crystals like Charge Disproportionation and CDWs, while their Wigner forms are 
also known in nano-wires and expected in doped polymers. Their common property is a deep 
selftrapping of electrons and their pairs into solitons, polarons, bipolarons. The theory tells1-4 
that here the electronic processes (dynamic - optics, tunneling, kinetic - conductivity, static - 
doping, field effect) goes on via discommensurations, dislocations, solitons. We shall 
demonstrate that all these effects appear in contemporary experiments. We shall recall 
experiments confirming solitons in organic metals, and particularly concentrate upon latest 
direct observations of microscopic solitons in processes of the coherent interlayer tunneling in 
inorganic CDWs2,3. We shall describe special nano-scale devices fabricated from the chain 
compound NbSe3 using focused ion beams2,3. Tunneling spectra were drastically refined by 
working at high magnetic fields. Experiments2 prove that the internal quantum tunneling of 
electrons goes through channels of solitons, which might correspond to the long sought 
special quasiparticle - the spinon. The same experiments give access to reversible 
reconstruction of the junction via spontaneous creation of the solitonic lattice grid3. Its 

http://dx.doi.org/10.1016/j.solidstatesciences.2008.01.022�


formation shows up through the staircase structure of the subgap tunneling spectrum. Most of 
tunneling takes place in the cores of the solitonic grid. The resolved tunneling in the normally 
forbidden subgap region recovers collective quantum processes like coherent phase slips4. 
1 P.Monceau, F.Ya. Nad, S.Brazovskii, Phys. Rev. Lett., 86, 4080 (2001).  
2 Yu.I. Latyshev, P. Monceau, S. Brazovskii, A.P. Orlov, T. Fournier, Phys. Rev. Lett. 95, 266402 (2005).  
3 Yu.I. Latyshev, P. Monceau, S. Brazovskii, A.P. Orlov, T. Fournier, Phys. Rev. Lett., 2006.  
4 S. I. Matveenko and S. Brazovskii, Phys. Rev. B 72, 085120 (2005). 

 
II. Strong correlations. 

 
FIELD EFFECT AND INTERNAL TUNNELING IN STRONGLY CORRELATED ELECTRONIC 

SYSTEMS: REVIEW OF EXPERIMENTS AND A THEORIST VIEW. 
(with N. Kirova) 
 
The idea of special oxides electronics can be traces back to the suggestion [1,2] for the 
"...charge injection at the surface of Schottki or MIS junctions" in undoped cuprates with a goal 
to reach a "... possible superconductivity of this system, induced on the surface by an external 
electric field, … which can be realized in ... field effect transistor. The considered effect can be 
also used to manufacture superconducting electronic devices controlled by electric field."  
It is timely to recall these ideas in view of a recent trend in physics of strongly correlated 
electronic systems to treat, and attempt to exploit, them as both super- and semi- conductors. 
The endorsement comes from the ferroelectrically enhanced field effect in HTSC (Triscone et 
al - Geneva), from field- or optically induced metallization in TMOs (Tokyo – Miyano et al, ISSP 
- Hiroi et al, Tsukuba - Inoue et al), from most recent observation of superconductivity in HTSC 
induced by interlayer charge transfer (Chicago-BNL - Abamonte, Bozovic et al) and by ionic 
FET (Ueno et al, Sendai).  The side impact [3,4] comes from the method of intrinsic coherent 
tunnelling in nano-scale mesa structures, which has been applied to both superconducting 
cuprates and to chain materials TM tri-chalcogenides. The last line has brought confirmations 
for both the reconstruction of the electronic ground state at the junction and for the tunnelling 
through channels of solitons.  
[1] S. Brazovskii, N. Kirova, V. Yakovenko, Solid State Commun., 55 (1985) 187. 
"On the possible superfluidity of bipolarons on the junction surface" 
[2] S. Brazovskii, V. Yakovenko, JETP Lett., 48 (1988) 171. 
``On the superconductivity at the surface of a contact of insulating La2CuO4'' 
[3] Yu.I. Latyshev, P. Monceau, S. Brazovski, et al: 95, 266402 (2005); 
“Observation of charge density wave solitons in overlapping tunnel junctions”,  
Phys. Rev. Lett., 96, 116402 (2006). 
“Subgap collective tunneling and its staircase structure in charge density waves” 
  
 
 

SELF-TRAPPING OF PARTICLES FROM SINGULAR POCKETS IN THE  
WEAKLY DOPED AFM MOTT INSULATOR. 

(with A. Rojo Bravo) 

We consider effects of self-trapping of particles added or excited over the insulating state of an 
antiferromagnetic Mott insulator. The state of an electron or a hole (as appears in ARPES), or 
of their bound pair (as appears in optics) can be modified by interactions with collective 
degrees of freedom – deformations of the lattice or of the spin environment. The resulting self-
localized state lowers the total particle energy, enhances its effective mass and splits off the 
electronic level below the nominal insulating gap. We show theoretically that the effect is 



particularly pronounced for states near the (π,0) type point of the Brillion zone of the CuO2  
because of a proximity to the van Hove singularity. The results are clearly important for the 
electron-doped cuprates where these points correspond to spectrum bottom for electrons. The 
effect is indirectly important for lightly hole-doped cuprates concerning the spectrum transfer 
between the nodal arcs and the dark anti-nodal regions.  

 
III.  Organic conductors, conjugated polymers, CDWs. 

 
Ferroelectricity in Organic and Polymeric Conductors. 
One of the first discoveries by I.F.Schegolev (with L.I.Buravov) in the new science of organic 

metals was a very high dielectric susceptibility ε coexisting with a good conductivity. Their method 
have been widely used, resulting e.g. in observations (A.Epstein et al, mid 80's) of anomalies in ε(T) 
for the most studied family of quasi 1D organic compounds. Baptized the "structural transitions" 
(C.Coulon), these anomalies were not explained, and soon abandoned and forgotten. Through 
decades this line of observations have led in early 2000's to finding of the never expected 
ferroelectricity. 

The family of quasi one-dimensional molecular conductors TMTTF/TMTSF-X demonstrates, 
since 1980, almost all known electronic phases in parallel with a set of weak structural "anionic" 
transitions (J.P. Pouget and S. Ravy in [1]), and some mysterious ``structureless`` ones (C.Coulon et 
al 1985).  Only in 2001 their nature became elucidated by discoveries of the ferroelectric anomaly [2] 
and of the underlying charge disproportionation (S.Brown et al). The phenomenon unifies a variety of 
different concepts and observations in quite unusual aspects or conjunctions: ferroelectricity of good 
conductors, structural instability towards Mott-Hubbard state, Wigner crystallization in a dense 
electronic system (K.Kanoda), ordered 4KF density wave (J.P. Pouget and S.Kagoshima),  interplay 
of structural and electronic symmetries (S.B. and V.Yakovenko), richness of physics of solitons (S.B. 
and N.K.)). 

The corresponding theory of the "combined Mott-Hubbard state" deals with 'orthogonal' 
contributions to the Umklapp scattering of electrons (once predicted by I.Dzyaloshinskii and A.Larkin) 
which come from the two symmetry breaking effects: the built-in nonequivalence of bonds and the 
spontaneous nonequivalence of sites. The state gives rise to several types of solitons, all of them 
showing in experiments. On this basis we can interpret such experiments, existing or future,  as 
optical absorption and photoconductivity, combined ferroelectric resonance and the phonon anti-
resonance, plasma frequency reduction. The unambiguous identification of solitons as elementary 
excitations allows to speculate on their role in general strongly correlated electronic systems. 

The new turn of life of high ε comes from our recent project [3] to generalize the ferroelectric 
state of organic crystals to conducting polymers, within a general frame of the "ferroelectricity in π-
conjugated systems". Curiously, the suggested design return us to W.Little drawings for a supposedly 
superconducting polymer - the idea which once has provoked the generation of I.F.Schegolev to start 
building our vast science of Synthetic Metals. We argue that one polar polyene does exist already, 
without its virtues being recognized. The technology of polymers will bring the strongly requested 
plastic materials as transducers and actuator, particularly necessary in medical echography. Such 
fundamental units as solitons will work in applications as repolarizing domain walls, and will bridge 
optical features and the low frequency response. 

1. Common Trends in Synthetic Metals and High-Tc Superconductors", I.F. Schegolev 
memorial volume, S. Brazovskii ed., J. de Physique, France, 6 (1996). 

2. P.Monceau, F.Ya. Nad, S.Brazovskii, Phys. Rev. Lett., 86, 4080 (2001); for a review: S.B., 
cond-mat/0606009. 

3. N. Kirova, S. Brazovskii, Proceedings of ECRYS-08, Physica B, 404, 382, (2009); 
Proceedings of ICSM-08, to be publ. 

______________________________________________________________ 



Electrodynamics of the Ferroelectric State in Organic Conductors 
 

S. Brazovskii, P. Monceau, and F.Ya. Nad 
Ferroelectricity related to charge ordering was discovered in quasi 1D organic conductors and 
in some layered ones [1]. The gigantic dielectric permittivity ε ~106 coexists with a low-
activated conductivity. That gives rise to the new material - “ferroelectric Mott insulator”. The 
intrinsic conductivity by spinless particles, π-solitons, provides screening which eliminates the 
common hysteresis. That can lead to fast repolarisation, and to unusual mono-domain state. 
Crossing the transition temperature recovers effects of aggregation of solitons into macroscopic 
domain walls. We present and interpret the experimental data allowing to separate the 
relaxation within domains and the repolarisation via sweeping of domain walls. By analysis of 
both real and imaginary parts of ε we determine the critical slowing-down when approaching 
the transition temperature, and the low frequency absorption features coming from the creep of 
domain walls. We give a theory of the walls viscosity through interaction with currents of 
solitons. We analyze identification of solitons and characterisation of the Mott state in optical 
experiments. 
 [1] Springer Series in Mat. Sci, v. 10 (2008) - reviews by  

S. Brazovskii, P. Monceau et al, S.E. Brown et al. 
_____________________________________________________________________ 
 
 

THEORY OF THE FERROELECTRIC PHASE IN ORGANIC CONDUCTORS: 
FROM PHYSICS OF SOLITONS TO OPTICS. 

 
The family of molecular conductors TMTTF/TMTSF-X demonstrates almost all known electronic 
phases in parallel with a set of weak structural transitions and some mysterious ``structureless`` 
ones.  Recently, their nature became elucidated by discoveries of a huge dielectric anomaly 
(P.Monceau and F.Nad, Grenoble-Moscow) and by the NMR evidences for the charge   
disproportionation (S.Brown et al, UCLA; H.Fujiyama, IMS). The observations have been interpreted 
as the never expected  Ferro-Electric transition. Moreover, it happened to be a special form of the 
charge disproportionation already predicted by Seo and Fukuyama.  

The phenomenon unifies a variety of different concepts and observations in quite unusual 
aspects or conjunctions: the ferroelectricity of good conductors, the structural instability towards the 
Mott-Hubbard state, the Wigner crystallization  in a dense electronic system, the ordered 4kF density 
wave, richness of physics of solitons, the interplay of structural and electronic symmeries. Our theory 
of the "combined Mott-Hubbard state"  deals with 'orthogonal' contributions to the Umklapp scattering 
of electrons coming from the two symmetry breaking effects: the build in nonequivalence of bonds 
and the spontaneous nonequivalence of sites. The state gives rise to three types of solitons: pi- 
solitons (holons) are observed via the activation energy ∆ in the conductivity G; noninteger alpha -  
solitons (the FE domain walls) provide the frequency dispersion of the ferroelectric response; 
topologically coupled combined spin-charge solitons determine G(T) below an occasional subsequent 
structural transition of the tetramerisation or of the  spin-Peierls transition. The photoconductivity gap 
2∆ is determined by creations of soliton - antisoliton pairs. The optical edge lies well below, given by 
the collective electronic mode which coexists with the combined ferroelectric-phonon resonance and 
the phonon antiresonance. The reduced plasma frequency signifies on the strong mass 
enhancement due to the coupling of the collective charge mode with acoustic phonons.  

REFERENCES: cond-mat/0012237/0304076/0304483/0306006 
__________________________________________________________________ 
 

 
 
 



ELECTRONIC INTERACTIONS AND EXCITONS IN CONDUCTING POLYMERS:  
AT THE VERGE OF STRONGLY CORRELATED SYSTEMS AND 1D SEMICONDUCTORS. 

(with N. Kirova) 
 

We review the recent progress in the unified theory for optical and electronic properties of 
conducting polymers. We consider both the generic features as 1D semiconductors and 
particularities of the most important in applications phenyl group. Bringing together languages of 
the solid state theory and the quantum chemistry allows us to take into account strong electronic 
correlations upon the semiconductor type approach. The theory operates with a few parameters 
which can be determined experimentally or from ab initio calculations. The model explains, 
exploits and organizes various experimental and numerical findings. We connect such different 
questions as coexistence of shallow singlet and deep triplet excitons in phenylenes, crossing of 
Bu and Ag levels in polyenes, common 1/L energy dependencies in oligomers. We can interpret 
several observed time delay regimes in luminescence, fluorescence and phosphorescence due 
to conversion between various types of excitons. In details we consider the fundamental edge 
structure and describe the suppression of the DOS singularity by the long range Coulomb 
interactions in the final state of the e-h pair. We study the series of the shallow excitons, 
particularly at presence of the strong electric field. The last allows explaining new sharp spectral 
features observed in photoconductivity. The specific on-site e-h repulsion can lead to inversion 
of optically allowed and forbidden transitions.  
http://dx.doi.org/10.1016/j.synthmet.2003.09.024 
http://dx.doi.org/10.1016/j.cap.2004.01.002 
___________________________________________________ 
 
 

IV. Charge Density Waves. 

Modeling of the ground state reconstruction by vortexes in nano-junctions  
of Charge Density Waves 
A common form of organization of charges are the Electronic Crystals [1]. They take forms of 
Wigner cristals at hetero-junctions and nano-wires, charge density waves (CDW) in chain 
compounds, spin density waves or the charge ordering in organic conductors, stripes in doped 
oxides. CDW is a particular kind of electronic crystal: most accessible experimentally and best 
treatable theoretically. In the CDW ground state, the elementary units can be readjusted by 
absorbing or rejecting pairs of electron. Such a process should go via topologically nontrivial 
configurations: solitons and dislocations – the CDW vortexes. A new experimental access to 
those states came from studies of nano-fabricated mesa-junctions [2], from the STM and from 
the coherent X-ray micro-diffraction. Following these requests, we performed a program of 
modeling of stationary states and of their transient dynamic for the CDW in restricted 
geometries. The model takes into account multiple fields in mutual nonlinear interactions: the 
two-component order parameter of the CDW, distributions of the electric field, the density and 
the current of normal carriers. We find that vortexes are formed in the junction when the 
voltage across, or the current through, exceed a threshold; the number of vortexes increases 
step-wise - in agreement with experiments. The vortex core concentrates the voltage drop 
across the junction giving rise to observed peaks of the inter-layer tunneling [latyshev]. The 
studied reconstruction in junctions of the CDW may be relevant to modern efforts of the field-
effect transformations in strongly correlated material which also show a spontaneous symmetry 
breaking.   
[1] Proceedings of ECRYS 2008, Physica B, 404, (2009).  
[2] "Subgap collective tunneling and its staircase structure in charge density waves"  
Yu. I. Latyshev, P. Monceau, S. Brazovskii, et al, Phys. Rev. Lett., 96, 116402 (2006). 
 

http://dx.doi.org/10.1016/j.cap.2004.01.002�


Nonequilibrium coherent dynamics in Charge Density Waves 
from femto-second optical experiments and their modeling. 

 
Problems in temporal evolution of symmetry breaking phase transitions span subjects from 
high energy and cosmology, to condensed matter. The reported new approach [1] is the 
optical study of a far-from-equilibrium evolution of the electronic charge ordering after a 
quench caused by an intense laser pulse. Technique of multi-pulse spectroscopy with a femto-
second resolution allowed to simultaneously monitor both bosonic and fermionic components, 
coherent aperiodic undulations of the order parameter, critical slowing down of the collective 
mode (akin to the Higgs boson), and evolution of the particle-hole gap which is due to the 
Peierls-BCS mechanism. 
The numerical modeling with no fitting parameters allowed reproducing the observations, 
particularly the spatio-temporal distortions: “Higgs waves” arising from “earthquakes” - 
annihilation events of topological defects in depth of the sample. The results give a rare 
access to the in-situ dynamics of phase transitions. 
We shall discuss also other manifestation of strong amplitude perturbations. At a local 
microscopic scale accessed by the STM, the amplitude solitons play a role of neutral spin 
carriers - spinons. Their aggregation into solitonic lattices gives rise to modulated phases in 
spin-polarised superconductors or Charge Density Waves. 
  
[1] In collaboration with D. Mihailovic group at the Jozef Stefan Institute,Ljubljana, Slovenia. 
R. Yusupov, et al, “Coherent dynamics of macroscopic electronic order 
through a symmetry breaking transition”, Nature Physics, 2010  

__________________________________________________________ 
 

INSTANTON APPROACH TO PSEUDOGAPS IN SPECTRA OF ONE-DIMENSIONAL 
ELECTRON-PHONON SYSTEMS:   
FROM SEMICONDUCTING WIRES TO INCOMMENSURATE CHARGE DENSITY WAVES. 
(with S. Matveenko) 
 
Notion of a pseudogap refers to systems where  gaps in their bare electronic spectra are only 
partly established showing subgap tails. Pseudogaps attract much attention in physics of 
strongly correlated systems:  from High-Tc superconductors to Charge Density Wave CDW 
materials.  We consider a class of one-dimensional 1D systems including incommensurate 
charge density waves and 1D semiconductors (quantum wires, nanotubes). Particularities of 
both cases are determined by the topological nature of stationary excited states (amplitude 
solitons and acoustic polarons) and by presence of gapless phasons or phonons which 
change the usual dynamics to the regime of the quantum dissipation. In the frame of functional 
integration and within the adiabatic approximation, the probabilities are given by nonlinear 
configurations of an instanton type. We calculate the subgap absorption as it can be observed 
by means of the photo electron spectroscopy PES with extensions to tunneling and optics. 
Just below the free particle edge, the transition rate decrease exponentially; here the 
pseudogap is formed by an instantaneous disorder of quantum fluctuations. Deeply within the 
pseudogap, the absolute edge is approached by the power law; it comes from the sound 
emittance in the course of the soliton formation. 
 
cond-mat/0305498/0208121 

 
 
 
 
 
 
 
 



THEORY OF PLASTIC FLOWS IN APPLICATION TO  CURRENT CONVERSION. 
 
Experimental studies show that the sliding state is essentially inhomogeneous with different 
effects near contacts, in the bulk or at obstacles. We suggest a theoretical picture for 
distributions of plastic deformations experienced by a sliding Charge Density Wave in the 
course of the conversion from the normal current at the contact to the collective  one in the 
bulk.  We present a general scheme to approach the space – time evolution of deformations, 
electric fields and currents with particular emphasize to the current conversion process in 
Charge Density Waves. We derive general equations for the multi-fluid hydrodynamics of 
plastic flows which allow, in principle, to study the transformation of  injected carriers from 
normal electrons to new periods,  collective motion in constrained geometry as well as the 
plastic contribution to non-linear  current-voltage characteristics. (with N. Kirova) 
__________________________________________________________________ 
 

THEORY OF SPACE RESOLVED PROPERTIES OF CDWS. 
(with N. Kirova) 

 
Recent progress in physics of Charge Density Wave (CDW) is mostly related to micron scale 
local probes. There are junctions and the space resolved X ray diffraction from synchrotron 
sources. The experimental have shown that the sliding state is essentially inhomogeneous 
with different effect near contacts, in the bulk or at obstacles. CDWs in constraint geometry 
experience stresses which can easily exceed a plastic threshold. The stress is resolved by 
creation of dislocation lines, which are supposed to participate in depinning, in phase slips, in 
Narrow Band Noise generation, in contact structures. The first part of the talk describes an 
approach to the space-time evolution of deformations, electric fields and currents with 
particular emphasize to the current conversion process in CDWs. We derive the general 
equations for the multifluid hyfrodynamics of plastic flows, which allow to study transformations 
of injected carriers from normal electrons to new periods, collective motion in constrained 
geometry, and the plastic contribution to the non-linear current-voltage characteristics. The 
results are applied to earlier space resolved X-ray experiments in Grenoble and at Cornell. 
The second part is devoted to the X-ray scattering from CDW with dislocations. We perform 
precise calculations for a special model of the surface scattering at presence of an array of 
dislocation lines which are assumed to be well aligned, submerged at the same depth but 
spaced randomly. The results recover such generally important features as nonsymmetry of 
intensity profiles I(q) and competition between their single and double peak shapes. We 
discuss the recent experimental results at Orsay on X-ray Diffraction of Charge Density Wave 
in the blue bronze (K0.3MoO3) under large electric current 
REFERENCES:   STRIPES-2008 proceedings 
_________________________________________________________ 
 
STRONG PINNING PICTURE OF SLIDING  DENSITY WAVES.  
(with A. Larkin) 
 
New experimental studies of pinning and sliding brink more insight to the role of metastable 
plastic deformations. In electronic crystals they determine the low frequency and low 
temperature anomalies of the dielectric susceptibility and totally nonlinear current-voltage I-V 
characteristics. We present a theory of plastic deformations due to the pinning induced 
dislocation loops which originate the local metastable states.  Within the same model we 
describe several remarkable features which became commonly observed in Charge and Spin 
Density Waves and should be noticed in Wigner crystals and vortex lattices.. Namely the 
susceptibility anomalies result from a competition of the local relaxation with the collective 
pinning affected by freezing of the Coulomb screening. With increasing sliding velocity v, the 
metastable states of decreasing lifetimes ~1/v are accessed. The phenomenon of the upper 
critical field in I-V curves shows up when the shortest life time configurations are accessed by 
the fast moving density wave. 
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