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Grassmannians and multi–soliton solutions to KP-II:
an algebraic geometric approach

Simonetta Abenda
Department of Mathematics, University of Bologna, Italy

Talk Summary: The problem of characterizing classes of solutions to the KP-II equation has
attracted the attentions of many outstanding mathematicians since its introduction. A (N,M)-
soliton solution to KP-II is a real bounded regular solution u(x; y; t) which has M line soliton
solutions in asymptotics in the x, y plane whose directions are invariant w.r.t. to t. These solutions
are defined as a torus orbit on the Grassmannian manifold Gr(N,M). They may be classified in
terms of the matroid strata in the totally non-negative part of Gr(N,M) and to each such point
there is associated a real and totally non-negative matrix A in reduced echelon form. In a series of
recent papers, Yuji Kodama and collaborators settled conditions to associate the directions of the
asymptotic solitons to the combinatorial classification of the Grassmannian.

In this talk we address the classification problem of such multi-solitonic solutions from another
point of view: we associate to a generic point in the totally non negative part of Gr(N,M) a
compatible set of (N + 1) divisors sitting on a m-curve (perturbation of the rational curve associated
to the multi-solitonic solution) and give an explicit representation of the matrix A in terms of such
system of divisors. The choice of such divisors is unique under the requirement that the matrix A
is irreducible and in row echelon form. (Joint work with P.G. Grinevich)

Optical solitons in PT -Symmetric Nonlinear couplers with gain and loss

Nora Alexeeva
University of Cape Town Rondebosch, South Africa

Poster Summary: The two-dimensional PT symmetric coupler with gain in one waveguide and
loss in the other,

iut + uxx + 2|u|2u+ v = iγu,

ivt + vxx + 2|v|2v + u = −iγv,

supports two families of solitons. We show that their stability properties are completely determined
by a single self-similar function of the gain/loss coefficient of the waveguides and the soliton’s
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amplitude. One of the two types of solitons is stable when its amplitude is lower than a certain
threshold; the other one is always unstable but the instability growth rate becomes exponentially
small when its amplitude decreases. Despite the presence of gain and loss, the evolution of small
perturbations about the soliton is conservative. The stability properties change dramatically when
the system is set on a lattice:

iu̇n + C(un+1 + un−1) + 2|un|2un + vn = iγun,

iv̇n + C(vn+1 + vn−1) + 2|vn|2vn + un = −iγvn.

Dust Fluid Tilted Bianchi Type V Cosmological Models
With Electromagnetic field

Anita Bagora
Department of Mathematics, Jaipur National University, India,

Poster Summary: Tilted Bianchi type V cosmological model in the presence of magnetic field
and dust fluid is investigated. The physical and geometrical aspects of the model together with
singularities in the model are discussed. (Joint work with Rakeshwar Purohit)

PT -symmetry breaking and PT -symmetric solitons
in a necklace of coupled optical waveguides

Igor Barashenkov
University of Cape Town, South Africa and New Zealand Institute for Advanced Study, Auckland

Talk Summary: We consider parity-time (PT ) symmetric arrays formed by N optical waveguides
with gain and N waveguides with loss. When the gain-loss coefficient exceeds a critical value γc,
the PT -symmetry becomes spontaneously broken. The first purpose of this study is to calculate
γc(N) — for open or periodic necklaces, with alternating or clustered waveguides. We give an
exact solution in terms of zeros of orthogonal polynomials. Second, we show that in the symmetric
phase, the necklace supports 2N solitons with different frequencies and polarisations. It is argued,
however, that the generic localised objects observed in this system are not solitons but breathers.

SU(3) magnet: finite-gap integration on the lowest genus curve

Julia Bernatska
National University of Kyiv-Mohyla Academy, Ukraine

Talk Summary: We consider integrable systems on coadjoint orbits of the SU(3) loop group,
among them the integrable system of isotropic SU(3) Landau-Lifshits equation [J Phys A 42(2009)
075401]. We connect the mentioned equation with an isotropic SU(3) magnet because it describes
the mean field of magnetic and quadrupole moments in a spin-1 lattice. For the system of isotropic
SU(3) Landau-Lifshits equation we perform separation of variables similar to Sklyanin’s one [Com-
mun Math Phys 150(1992) 181-191]. Then we integrate in the lowest finite gap, where the spectral
curve is elliptic.
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Projective differential geometry of
multidimensional dispersionless integrable hierarchies

Leonid Bogdanov
L.D. Landau Institute of Theoretical Physics, RAS, Moscow, Russia

Talk Summary: We introduce a construction describing multidimensional dispersionless integrable
hierarchies in terms of dynamics on the Grassmanniann of N-dimensional subspaces of cotangent
space, naturally associated with decomposable differential N-form. We demonstrate that the cor-
responding (N+1)-dimensional hierarchy is represented as a gauge-invariant (projective) part of
the closedness condition for the N-form depending analytically on one of its variables (the spec-
tral variable). Several examples including the Manakov-Santini hierarchy and the case connected
with Plebanski heavenly equation are considered. The connection with coisotropic deformations is
discussed. (Joint work with B. Konopelchenko)

Nonlinear pulse shaping and soliton dynamics in mode-locked fibre lasers

Sonia Boscolo
Aston Institute of Photonic Technologies, School of Engineering and Applied Science,

Aston University, Birmingham, UK

Talk Summary: We review several new nonlinear mechanisms of pulse shaping that currently
drive rapid progress in passively mode-locked fibre lasers. These include self-similar (similariton)
propagation in passive and active fibres, a mode-locking regime featuring pulses with a triangular
distribution of the intensity, and spectral compression arising from nonlinear pulse propagation.
We also present recent experimental results on new families of vector solitons with the precessing
states of polarization for fundamental, multipulse and bound state soliton operations in a carbon
nanotube mode-locked fibre laser operating at anomalous dispersion.

Alternative Sets of Multisoliton Solutions of Some Integrable Equations

Georgy I. Burde
Ben-Gurion University, Israel

Talk Summary: Exact explicit solutions, which describe new multisoliton dynamics, have been
identified for some integrable equations. It is found that the equations, admitting common multi-
soliton solutions, possess also an alternative set of multi-soliton solutions which include localized
static structures. The localized structures behave like (static) solitons upon collisions with regular
moving solitons, with their shape remaining unchanged after the collision and only the position
shifted. The alternative sets of solutions consist of the steady-state solution describing the static
soliton itself and unsteady solutions describing mutual interactions in a (static soliton + N moving
solitons) system. The solutions leading to discovery of these phenomena were obtained using a
method devised for obtaining soliton solutions of nonlinear evolution equations [1, 2]. As distinct
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from common multi-soliton solutions those solutions represent combinations of algebraic and hy-
perbolic functions. Solutions which describe mutual interactions in a system consisting of a static
soliton and several moving solitons can be algorithmically derived using the Hirota method with
a modified representation form. Moreover, it appears that for some equations (e.g., the Sawada-
Kotera equation [3, 4]) solutions for systems consisting of a static soliton and one, two, and three
moving solitons can be directly constructed from the common one-, two-, and three-soliton solutions
using the same simple rule. It makes it plausible that the (static soliton + N soliton) solutions
can be obtained from common N-soliton solutions using that rule for any N and that mutual in-
teractions in such a system including a static soliton are elastic, as they are in the one-, two-, and
three-soliton cases. Those results may reveal new aspects of the concept of integrability.

References:
1 G. I. Burde, J. Phys. A: Math. Theor. 43, 085208 (2010).
2 G. I. Burde, Phys. Rev. E 84, 026615 (2011).
3 K. Sawada and T. Kotera, Prog. Theor. Phys. 51, 1355 (1974).
4 P. I. Caudrey, E. K. Dodd, and J. D. Gibbon, Proc. R. Soc. London, Ser. A 351, 407 (1976)

Initial and Inverse Problems for Nonlinear Diffusion Equations

Diletta Burini
Dipartimento di Matematica e Informatica Università degli Studi di Perugia, Italy

Talk Summary: I will present the study of nonlinear effects in fluid dynamics modeled by nonlinear
evolution equations of diffusive type. Two models will be considered:

• the so-called nonlinear heat equation under an external forcing of distribution type will be
analyzed. The corresponding IBV problem on the whole line will be solved, i.e. reduced to
a nonlinear Volterra integral equation which is shown to admit a unique solution for small
intervals of time;

• a method for constructing the Dirichlet-to-Neumann map for a nonlinear diffusion-convection
equation is presented. The problem is reduced to the solution of a nonlinear integral equation
in one independent variable. Existence and uniqueness of the solution may be proven for
small times via a contraction mapping technique.

Isochronous systems are not rare

Francesco Calogero
Physics Department, University of Rome ”La Sapienza”, Roma, Italy

Talk Summary: I will provide an overview of isochronous dynamical systems: their existence and
physical relevance.
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Partially integrable PT-symmetric hierarchies
of some canonical nonlinear partial differential equations

S. Roy Choudhury
Dept. of Mathematics, University of Central Florida, MSB 207, Orlando, FL 32816-1364, USA

Poster Summary: We generalize the work of Bender and co-workers to derive new partially-
integrable hierarchies of various PT-symmetric, nonlinear partial differential equations. The possi-
ble integrable members are identified by employing the Painlevé Test, a necessary but not sufficient
integrability condition, and are indexed by the integer n corresponding to the negative of the
order of the dominant pole in the singular part of the Painlevé expansion for the solution. For
the PT -symmetric Korteweg-de Vries (KdV) equation, as with some other hierarchies, the first
or n = 1 equation fails the test, the n = 2 member corresponds to the regular KdV equation,
while the remainder form an entirely new, possibly integrable hierarchy. Integrability properties
of the n = 3 and n = 4 members, including Bäcklund Transformations, a ’near-Lax Pair’, and
analytic solutions are derived. The solutions, or solitary waves, prove to be algebraic in form,
and the extended homogeneous balance technique appears to be the most efficient in exposing the
near-Lax Pair. The PT -symmetric Burgers’ equation fails the Painlevé Test for its n = 2 case,
but special solutions are nonetheless obtained. Also, PT -Symmetric hierarchies of 2+1 Burgers’
and Kadomtsev-Petviashvili equations are analyzed. Extensions of the Painlevé Test and Invariant
Painlevé analysis to 2+1 dimensions are utilized, and BTs and special solutions are found for the
cases which pass the Painlevé Test. (Joint work with K. Pecora)

About the Quasi Steady State Approximation for a Reaction Diffusion System
Describing a Chain of Irreversible Chemical Reactions

Fiammetta Conforto
Dept. of Mathematics and Computer Sciences, University of Messina, Messina, Italy

Poster Summary: We present a rigorous proof of the quasi steady state approximation (QSSA)
in the context of a system of reaction-diffusion equations describing typical chains of irreversible
chemical reactions, such as 

A+B −→ C +D
D + E −→ A+ C
C + E −→ A

(1)

or its simpler version 
A+B −→ C +D
D + E −→ A+ C
C −→ A

(2)

Each species is supposed to have its own diffusion rate, and the species C is supposed to be unstable
(w.r.t. other species), i.e. the rate k3 of the third reaction is much greater than the rates k1 and k2
of the other two (k3 >> k1, k2, or k3 = 1/ε and ε→ 0). Methods based on Lyapounov functionals
and duality lemmas allow to prove rigorously the QSSA in both frameworks. Convergence in weak
sense to a solution of the related limit model is shown for chain (1), whereas for the simpler one
(2) strong convergence to a unique solution of the corresponding limit model holds. (Joint work
with L. Desvillettes and R. Monaco)
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Classical and SUSY solutions of the BLMP equation

Laurent Delisle
Universite de Montreal, Montreal, Canada

Poster Summary: We propose the study of the Boiti-Leon-Manna-Pempinelli equation from two
point of views: the classical and supersymmetric cases. In the classical case, we construct new
solutions of this equation from Wronskian formalism and Hirota method. We, then, introduce
a N = 1 supersymmetric extension of the Boiti-Leon-Manna-Pempinelli equation. We thus pro-
duce a bilinear form and give multisolitons. As an application, we produce a pair of Bäcklund
transformations.

Numerical solution of the 2+1-D nonlinear Schrödinger equation in a semi-strip

Gianluca De Pasquale
Università del Salento, Lecce, Italy

Poster Summary: We deal with numerical solutions of nonlinear Schrödinger equation (NLSE)
in a rectangular domain. Boundary conditions are imposed in such a way we simulate an incoming
spin wave, harmonically time dependent, from one side. Zero spin field is given on the other sides.
We check the robustness of our algorithm by means of analytical ”balance equations”, which enable
us to find the onset of the nonlinear regime. Moreover, we study the features of the solutions, by
varying the parameters of NLSE, and we determine the conditions for the appearance of the ”blow
up” of the solutions.

Traveling Waves in Elastic Rods with Arbitrary Curvature and Torsion

Silvana De Lillo
Dipartimento di Matematica e Informatica, Università di Perugia, Perugia, Italy

Talk Summary: The dynamic Kirchhoff equations, describing a thin elastic rod of infinite length,
are considered in connection with the study of the conformations of polymeric chains. A novel
special traveling wave solution that can be interpreted as a conformational soliton propagating at
constant speed is obtained, featuring arbitrary non-constant curvature and torsion of the rod, in the
simple case of constant crosssection, homogeneous density and elastic isotropy. Several examples
are discussed.The stability of such solution with respect to small perturbations is also analyzed in
terms of the elastic stiffnesses characterizing the material
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Integrable systems in small dispersion expansion

Boris Dubrovin
SISSA, Trieste, Italy

Talk Summary: We will review various approaches to the problem of classification of integrable
PDEs admitting small dispersion expansion.

TBA

Elizaveta Dubrovina
Imperial College London, UK

Poster Summary: TBA

About linear superpositions of Nizhnik-Veselov-Novikov equation

Vladislav Dubrovsky
Novosibirsk State Technical University, Russia

Talk Summary: New exact solutions, nonstationary and stationary, of Nizhnik-Veselov-Novikov
(NVN) equation in the forms of simple nonlinear and linear superpositions of arbitrary number
N of exact special solutions are constructed via dibar-dressing method of Zakharov and Manakov.
Simple nonlinear superpositions are represented up to a constant by the sums of solutions and
calculated by dibar-dressing on nonzero asymptotic value at infinity. It is remarkable that in the
zero asymptotic value limit simple nonlinear superpositions convert to linear ones in the form of
the sums of special solutions. It is shown that the sums of arbitrary subsets of these solutions
are also exact solutions of NVN equation. The presented exact solutions include as superpositions
of special line solitons and also superpositions of plane wave type singular periodic solutions. By
construction these exact solutions represent also new exact potentials of one-dimensional perturbed
string equation (hyperbolic case, Nizhnik equation) and new exact transparent potentials of 2D
stationary Schrödinger equation with zero energy (elliptic case, Veselov-Novikov equation); in the
last case transparent potentials can serve as model potentials for electrons in planar structures of
modern electronics. (Joint work with A.V. Topovsky)
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Notoph-Graviton-Photon Coupling

Valeriy Dvoeglazov
Universidad de Zacatecas, Mexico

Poster Summary: We present the full theory which contains photon, notoph (the Kalb-Ramond
field) and the graviton. The relations of this theory with the higher spins theories are established.
In fact, we deduced the gravitational field equations from relativistic quantum mechanics [1]. The
relations of this theory with scalar-tensor theories of gravitation and f(R), which represent non-
linear theories in physics, are discussed. Finally, we estimate possible interactions graviton-notoph,
photon-notoph, and conclude that they will be probably seen in experiments in the next few years.

References:
1 V. Dvoeglazov, Adv. Appl. Clifford Algebras, Vol. 10, No. 1 (2000) pp. 7-14; Int. J. Mod.

Phys. CS Vol. 3 (2011) 121-132

Discrete Schlesinger Transformations and Difference Painlevé Equations

Anton Dzhamay
University of Northern Colorado, Greeley, CO, USA

Talk Summary: We study a discrete version of isomonodromic deformations of Fuchsian systems,
called Schlesinger transformations, and their reductions to discrete Painlevé equations. We obtain
an explicit formula for the generating function of elementary Schlesinger transformations in terms
of the coordinates on the so-called decomposition space associated to the Fuchsian system and in-
terpret it as a discrete Hamiltonian for our dynamic. Using this function we consider some explicit
examples of reductions of such transformations to discrete Painlevé equations, in particular of types

d − P (D
(1)
4 ) and d − P (A

(1)∗
2 ). We then use the birational geometry of rational surfaces associ-

ated to these equations to compare the form of the equations that correspond to the elementary
Schlesinger transformations to standard form of the equations of the same type. (Joint work with
H. Sakai and T. Takenawa)

Excitation of strong radiations through beating of Lasers (EMWs) and its
interdisciplinary applications

Zahida Ehsan
Dept. of Physical Sciences, Univ. of Naples, 80126, Napoli, Italy;

Univ. del Molise, 86090 Pesche (IS), Italy

Poster Summary: The problem of nonlinear Landau damping of helicon waves in plasma in
particular emphasis to the acceleration of soliton is presented here. This in the framework of
a collisionless, anisotropic homogeneous plasma in one dimension, can be well described by two
coupled dynamical equations of the generalized Zakharov type, with one extra nonlocal term coming
from Landau damping. Nonlinear-nonlocal term gives rise to essential contributions relative to the
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local term. Then under different conditions, kinetic nonlinear Schrödinger equation is constructed
and nonlinear decrement is obtained for two cases. It is noticed that the time dependent term
in the ponderomotive force plays a signicant role for this kind of damping. Additionally, it is
shown that nonlinear Landau damping leads to the amplitude modulation of helicon waves, further
modulational instability, and maximal growth rate is obtained when the group velocity of the
helicon wave reaches the ion-acoustic speed. It is demonstrated that how the nonlinear Landau
damping leads to the acceleration of soliton, which is eventually slowed down after transferring
some of its energy to the wave. Emission of radiation by accelerated soliton is discussed briey.
We point out that the mechanism of beating of two laser beams having different frequencies and
wave numbers may lead to resonant excitation of terahertz (THz) radiation. Moreover our model
facilitates us to study the acceleration of nonlinear EM stationary waves by means of nonlinear
Landau damping which may become a potential candidate to accelerate the electrons to relativistic
velocity and eventually heat the solar corona. (Joint work with R. Fedele)

Integrated semigroups and the Cauchy problem
for some nonlinear fractional differential equations.

Mahmoud M. El-Borai
Faculty of Science, Alexandria University, Alexandria, Egypt.

Poster Summary: Let A be a linear closed operator defined on a dense set in a Banach space E
to E. In this note it is supposed that A is the generator of α - times integrated semigroup, where α
is a positive number. The abstract Cauch problem of the fractional abstract differential equation:

dβu(t)

dtβ
= Au(t) + f(t, u),

with the initial condition: u(0) = u0 ∈ E, is studied, where 0 < β ≤ 1, and f , is a given nonelinear
abstract function. The solution of the Cauchy problem is obtained under suitable conditions on f .
An application is given.

Nonlinear interaction of the concentrated waves

Victor Eremenko
Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation

Russian Academy of Science (IZMIRAN), Moscow, Russia

Talk Summary: As a rule, the theoretical researches of the nonlinear propagation of powerful wave
beams are restricted by models of local nonlinearity. The most commonly used model is the Kerr
nonlinearity, in which the nonlinear perturbation of the dielectric permittivity is proportional to
the second degree of the modulus of the wave amplitude. This approach allowed us to describe the
basic phenomena arising at the nonlinear interaction of radiation with the environment. However
such approach has obvious restrictions. Actually, there is no nonlinear effects when the intensity
of the wave field is not enough powerful. As soon as the wave amplitude exceeds certain threshold
value, there is a ”disruption” of the environment and the nonlinear dependence of the dielectric
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permittivity upon the wave field amplitude arises. On the other hand the nonlinear dependence
becomes more complex with further growth of intensity. The upper limit of growth, or in other
words, saturation, of the dielectric permittivity is observed for most of real materials. In this case
it is reasonable to use a model medium with saturable nonlinearity, in which the dependence of the
dielectric permittivity on the wave intensity is described by fractional-linear function. It is easy
to show that both in the case of threshold nonlinearity, and in the case of saturable nonlinearity
solitary waves - concentrated solutions of the corresponding wave equations exist. If it is not possible
to write down analytical expressions for these solutions, they can be quite successfully constructed
via computer modeling. Although these waves are very similar to the one-soliton solutions, their
interaction is slightly more complicated, than for the standard solitons. Nevertheless, it is possible
to see that their behavior is similar to solitons conduct. However, this description of the nonlinear
interaction of radiation with the medium is local. This approach is possible only in the case of
negligible heat conductivity - when the size of the wave beam is much more than the characteristic
scale of the thermal diffusion. Otherwise, you must take into account the spreading of the electron
density perturbation from the area of the nonlinear heating. Nonlinear effect becomes nonlocal
and, in this case, it is necessary to consider the solution of the diffusion equation for the dielectric
permittivity and the solution of the wave equation jointly, as a system. In most cases, this problem
can be reduced to finding the solutions of nonlinear integro - differential equation like the Hartree
equation. The computational procedure for the construction of concentrated solutions of this
equation, though cumbersome, but converges quickly, and in fact does not depend on the form
of the initial approximation. But it is necessary that the initial approximation was concentrated.
The resulting numerical solution allows us to state that concentrated solution exists for nonlocal
nonlinearity at any scale values of thermal conductivity. This solution has no peculiarities and
looks like a wide soliton. The width of the concentrated solution slowly increases with the scale of
thermal conductivity, this fact is quite believable. (Joint work with Natalia I. Manaenkova)

Inertia and stratification in incompressible Euler fluids in 2D channels

Gregorio Falqui
Dipartimento di Matematica e Applicazioni, Università di Milano-Bicocca, Milano, Italy

Talk Summary: We shall consider incompressible two-layer Euler fluids in a 2D channel, and in
particular their conserved quantities. We shall show the existence of classes of initial data for which
total horizontal momentum evolves in time, even though only vertical forces act on the fluid. Also,
the evolution of total vorticity will be discussed. These results for Euler equations will be compared
and confirmed with long-wave asymptotic models. The role played by the Hamilton structure of
the Euler equations (and their long wave limits) in our analysis will be addressed.
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Relativistic charged-particle beam motion as thermal matter wave envelope:
modulational instability and soliton formation

Renato Fedele
Dipartimento di Fisica, Università di Napoli ”Federico II”, via Cintia, I-80126 Napoli, Italy

Talk Summary: Recently, the self-modulation of a relativistic charged-particle multi-bunch sys-
tem, as a result of its collective interaction with the surrounding medium, has been investigated
numerically and experimentally in both conventional and plasma-based accelerators. Here, the
description of the nonlinear and collective dynamics of an electron/positron charged-particle bunch
train in high-energy accelerating machines (or in plasma-based acceleration schemes) is provided
in terms of a thermal matter wave envelope. This is done within the context of the quantum-like
description of the Thermal Wave Model. It is shown that the charged-particle bunch dynamics
is governed by a Zakharov-type system of equations, comprising a nonlinear Schrödinger equation
governing the spatio-temporal evolution of the thermal matter wave envelope and a Poisson-like
equation for the wake potential generated by the bunch itself. Finally, deterministic and statistical
approach to modulational instability of the bunch train are both presented.

On the central quadric ansatz: integrable models and Painlevé reductions

Eugene Ferapontov
Loughborough University, UK

Talk Summary: It was observed by M. Dunajski and P. Tod that dispersionless KP and Boyer-
Finley equations possess exact solutions whose level surfaces are central quadrics in the space of
independent variables. Furthermore, these solutions are governed by Painlevé equations P1-P3.
The aim of this talk is three-fold:

(1) Based on the method of hydrodynamic reductions, we classify integrable models possessing
the central quadric ansatz. This leads to the five canonical forms (including BF and dKP).

(2) Applying the central quadric ansatz to each of the five canonical forms, we obtain all Painlevé
equations P1-P6, with the full P6 corresponding to the generic case of our classification.

(3) We argue that solutions coming from the central quadric ansatz constitute a subclass of
two-phase solutions provided by the method of hydrodynamic reductions.
(Joint work with B. Huard and A. Zhang)

References:
1 E.V. Ferapontov, B. Huard and A. Zhang, On the central quadric ansatz: integrable models

and Painlevé reductions, J. Phys. A: Math. Theor. 45 (2012) 195204; arXiv:1201.5061.
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Explicit formulae for the asymptotic behavior of the unknown boundary values
for integrable nonlinear evolution PDEs on the half-line.

Athanasios Fokas
DAMTP, University of Cambridge, UK

Talk Summary: The most difficult step for the solution of integrable nonlinear evolution PDES
on the half-line is the characterization of the unknown boundary values in terms of the given initial
and boundary data. For the so-called linearisible boundary conditions, this problem can be solved
explicitly. Furthermore, for asymptotically decaying boundary data it is still possible to obtain the
asymptotic form of the solution bypassing this problem. However, for asymptotically time-periodic
boundary data the characterization of the unknown boundary values is necessary. Explicit formulae
for the asymptotic form of these boundary values will be presented.

Deformations of higher Peregrine breathers, multi-rogue waves
and their analytical expressions

Pierre Gaillard
Institut Mathématique de Bourgogne, Université de Bourgogne, Dijon, 21000, France

Poster Summary: Here we show how to extend the results of recent articles [1,2] which were
dealing with two parametric deformations of higher order Peregrine breathers. The strong point
of these works was an easy way to describe explicitly not only higher Peregrine breathers but also
their quadratic deformations. Here, we show how to extend an approach of [1,2] in order to get
the generic rational deformations of higher order Peregrine breathers thus providing alternative
approach to the construction of generic multi rogue waves solutions of NLS equation.

References:

1 P. Gaillard, Families of quasi-rational solutions of the NLS equation and multi-rogue waves,
J. Phys. A : Meth. Theor., 44, 1-15, (2011).

2 P. Gaillard, Degenerate determinant representation of solution of the NLS equa- tion, higher
Peregrine breathers and multi-rogue waves, Jour. Of Math. Phys., V. 54, 013504-1-32, (2013).

Riemann-Hilbert Problems with canonical normalization
and families of commuting operators

Vladimir Gerdjikov
Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,

1784 Sofia, Bulgaria

Talk Summary: We start with a Riemann-Hilbert Problems (RHP) with canonical normalization
with sewing functions depending on several additional variables. Using Zakharov-Shabat theorem
we are able to construct a family of ordinary differential operators for which the solution of the
RHP is a common fundamental analytic solution. This family of operators obviously commute.
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Thus we are able to construct new classes of integrable nonlinear evolution equations. We illustrate
the method with an example of a new types of N -wave interactions. The relevant Lax pairs consist
of operators which are both polynomials of order 2, 3 or higher in the spectral parameter λ and
take values in simple Lie algebras.

Nonlinear nuclear equation of state
and thermodynamical instabilities in warm and dense nuclear matter

Gianpiero Gervino
Dipartimento di Fisica and INFN Torino, Italy

Poster Summary: We study a nonlinear nuclear equation of state in the framework of a rela-
tivistic mean field theory. We investigate the possible thermodynamic instability in a warm and
dense asymmetric nuclear medium where a phase transition from nucleonic matter to resonance-
dominated ∆ matter can take place. Such a phase transition is characterized by both mechanical
instability (fluctuations on the baryon density) and by chemical-diffusive instability (fluctuations
on the isospin concentration) in asymmetric nuclear matter. Similarly to the liquid-gas phase tran-
sition, the nucleonic and the ∆-matter phase have a different isospin density in the mixed phase.
In the liquid-gas phase transition, the process of producing a larger neutron excess in the gas phase
is referred to as isospin fractionation. A similar effects can occur in the nucleon-∆ matter phase
transition due essentially to a negative ∆ particles excess in asymmetric nuclear matter.

TBA

Mohammed Amine Ghezzar
Laboratoire de Mathematiques Pures et Appliquees, Dept. Mathematiques-Informatique Faculte

Sciences Exactes et Informatique, Universite de Mostaganem, Algeria

Poster Summary: TBA

C operators in PT -symmetric quantum mechanics

Mariagiovanna Gianfreda
Dipartimento di Matematica e Fisica ”Ennio De Giorgi”, Università del Salento, Italy

Poster Summary: If a Hamiltonian H possesses an unbroken PT symmetry, then the spectrum
of H is real and the resulting quantum theory is unitary if H is selfadjoint with respect to CPT
conjugation, being C a linear operator that represents a hidden reflection symmetry of H [1] de-
termined through the three simultaneous algebraic equations C2 = 1, [C,PT ] = 0, [C,H] = 0. It
has recently become clear that the nonuniqueness of the C operator [2] has important implications
for the mathematical and physical interpretation of PT -symmetric quantum mechanics [3]. We
report here results of recent work [4], where a new perturbation technique is performed to evaluate
the first order solution to the perturbation series associated with the C operator, C =

∑∞
k=0 ε

kCk,
for the class of PT -symmetric Hamiltonians H = 1

2p
2 + 1

2q
2 + i εH1, where H1 is an Hamiltonian
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that anticommutes with P . This technique has the advantage to provide, in the limit ε → 0, the
exact closed form C operator for the harmonic-oscillator Hamiltonian, and it is shown explicitly to
be nonunique. The calculation involves formal summation of infinite series of singular operators,
however, the validity of the formal results is verified by showing that the class of unbounded C
operators satisfies the eigenvalue equation C|ψn〉 = (−1)n|ψn〉, where |ψn〉 are eigenstates of the
harmonic-oscillator Hamiltonian. The verification is performed by applying a powerful summation
technique, i.e., a discrete variant of dimensional continuation. This verification leads us to con-
jecture that such techniques might be applied to generalize the notions of Cauchy sequences and
completeness sums for Hilbert-space vectors, to divergent sequence and series. (Joint work with
C.M. Bender)

References:
1 C. M. Bender et al. J. Phys. A: Math. Gen. 37, 10139-10165 (2004).
2 C. M. Bender and S. P. Klevansky, Phys. Lett. A 373, 2670 (2009).
3 C. M. Bender and S. Kuzhel, J. Phys. A: Math. Theor. 45, 444005 (2012).
4 C. M. Bender and M. Gianfreda, Nonuniqueness of the C operator in PT-symmetric quantum

mechanics, to appear on J. Phys. A: Math. Theor. (2013); [arXiv:hep-th/1302.7047].

Extended Krein-Adler theorem
for state-adding Darboux-Backlund transformations

Yves Grandati
Université de Lorraine, France

Talk Summary: The Krein-Adler theorem determines the condition under which a chain of state-
deleting Darboux-Backlund transformations (DBT) generates regular potentials. We show that,
for translationally shape invariant potentials, this theorem can be extended to chains mixing state-
deleting and state-adding DBT. This leads in particular to new Wronskian identities involving
classical orthogonal polynomials. (Joint work with D. Gomez-Ullate and R. Milson)

Asymptotic expansion in one matrix-Models

Tamara Grava
SISSA, Trieste, Italy

Talk Summary: We consider the large N limit of the partition function of one matrix models in
the so called two cut case. We derive the asymptotic formula of the first few terms of the expansion
involving theta-functions.
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Discrete SL2 Connections and Self-Adjoint Difference Operators on the
Triangulated 2-manifolds

Petr Grinevich
L.D.Landau Institute for Theoretical Physics, RAS, Mscow, Russia

Talk Summary: Discretization Program of the famous Completely Integrable Systems and associ-
ated Linear Operators was developed in 1990s. In particular, specific properties of the second order
difference operators on the triangulated manifolds and equilateral triangle lattices were studied in
the works of S.Novikov and I.Dynnikov since 1996. They involve factorization of operators, the
so-called Laplace Transformations, new discretization of Complex Analysis and new discretization
of GLn connections on the triangulated n-manifolds.

The general theory of the new type discrete GLn connections was developed. However, the
special case of SLn-connections was not selected properly. As we prove in this work, it plays
fundamental role (similar to magnetic field in the continuous case) in the theory of self-adjoint
discrete Schrodinger operators for the equilateral triangle lattice in R2. We prove here that for
n > 2 every SLn Connection is equivalent to the standard Canonical Connection. So we conclude
that our discretization is really broad enough for n = 2 but not for higher dimensions. (Joint
work with S.Novikov)

Symmetric polynomials, generalized Jacobi-Trudi identities and Tau functions

John Harnad
Centre de recherches mathématiques, Université de Montréal, Canada;

Department of Mathematics, Physics Concordia University, Montreal, Canada

Talk Summary: An element [Φ] of the Grassmannian Grn(H+;F ) of n-dimensional subspaces
of the Hardy space H+ = H2, extended over the field F = C(x1, xn), may be associated to

any polynomial basis φ for C(x). The Plucker coordinates Sφλ,n(x1, xn), labelled by partitions λ,
provide an analog of Jacobi’s bi-alternant formula, defining a generalization of Schur polynomials.
Applying the recursion relations satisfied by the polynomial system φ to the analogs of the complete
symmetric functions generates a doubly infinite matrix of symmetric polynomials that determine
an element [H] of the Grassmannian Grn(H+;F ). This is shown to coincide with [Φ], implying a
set of quantum Jacobi-Trudi identities. This generalize a result obtained by Sergeev and Veselov for
the case of orthogonal polynomials. The symmetric polynomials Sλ;n(x1, xn) are shown to be KP
(Kadomtsev-Petviashvili) τ -functions in terms of the monomial sums [x] of the x′as, viewed as KP
flow variables. A fermionic operator representation is derived for these, as well as for the infinite
sums:

∑
λ S

θ
λ,n([x])Sφλ(t) associated to any pair of polynomial bases (φ, θ). These are shown to be

2d Toda lattice tau-functions. Examples include: partition functions for 1 and 2 matrix models;
generating functions for random exclusion processes; characters of irreducible representations of
the classical Lie groups. (Joint work with E. Lee)
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Grassmannian sigma models and constant curvature solutions

Véronique Hussin
Dept. de Mathematiques et de Statistique, Centre de Recherche Mathematiques,

Université de Montreal, Montreal, Canada

Talk Summary: We discuss solutions of Grassmannian models G(m,n) and give some general
results. We thus concentrate on such solutions with constant curvature. For holomorphic solutions,
we give some conjectures for the admissible constant curvatures. The study is extended to the case
of non holomorphic solutions with constant curvatures and we show that in the case of the Veronese
sequence, such curvatures are always smaller than the ones of the holomorphic solutions. (Joint
work with L. Delisle and W. Zakrzewski)

Euler-Poincaré equations for G-strands

Rossen Ivanov
Dublin Institute of Technology, Ireland

Talk Summary: A G-strand is a map g(t, s) from a domain (t, s) ∈ R×R into a Lie group G, that
follows from Hamilton’s principle for a G-invariant Lagrangian. G-strands on finite-dimensional
groups satisfy evolutionary PDEs in 1 + 1 space-time, defined on g × g∗. Some of these G-strand
equations are completely integrable Hamiltonian systems that admit zero-curvature representation
(Lax pair) and soliton solutions. An example for SO(3)-strand is the chiral model. We give some
more examples of G-strands for matrix Lie groups, as well as examples for Diff(R)-strand equations
with solutions in 2 + 1 space-time with singular support (e.g., peakons). One of the examples is
a complexification of the Camassa-Holm equation. Invesrtigations on the peakon solutions of the
obtained equations is presented. (Joint work with D. Holm and J. Percival)

Bi-Hamiltonian structures and stability

Anton Izosimov
Moscow State University, Russia

Talk Summary: I will show how a bi-Hamiltonian structure of a finite or infinite-dimensional
integrable system may be used to study the topology of the system, in particular, stability of
distinguished solutions

Stability under white noise perturbation

Leonid Kalyakin
Institute of Mathematics RAS, Ufa, Russia

Talk Summary: A dynamical system under white noise perturbation is considered. A theorem of
stability of equilibrium is proved. The result is obtained by the method of parabolic equation. An
appropriate barrier function for the Kolmogorovs equation is constructed.
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Symmetries and conservation laws of differential and difference equations

Abdul Hamid Kara
School of Mathematics, University of the Witwatersrand, P Bag 3, Wits, 2050, South Africa

Poster Summary: We study the invariance properties of differential equations and show how
a knowledge of this leads to reduction. Furthermore, we pursue the notion of conservation laws
and their association with the invariance properties which lead to what is now known as ‘double
reduction of the equations. Recently, the ideas have been extended to difference equations.

On some effective solutions of the Non-Linear Schrödinger equation

Nino Khatiashvili
I. Javakhishvili Tbilisi State University, Rep. of Georgia

Poster Summary: The multi-dimensional cubic non-linear Schrödinger Equation (cNLS) with
the specific initial-boundary conditions is studied. The following problem is considered.

Problem. In the area QT = R3 × {0 < t < T}, to find continuous function Ψ satisfying the
equation

i
∂Ψ

∂t
+ ∆Ψ + λ|Ψ|2Ψ = 0, (3)

and the conditions
lim

|x|+|y|+|z|→∞
|Ψ| = 0, |Ψ|t=0 = r(x, y, z), (4)

where Ψ is a wave function,Ψ = U + iV, (U = r cosϕ; V = r sinϕ), λ is some parameter. The
function r(x, y, z) and a real parameter λ also to be defined.

We have considered the case ϕ = A0t+A1, where A0, A1 are the definite positive constants. In
this case the equation (1) is reduced to the equation

∆r + λr3 = A0r, (5)

with the condition
lim

|x|+|y|+|z|→∞
r = 0. (6)

It is well known, that the equation (3) describes solitary waves. By introducing a new function
the equation (3) is reduced to the non-linear elliptic equation, which is solved analytically. Thus,
effective solutions of (3) which describe a new class of solitary waves are obtained. The modulus of
the wave function is estimated and the graphs for the different parameters are constructed. (Joint
work with R. Shanidze and D. Janjgava)

Acknowledgement: The research was supported by the Georgia Rustaveli Foundation (Grant
#GNSF/ST08/3-395).
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On KdV and KP equations in non-Cartesian geometries

Karima Khusnutdinova
Department of Mathematical Sciences Loughborough University, UK

Talk Summary: There exist two classical versions of the Kadomtsev-Petviashvili (KP) equation
[1], related to the Cartesian and cylindrical geometries of the waves (derivation for surface waves
is given in [2] and [3], respectively). We derive and study a new version, related to the elliptic-
cylindrical geometry [4]. The derivation is given for surface gravity waves with the account of surface
tension. As other versions of the KP equation, the model is universal and can be derived in other
physical contexts. We show that there exist non-trivial transformations between all three versions
of the KP equation associated with the physical problem formulation, and use them to obtain new
classes of approximate solutions for the Euler equations for incompressible fluid with free surface
and rigid bottom boundary conditions (with and without surface tension). The solutions describe
waves with nearly-elliptic front and should find useful applications in problems where sources,
boundaries and obstacles have elliptic or nearly-elliptic geometry. This is joint work with C. Klein,
V.B. Matveev and A.O. Smirnov. I will also discuss some new results obtained for internal and
surface ring waves on shear flow (with X. Zhang), generalising and clarifying the results in [5,6].

References:
1 B.P. Kadomtsev, V.I. Petviashvili, On the stability of solitary waves in weakly dispersing

media, Sov. Phys. Dokl. 15 (1970) 539-541.
2 M.J. Ablowitz and H. Segur, On the evolution of packets of water waves, J. Fluid Mech. 92

(1979) 691-715.
3 R.S. Johnson, Water waves and Korteweg - de Vries equations, J. Fluid Mech. 97 (1980)

701-719.
4 K.R. Khusnutdinova, C. Klein, V.B. Matveev, A.O. Smirnov, On the integrable elliptic cylin-

drical Kadomtsev-Petviashvili equation, Chaos 23, 013126 (2013) 13 pages.
5 R.S. Johnson, Ring waves on the surface of shear flows: a linear and nonlinear theory, J.

Fluid Mech. 215 (1990) 145-160.
6 V.D. Lipovskii, On the nonlinear internal wave theory in fluid of finite depth, Izv. Akad.

Nauk SSSR, Ser. Fiz. Atm. Okeana 21 (1985) 864-871 (in Russian).

On the geometry of the BV-Laplacian

Arthemy Kiselev
Johann Bernoulli Institute, Groningen, The Netherlands

Talk Summary: We explain why no sources of divergence are built into the Batalin-Vilkovisky
(BV) Laplacian, whence there is no need to regularise them manually within the BV-approach to
quantisation of gauge systems. By analysing the mechanism of congruence for points at which (it-
erated) variations are evaluated in the BV-Laplacian or Schouten bracket, we show that the desired
restriction onto diagonals is forced by the definition of dual vector bundles (in particular, by the
main ingredients of the BV-setup inhabited by (anti)fields and (anti)ghosts, or by (co)vector fields
and multivectors in a much similar Poisson setup). Remarkably, the geometric locality principle
does not refer at all to the construction of Dirac’s delta function as a limit of smooth kernels. We
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illustrate the reasoning by re-deriving –but not just ”formally postulating”– the standard properties
of the BV-Laplacian and Schouten bracket and by verifying their basic inter-relations.

References:
1 A.V.Kiselev and S.Ringers (2013) On the geometry of the Batalin-Vilkovisky Laplacian

(arXiv:1302.4388 [math.DG]).
2 B.L.Voronov, I.V.Tyutin and S.S.Shakhverdiev (1999) TMPh 120:2, 1026-44 (arXiv:hep-

th/9904215).

Construction of KP solitons from wave patterns

Yuji Kodama
The Ohio State University, USA

Talk Summary: I will discuss how to construct an (approximate) solution of the KP equation
from a given pattern of small amplitude, long wavelength and primarily unidirectional waves. In
the talk, I will illustrate the inverse problem by taking an explicit example of shallow water wave
pattern.

Double boundary layer in asymptotics of nonlinear problem

Svetlana Kordyukova
Economics and Service University, Ufa

Poster Summary: A boundary problem for the nonlinear ordinary differential equation with
small parameter at higher derivative is considered. An asymptotic expansion of the solution is
constructed. Matching asymptotic method is applied. In neighbourhood of the boundary the
solution is described by the boundary layer functions which have two different scales.

A New Class of Localized Solutions
of the Linear and Nonlinear Wave Equations

Lyubomir Kovachev
Institute of Electronics, Bulgarian Academy of Sciences, Sophia, Bulgaria

Talk Summary: Following the tradition of the nano and picosecond optics, the basic theoretical
studies continue to investigate the processes of propagation of femtosecond and attosecond laser
pulses through the corresponding envelope equation for narrow-band laser pulses, working in parax-
ial approximation. We should point out here that this approximation is not valid for large band
pulses. In air due to the small dispersion the wave equation as well as the 3D+1 amplitud equation
describe more accurate the pulse dynamics. New exact localized solutions of the linear wave and
amplitude equations are presented. The solutions discover non-paraxial semi-spherical diffraction
of single-cycle and half-cycle laser pulses and a new class of spherically symmetric solutions of the
wave equation. The propagation of large band optical pulses in nonlinear vacuum is investigated
also in the frame of a system of nonlinear wave vector equations. We obtained exact vector solution
with its own angular momentum in the form of a nonlinear shock wave [1].

References:
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1 L.M. Kovachev and D.A. Georgieva, A class of localized solutions of the linear and nonlinear
wave equations, Journal of Geometry and Symmetry in Physics, 27, pp 67-82 (2012).

Integrable structures on deformed cotangent coverings to PDEs

Joseph Krasil’shchik
Independent University of Moscow, Russia;

Silesian University in Opava, Czech Republic

Talk Summary: For an infinitely prolonged equation E ⊂ J∞(π) embedded into the space of
infinite jets and given by F (u) = 0, the space of its cotangent covering T ∗E → E is determined by
the relations

`∗F (p) = 0, F (u) = 0,

where p is a new unknown, `F is the linearization (the Fréchet derivative), and ∗ denotes the
formally adjoint operator. The equation T ∗E is always Lagrangian and thus possesses the identical
Poisson structure. In some cases, T ∗E can be modified (deformed) in such a way that this structure
is preserved and, in addition, new structures arise. The talk concerns with the general theory of
cotangent covering and discussion of some examples of integrable deformations.

Dispersionless integrable PDEs and Einstein-Weyl geometry

Boris Kruglikov
University of Troms, Norway

Talk Summary: For several classes of (systems of) partial differential equations in 3D we demon-
strate that integrability by the method of hydrodynamic reductions is equivalent to Einstein-Weyl
property of the symbol of the equation. We also relate this to the existence of Lax pairs and
describe the corresponding geometry. If time permits I will describe the situation in 4D, which is
best understood for the class of Monge-Ampere equations. I will also relate this to a joint work
with Oleg Morozov on infinite-dimensional symmetry pseudogroups acting on integrable equations.
(Joint work with E. Ferapontov)

Novel Hierarchies and Hidden Dimensions
in Integrable Field Models: Theory and Application

Anjan Kundu
Saha Institute of Nuclear Physics, Kolkata, India

Talk Summary: Fundamental questions like, how many conserved quantities (infinite in number)
should define the integrability of a field model with infinite degrees of freedom, (i.e how many
infinities should make up for an infinity!) seems not have been answered well. Similarly, are there
integrable hierarchies beyond the known set found in field models or can there be extra space-
dimensions hidden in such hierarchies seem equally not have been addressed properly. Exploiting
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the Lax pair formalism on the whole x, t plain with elementary shifts xn, tm, (n,m) = 1, 2, ... in both
the directions we try to answer the above fundamental questions on the example of the nonlinear
Schrödinger (NLS) equation. This results to the discovery of a series of new hierarchies in the NLS
equation and a novel (2+1) dimensional integrable NLS equation. Together with the theory we also
present some fascinating applications of our finding in 2D ocean rogue wave modelling, in defect
integrable field models etc. A quantum formulation of this theory and the challenging problem of
systematic construction of higher dimensional integrable models are potentially important outcome
of our study.

Quantum corrections to soliton solutions and applications

Grzegorz Kwiatkowski
Gdansk University of Technology, Poland

Talk Summary: Soliton-admitting models are widely used in solid-state physics for both the
atomic and electron spin structure. We show, that accounting for all due rest variables has a
significant impact on quantum energy even if they can be omited in the classical model. In specific
cases (for example thin films) this can lead to interesting phenomena for Heisenberg magnetic
chains. (Joint work with S. Leble)

Power-law distributions in protoneutron stars

Andrea Lavagno
Politecnico di Torino, Italy

Poster Summary: We investigate the bulk properties of protoneutron stars and their related
astrophysical implications in the framework of a nonlinear relativistic mean field theory based on
nonextensive statistical mechanics, originally proposed by C. Tsallis and characterized by power-law
quantum distributions. We study the relevance of nonextensive statistical effects on the β-stable
equation of state at fixed entropy per baryon, for nucleonic and hyperonic matter. We show that
nonlinear power-law effects could play a crucial role in the structure and in the evolution of the
protoneutron stars also for small deviations from the standard Boltzmann-Gibbs statistics.

Pseudopotentials by Moutard transformations and differential geometry

Sergey Leble
Gdansk University of Technology, Poland

Talk Summary: Darboux-like (Moutard) and generalized Moutard transformations in two di-
mensions are applied to construct families of zero range potentials for two-dimensional stacionary
Schrodinger and Dirac equation. The statement about such functionals, defined by closed coordi-
nate curves obtained by Ribokur-Moutard transforms is formulated. Their applications in physics
and differential geometry of surfaces are discussed.
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NLS with Quantum Potential and the Related Reaction-Diffusion Systems

Jyh-Hao LEE
Institute of Mathematics, Academia Sinica,Taipei, Taiwan

Talk Summary: This talk will be presented by two parts.We will review some old results and
present some recent results.

Part I: At first, we will review some old results about 2 by 2 AKNS system with linear and
quadratic spectral parameter and the related evolution equations and the inverse scattering method
under the set-up of Beals-Coifman.For the forward problem, we will explain the D-Bar idea to get
the scattering data in this set-up . We will mention the ODE system for the direct problem in this
set-up.This could be solved via the estimate of L1 norm and L2 norm of the potentials. Here the
inverse problem is formulated as a Riemann-Hilbert problem with a parameter. We will consider
some possible generalization of this system.

Part II: Then we will make a brief report on the nonlinear Schrödinger equations with quantum
potentail,derivative nonlinear Schrödinger equations and the related reaction-diffusion systems. We
will discuss some possible applications.

i
∂ψ

∂t
+
∂2ψ

∂x2
+

Λ

4
|ψ|2ψ = s

1

|ψ|
∂2|ψ|
∂x2

ψ. (7)

A novel integrable version of the NLS equation with quantum potential has been termed the
resonant nonlinear Schrödinger equation (RNLS). It can be regarded as a third version of the NLS,
intermediate between the defocusing and focusing cases. The critical value s = 1 separates two
distinct regions of behaviour. Thus, for s < 1 the model is reducible to the conventional NLS,
(focusing for Λ > 0 and defocusing for Λ < 0). However, under the condition,for s > 1, it is
reducible to a reaction-diffusion system, which can be transformed into Kaup-Broer system. In this
case, the model exhibits novel solitonic phenomena.The RNLS can be interpreted as an NLS-type
equation with an additional quantum potentialUQ = |ψ|xx/|ψ|. Recently it was shown that RNLS
naturally appears in a reduced equation in the plasma physics. Via a Hirota bilinear representation
of the Reation-Diffusion system, here some exact solutions are obtained by this bilinear method.
We will also consider a non-Madelung type hydrodynamic representation for resonant nonlinear
Schroedinger type equations.New Broer-Kaup type systems of hydrodynamic equations are also
derived from the derivative reaction-diffusion systems arising in SL(2,R) Kaup-Newell hierarchy,
represented in the non-Madelung hydrodynamic form.The relation with a nonlocal Broer-Kaup
type Benny system and nonlocal Reaction-Diffusion system will be mentioned here. (2nd part is a
joint work with O.K.Pashaev.)

References:
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3 Lee,J.-H.,Pashaev,O. K.,Rogers, C. and Schief, W. K., J. Plasma Physics, (2007)
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5 Lee, Jyh-Hao; Pashaev, Oktay K., Chaos Solitons Fractals 45 (2012), no. 8, 1041-1047.
6 Pashaev,O. K. ,Lee, J.-H., Resonant dispersive nonlocal Broer-Kaup Type Benny system in

2+1 dimension, preprint.
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A macroscopic system with undamped periodic compressional oscillations

Francois Leyvratz Waltz
Instituto de Ciencias Fsicas, Universidad Nacional Autonoma de Mexico,Cuernavaca, Mexico

Talk Summary: A class of macroscopic systems is described which has the remarkable feature
that they can sustain undamped compressional radial oscillations. They consist of an arbitrary
number of particles confined by a harmonic potential and interacting among themselves through
conservative forces scaling as the inverse cube of distances. The radial oscillation leads to a variation
of the thermodynamic quantities characterizing the system. The system therefore does not approach
equilibrium, since the (macroscopic) amplitude of the oscillation does not decrease as time goes to
infinity. The oscillation is harmonic and isochronous, that is, its frequency is fixed and independent
of the initial condition. These results hold independently of the dimension of the system and are
also valid in the quantal context.

Rational solitons of wave resonant interaction models

Sara Lombardo
Northumbria University, Newcastle, UK

Talk Summary: Integrable models which describe the resonant interaction of two or more waves
in 1+1 dimensions are known to be of applicative interest in several areas. Here we consider
one such model which includes as special cases two models of applicative relevance, namely two
coupled Nonlinear Schroedinger equations (or Manakov System) and the equations describing the
resonant interaction of three waves. The Darboux construction of soliton solutions is applied
with the condition that the solutions have rational or mixed rational-exponential dependence on
coordinates. Our algebraic construction relies on nilpotent matrices and their Jordan form. These
soliton solutions are analyzed and described by analytical and numerical methods. (Joint work
with A. Degasperis)

Dark soliton and peakon solutions of the Qiao Equation

Tony Lyons
Dublin Institute of Technology, Eire

Poster Summary: In the talk, we will construct the soliton and peakon solutions for the Qiao
equation, an integrable PDE with cubic nonlinearities. To do so, we will introduce a change of
coordinates, thereby allowing us to write the spectral problem for the system, as a Schrodinger
type problem, whose properties are well understood from the KdV equation. Having reformulated
the spectral problem, we proceed to derive explicit soliton solutions for the system, which approach
a non-zero constant value asymptotically. Finally, we will also investigate the peakon solutions of
the system, and recreate the so called M-wave solution.
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Towards the dressing phase in the AdS3/CFT2 duality

Guido Macorini
Niels Bohr Institute, University of Cophenaghen, Denmark

Poster Summary: We will present recent progresses in understanding the 1-loop correction to
the dressing phase appearing in the Bethe Ansatz equations proposed for the spectrum of strings
on AdS3 × S3 × T 4.

Haantjes manifolds

Franco Magri
Università di Milano–Bicocca, Milano, Italy

Talk Summary: Many years ago, at the first conference in this series, held in Lecce in 1979, I
had the occasion to present a simple geometrical model of a certain class of integrable systems,
henceforth called bihamiltonian systems. In this conference I would like to discuss a slight, but
nontrivial, extension of that model, by presenting the concept of Haantjes manifold. To explain the
spirit of this extension, it is suitable to recall two properties of the recursion operator associated
with a given bihamiltonian vector field

X = Pdh = Qdk,

when one of the two Poisson bivectors P and Q is invertible. If Q is invertible, the recursion
operator is L = PQ−1. The properties of L which are of interest are the vanishing of its Nijenhuis
torsion

Torsion(L) = 0

and the fact that L transforms the exact 1-form dh into the exact 1-form dk:

L ∗ dh = dk.

Let us now weaken the first assumption. Instead of requiring the vanishing of the Nijenhuis torsion
of L , let us simply demand the vanishing of its Haantjes torsion:

Haantjes(L) = 0

At the same time, let us strengthen the second assumption by demanding that

L ∗ dh = dk and L ∗ dk = dl.

These two simple improvements have far reaching cosequences. The purpose of my talk will be to
better explain the geometry of the new category of manifolds, and to support the idea that they
play an important role in the theory of integrable systems, by shoving either their relations with
Frobenius manifolds or their relations with Whitham equations.
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Applications of Tools of Nonlinear Time Series Analysis to Ionospheric Data

Natalia I. Manaenkova
Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation Russian Academy of

Science (IZMIRAN), Moscow, Troitsk, 142190, Russia

Talk Summary: Till now there is no full analytical model which is able to describe so complex
nonlinear dynamic system as ionosphere. The tools of nonlinear time-series analysis have been ap-
plied to the ionospheric measurements obtained by modern digital high-precision ionosonde “Parus”
(created and utilized at IZMIRAN). We examined small-scaled structure of the electron density Ne

at F -region of ionosphere by exploring time-series of the observables of reflected HF radio wave,
corresponding to non-perturbed day ionograms.

Nonlinear time series analysis has been developed for the study of data sets of physical ob-
servables, whose dynamics exhibits chaotic behavior. For forced, dissipative systems the low-
dimensional chaotic dynamics is often associated with the presence of a strange attractor in the
system phase space. There are various methods available that allow to estimate some properties of
the attractor such as the correlation dimension D2 (lower estimation of the fractal dimension D);
the K2-entropy (estimation of the Kolmogorov entropy); or the spectrum of Lyapunov exponents.
Estimation of the correlation dimension D2 of data sets of the ionospheric measurements allows
us to determine the number of effective degrees of freedom, or dimension of the system ionosonde-
ionosphere. Dimension D2 is the dimensionality of the embedding space of the strange attractor
when it exists in the system phase space. In order to avoid the spuriously low estimate of dimension
we have examined large enough data sets, using not only Grassberger and Procaccia’s algorithm
of calculation D2, K2, but also J.Theiler’s modification of standard algorithm, where the choice of
the algorithm depends on the autocorrelation time.

In order to distinguish low-dimensional dynamics from stochastic processes, it is useful to con-
sider the stochastic surrogate signals obtained by inverting a power spectrum exactly equal to
that of the signal under study and random, independent and uniformly distributed Fourier phases.
Analysis of the surrogate data and calculation of the largest Liapounov exponent λmax were em-
ployed. It is well-known that λmax ≈ K2. A positive λmax does not constitute, by itself, convincing
evidence of low-dimensional chaos, since random signals are also known to yield λmax > 0. For a
deterministic system, λmax is expected to increase when the dimensionality of the embedding space
is reduced, as the attractor occupies a larger “portion” of available space. For our time series, we
find that λmax ≈ 0.008 for n > 15; for n = 7, λmax = 0.016 and for n = 3, λmax = 0.029. This
behavior is quite distinct from what is observed for a random signal.

The important aim of modeling is the ability to forecast system states successfully. For low-
dimensional chaos there are well-known numerical techniques for constructing nonlinear predictive
model directly from time series. For example, there is the method of constructing short-term
predictors, so-called “method of nearest neighbors”. To predict Xt+T for time-series {Xti : i =
1, . . . , N}, we make local first-order linear approximation, using only K neighboring n-vectors
(n = 1, 2, . . . , D2 ). Simple formulae Tmax = 1/K2 ln(1/ε) clears up that maximum time of reliable
prediction of investigated parameter is limited. Tmax is defined by the value of K2 (D2) and the
accuracy ε of data measurements or computations of the corresponding ionosphere parameters.
(Joint work with V.A. Eremenko)
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Nonlinear evolution of concentric solitons in shallow water
and their envelope soliton counterparts

A. Mannan
Dipartimento di Matematica e Fisica, Seconda Università degli Studi di Napoli, Via Vivaldi 43,

81100 Caserta and INFN Sezione di Napoli, Napoli, Italy

Poster Summary: The nonlinear dynamics of the concentric shallow water waves is deepen by
using a mapping that transforms the concentric Korteweg-de Vries (KdV) equation into the planar
one. Localized solutions with ”tilted” or standard boundary conditions are found analytically
and numerically, respectively. Furthermore, it is shown that planar and concentric shallow water
solitons can be represented by a complex form corresponding to planar and concentric envelope
solitons, respectively. This is done by using recently found correspondences that relate the KdV
and the nonlinear Schrödinger equations in planar and cylindrical case, respectively. (Joint work
with R. Fedele, M. Onorato, S. De Nicola and D. Jovanović)

Waves in the Skyrme–Faddeev model

Luigi Martina
Università del Salento and sez. INFN Lecce, Lecce, Italy

Poster Summary: We show that the Skyrme–Faddeev model can be reduced in different ways into
completely integrable sectors. The corresponding classes of solutions can be parametrized by specific
sets of arbitrary functions. Moreover, in the phase-pseudo-phase reduction, the corresponding
ordinary nonlinear wave solutions can be integrated in terms of elliptic functions, leading to periodic
solutions. The Whitham averaging method has been exploited in order to describe slow deformation
of periodic wave states, leading to an hamiltonian system, the integrability of which has been
studied.

Self-adaptive mesh discrete integrable systems

Kenichi Maruno
The University of Texas - Pan American, USA

Talk Summary: I will show self-adaptive mesh discrete integrable systems and their geomet-
ric interpretation. These new discrete integrable systems include the discrete WKI elastic beam
equation, the discrete Dym equation, the discrete short pulse equation, the discrete Hunter-Saxton
equation and the discrete Camassa-Holm equation. This type of discrete integrable systems can be
obtained easily through a geometric approach.
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Hamiltonian dynamics of a quantum of space:
quadratic symmetry algebras and discrete orthogonal polynomials

Annalisa Marzuoli
Università degli Studi di Pavia, Italia

Talk Summary: The quantum mechanical volume operator, introduced in connection with the
symmetric representation of the three-body problem, has been recently recognized to play a fun-
damental role in discretized quantum gravity models. Its discrete symmetries, first discovered by
Regge for the 6j symbol of SU(2), belong to a quadratic algebra. The spectrum and wavefunctions
of the volume operator are discussed from the viewpoint of the Hamiltonian evolution of an ele-
mentary “quantum of space” in semiclassical regimes. Coordinates adapted to Regge symmetry
are exploited for the construction of a novel set of discrete orthogonal polynomials, characterizing
the oscillatory components of torsion-like modes in molecular dynamics.

References:
1. arXiv:1301.1949 [quant-ph]

On the invariances, conservation laws, and conserved quantities of a
transformed PT symmetric coupler

Phetogo Masemola
University of the Witwatersrand, Johannesburg, South Africa

Poster Summary: We study the conservation laws, Lie symmetries of a PT symmetric coupler
with gain in one waveguide and loss in another. A transformation in the PT system results in a
scalar cubic Schrodinger equation. We investigate a Lagrangian, corresponding Noether symme-
tries, conserved vectors and exact solutions.

Large parametric asymptotic of the multi-rogue waves solutions of the NLS
equation and rogue wave solutions of the KP-I equation

Vladimir B. Matveev
Institute de Mathematiques de Bourgogne, Universite de Bourgogne, Dijon, France

Talk Summary: In this talk, we present some new still unpublished (to appear in Nonlinearity)
results concerning the behavior of the multi-rogue waves solutions of the focusing NLS and KP-I
equation. These results are based on explicit polynomial formulas obtained from the determinant
representations for these solutions found in my works with Philippe Dubard [1]–[2]. In these
works the concept of the multiple rogue waves solutions both for focusing NLS equation and KP-
I equation was first introduced. These works provided an explanation of the fact that the so
called higher Peregrine breathers (we’ll call them for brevity Pn breathers) with n ≥ 2 are not
isolated and correspond to particular choice of parameters for the rank n multi-rogue wave solution
depending on 2n free real parameters. In 2010 only genuine Peregrine breather (i.e. P1 breather),
P2-breather (found in 1995 by Akhmediev, Eleonski and Kulagin) and P3 breather (found in 2009
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by Akhmediev, Ankiewicz and Soto-Crespo) were known explicitly. The discovery of the multiple
rogue-waves solutions stimulated the study of their particular cases corresponding to the different
choices of parameters revealing quite different symmetric and asymmetric configurations. It seems
that a rigorous study of the large parametric behavior of the multi-rogue wave solutions was never
performed before. In particular, we will show that (at least for small ranks) that all multiple rogue
wave solutions of the rank m ≤ n− 2 can be obtained as an appropriately chosen large parametric
limits of the rank n solutions.

References:
1. P. Dubard, P. Gaillard, C. Klein and V. Matveev, On multi-rogue wave solutions of the NLS

equation and positon solutions of the KdV equation, Eur. Phys. J. Spec. Top., 185, 247–258
(2010).

2. P. Dubard and V. Matveev, Multi-rogue waves solutions to the focusing NLS equation and
the KP-I equation, Nat. Hazards Earth Syst. Sci., 11, 667–672 (2011).

Commuting ordinary differential operators of arbitrary rank and genus

Oleg Mokhov
Department of Geometry and Topology, Faculty of Mechanics and Mathematics,

M.V. Lomonosov Moscow State University, Moscow, Russia

Talk Summary: We construct examples of commuting ordinary scalar differential operators with
polynomial coefficients that are related to a spectral curve of an arbitrary genus g > 0 and to an
arbitrary rank r > 1 of the vector bundle of common eigenfunctions of the commuting operators
over the spectral curve. This solves completely the well-known existence problem for commuting
operators of arbitrary genus and arbitrary rank with polynomial coefficients. The constructed
commuting operators of arbitrary rank r > 1 and arbitrary genus g > 0 are generated by the
Chebyshev polynomials Tr(x).

Integrable viscous conservation laws and applications

Antonio Moro
Department of Mathematics and Information Sciences,

Northumbria University, Newcastle upon Tyne, UK

Talk Summary: In a recent paper in collaboration with A. Arsie and P.Lorenzoni, an exten-
sion of Dubrovin’s perturbative approach to the study of normal forms for non-Hamiltonian inte-
grable scalar conservation laws has been proposed. It is conjectured that such normal forms are
parametrized by one single functional parameter named vis- cous central invariant. Such viscous
integrable conservation laws turn out to be intimately connected to the Burgers hierarchy that
is known to be reducible to the heat hierarchy via a nonlinear change of variables. Dubrovin’s
Universality conjecture and a new application to phase transitions in classical thermodynamics is
also discussed.
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Symmetries, Conservation Laws
and Reductions of a Fourth-order Wave Equation

Richard Morris
University of the Witwatersrand, Johannesburg, South Africa

Talk Summary: In this talk, we analyse a fourth-order wave equation relating to compressional
dispersive Alfven waves, which admits a Lagrangian so that Noether’s theorem can be applied to
extract conservation laws. We also adopt the invariance and multiplier approach to extract addi-
tional conservation laws and lastly, we perform the double reduction procedure via the association
of some conserved vector with a Noether symmetry.

Soliton interactions in a tropical limit

Folkert Mueller-Hoissen
Max-Planck-Institute for Dynamics and Self-Organization, Göttingen, Germany

Talk Summary: In a ’tropical limit’ (Maslov dequantization), KdV solitons become piecewise
linear structures in a (1+1)-dimensional space-time, which bear similarity with Feynman diagrams.
In the same way, KP solitons correspond to piecewise linear structures in (2+1)-dimensional space-
time, somewhat resembling string-like interactions. We address the underlying structure and combi-
natorics and present results of joint work with Aristophanes Dimakis (J. Phys. A: Math. Theor. 44
(2011) 025203, our contribution to Associahedra, Tamari Lattices and Related Structures, Progress
in Mathematics 299 (2012), 391-423, and work in progress).

Chaos on the conveyor belt

Zoltan Néda
Babes-Bolyai University, Cluj Napoca, Romania

Poster Summary: The dynamics of a spring-block train placed on a moving conveyor belt is
investigated both by simple experiments and computer simulations. The first block is connected
by spring to an external static point, and due to the dragging effect of the belt the blocks undergo
complex stick-slip dynamics. A qualitative agreement with the experimental results can only be
achieved by taking into account the spatial inhomogeneity of the friction force on the belt’s surface,
modelled as noise. As a function of the velocity of the conveyor belt and the noise strength, the
system exhibits complex, self-organised critical, sometimes chaotic dynamics and phase transition-
like behavior. Noise induced chaos and intermittency is also observed. Simulations suggest that the
maximum complexity of the dynamical states is achieved for a relatively small number of blocks,
around five. (Joint work with B. Sándor, F. Jórai-Szabo and T. Tél))
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Integrable systems in 2+1-dimensions: deformations of dispersionless limits

Vladimir Novikov
Loughborough University, UK

Talk Summary: Classification of integrable systems remains as a topic of active research from
the beginning of soliton theory. Numerous classification results are obtained in 1 + 1 dimensions
by means of the symmetry approach. Although the symmetry approach is also applicable to
2 + 1-dimensional systems, one encounters additional difficulties due to the appearance of non-
local variables. An effective way to tackle the non-locality problem, known as the perturbative
symmetry approach in symbolic representation, provides an efficient way to study integrability of
2 + 1-dimensional equations as well as allows to classify particular classes of integrable equations.
In the perturbative symmetry approach one starts with a linear equation having a degenerate
dispersion law and reconstructs the allowed nonlinearity.

In this talk we present a novel perturbative approach to the classification problem. Based on
the method hydrodynamic reductions, we first classify integrable quasilinear systems which may
potentially occur as dispersionless limits of integrable 2 + 1-dimensional soliton equations. To
reconstruct dispersive deformations we require that all hydrodynamic reductions of the dispersion-
less limit be inherited by the corresponding dispersive counterpart. The method also allows to
effectively reconstruct Lax representations of the deformed systems.

We present various classification results obtained in the frame of the new approach, e.g. the
classification of scalar 2+1-dimensional equations generalizing KP, BKP/CKP, the classification of
Davey-Stewartson type systems as well as various classifications of 2 + 1-dimensional differential-
difference equations.

Double scaling limit of the generalized Hermite and Okamoto polynomials

Victor Novokshenov
Institute of Mathematics, Russian Academy of Science, Ufa, Russia

Talk Summary: We consider rational solutions to Painlevé IV equation which come as recurrence
relations of orthogonal polynomials in Gaussian unitary ensemble. For the case when the gaussian
weight is perturbed by a power multiplyer those rational solutions are logarithmic derivatives of
generalized Hermite polynomials. We calculate the scaling limits of these polynomials as n → ∞
and z/n = const, where polynomials are of the form Pn(z). The leading term is given in the form
of modulated elliptic function with modulus dependent of z/

√
n. The similar answer is valid for all

polynomials associated with Painlevé IV equation. (Joint work with A.Schelkonogov)
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Spectral realization of the Riemann zeros by quantizing H = w(x)(p+ `2p/p):
the Lie-Noether symmetry approach.

Maria Clara Nucci
University of Perugia, Italy

Talk Summary: If tn are the heights of the Riemann zeros 1/2 + itn, an old idea, attributed
to Hilbert and Polya [1], stated that the Riemann hypothesis would be proved if the tn could be
shown to be eigenvalues of a self-adjoint operator. In 1986 Berry [2] conjectured that tn could
instead be the eigenvalues of a deterministic quantum system with a chaotic classical counterpart
and in 1999 Berry and Keating [3] proposed the Hamiltonian H = xp, with x and p the position
and momentum of a one-dimensional particle, respectively. This was proven not to be the correct
Hamiltonian since it yields a continuum spectrum [4] and therefore a more general Hamiltonian
H = w(x)(p + lp2/p) was proposed [5],[6],[7] and different expressions of the function w(x) were
considered [5],[7],[8] although none of them yielding exactly tn. We show that the quantization by
means of Lie and Noether symmetries [8],[9],[10],[11] of the Lagrangian equation corresponding to
the Hamiltonian H yields straightforwardly the Schroedinger equation and clearly explains why
either the continuum or the discrete spectrum is obtained. Therefore we infer that suitable Lie and
Noether symmetries of the classical Lagrangian corresponding to H should be searched in order to
alleviate one of Berry’s quantum obsessions [12].

References:
1 Edwards H M, Riemann Zeta Function, Academic Press, New York (1974)
2 Berry M V, in Quantum Chaos and Statistical Nuclear Physics ed T H Seligman and H

Nishioka vol 263, pp 1-17 (1986)
3 Berry M V and Keating J P, in Supersymmetry and Trace Formulae: Chaos and Disorder,

ed J P Keating and I V Lerner, Plenum, New York, pp 355 (1999)
4 Sierra G, Nucl. Phys. B 776, 327 (2007).
5 Sierra G and Rodriguez-Laguna J, Phys. Rev.Lett. 106, 200201 (2011).
6 Berry M V and Keating J P, J. Phys. A: Math. Theor. 44, 285203 (2011)
7 Sierra G, J. Phys. A: Math. Theor. 45, 055209 (2012)
8 Molina-Vilaplana J and Sierra G , arXiv:1212.2436v2 (2012)
9 Nucci M C, Theor.Math. Phys. 168, 997-1004 (2011)

10 Nucci M C, J. Phys.: Conf. Ser. 380, 012008 (2012)
11 Nucci M C, Quantizing preserving Noether symmetries, (2013) submitted
12 Gubbiotti G and Nucci M C, Noether symmetries and the quantization of a Lienard-type

nonlinear oscillator, (2013) submitted
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Nonlinear Dynamics of a Network of Spin Torque Nano-Oscillators

Antonio Palacios
San Diego State University, USA

Poster Summary: The 2007 Nobel prize in Physics was awarded jointly to Albert Fert and Peter
Grunberg for their discovery of the Giant Magnetoresistance Effect (GMR). This effect is observed
as a significant change in the electrical resistance of some materials depending on whether the
magnetization of adjacent ferromagnetic layers are in antiparallel or in parallel. The most common
application of this effect is the spin nano-valve device, which consists of at least two layers of
ferromagnetic materials separated by a nonmagnetic metal layer. In one layer the magnetization
vectors are fixed while on the other they are free. As predicted by Slonczewski and Berger, a
spin-polarized current can exert a torque on the magnetization of a ferromagnetic layer leading
to precession. Then the GMR effect can convert the magnetic precession into microwave voltage
signals and turn the valve into a Spin Torque Nano-Oscillator (STNO) whose power output, about
1 nW, is small. To generate a more powerful signal, several groups have proposed to harness the
power of several STNOs connected together, see, but their collective behavior, which belongs to
the field of nonlinear dynamics, has never been studied. A typical network configuration with
N nano-oscillators, connected in series, leads to a system of differential equations with all-to-all
coupling. Thus, Sn–the group of permutations of n objects–is the underlying group of symmetries
of the network. In this work we use ideas and methods from Equivariant Bifurcation Theory, in
particular, Equivariant Hopf bifurcation with Sn-symmetry, to explore in more detail the collective
behavior of the network and, in particular, to study the nature of the bifurcations that lead into
and out of the synchronization state.

Resonant driving of a quartic oscillator

Carlo Palmisano
Universita’ di Torino, Italy

Poster Summary: In this paper we study how appropriately shaped pulses can drive resonantly a
one-dimensional, classical, quartic oscillator over reasonably long times. The kinetic energy and the
action variable of the time-independent, quartic, Hamiltonian system increase by use of a sinusoidal
carrier signal modulated by a fixed, pulse shaped input signal. Our goal is to drive high frequencies
of a nonlinear system by a low frequency modulation signal. Theoretical predictions, in particular
diffusion in phase space, are validated by numerical investigations of the model.
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Two Circle Theorem, q-Periodic Functions and Entangled Qubit States

Oktay Pashaev
Izmir Institute of Technology, Turkey

Talk Summary: We derived the two circles theorem for hydrodynamic flow in annular domain
bounded by two concentric circles. Complex potential and velocity of the flow are represented as
q-periodic functions and rewritten in terms of the Jackson q-integral. This theorem generalizes the
Milne-Thomson one circle theorem and reduces to the last in the limit q → ∞. As an example,
problem of vortex images in annular domain between coaxial cylinders is solved in terms of q-
elementary functions. The set of images, as symmetric points under circles, determines the system
of spin coherent states. By these states we construct the maximally entangled orthonormal two
qubit spin coherent state basis, in the limiting case reducible to the Bell basis. Average energy of
XYZ model in these states, describing finite energy localized structure with characteristic extreme
points, appears as an energy surface in maximally entangled two qubit space. Generalizations
to three and higher multiple qubits are found. We show that our entangled N qubit states are
determined by set of complex Fibonacci and Lucas polynomials and corresponding Binet-Fibonacci
q-calculus. Quantum fractal states in this calculus are discussed.

Classical Mechanical Systems with one-and-a-half Degrees of Freedom
and Vlasov Kinetic Equation

Maxim Pavlov
Lebedev Physical Institute of Russian Academy of Sciences, Moskow, Russia

Talk Summary: We consider non-stationary dynamical systems with one-and-a-half degrees of
freedom. We are interested in algorithmic construction of rich classes of Hamilton’s equations with
the Hamiltonian H = p2/2 + V (x, t) which are Liouville integrable. For this purpose we use the
method of hydrodynamic reductions of the corresponding one-dimensional Vlasov kinetic equation.
Also we presented several examples of systems with first integrals with non-polynomial dependencies
w.r.t. to momenta. The constructed in this paper classes of potential functions V (x, t) which give
integrable systems with one-and-a-half degrees of freedom are parameterized by arbitrary number
of constants.

Complete Bifurcation Analysis of
DC-DC Converters Under Current Mode Control

Dimitry Pikulin
Riga Technical University, Riga, Latvia

Poster Summary: The purpose of this research is to study the possibilities of application of novel
method of complete bifurcation groups to the analysis of global dynamics of piecewise-smooth
hybrid systems, exploring new nonlinear effects, unknown before periodic and chaotic regimes.
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Results include the construction of complete one and two-parameter bifurcation diagrams, detection
of various types of bifurcation groups and investigation of their interactions, localization of rare
attractors, the investigation of different principles of birth of chaotic attractors. Main results are
illustrated on one of the most widely used switching systems boost converter under current mode
control operating in continuous current mode.

IST of KPII equation for perturbed multisoliton solutions

Andrei Pogrebkov
Steklov Mathematical Institute, Moskow, Russia

Talk Summary: The Direct and Inverse Scattering problems for the heat operator with a potential
being a perturbation of an arbitrary N soliton potential are formulated. We introduce Jost solutions
and spectral data and present their properties. Then, giving the time evolution of the spectral
data, the initial value problem of the Kadomtsev-Petviashvili II equation for a solution describing
N solitons perturbed by a generic smooth fast decaying potential is linearized. (Joint work with
M.Boiti and F.Pempinelli)

Contractions of quadratic algebras and limits of superintegrable systems

Sarah Post
University of Hawaii at Manoa, USA

Poster Summary: In this poster, I will discuss the connection between limits of superintegrable
systems and the induced contractions of their symmetry algebras. For second-order superintegrable
systems, these contractions lead exactly to the Askey scheme of orthogonal polynomials. Addition-
ally, the application of these contractions to potentials depending on Painlevé transcendents will
be discussed.

Classification of bi-Hamiltonian structures associated with
differential-geometric Poisson brackets of the first and third order

Gennady Potemin
Nizhny Novgorod State Technical University, Russia

Poster Summary: We consider a compatible pair of differential geometric Poisson brackets of the
first and third order. We give a classification of such compatible pairs based on an integrability
of a skewsymmetry and a Jacobi identity. We present a list of corresponding integrable systems.
We also describe some important properties of these integrable systems like conservation laws and
higher symmetries.
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Topological invariants and homotopy groups of SU(3)

Alexander Protogenov
Institute of Applied Physics of the RAS, Nizhny Novgorod, Russia

Talk Summary: We consider topological invariants to classify topological defects in the SU(3)
d-dimensional gauge theory. The homotopy groups for topological classes of such defects are com-
puted explicitly. It is shown that three nontrivial examples are π3SU(3) = Z, π5SU(3) = Z, and
π6SU(3) = Z6 if 3 < d < 6. The topological invariants for d=3,5,6 are described in detail as the
most interesting examples. Our results explain the origin of the six nontrivial ground states of the
SU(3) gauge theory and nonlinear sigma-model.

Static Stellar Systems are Spherically Symmetric

Chris Radford
Memorial University, St John’s, Canada

Talk Summary: A conjecture of many years standing in General Relativity is that static stellar
models, under physically reasonable assumptions, must be spherically symmetric. The problem
illustrates a nice interplay between the nonlinear partial differential equations of General Relativity
and the symmetry which they force on the geometry. In this talk I will outline some of the history
of the problem – from the early work of Kunzle and Savage, and Beig and Simon, to the break
through work of Massod-ul-Alam and more recent results. Finally, I will describe a recent theorem
which is probably the best possible: An asymptotically flat static stellar system whose stars have
density, ρ > 0, and pressure, p ≥ 0 must, under certain weak regularity conditions, be spherically
symmetric with one central star.

The N-dimensional Taub-Nut as a new
maximally superintegrable hamiltonian system on a curved space

Orlando Ragnisco
Università degli Studi Roma Tre, Roma, Italy

Talk Summary: The Taub-Nut system belongs to the multi parametric family of superintegrable
system identified by V.Pelick in 1992. Here we present an N-dimensional extension and some quan-
tum versions of that system: we analytically derive its spectrum and construct the corresponding
eigenfunctions.
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Hexacopter flight modeling

Angela Ricciardello
Kore University of Enna, Faculty of Engineering and Architecture, Italy

Poster Summary: The main problem addressed in this talk concerns the aircraft dynamic behav-
ior by means of the mathematical model. Assuming the hexacopter as a rigid body, the differential
equations describing its dynamic behaviour can be derived from the Newton-Euler. The standard
Euler-angle parameterization of three-dimensional rotations contains singular points that can cause
failure of both dynamical models and control. These singularities are avoided when quaternions are
considered. The strength of quaternions lies on the linearity of their formulation, on the easiness
of their algebraic structure and, overall, on their numerical stability and efficiency . (Joint work
with Valeria Artale and Cristina Milazzo)

Classical and quantum Superintegrable systems from coalgebra symmetry

Danilo Riglioni
Centre De Recherches Mathematiques, Montreal, Canada

Poster Summary: A Maximally Superintegrable (M.S.) system is an integrable n-dimensional
Hamiltonian system which has 2n-1 integrals of motion. The (M.S.) systems share nice properties
such as periodic trajectories for classical systems and degenerate spectrum for quantum mechanical
systems. The aim of the talk is providing a classification of classical and quantum M.S. systems
characterized by a radial symmetry and defined on n-dimensional spaces with non-constant curva-
ture. We will achieve this result considering the only systems which are eligible to be M.S. namely
all the classical radial systems which admit stable closed orbits and whose classification is given by
the non-Euclidean generalization of the well known Bertrand’s theorem. As in the Euclidean case
the generalized Bertrand theorem still gives us two families of exactly solvable M.S. systems but,
in contrast with the flat case, they exhibit extra integrals of motion which have the remarkable
property of being of higher order in the momenta. In particular, using a novel technique based
on coalgebra , we will show explicitly how these higher order integrals of the motion can always
be obtained by a radial deformation of Superintegrable systems with quadratic constants of the
motion.

On q-logarithmic integrable Hamiltonian reductions in spatial anisentropic
gasdynamics

Colin Rogers
University of New South Wales, Australia

Talk Summary: Integrable Hamiltonian reductions in non-isothermal polytropic gasdynamics are
isolated corresponding to q-Gaussian density distributions. The availability of the Tsallis parameter
q in the reductions permits the construction via a Madelung transformation of wave packet solu-
tions for arbitrary adiabatic index γ of an associated q-logarithmic nonlinear Schrodinger equation
involving a de Broglie-Bohm quantum potential term.
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Quadratic Poisson structures on free associative algebra
representations and double brackets

Vladimir Roubtsov
LAREMA, Département de Mathématiques, UFR Sciences, Univ. d’Angers, France

Talk Summary: Quadratic Poisson brackets on free associative algebra representations and their
pencils with a linear Poisson structure are studied. This Poisson structures are related to M.
Van den Bergh double brackets and satisfied some associative analogues of Yang-Baxter equation
(AYBE). We describe some classification results and new examples of constant and rational double
brackets arising from solutions of various AYBE’s (A.Polishchuk – T. Schedler and A.Odesskii – V.
Sokolov). (Based on joint works with A. Odesskii and V. Sokolov.)

Optimal System of one Dimensional Subalgebras
for Generalized KdV Equations

Marianna Ruggieri
Kore University of Enna, Faculty of Engineering and Architecture, Italy

Poster Summary: We consider the generalized system of KdV equations

ut + uxxx + 2uux + 2e1vvx + e2(uxv + uvx) + e3vxxx = 0 ,

c1vt + vxxx + 2vvx + c2vx + c3[e1(uxv + uvx) + 2e2uux + e3uxxx] = 0 (8)

coupled through both dispersive and nonlinear terms which was derived by Gear and Grimshaw [1].
In (1) u(t, x) and v(t, x) are the dependent variables and subscripts denote partial derivative with
respect to the independent variables t and x; moreover, ej and cj (j = 1, 2, 3) represent arbitrary
constants. The model describe the strong interaction of two-dimensional, long, internal gravity
waves propagating on neighboring pycnoclines in a stratied uid. Some mathematical questions
related to the Cauchy Problem (CP) of (1) have been studied by Bona et al. [2] who showed that
the (CP) is globally well-posed in suitably strong function spaces. Moreover, Bona and Saut have
also stated that the system (1) is susceptible of experiencing the dispersive blow-up phenomenon.
The complete group classication of (1) and some exact solutions of physical relevance are derived
in [3]; while a study about an algebraic method proposed recently by Fan [4] is performed in [5] in
order to characterize a complete hierarchy of traveling wave solutions admitted by the model (1). In
this talk, we construct the optimal system of one dimensional subalgebras. Next the reductions of
(1) to a system of ODEs through the optimal system are presented with examples of exact invariant
solutions.

References:
1 J. A. Gear and R. Grimshaw. Stud. Appl. Math., 70(3), (1984), 235 - 258.
2 Bona J. L., Ponce G., Saut J-C, and Tom M., Commun. Math. Phys. 143, (1992), 287-313
3 M. Ruggieri and M. P. Speciale, Similarity Reduction and Closed Form Solutions for a Model

Derived from Two-Layer Fluids, submitted
4 E.G. Fan, J Phys A (2003); 36:700926.
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5 M. Ruggieri and M.P. Speciale, On a hierarchy of traveling wave solutions for a system of
generalized KdV equations, submitted.

An evolution of initial value profile
for the Burgers equation with fixed boundary conditions

Alexey Samokhin
Moscow State Technical University of Civil Aviation, Russia

Poster Summary: Consider the initial value — boundary problem (IVBP) the Burgers equation

cut(x, t) = uxx(x, t) + 2u(x, t)ux(x, t),

u(x, 0) = f(x), x ∈ [a, b], u(a, t) = A, u(b, t) = B

Because of dissipation one may expect the solution to tend monotonic at t→∞ to the stationary
ut = 0 invariant solution, that is to the solution of the ODE y′′+2yy′ = 0, y(a) = A, y(b) = B. This
is true in the case y′ ≤ 0, but not necessarily so for y′ > 0. In fact, for the v(x, t) = u(x, t)− y(x)
the estimation

∂

∂t

∫ b

a
v2dx = −2

∫ b

a

(
v2x − y′v2

)
dx

holds. This functional stationary solutions may be discontinuous which leads in discontinuity of
asymptotics of the Burgers IVBP

References:
1 A.V. Samokhin, Decay of conservation laws and their generating functions, Acta Appl. Math.,
41 (1995), p.299–309.

Automorphic Lie Algebras

Ian Sanders
Vrije Universiteit Amsterdam, The Netherlands

Talk Summary: Automorphic Lie Algebras are Lie algebras tensored with homogeneous functions
of the spectral parameter, such that the elements are invariant under the combined action of a
Platonic group acting via two irreducible representations on both the original simple Lie algebra
and the spectral parameter. They have been invented in the context of algebraic reduction of
integrable systems, but they turn out to be very interesting in their own right and they show much
more structure than originally anticipated and they can be described almost completely independent
of the chosen group. The presence of a modular invariant complicates the analysis of the structure
theory along the lines of the classical classification theory of complex Lie algebras, but final results
are now becoming visible and this talk will report on the latest developments. (Joint work with
S. Lombardo)
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Overview of results on commuting vector fields
and integrable PDEs of hydrodynamic type in multidimensions

Paolo Maria Santini
Department of Physics, University of Roma ”La Sapienza”, Italy

Talk Summary: We present results on ”commuting vector fields and integrable PDEs of hydro-
dynamic type in multidimensions”, obtained in collaboration with Sergei Manakov in the recent
years, before his premature death, in August 09, 2012. We also mention more recent developments
on the subject, obtained with the young scientists Ge Yi and Man Jia. In particular, we present:
i) an inverse spectral transform for one - parameter families of vector fields, including a nonlinear
Riemann -Hilbert (NRH) problem as inverse problem; ii) a method for constructing solvable NRH
problems corresponding to exact, implicit solutions of the nonlinear PDEs; iii) the longtime behav-
ior of solutions of the associated PDEs; iv) the analytic study of wave breaking in multidimensions.
This talk is dedicated to the memory of Sergei Manakov, a great scientist, and a close collaborator
and sincere friend of the speaker. (Joint work with Sergei Manakov)

Ultradiscrete analysis on linear and nonlinear systems

Junkichi Satsuma
Aoyama Gakuin University, Japan

Talk Summary: Ultradiscretization with parity variables is introduced to obtain a class of so-
lutions for linear and nonlinear equations including several nonlinear integrable systems . The
relation among solutions of continuous, discrete and ultradiscrete systems is also discussed.

Classification of C- and S-integrable equations
defined on a three or four-points lattice

Christian Scimiterna
Department of Physics, Roma Tre University, Italy

Talk Summary: In this seminar we show how to use a multiscale perturbative technique to test
asymptotic C- or S-integrability of nonlinear systems, continuous or discrete. A set of necessary in-
tegrability conditions, obtained requiring order by order a consistent and secularity-free expansion,
act as a filter on the space of the parameters specifying the (class of) equations.

A complete classification for the family of real, multilinear, dispersive equations dened on a
four-points lattice up to sixth order in the perturbative parameter will end up with only one
asymptotically C-integrable representative and five asymptotically S-integrable representatives up
to a (restricted) Mobious transformation of the dependent variable.
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Poisson Structure of Difference Lax Equations,
Exchange Algebras and Difference Galois Theory

Tian-Shansky Michael Semenov
Institut Mathematique de Bourgogne, Universite de Bourgogne, Dijon, France

Talk Summary: I discuss the lift of Poisson structures associated with auxiliary linear problems
for the differential and difference Lax equations to the space of wave functions. Due to a peculiar
symmetry breaking, the corresponding differential and difference Galois groups become Poisson Lie
Groups. A new class of elliptic classical r-matrices is described.

Symmetric Polynomials and Conservation Laws

Alexei B. Shabat
L.D. Landau Institute of Theoretical Physics, RAS, Moscow, Russia

Talk Summary: Vector field with symmetrical polynomials as the first integrals are considered.
The connection of these dynamical systems with the theory of multiphase solutions of the solitonic
models of mathematical physics is established.

Weighting Function for Improving the Convergence Performance
of IRWLS-Based All-Pass IIR Filters

Yoshinao Shiraki
Toho University, JAPAN

Poster Summary: We present a weighting function that can be used in the method of IRWLS
(iteratively reweighted least squares) for designing all-pass IIR filters. By introducing this weighting
function, we can improve the convergence performance in the solution of the IRWLS. The height
of each weighting function is designed to be equal to the local maximum of each ripple, and the
width of each weighting function is designed so that the area of each weighting function becomes
equal to the area of each ripple. Here, the ripple is the absolute value of the phase error. We show
experimentally that the convergence performance in the solution of the IRWLS can be improved
by using the proposed weighting function.

Lie symmetries for fractional partial differential equations

Gabriele Sicuro
Università di Pisa, Italy

Poster Summary: We discuss a general theory for the construction of point Lie symmetries
of fractional partial differential equations involving Riemann–Liouville fractional derivatives. A
generalization for the prolongation formula is provided for the fractional case. The new technique
is implemented to find exact solutions of some fractional partial differential equations in (1+1)
dimensions.
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Propagating two-dimensional magnetic droplets

Matteo Sommacal
Northumbria University, UK

Talk Summary: Recent results on propagating, solitary magnetic wave solutions of the Landau-
Lifshitz equation with uniaxial, easy-axis anisotropy in thin (two-dimensional) magnetic films will
be illustrated. These localized, nontopological wave structures, parametrized by their precessional
frequency and propagation speed, extend the stationary, coherently precessing ”magnon droplet’”
to the moving frame, a non-trivial generalization due to the lack of Galilean invariance. Propagating
droplets move on a spin wave background with a nonlinear droplet dispersion relation that yields
a limited range of allowable droplet speeds and frequencies. The droplet is found to propagate as
a Nonlinear Schroedinger bright soliton in the weakly nonlinear regime. An iterative numerical
technique is used to compute the propagating droplet’s structure and properties. The results agree
with previous asymptotic calculations in the weakly nonlinear regime. Furthermore, an analytical
criterion for the droplet’s orbital stability is confirmed. Time-dependent numerical simulations
confirm the propagating droplet’s stability when its frequency and speed lie within the allowable
range. Time permitting, some further results will be illustrated about more recent developments,
in particular concerning the presence of an external magnetic field that is introduced to accelerate
and control the propagation of the soliton in a lossy medium. Soliton perturbation theory, corrob-
orated by two-dimensional micromagnetic simulations, predicts several intriguing physical effects,
including the acceleration of a stationary soliton by a magnetic field gradient, the stabilization of a
stationary droplet by a uniform control field in the absence of spin torque, and the ability to control
the solitons speed by use of a time-varying, spatially uniform external field. This research has been
carried out in collaboration with Mark Hoefer, Department of Mathematics, North Carolina State
University (USA), and Thomas Silva, National Institute of Standards and Technology (USA).

Solitary wave solutions for a
perturbed coupled KdV equations derived from two-layer fuids

Maria Paola Speciale
Department of Mathematics and Informatic, University of Messina, Italy

Poster Summary: In the last years, some types of coupled Korteweg-deVries (KdV) equations
are encountered in various natural science fields and they are relevant in physical systems such as
plasmas, uids and for describing the lattice vibrations of a crystal at low temperatures. In the
literature, some kinds of coupled KdV equations have been introduced to describe two resonantly
interacting normal modes of internal-gravity waves in a shallow stratifeid liquid [1] and it is known
that they admit soliton solutions (see [2]-[5] and references therein); moreover, recently,in [6], an
extended algebraic method is used for constructing exact traveling wave solutions for some coupled
nonlinear evolution equations. The strong nonlinearity of the model under consideration leads us
to characterize a complete hierarchy of traveling wave solutions admitted by the model making use
an algebraic method proposed recently by Fan [7].

References:
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Modified melting crystal model and Ablowitz-Ladik hierarchy

Kanehisa Takasaki
Kyoto University, Japan

Talk Summary: This talk presents a recent result on the integrable structure in a modified melting
crystal model of topological string theory on the resolved conifold. The partition function can be
expressed as the vacuum expectation value of an operator on the Fock space of 2D complex free
fermion fields. The quantum torus algebra of fermion bilinears behind this expression is shown to
have an extended set of ”shift symmetries”. They are used to prove that the partition function is
essentially a tau function of the 2D Toda hierarchy. The associated Lax operators turn out to be
quotients of first order difference operators. This implies that the solution of the 2D Toda hierarchy
in question is actually a solution of the Ablowitz-Ladik (equivalently, relativistic Toda) hierarchy.

Relativisitic charged particle beam dynamics via the generation of wake field

Fatema Tanjia
Dipartimento di Fisica, Università di Napoli ”Federico II”, Italy

Poster Summary: A theoretical investigation to describe the dynamics of the relativistic charged-
particle beam propagation via the generation of wake field is provided in the overdense regime. The
wake field is derived starting from the Lagrangian of a relativistic test charged particle. The beam
dynamics is described using the appropriate Hamiltonian for the beam particle and a quantum
description is provided using a recently developed theory. The effective Hamiltonian shows a new
additional slow response effect to the longitudinal dynamics due to the relativistic propagation of
the beam in a longer time scale. Using such approach, for a charged particle pulse with a sharp
longitudinal profile and flat transverse profile, further study of the effects of both the transverse
and the longitudinal components of the wake field in the self-consistent PWF excitation is carried
out.
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Hopfield neural networks with non-Lipschitz activation functions

Nasser-eddine Tatar
King Fahd University of Petroleum and Minerals, Department of Mathematics and Statistics,

Dhahran Saudi Arabia

Poster Summary: We consider a neural network of Hopfield type with activation functions which
are unbounded and/or continuous but non-Lipschitz continuous. Unlike in the (very few) existing
papers in the literature we do not impose similar restrictions on the different coefficients in the
system and prove stability results. Exponential decays and other types of decays also are proved
for several types of nonlinearities. However, our stability will not be global in time. Our arguments
use simple well-known inequalities and are flexible to cover other types of neural networks such as
the Cohen-Grossberg models.

Applications of Formal Groups to Nonlinear Physics and Number Theory

Piergiulio Tempesta
Universidad Complutense de Madrid, Spain

Talk Summary: It will be shown that formal groups play an important role in modern mathe-
matical physics. A class of discretization techniques of PDEs related to formal groups is proposed.
Generalized nonadditive entropies, relevant in many contexts of nonequilibrium thermodynamics
can also be defined from realizations of the multiplicative, Euler, Abel formal groups, as well as
infinitely many new cases of entropic functionals. At the same time, one can associate a class of
L-functions and Bernoulli-type polynomials with realizations of Lazard’s universal formal group.
This opens the way towards the study of new connections among integrable systems, statistical
mechanics and number theory.

Generalized Lenard Chains, Separation of Variables, and Superintegrability

Giorgio Tondo
Dipartimento di Matematica e Geoscienze, Universita’ degli Studi di Trieste, Italy

Talk Summary: We will show that the notion of generalized Lenard chains naturally allows
a formulation of the theory of multi-separable and superintegrable systems in the context of bi-
Hamiltonian geometry. As an application, we will construct such chains for the classical Smorodinsky-
Winternitz systems. Furthemore, some recent results about a new recursion operator for the Hénon-
Heiles system will be discussed. In contrast with the case of the well-known recursion operator, the
new operator has a non vanishing Nijenhuis torsion, whilst the Haantjes tensors associated with
both the new and the known operator vanish

References:
1 P. Tempesta, G. Tondo, Phys. Rev. E 85 (2012), 046602
2 F. Magri, SIGMA 8 (2012), 076.

43



Symmetry breaking and bifurcations
in semi-classical and quantum analyses of molecular vibration modes

Vladimir Tyuterev
GSMA, University of Reims, France

Poster Summary: Molecular potential energy surfaces (PES) exhibit strong nonlinear behaviours
at high energies. From the quantum point of view, this feature is responsible for the appearance of
various types of resonances among quantum states, localisation of wavefunctions in specific bonds
and chaotic states with no clear assignment in terms of quantum numbers. On the other hand,
these drastic changes in nuclear motions can be understood in terms of bifurcation phenomena
occurring on the classical counter part of the quantum vibrational Hamiltonian. These bifurcations
generate new types of vibrational modes emanating from the fundamental ones. In this work, we
focus on the investigation of the consequences of breaking the molecular symmetry by isotopic
substitution in the classical and quantum dynamics of triatomic molecules. Our approach follows
previous studies [1,2] and is two-fold. First, we calculate continuation/bifurcation diagrams of the
principal families of periodic orbits (PO) and of their stability as a function of energy and mass
variations. Second, we investigate the impact of these bifurcations on the quantum mechanical
wavefunctions. Such studies are theoretical prerequisites for interpretation of laser experiments on
multi-photon molecular excitation [3] and on high-sensitivity spectroscopy near the dissociation
limit [4], which are important for the understanding of the dynamics of molecular formation and
fragmentation. (Joint work with F. Mauguiere and R. Kochanov)
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Towards proving integrability of AdS4 × CP 3 superstring equations

Dmytro Uvarov
Institute for Theoretical Physics

NSC Kharkov Institute of Physics and Technology 61108 Kharkov, Ukraine

Talk Summary: Integrability based methods had become the major tool in exploring the AdS5×
CP 4 correspondence. The case of Aharony-Bergman-Jafferis-Maldacena (ABJM) correspondence
appears more intricate because (super)symmetry of the theories involved is lower than maximal. So
the IIA superstring theory, to which the gravity dual of ABJM gauge theory reduces in the ’t Hooft
limit, propagates on the AdS4×CP 3 superbackground that preserves 24 of 32 space-time supersym-
metries. As a result, the approach used to establish integrability of AdS5×S5 superstring equations
relying on their presentation as equations of the 2d sigma-model on PSU(2,2—4)/SO(1,4)xSO(5)
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supercoset manifold, applies only to equations of the sigma-model on OSp(4—6)/SO(1,3)xU(3) sub-
space of the AdS4×CP 3 superspace. The AdS4×CP 3 superspace is not isomorphic to a supercoset
manifold, however, recently an evidence was given in favor of integrability of the full set of equations
of AdS4 ×CP 3 superstring that reduce to the OSp(4—6)/SO(1,3)xU(3) sigma-model equations in
the partial kappa-symmetry gauge in which 8 fermionic coordinates related to the broken space-time
supersymmetries are set to zero. Proving integrability of the AdS4 × CP 3 superstring equations
requires extension the OSp(4—6)/SO(1,3)xU(3) sigma-model Lax connection by contributions of
the 8 fermions for the broken space-time supersymmetries. To facilitate the proof we proposed
to use the kappa-symmetry gauge freedom to retain a part of fermionic coordinates in the sector
of broken supersymmetries so that the corresponding extension of the OSp(4—6)/SO(1,3)xU(3)
sigma-model Lax connection can be obtained more readily. Then gradually relaxing the gauge the
complete expression for the AdS4 × CP 3 superstring Lax connection can be found. We applied
this approach to both the AdS4 × CP 3 superstring and massless superparticle. In the latter case
dynamical system is finite-dimensional and we succeeded to prove integrability of the full set of
equations that take into account contributions of all 8 fermionic coordinates related to the broken
space-time supersymmetries.

On Quadratic Bundles Related to Hermitian Symmetric Spaces

Tihomir Valchev
Dublin Institute of Technology, Dublin, Eire

Talk Summary: We consider quadratic bundles related to Hermitian symmetric spaces and study
some of their properties. It is known that the nonlinear evolution equations connected to these
bundles form infinite hierarchies the simplest nontrivial example of which is provided by multi-
component derivative Schrödinger equation. We demonstrate how one can solve these equations
by using a certain modification of dressing technique. We also describe the integrals of motion to
these evolution equations and discuss the basics of their Hamiltonian formulation.

The inverse scattering transform for the defocusing nonlinear Schrödinger
equation with nonzero boundary condition

Federica Vitale
Universitá del Salento, Lecce, Italy

Poster Summary: We have developed a rigorous theory of the inverse scattering transform for
the defocusing nonlinear Schrödinger equation with nonvanishing boundary values qpm ≡ q0e

iθpm

as x → ±∞. The direct problem is shown to be well-posed for potentials q such that q − qpm ∈
L1,2(R±), for which analyticity properties of eigenfunctions and scattering data are established. The
inverse scattering problem is formulated and solved both via Marchenko integral equations, and as
a Riemann-Hilbert problem in terms of a suitable uniform variable. The asymptotic behavior of the
scattering data is determined and shown to ensure the linear system solving the inverse problem
is well-defined. Finally, the triplet method is developed as a tool to obtain explicit multisoliton
solutions by solving the Marchenko integral equation via separation of variables.
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On the classification of
homogeneous differential-geometric third-order Poisson brackets

Raffaele Vitolo
University of Salento, Lecce, Italy

Poster Summary: Homogeneous differential-geometric Poisson brackets were introduced by Dubrovin
and Novikov in 1984. Such operators appear in many integrable systems. First order operators have
been extensively studied so far. In this poster we will devote ourselves to the classification of third
order operators. Starting from old results by one of us (GVP) we will give a complete description
of third-order operators for a number of components not greater than 3, and a description of third-
order operators for a number of components equal to 4 in a generic case that could be fruitfully
extended to a higher number of components. (Joint work with M.V. Pavlov and G.V. Potemin)

Kink-Antikink scattering in phi4 and phi6 models

Herbert Wiegel
Physics Department, Stellenbosch University, South Africa

Poster Summary: Kink-Antikink scattering has been intensively studied within the phi4 non-
linear field theory in one space and one time dimension. An interesting feature is the emergence of
resonance type configurations when the relative velocity between Kink and Antikink falls below a
certain critical value. It is common believe that the existence of a localized vibrational excitation
of the kink is the source for these resonances. This has been conjectured because (simplified) col-
lective coordinate calculations, that emphasized on this excitation, qualitatively reproduced those
resonances. Surprisingly a numerical study in the phi6 field theory also exhibited such resonances
[1] even though it does not contain the vibrational excitation. We start from the working hypoth-
esis that in either model any collective coordinate ansatz that includes a degree of freedom similar
to the vibrational excitation leads to resonances, regardless of whether or not this mode emerges
as a solution to the field equations. To this end we compare numerical results in the phi6 model
that arise from the full set of partial differential equations to those which stem from the ordinary
differential equations for a collective coordinate ansatz. We also present some novel solutions for
wave-packet scattering in the phi4 model that may be interpreted as particle production [2] and for
the breather in the kink-antikink annihilation which features a very long life time. (Joint work
with AMHH Abdelhady)
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Lie point symmetries of differential difference equations

Pavel Winternitz
Centre de recherches mathematiques, Universite de Montreal QC, Canada

Talk Summary: A method for calculating the Lie point symmetries of a differential- difference
equations is presented. It is then applied to perform a symmetry classification of a discretization
of the Krichever-Novikov equation. The results are compared with the symmetry classification
of the generalized Krichever Novikov equation obtained in the continuous limit. The discretiza-
tion is performed on a fixed uniform lattice. That notwithstanding, all symmetries survive the
discretization.

Tau functions and Virasoro symmetries for Drinfeld-Sokolov hierarchies

Chaozhong Wu
SISSA, Trieste, Italy

Talk Summary: For every affine Kac-Moody algebra, Drinfeld and Sokolov constructed a hi-
erarchy of integrable systems that generalize the typical Korteweg-de Vries equation. For each
Drinfeld-Sokolov integrable hierarchy, we construct its tau function in a uniform way, moreover, we
represent its Virasoro symmetries as linear/nonlinear actions on the tau function. We also show
that, whenever the affine Kac-Moody algebra is simply-laced or twisted, the tau functions of the
Drinfeld-Sokolov hierarchy coincide with the solutions of the corresponding Kac-Wakimoto hierar-
chy from the principal vertex operator realization of the affine algebra. Some examples will also be
given.

Integrable twisted hierarchies with D2 symmetries

Derchyi Wu
Institute of Mathematics Academia Sinica Taipei, Taiwan

Talk Summary: Two new integrable twisted hierarchies with D2 symmetries are constructed via
the loop algebra factorization method. The splitting type factorization yields the generalized sinh-
Gordon equation which justifies some far-reaching generalizations of the well-known connection
between the sine-Gordon equation, the Backlund transformation, and surfaces with curvature −1.
The non-splitting type factorization yields the Gerdjikov-Mikhailov-Valchev equation which is an
anisotropic multicomponent generalization of the classical Heisenberg ferromagnetic equation and is
one of the simplest twisted integrable systems. Special analytical features in the associated inverse
scattering theory are discussed to solve the Cauchy problem of these twisted flows.
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Laboratory Realization of Kodama’s KP-Soliton Solutions

Harry Yeh
Oregon State University, USA

Talk Summary: Kodama and his colleagues presented a classification theorem for exact soliton
solutions of the quasi-two-dimensional Kadomtsev-Petviashvili (KP) equation. The classification
theorem is related to the non-negative Grassmann manifold, Gr+ (N, M) that is parameterized by
a unique chord diagram based on the derangement of the permutation group. The cord diagram
can also infer the asymptotic behavior of the solution with arbitrary number of line solitons. Here
I present the realization of a variety of the KP soliton formations in the laboratory environment.
The experiments are performed in a water tank designed and constructed specifically for precision
experiments for long waves. The tank is equipped with a directional-wave maker, capable of
generating arbitrary-shaped multi-dimensional waves. Temporal and spatial variations of water-
surface profiles are captured using the Laser Induces Fluorescent method - a nonintrusive optical
measurement technique with sub-millimeter precision. The experiments yield accurate anatomy of
the KP soliton formations and their evolution behaviors. I will discuss physical interpretations for
a variety of KP soliton formations predicted by Kodama’s classification theorem.

The para-Jacobi polynomials and their applications
in some solvable isochronous systems

Ge Yi
Physics Department, University of Rome ”La Sapienza”, Rome, Italy

and Istituto Nazionale di Fisica Nucleare, Roma

Poster Summary: The Jacobi polynomial P
(α,β)
N of degree N is often characterized as the poly-

nomial solution of the second-order ODE

(1− x2)p′′ + [β − α− (α+ β + 2)x]p′ +N(N + α+ β + 1)p = 0,

since such a polynomial solution is generally uniquely defined (up to normalization). This is so
because generally the other independent solution of this ODE is a nonpolynomial hypergeometric
function. But if the two parameters α and β satisfy the following two conditions:

α = −N +m, β = −N + n, m+ n < N, m, n ∈ N,

then the general solutions PN (m,n; γ;x) of this ODE is a polynomial featuring an arbitrary pa-
rameter γ. These are the para-Jacobi polynomials. The zeros of these polynomials are relevant
to describe the equilibrium configurations of some solvable isochronous N -body systems. New
Diophantine relations satisfied by these zeros are found.
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Superintegrable systems with spin

Ismet Yurdusen
Hacettepe University, Turkey

Talk Summary: We systematically investigate superintegrable quantum Hamiltonians involving
particles with spin. First, restricting to integrals of motion that are first-order matrix polynomials
in the components of linear momentum we find several such systems in two- and three-dimensional
Euclidean spaces. Then we search for integrals of motion that are second-order matrix polynomials
in the momenta. Assuming the Hamiltonian is rotationally invariant and parity conserving we
identify all such systems where the integrals are assumed to be scalars, pseudoscalars, vectors
or axial vectors. Among the superintegrable systems obtained, we mention a deformation of the
Coulomb potential. (Joint work with P. Winternitz and J.F. Desilets)

Bethe ansatz and Hirota equation in integrable models

Anton Zabrodin
ITEP, Moscow, Russia

Talk Summary: We discuss the role of the Hirota equation for the tau-function in the theory of
classical and quantum integrable systems. The generating functions for quantum transfer matrices
is shown to satisfy equations of classical integrable hierarchies. For finite spin chains this leads to
an interesting connection with classical many-body integrable models of the Calogero-Moser type.
The spectral problem for the spin chain Hamiltonian is reformulated in terms of intersection of
Lagrange varieties in the phase space of the Calogero-Moser model.

Integrable turbulence and nonlinear stage of modulational instability

Vladimir.E. Zakharov
University of Arizona, USA;

Landau Institute for Theoretical Physics, Russia

Talk Summary: Integrable turbulence is a wave turbulence described by an integrable equation,
for instance by the focusing NLSE. Integrable equations admit an infinite number of invariant
measures characterized by the infinite set of chemical potentials associated with motion integrals.
We explore one of the most interesting examples of integrable turbulence the turbulence that
develops as a result of modulational instability of the condensate in the focusing NLSE. In this
case the development of spatially localized perturbations of the condensate is described by special
class of 2N superregular solitonic solutions of the NLSE. Numerical simulation shows that for this
type of integrable turbulence the statistics of wave amplitude is Gaussian. Integrable turbulence
has an infinite number of stationary states; some of them are unstable. The approaching to some
stationary state is described by quasikinetic equations. Nothing is known yet about integrability
of these equations.
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Particles hidden in soliton dynamics in more than one space dimension

Yair Zarmi
Jacob Blaustein Institutes for Desert Research Ben-Gurion, University of the Negev Midreshet

Ben-Gurion, 84990 Israel

Talk Summary: A dynamics of spatially extended particles is hidden in multi-soliton solutions of
nonlinear evolution equations in more than one space dimension. Local conservation laws that are
obeyed by the single-soliton solution, are violated by all multi-soliton solutions. These laws have
the form of functions of the solution of the evolution equation and its derivatives. The functions
vanish identically when the solution represents a single soliton. They map multi-soliton solutions
onto vertex maps – a collection of structures that are localized around the soliton collision regions
and move in space.

A multi-soliton solution that has only one collision region is mapped onto a single-vertex map.
The vertex moves at a constant velocity while preserving its spatial structure. Hence, it emulates
a free spatially extended particle. A multi-soliton solution that has several collision regions is
mapped onto a system of several vertices – one for each collision region. These move in space.
Their fate depends on the evolution equation examined. The results for several soliton solutions
of the Kadomtsev-Petviashvili (KP) equation in (1+2) dimensions and of the Sine-Gordon (SG)
equation in (1+2) and (1+3) dimensions will be presented.

In the case of the KP equation, the vertices emulate non-relativistic particles. The three-soliton
solution generates one vertex. The latter emulates a free spatially extended particle. In a solution
that generates several vertices, these move in the x-y plane, eventually collide and then split up. Far
from the collision region, they asymptote into free “particles”. Total “particle” linear momentum
is conserved in the solutions studied. The kinetic energy is conserved in the collision processes
generated by some solutions, but not in others.

Contrary to the common understanding, the SG equations in (1+2) and (1+3) dimensions do
have multi-soliton solutions for any number of solitons. They are mapped onto vertices, which
emulate spatially extended particles that obey relativistic kinematics. When a soliton solution has
more than one collision region, all vertices move rigidly at the same velocity, possibly emulating a
primitive example of a bound state.
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