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Workshop: Longtime Behaviour of Nonlinear Waves

Schedule: Monday June 8th
Lecture Room: V2-210/216

09:00

Introduction

09:15 – 09:55 Piero D’Ancona (Rome)
Scattering in the energy space for the NLS with variable coefficients
10:00 – 10:40 Benoit Pausader (Princeton)
Asymptotic behavior of cubic NLS on quotients of Rn

10:40 – 11:00 Coffee Break (Room V3-201)

11:00 – 11:40 Xuecheng Wang (Princeton)
Global infinite energy solutions for the 2D gravity water waves system
11:45 – 12:25 Mathew Johnson (Lawrence)
Stability of viscous roll waves

12:25 – 14:00 Lunch Break

14:00 – 14:40 Jeremy Marzuola (Chapel Hill)
Symmetry breaking and branching in density functional theory models

14:40 – 15:00 Coffee Break (Room V3-201)

15:00 – 15:40 Katharina Schratz (Karlsruhe)
Efficient time integration of Klein–Gordon type equations in highfrequency regimes
15:45 – 16:25 Richard Kollar (Bratislava)
Krein signature for first order systems
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Schedule: Tuesday June 9th
Lecture Room: V2-210/216

09:00 – 09:40 Marlis Hochbruck (Karlsruhe)
Locally implicit time integration for Maxwell’s equations
09:45 – 10:25 Tomas Dohnal (Dortmund)
Asymptotics of moving coherent pulses in periodic media in nonlinear
wave problems

10:25 – 11:00 Coffee Break – Posters on display (Room V3-201)

11:00 – 11:40 Nikolay Tzvetkov (Cergy-Pontoise)
On the statistical description of the flow of Hamiltonian PDE’S
11:45 – 12:25 Joachim Krieger (Lausanne)
On the critical MKG equation

12:25 – 14:00 Lunch Break

14:00 – 14:40 Nicola Visciglia (Pisa)
An improvement on the Brezis–Gallouet technique and applications

14:40 – 15:00 Coffee Break (Room V3-201)

15:00 – 15:40 Birgit Schörkhuber (Wien)
Stable blow-up for the focusing NLW in the supercritical regime
15:45 – 16:25 Enno Lenzmann (Basel)
Blowup for biharmonic NLS
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Schedule: Wednesday June 10th
Lecture Room: V2-210/216

09:00 – 09:40 Fabrice Planchon (Nice)
From dispersion to Strichartz: waves in a convex domain
09:45 – 10:25 Herbert Koch (Bonn)
Global existence for small data for the three dimensional Kadomtsev–
Petvishvili II equation

10:25 – 11:00 Coffee Break – Posters on display (Room V3-201)

11:00 – 11:25 Annegret Burtscher (Bonn)
On the formation of trapped surfaces in Einstein–Euler spacetimes
11:30 – 11:55 Andreas Klaiber (München)
Spectral stability of internal solitary waves in continuously stratified fluids
12:00 – 12:25 Anton Savostianov (Guildford)
Global well-posedness and attractors for the hyperbolic Cahn–Hilliard–
Oono equation in the whole space

14:00 Excursion
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Schedule: Thursday June 11th
Lecture Room: V2-210/216

09:00 – 09:40 Martina Chirilus-Bruckner (Leiden)
Inverse spectral theory for an efficient use of center manifold reduction
09:45 – 10:25 Thierry Gallay (Grenoble)
Orbital stability of periodic waves in the nonlinear Schrödinger equation

10:25 – 11:00 Coffee Break – Posters on display (Room V3-201)

11:00 – 11:40 Claudio Muñoz (Orsay)
Asymptotic stability of kinks for a scalar field equation
11:45 – 12:25 Ludwig Gauckler (Berlin)
Stability of plane waves in the nonlinear Schrödinger equation: analysis
and numerics

12:25 – 14:00 Lunch Break

14:00 – 14:40 Roland Donninger (Bonn)
Self-similar blowup in supercritical wave equations

14:40 – 15:00 Coffee Break (Room V3-201)

15:00 – 15:40 Jens Rottmann-Matthes (Karlsruhe)
Using symmetries for numerical long-time simulations and approximation
of similarity solutions
15:45 – 16:25 Hannes Uecker (Oldenburg)
Instability and spatial patterns in distributed optimal control problems

18:30 Conference Dinner
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Schedule: Friday June 12th
Lecture Room: V2-210/216

09:00 – 09:40 Baoping Liu (Chicago)
Long time dynamics of defocusing energy critical 3 + 1 dimensional wave
equation with potential in the radial case
09:45 – 10:25 Benjamin Dodson (Baltimore)
Global well — posedness and scattering for radial semilinear wave
equations

10:25 – 11:00 Coffee Break (Room V3-201)

11:00 – 11:40 Guido Schneider (Stuttgart)
Dynamics at the Eckhaus boundary

Closing
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Abstracts
Martina Chirilus-Bruckner (Leiden)
Inverse spectral theory for an efficient use of center manifold reduction
Center manifold theory has been traditionally used to simplify the analysis of dynamical systems
(such as differential equations) through a reduction of dimension. In particular for partial differential equations, which can be viewed as infinite dimensional dynamical systems, it is desirable
to possibly reduce to finite, low-dimensional systems that are more amenable to analysis. We
present a means of extending this method to problems in which, at first sight, such an endeavor
seems hopeless, but a reduction becomes possible after solving an inverse spectral problem.
Annegret Burtscher (Bonn)
On the formation of trapped surfaces in Einstein–Euler spacetimes
We present an existence theory for the Einstein-Euler equations in spherical symmetry within the
class of solutions with bounded variation, which allows for shock waves in solutions. Certain initial
data are identified that do not contain trapped surfaces but lead to the formation of trapped
surfaces during their evolution. The presented method relies on a generalization of the random
choice method and on a detailed analysis of the coupling between the Einstein equations and the
Euler equations in spherical symmetry. This talk is based on joint work with Philippe LeFloch.
Piero D’Ancona (Rome)
Scattering in the energy space for the NLS with variable coefficients
In a joint work with B. Cassano (Roma), we prove global existence and scattering in the energy
space for the NLS with variable coefficients in dimension 3 or larger. The metric is assumed
to be a small long range perturbation of the flat metric, plus lower order terms and a potential
with large positive part. The nonlinearity is defocusing and energy subcritical. The crucial tool
is a bilinear smoothing (interaction Morawetz) estimate which we can prove also in the case of
a star-shaped exterior domain with Dirichlet boundary conditions.
In addition, we prove Strichartz estimates for the variable coefficient equation perturbed by
a potential with a large positive part.
Benjamin Dodson (Baltimore)
Global well — posedness and scattering for radial semilinear wave equations
In this talk we discuss the semilinear, radially symmetric cubic nonlinear wave equations in
dimensions three and five. We exclude type two blowup in dimensions three and five.
This is joint work with Andrew Lawrie.
Tomas Dohnal (Dortmund)
Asymptotics of moving coherent pulses in periodic media in nonlinear wave problems
In periodic media, e.g., photonic crystals, the quest for moving localized pulses with profiles that
are close to constant or periodic in time is interesting from a mathematical as well as an applied
point of view. In optical computing such pulses would be versatile bit carriers. We seek them
for frequencies in spectral gaps (so called band gaps) of the spatial operator and call them “gap
solitons”. Asymptotically near spectral edges gap solitons can be approximated as linear carrier
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waves modulated by slowly varying envelopes, which satisfy effective nonlinear amplitude equations.
The carrier waves need to have a nonzero group velocity to guarantee movement of the gap soliton.
Moving gap solitons have been previously studied only in structures with asymptotically small contrast of the periodicity because in finite contrast structures the group velocity of the corresponding
carrier waves is generically zero. In 1D for perturbations of, so called, “finite band periodic potentials” this is, however, violated and moving gap solitons are possible. Starting with the 1D periodic
nonlinear Schrödinger equation or a nonlinear wave equation we present a derivation of effective
envelope equations and a technique to obtain localized solutions of these. We present numerical
examples and discuss the current project on a rigorous justification of the effective equations.
Roland Donninger (Bonn)
Self-similar blowup in supercritical wave equations
I discuss some recent progress on stable singularity formation via self-similar solutions in energysupercritical wave equations.
Thierry Gallay (Grenoble)
Orbital stability of periodic waves in the nonlinear Schrödinger equation
We study the cubic defocusing NLS equation in one space dimension, which admits a six-parameter
family of (quasi-)periodic travelling waves. Using the conservation of the charge, the momentum,
and the energy, one can prove that these periodic waves are orbitally stable within the class of
solutions having the same periodicity properties as the original wave. In this talk, I shall present
some recent work in collaboration with Dmitry Pelinovsky, which shows that cnoidal waves of
arbitrary amplitude are orbitally stable with respect to ”subharmonic perturbations” (these are
perturbations whose period is an integer multiple of the period of the original wave.) The proof
relies on the existence of an additional conserved quantity, but otherwise does not use the fact
that the NLS equation is completely integrable.
Ludwig Gauckler (Berlin)
Stability of plane waves in the nonlinear Schrödinger equation: analysis and numerics
The cubic nonlinear Schrödinger equation on the torus has solutions that are plane waves. In
the talk, the stability of these solutions and the stability of their numerical approximation will
be discussed. The considered numerical method will be the split–step Fourier method, which
combines a Fourier spectral method in space with a splitting integrator in time.
Marlis Hochbruck (Karlsruhe)
Locally implicit time integration for Maxwell’s equations
An attractive feature of discontinuous Galerkin (DG) spatial discretizations of the Maxwell’s equations is their ability to handle complex geometries by using unstructured, possibly locally refined
meshes. Furthermore, DG methods lead to block diagonal mass matrices which in combination
with an explicit time integrator allow for a fully explicit scheme. However, such explicit approaches
require a constraint on the time step size related to the diameter of the smallest mesh element to
ensure stability. A natural way to overcome this restriction is to use implicit time integrators. The
drawback of such methods is that they require the solution of a large linear system in each time step.
If only a small part of the grid contains tiny elements, the combination of the both upper
approaches provides a promising alternative for the time integration. These so called locally
9
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implicit methods have been considered by Verwer (2011) and by Descombes, Lanteri, and Moya
(2013), for instance.
In this talk we will present an error analysis for the full discretization of locally implicit methods
for linear Maxwell’s equations based on a variational formulation and energy techniques. We
also sketch extensions to nonlinear problems.
Mathew Johnson (Lawrence)
Stability of viscous roll waves
Roll-waves are a well observed hydrodynamic instability occurring in inclined thin film flow,
mathematically described as periodic traveling wave solutions of the St. Venant system. In
this talk, I will discuss recent progress concerning the spectral and nonlinear stability of viscous
roll–waves in a variety of asymptotic regimes, including near the onset of hydrodynamic instability,
large–Froude number analysis, and (possibly) in the inviscid limit.
This is joint work with Blake Barker (Brown University), Pascal Noble (University of Toulouse),
L. Miguel Rodrigues (University of Lyon), and Kevin Zumbrun (Indiana University).
Andreas Klaiber (München)
Spectral stability of internal solitary waves in continuously stratified fluids
Internal solitary waves (ISWs) are ecologically important since they are involved in mixing and energy transport in lakes and oceans. From the mathematical point of view, ISWs are exact solutions
of the 2D Euler equations for incompressible, inviscid fluids with non-constant density. This talk is
concerned with the study of their spectral stability. In the first part of the talk, after introducing the
physical model, I will present an Evans-function approach to spectral stability of ISWs (which was
the topic of my PhD thesis [1]; see also [2]). Starting from the full Euler eigenvalue problem associated with an ISW, this approach is based on a (formal) spatial-dynamics formulation and a (formal)
Galerkin procedure to obtain finite-dimensional truncations for which we can (rigorously) define
Evans functions on the closed right complex half-plane. For small-amplitude ISWs, we can show
that the Evans functions have no zeros in a neighbourhood of the origin apart from the origin itself.
In the second part of the talk, I will present recent investigations that allow to define a ’moment of
instability’ for ISWs (of arbitrary amplitude), a classical tool in the stability theory of solitary waves.
Finally, I will point out directions of on-going research and open questions.
[1] On the Spectral Stability of Internal Solitary Waves in Fluids with Density Stratification,
PhD thesis, Universität Konstanz, 2013. Link: http://dx.doi.org/10.1007/s10884-012-92661.
[2] An Evans-Function Approach to Spectral Stability of Internal Solitary Waves in Stratified
Fluids, 2014.
Link: http://arxiv.org/abs/1410.8687.
Herbert Koch (Bonn)
Global existence for small data for the three dimensional Kadomtsev-Petvishvili II equation
I will describe a global wellposedness result for initial data in a Besov space, which is invariant
under the symmetries (translation, scaling, and Galilean symmetry) of the equation.
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Richard Kollar (Bratislava)
Krein signature for first order systems
Krein signature is a quantity that characterizes ability of purely imaginary eigenvalues of parameter
dependent linearized Hamiltonian problems to bifurcate from the imaginary axis. The Krein
signature typically corresponds to a linearized energy of the particular eigenmode. On the other
hand Krein signature type argument also appears in various other problems where the Hamiltonian
structure of the problem is not exploited or it is not present at all. The common feature appearing
in these problems is that all the eigenvalues of the problem have the same signature and that in turn
provides a restriction for the location of the point spectrum. We show that these apperently distant
problems that can be phrased as 2 x 2 first order systems of ordinary differential equations have
common structure that allows to formulate a general theory. The theory gives sufficient conditions
for systems with a positive invariant moment that corresponds to positive Krein signature and
restricts the location of the point spectrum. This also provides a different view of Krein signature
itself as a more general concept of an invariant beyond the framework of Hamiltonian problems.

Joachim Krieger (Lausanne)
On the critical MKG equation
Recent work on global regularity and a priori bounds for solutions of the critical MKG equation,
joint work with J. Luehrmann.

Enno Lenzmann (Basel)
Blowup for biharmonic NLS
The existence of blowup solutions in the energy space for biharmonic (fourth-order) NLS has
been open problem since the introduction of this canonical higher-order nonlinear dispersive PDE
in the 1990’s. In fact, the existence of singular solution has been strongly indicated by extensive
numerical works and some informal analysis.
However, a rigorous proof has been missing so far. In this talk, I will present a general existence
result for radial blowup solutions for biharmonic NLS with focusing L2-critical and L2-supercritical
nonlinearity.
Moreover, we prove a universal time-integrated upper bound for blowup rates in the L2-supercritical
setting.
This is joint work with Thomas Boulenger.

Baoping Liu (Chicago)
Long time dynamics of defocusing energy critical 3 + 1 dimensional wave equation with potential
in the radial case
We consider the long time dynamics of radial solutions to the defocusing energy critical wave
equation with radial potential in 3+1 dimensions. For general potential, the equation can have
a unique positive ground state and a number of excited states. In this talk, we show that for
generic potential, any radial solution is asymptotically the sum of a free radiation and a steady
state as time goes to infinity. We will also discuss the generic and non-generic behavior of these
solutions. This talk is based on joint works with Hao Jia, Wilhelm Schlag and Guixiang Xu.

11

Workshop: Longtime Behaviour of Nonlinear Waves

Jeremy Marzuola (Chapel Hill)
Symmetry breaking and branching in density functional theory models
We discuss recent results in two projects relating to nonlinear bound states in settings with
Coulomb potential wells. In one project with Sarah Raynor and Gideon Simpson, motivated by
some non-relativistic approximations to Dark Matter models, we analytically study branches of
nonlinear bound states in 3d Schrödinger-Poisson equations with Coulomb potentials and observe
that each radial linear eigenfunction leads to a set unique continuous branch of solutions that
can never cross. Asymptotics and stability analysis are also done. In addition, we will discuss
recent analytic and numerical work on symmetry breaking in a DFT model for the Hydrogen
atom with Mike Holst, Jianfeng Lu, John Weare, Duo Song and Houdong Hu.
Claudio Muñoz (Orsay)
Asymptotic stability of kinks for a scalar field equation
The purpose of this talk is to give some details about how stable kinks of a certain scalar field
equation, arising in Physics, are asymptotically stable in the energy space. Our proof does not
follow the standard linearized and dispersion estimates for the radiative part of the dynamics,
but instead we use suitable energy and virial estimates.
This is a joint work in collaboration with Mike Kowalczyk and Yvan Martel.
Benoit Pausader (Princeton)
Asymptotic behavior of cubic NLS on quotients of Rn
We consider the cubic NLS equation with small data on quotients of Rn. The main focus is to understand how the asymptotic behavior is linked to the volume available to disperse. In case the “large
scale” volume is large enough (a factor of R2), the solution scatters and essentially follows a linear
flow. In case the volume is smaller (only a factor of R), the solution undergoes “modified scattering”
and can exhibit fairly complex behavior, most notably blow-up of Sobolev norms in infinite time.
Fabrice Planchon (Nice)
From dispersion to Strichartz: waves in a convex domain
Dispersion estimates were recently obtained for the wave equation inside a strictly convex domain.
They immediately yield corresponding Strichartz estimates, which however do not match the known
counter-examples (themselves stronger than in the boundaryless case). We will present ongoing
progress which aims at averaging cleverly over the set of times for which dispersion is weaker, to improve Strichartz estimates. This requires refining the parametrix construction as well as the associated degenerate stationary phase estimates. Joint work with O. Ivanovici, R. Lascar and G. Lebeau.
Jens Rottmann-Matthes (Karlsruhe)
Using symmetries for numerical long-time simulations and approximation of similarity solutions
Symmetries are abundant in PDEs from applications. In this talk we show how symmetries can
be used to approximate similarity solutions to PDEs by direct long-time simulations. The basic
approach is to separate the behavior of the solution into two parts, one describing the evolution of
the solutions shape and the other describing the movement of the solution in a symmetry-group,
that is related to the problem. This approach leads to a partial differential algebraic equation
that has to be solved numerically.
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As a simple example we consider the viscous and inviscid Burgers’ equation and generalizations
of it to more than one spatial dimension. In this case the symmetry includes spatial shifts
and scalings of space and time and can be described by (non–)abelian Lie–groups. We present
numerical experiments which indicate that the shape of the solution converges to a constant shape
as time tends to infinity and in the long run all evolution takes place in the symmetry-group. We
will also show that it is basically impossible to capture this long–time behavior without making
use of the symmetries. We will also describe the numerical discretization we use.
Anton Savostianov (Guildford)
Global well-posedness and attractors for the hyperbolic Cahn–Hilliard–Oono equation in the
whole space
The talk is devoted to the so called hyperbolic relaxation of Cahn–Hilliard–Oono equation in R3
with sub–quintic non-linearity. Based on Strichartz estimates for Schrödinger equation the global
well–posedness for the original problem is proven that drastically improves admissible growth
of the nonlinearity known before. Furthermore, existence of the compact global attractor for
the corresponding semigroup, its smoothness and finite fractal dimension are established. If time
permits similar results related to the damped wave equation will be discussed. The work is joint
with Dr. Sergey Zelik.
Guido Schneider (Stuttgart)
Dynamics at the Eckhaus boundary
We consider spatially periodic pattern at the Eckhaus boundary. We explain the occurrence of
a waiting time phenomenon for solutions which are pinned for x→−∞ at an Eckhaus stable
equilibrium and for x→−∞ at the equilibrium at the Eckhaus boundary. Secondly, we prove
the nonlinear diffusive stability of the equilibrium at the Eckhaus boundary.
Birgit Schörkhuber (Wien)
Stable blow-up for the focusing NLW in the supercritical regime
In this talk I will report about recent progress concerning the stability of the ODE blow up for
supercritical wave equations with focusing power nonlinearities.
Katharina Schratz (Karlsruhe)
Efficient time integration of Klein–Gordon type equations in high-frequency regimes
The numerical simulation of the Klein-Gordon equation in the non-relativistic limit regime is very
delicate due to the highly oscillatory behavior of the solution. In order to resolve the oscillations
numerically, severe time step restrictions need to be imposed, which leads to huge computational
efforts. In this talk we present an idea on the construction of efficient robust numerical time
integrators based on the asymptotic expansion of the exact solution. This assymptotic approach
allows us to filter out the high oscillations in the exact solution explicitly and the numerical task
can be reduced to the simulation of the corresponding non-oscillatory Schrödinger–type limit
systems. Hence, the computational costs can be drastically reduced. As this ansatz turns out
to be very promising in the second part of the talk we will give some ideas how to extend the
results to the Klein–Gordon–Zakharov system.
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Nikolay Tzvetkov (Cergy-Pontoise)
On the statistical description of the flow of Hamiltonian PDE’S
In this talk we shall discuss the transport of gaussian measures, supported by Sobolev spaces
of arbitrary regularity, by the flow of a model equation describing the propagation of long, small
amplitude waves.
Hannes Uecker (Oldenburg)
Instability and spatial patterns in distributed optimal control problems
We consider optimal control problems over infinite time-horizons where the state variables fulfill
a parabolic systems of PDEs. The associated canonical system for the states and co-states then
consists of a system with forward-backward diffusion. Therefore, canonical steady states (CSS)
are never stable, but can at best be considered as saddle-points. However, saddle-point CSS are
stable as solutions of the so called optimal system.
In a so called optimal diffusion induced instability, patterned CSS may bifurcate from homogeneous CSS in a Turing like bifurcation. We illustrate this effect by some ecological and
economical examples, leading, e.g., to the unexpected phenomenon of stable optimal patterned
steady states for scalar parabolic equations.
Nicola Visciglia (Pisa)
An improvement on the Brezis–Gallouet technique and applications
We present an argument to treat via energy estimates a family of nonlinear PDEs with nonlinearities that are higher order compared with the ones allowed by the classical Brezis-Gallouet
argument. We present some applications to NLS and half wave equation.
Xuecheng Wang (Princeton)
Global infinite energy solutions for the 2D gravity water waves system
We consider the infinite depth gravity water waves system (without surface tension) in dimension
two and prove the global existence and the modified scattering properties of solution for a class
of initial data, which has arbitrary large energy and is small at the level above the Hamiltonian.
More precisely, for the gravity water waves system, the Hamiltonian is at level L2 × Ḣ 1/2, we
only require smallness above the level Ḣ 1/5 × Ḣ 1/5+1/2 to derive global solution.
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