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Foreword

This is the second workshop in a series that the European Research Council,
in a joint initiative with math agencies of several countries in the European
Union, designed in order to provide support for a limited number of young
European researchers (by young it is meant no more than 10 years after the
PhD defense). These young participants are proposed and funded by their
own countries. Additionally, a number of senior experts are invited by the
organization to give plenary lectures. The first workshop in the series was
held in Edinburgh, dealing with Dynamical Systems and Number Theory;
in this 2011 occasion, the chosen theme is the interface between differential
geometry and partial differential equations, a field which is usually called
Geometric Analysis.

In this booklet the reader can find a summary of the activities to be devel-
oped in the workshop. Six plenary 1 hour lectures are scheduled, one in each
session. The remaining slots in our program are devoted to 30 min commu-
nications by the young researchers proposed by the math agencies. Putting
all this together has resulted in a tight, yet productive, program. In spite of
this tightness, it is the hope of the scientific and organizing committees that
this conference will be an enjoyable and productive opportunity for its par-
ticipants to meet and discuss various issues with counterparts from other
nations. We also would like to take this opportunity to welcome you all to
Granada and to thank you for taking the time out from your busy lives and
the work in your home countries to make the effort to attend this workshop.
Our acknowledgment is extensive to those institutions that have made this
meeting possible: the research projects i-MATH "Ingenio Mathematica" and
MTM2011-22547 "Geometric Analysis" that supported financially the event,
and the University of Granada that hosted it.

Luis J. Alias
Joaquin Pérez
José M. Manzano
Francisco Torralbo

EU-YOUNG 11 Organizing Committee
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9:00-10:00 REGISTRATION

10:00-11:00 A. Ros, Universidad de Granada.
Stability and area minimizing surfaces..................... 12

11:00-11:30 J. Metzger, Universitat Potsdam.

On isoperimetric surfaces in asymptotically flat
Riemannian manifolds.........................L. 25

11:30-12:00 COFFEE BREAK

12:00-12:30 A. Cainiete, Universidad de Sevilla.
The isoperimetric problem in R" for homogeneous

densities. . ..o 16
12:30-13:00 J. Lamboley, University of Paris-Dauphine.
Optimal convex shapes in the plane........................ 24

13:00-13:30 C. Rosales, Universidad de Granada.
The isoperimetric problem for homogeneous Sasakian
sub-Riemannian manifolds......................L 30

13:30-14:00 ]J. van der Veken, Katholieke Universiteit Leuven.
Existence of totally umbilical and totally geodesic
hypersurfaces ... 33

14:00-16:00 LuncH

16:00-16:30 M. Buzano, University of Oxford.
Ricci flow on manifolds with a large symmetry group.... 15

16:30-17:00 E. Cabezas-Rivas, Westf-Wilhelms Universitat Miinster.
How to produce a Ricci Flow via Cheeger-Gromoll
exhaustion . ... ..o 16



17:00-17:30 P. Biernat, Jagiellonian University.
Blow up for harmonic map flow between spheres of

dimensions 310 6. 15
17:30-18:00 A. Enciso, ICMAT.

Knots and links in fluid mechanics...................... .. 18
18:00-19:00 P. Topping, University of Warwick.

Subtleties of Hamilton's Compactness Theorem........... 12



9:30-10:00 L. Foscolo, Imperial College London.
Construction of special Lagrangian submanifolds of C"
via analytic methods ... 20

10:00-11:00 V. Miquel, Universidad de Valencia.
On the role of Killing vector fields for a good behavior of
mean curvature flow............o. 11

11:00-11:30 FE. Schulze, Freie Universitat Berlin.
Uniqueness of compact tangent flows in Mean Curvature
Flow ..o 30

11:30-12:00 COFFEE BREAK

12:00-12:30 J. Diaz-Ramos, Universidad de Santiago de Compostela.
Polar actions on non-compact symmetric spaces.......... 17

12:30-13:00 G. Solanes, Universitat Autonoma de Barcelona.
Integral geometry of complex space forms................. 31

13:00-13:30 T. Lamm, Goethe-Universitat Frankfurt.
Two-dimensional curvature functionals with
superquadratic growth ............. oo 25

13:30-14:00 F. Pasquotto, Free University Amsterdam.
Periodic orbits of Hamiltonian dynamical systems on
non-compact energy hypersurfaces...................... .. 28

14:00-16:00 LuncH

16:00-16:30 S. Heller, Universitat Tiibingen.

Integrable system methods for higher genus minimal
surfaces. ... 22



16:30-17:00 A. Albujer, Universidad de Cérdoba.
Parabolicity and global geometry of maximal surfaces in
Lorentzian product spaces.............ccoooiiiiiiiii .

17:00-17:30 J. Plehnert, Technische Universitat Darmstadt.

Conjugate Plateau construction in homogeneous
manifolds ... ...

17:30-18:00 P. Mira, Universidad Politécnica de Cartagena.
Constant mean curvature spheres in homogeneous three
manifolds ...

18:00-19:00 W. Minicozzi, Johns Hopkins University.
Dynamics and singularities of mean curvature flow.......

13

29



Wednesday, November 30", 2011

9:30-10:00 M. Gonzalez, Universitat Politecnica de Catalunya.
The conformal fractional Laplacian on the boundary of

asymptotically hyperbolic manifolds........................ 20
10:00-11:00 R. Mazzeo, Stanford University.
The Yamabe Problem on Stratified Spaces................ 11

11:00-11:30 D. Peralta-Salas, Instituto de Ciencias Matematicas, CSIC.
Generic spectral properties of the Hodge Laplacian on
3-manifolds....... ... 29

11:30-12:00 COFFEE BREAK

12:00-12:30 W. Bauer, Universitat Gottingen.
On the spectral analysis of hypoelliptic operators in
subriemannian geometry................ 14

12:30-13:00 Ch. Grumiau, University of Mons.
Nonlinear Schroedinger problems: survey about existence,
symmetry and multiplicity of solutions..................... 21

13:00-13:30 J. Miiller, Humboldt-Universitat zu Berlin.
On the spectral theory of complete manifolds with conical
BN L 27

13:30-14:00 O. Fabert, Universitat Freiburg.
On the transversality problem for the Cauchy-Riemann
operator in symplectic geometry...............ooooiiiL. 19

14:00-16:00 LuncH

16:00-16:30 S. Kolasinski, University of Warsaw.
Higher dimensional Menger curvature as a tool for proving

regularity of sets ... 23
16:30-17:00 P. Pankka, University of Helsinki.
Quasisymmetric parametrization of Semmes spaces...... 28



17:00-17:30 C. Spotti, Imperial College London.
Degenerations of Kahler-Einstein Fano manifolds........ 32

17:30-18:00 J. Espinar, Instituto Nacional de Matematica Pura e Aplicada.
On the structure of complete 3-manifolds with nonnegative
scalar curvature....... ... 18

18:00-19:00 M. Rigoli, Universita degli studi di Milano.
On the weak maximum principle and its applications to
JEOMETIY ... 12
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~ Senior speakers

THE YAMABE PROBLEM ON STRATIFIED SPACES

Rafe Mazzeo (mazzeo@math.stanford.edu)
Stanford University, USA.

I will discuss recent work with Akutagawa and Carron concerning the solvability of
the Yamabe problem to compact stratified spaces. There are many new obstructions
to solvability, some of which we identify quite explicitly. We also discuss regularity
of the solutions along the singular strata, and identify some possible rigidity phe-
nomena for cases where existence fails.

DYNAMICS AND SINGULARITIES OF MEAN CURVATURE FLOW

William P. Minicozzi II (minicozz@jhu.edu)
Johns Hopkins University, USA.

I will give a brief introduction to mean curvature flow (MCF) of hypersurfaces and
survey recent progress with Toby Colding on the dynamics of mean curvature flow
near a singularity. MCF is a nonlinear heat equation where the hypersurface evolves
to minimize its surface area and the major problem is to understand the possible
singularities of the flow and the behavior of the flow near a singularity.

ON THE ROLE OF KILLING VECTOR FIELDS FOR A GOOD BEHAVIOR OF
MEAN CURVATURE FLOW

Vicente Miquel (miquel@uv.es)
Universidad de Valencia, Spain.

We shall indicate the rough idea that “a hypersurface transversal to a Killing vector
field that flows by MCF remains transverse to it” and will study this evolution in
some warped products of the real line times a riemannian manifold.

This talk contains joint work with A. Borisenko.
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ON THE WEAK MAXIMUM PRINCIPLE AND ITS APPLICATIONS TO
GEOMETRY

Marco Rigoli (marco.rigoli@unimi.it)
Universita degli Studi di Milano, Italy.

The aim of this talk is to present some new form of the weak (and Omori-Yau) maxi-
mum principle for general linear operators, on a Riemannian manifold, notably trace
operators, that make particularly clear the function theoretical aspects of this type of
results and free them from the request (at least for the weak case) of completeness
of the underlying metric.

We also discuss applications to gradient Ricci solitons and to the geometry of immer-
sions to show the versatility and powerfulness of the tools when applied to geometric
problems.

STABILITY AND AREA MINIMIZING SURFACES

Antonio Ros (aros@ugr. es)
Universidad de Granada, Spain.

We review some stability and area minimizing properties for minimal and constant
mean curvature surfaces in the Euclidean 3-space. We will present the case of com-
plete surfaces, free boundary and the prescribed symmetries one. In particular, we
will prove that area minimizing surfaces in some quotients of R3 are planar.

SUBTLETIES OF HAMILTON'S COMPACTNESS THEOREM

Peter Topping (p.m.topping@warwick.ac.uk)
Mathematics Institute, University of Warwick, United Kingdom.

Hamilton’s compactness theorem is one of the most fundamental tools in the study of
Ricci flow. Extensions of this result are often required. However, the precise extension
which has been used in the most famous applications of Ricci flow is not quite right
as we demonstrate by giving a counterexample. The main new idea required here
also leads to quite different new applications in the study of unbounded curvature
Ricci flows.

12



Young speakers

PARABOLICITY AND GLOBAL GEOMETRY OF MAXIMAL SURFACES IN
LORENTZIAN PRODUCT SPACES

Alma L. Albujer (alma.albujer@uco.es)
Universidad de Cérdoba, Spain.

One of the most important global results about maximal surfaces is the Calabi-
Bernstein theorem for maximal surfaces in the 3-dimensional Lorentz-Minkowski
space R3, which, in its parametric version, states that the only complete maximal
surfaces in IR} are the spacelike planes. This result can also be seen in a non-
parametric form, establishing that the only entire maximal graphs in ]R? are the
spacelike planes.

In this lecture, we present new Calabi-Bernstein results for maximal surfaces im-
mersed into a Lorentzian product space of the form M? x R, where M? is a con-
nected Riemannian surface and M? x R; is endowed with the Lorentzian metric
(,) = {,)p — dt>. In particular, when M is a (necessarily complete) Riemannian sur-
face with non-negative Gaussian curvature Kj;, we prove that any complete maximal
surface in M? x Ry must be totally geodesic. Besides, if M is non-flat we conclude
that it must be a slice M x {t}, to € R. We prove that the same happens if the max-
imal surface is complete with respect to the metric induced from the Riemannian
product M? x R. As a consequence, we also give a non-parametric version of our
result.

On the other hand, we introduce a local approach to our Calabi-Bernstein results,
which is based on some parabolicity criteria for maximal surfaces with non-empty
smooth boundary in M? x R;. In particular, we derive that every maximal graph
over a starlike domain ) C M is parabolic. This allows us to give an alternative
proof of the non-parametric version of the Calabi-Bernstein result for entire maximal
graphs in M? x R;.

These results are part of a joint research work with Luis J. Alias.

REFERENCES

[1] A. L. Albujer and L. J. Alias, Calabi-Bernstein results for maximal surfaces in
Lorentzian product spaces, Journal of Geometry and Physics 59 (2009), 620-631.

[2] A. L. Albujer and L. J. Alias, Parabolicity of maximal surfaces in Lorentzian
product spaces, Mathematische Zeitschrift 267 (2011), 453-464.
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ON THE SPECTRAL ANALYSIS OF HYPOELLIPTIC OPERATORS IN
SUBRIEMANNIAN GEOMETRY

Wolfram Bauer (wbauer@uni-math.gwdg.de)
Georg-August-Universitat Gottingen, Germany.

In this talk we first recall the notion of a subriemannian manifold M and we pro-
vide various examples. Under some additional assumptions it is known that a sub-
riemannian structure induces a hypo-elliptic positive operator AS™® which is called
sub-Laplacian. In the cases where M is a sphere (of a certain dimension) or a general
compact two step nilmanifold we study the heat kernel and the spectrum of AS"™.
The results are compared with the heat kernel and the spectrum of the Laplacian
on M. Similar to the case of Riemannian manifolds to which the Beltrami-Laplace
operator is assigned to, one can study the relation between the subriemannian ge-
ometry of M and spectral invariants with respect to AS"P. This presentation is based
on a joint work with K. Furutani (Tokyo University of Science, Japan) and C. Iwasaki
(University of Hyogo, Japan).

REFERENCES

[1] W. Bauer, K. Furutani, Spectral analysis and geometry of a sub-Riemannian
structure on % and &7, . Geom. Phy. 2011, 1693-1738.

[2] W. Bauer, K. Furutani, C. Iwasaki, Trivializable subriemannian structures on
spheres, preprint 2011.

[3] W. Bauer, K. Furutani, C. Iwasaki, Spectral zeta function of the sub-Laplacian
on two step nilmanifolds, to appear in: J. Math. Pures. Appl.

[4] W. Bauer, K. Furutani, C. Iwasaki, Spectral analysis and geometry of a sub-
Laplacian and related Grushin type operators, in: “Partial Differential Equations
and Spectral Theory”, Operator Theory: Advances and Applications 211 (2011),
183-287.
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BLOW UP FOR HEAT FLOW OF HARMONIC MAPS BETWEEN SPHERES OF
DIMENSIONS 3 TO 6

Pawel Biernat Piotr Bizon
pawel.biernat@uj.edu.pl bizon@th.if.uj.edu.pl
Jagiellonian University, Poland. Jagiellonian University, Poland.

Using mixed analytical and numerical methods we investigate the development of
singularities in the heat flow for corotational harmonic maps from the d-dimensional
sphere to itself for 3 < d < 6. By gluing together shrinking and expanding asymp-
totically self-similar solutions we construct global weak solutions which are smooth
everywhere except for a sequence of times T} < T < --- < Ty < oo at which there
occurs the type I blow-up at one of the poles of the sphere. We show that in the
generic case the continuation beyond blow-up is unique, the topological degree of
the map changes by one at each blow-up time T;, and eventually the solution comes
to rest at the zero energy constant map.

REFERENCES

[1] P. Biernat P. Bizori, Shrinkers, expanders, and the unique continuation beyond
generic blowup in the heat flow for harmonic maps between spheres, Nonlin-
earity 24 (8), 2211-2228.

SINGULARITIES AND ANCIENT SOLUTIONS OF HOMOGENEOUS Riccl
FLOW

Maria Buzano (buzano®@maths.ox.ac.uk)
University of Oxford, United Kingdom.

In this talk we are going to consider compact and connected homogeneous spaces
such that the isotropy representation decomposes into two inequivalent invariant
irreducible summands. We will show that the Ricci flow starting at any invariant
Riemannian metric always develops a singularity in finite time and we will describe
the different singular behaviours that can occur as we approach the singularity. We
will also investigate the existence of ancient solutions and we will explain how this
is related to the existence and non-existence of homogeneous Einstein metrics. Time
permitting, we will talk about some generalisations of these results to a more general
class of compact and connected homogeneous spaces.
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How 10 PRODUCE A Riccl FLow via CHEEGER-GROMOLL
EXHAUSTION

Esther Cabezas-Rivas (E.Cabezas-Rivas@uni-muenster.de)
Westf-Wilhelms Universitat Miinster, Germany.

The talk is about how to prove short time existence for the Ricci flow on open mani-
folds of nonnegative complex sectional curvature. We do not require upper curvature
bounds. By considering the doubling of convex sets contained in a Cheeger-Gromoll
convex exhaustion and solving the singular initial value problem for the Ricci flow
on these closed manifolds, we obtain a sequence of closed solutions of the Ricci
flow with nonnegative complex sectional curvature which subconverge to a solution
of the Ricci flow on the open manifold. Furthermore, we find an optimal volume
growth condition which guarantees long time existence, and we give an analysis of
the long time behaviour of the Ricci flow. Finally, we construct an explicit example
of an immortal nonnegatively curved solution of the Ricci flow with unbounded
curvature for all time.

REFERENCES

[1] E. Cabezas-Rivas and B. Wilking. How to produce a Ricci Flow via Cheeger-
Gromoll exhaustion. ArXiv e-prints, arXiv:1107.0606v3.

THE ISOPERIMETRIC PROBLEM IN IR” FOR HOMOGENEOUS DENSITIES

Antonio Cariete (antoniocQus.es)
Universidad de Sevilla, Spain.

The classical isoperimetric problem in R" looks for the least-perimeter set enclosing
a prescribed quantity of volume. This problem can be also studied when consid-
ering a density in IR”, which is just a positive function providing a new measure
in R” and modifying consequently the usual definitions of perimeter and volume
functionals.

In this talk we shall focus on the particular family of homogeneous densities. We shall
give some existence results and study the stable and isoperimetric regions in this
setting.
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POLAR ACTIONS ON NON-COMPACT SYMMETRIC SPACES

J. Carlos Diaz-Ramos (josecarlos.diaz@usc.es)
Universidad de Santiago de Compostela, Spain.

An isometric action on a Riemannian manifold is called polar if there exists a sub-
manifold that meets all the orbits of the action orthogonally; such a submanifold is
called a section. A section is known to be totally geodesic, and if it is flat, the action
is said to be hyperpolar.

The classification of polar actions on Euclidean spaces and irreducible symmetric
spaces of compact type is known. Polar and hyperpolar actions on symmetric spaces
of noncompact type turn out to be much more involved. In some cases one can
use duality between symmetric spaces of compact and noncompact type to derive
classification results [4], but this strategy does not work in general. In fact, there
are examples of polar actions in symmetric spaces of noncompact type that have no
counterpart in compact type [3]. Some of these examples are polar but not hyperpo-
lar.

Some partial classifications of polar and hyperpolar actions can be obtained for sym-
metric spaces of noncompact type. The aim of this talk is to present the my latest
results [1], [2], [3]-

REFERENCES

[1] J. Berndt, J.C. Diaz-Ramos: Homogeneous polar foliations on complex hyper-
bolic spaces, arXiv:1107.0688v1 [math.DG].

[2] J. Berndt, J.C. Diaz-Ramos: Polar actions on the complex hyperbolic plane,
arXiv:1108.0543v1 [math.DG].

[3] J. Berndt, J. C. Diaz-Ramos, H. Tamaru: Hyperpolar homogeneous foliations on
symmetric spaces of noncompact type, J. Differential Geom. 86 (2010) 191-235.

[4] J.C. Diaz-Ramos, A. Kollross: Polar actions with a fixed point, Differential Geom.
Appl. 29 (2011), 20-25.
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KNOTS AND LINKS IN FLUID MECHANICS

Alberto Enciso (aenciso@icmat.es)
Instituto de Ciencias Matematicas, CSIC, Spain.

In this talk we will consider the problem of characterizing the existence of knot-
ted periodic trajectories of steady solutions to the Euler equations. This topic has
received considerable attention, mainly after V.I. Arnold’s celebrated structure the-
orem, and presents close connections with physical phenomena. We will review the
background of the conjecture in topological hydrodynamics asserting that there are
steady solutions having periodic trajectories of any knot or link type, and discuss
the strategy of its proof in R3. The talk in based on joint work with Daniel Peralta-
Salas.

REFERENCES

[1] V.I. Arnold, Sur la topologie des écoulements stationnaires des fluides parfaits,
C. R. Acad. Sci. Paris 261 (1965) 17—20.

[2] A. Enciso, D. Peralta-Salas, Knots and links in steady solutions of the Euler
equation, Annals of Math., in press.

ON THE STRUCTURE OF COMPLETE 3-MANIFOLDS WITH NONNEGATIVE
SCALAR CURVATURE

José M. Espinar (jespinar@impa.br)
Instituto Nacional de Matemética Pura e Aplicada, Brazil.

In this talk we will show the following result: “Let N be a complete (noncompact)
connected orientable Riemannian 3-manifold with nonnegative scalar curvature S >
0 and bounded sectional curvatures K; < K. Suppose that ¥ C N is a complete
orientable connected area-minimizing cylinder. Then M is locally isometric either to
8! x R? or §! x 8! x R (with the standard product metric).”

As a corollary, we will obtain: “Let N be a complete (noncompact) connected ori-
entable Riemannian 3-manifold with nonnegative scalar curvature S > 0 and bounded
sectional curvatures K; < K. Assume that 711 (A/) contains a subgroup which is iso-
morphic to the fundamental group of a compact surface with positive genus. Then,
N is locally isometric to S! x S! x R (with the standard product metric).”
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ON THE TRANSVERSALITY PROBLEM FOR THE CAUCHY-RIEMANN
OPERATOR IN SYMPLECTIC GEOMETRY

Oliver Fabert (oliver.fabert@gmail.com)
Universitat Freiburg, Germany.

Holomorphic curves are the most important tools in symplectic geometry and also
play a crucial role in string theory. In order to define invariants, one has to show that
the moduli space of holomorphic curves carries a smooth structure of dimension
equal to the Fredholm index of a non-linear Cauchy-Riemann operator. Assuming
that the non-linear Cauchy-Riemann operator, viewed as a section in an infinite-
dimensional bundle over an infinite-dimensional manifold of maps, meets the zero
sections transversally, the desired result would follow from an infinite-dimensional
version of the implicit function theorem. In this talk, I will show why transversality
does not hold in general, discuss approaches to solve this problem in interesting
special cases ([1],[2],[4]) and show how a satisfactory solution leads to a new class of
infinite-dimensional manifolds and bundles ([5], see also my survey [3]).

REFERENCES

[1] O. Fabert, Contact Homology of Hamiltonian Mapping Tori. Comm. Math. Helv.
85 (2010), 203-241.

[2] O. Fabert, Obstruction bundles over moduli spaces with boundary and the ac-
tion filtration in symplectic field theory. Math. Z. 269 (2011), 325-372.

[3] O. Fabert, Transversality problems in symplectic field theory and a new Fred-
holm theory. ArXiv preprint (1003.0651).

[4] O. Fabert, Local symplectic field theory and stable hypersurfaces in symplectic
blow-ups. ArXiv preprint (1104.3504).

[5] H. Hofer, K. Wysocki, E. Zehnder, A general Fredholm theory I: A splicing-
based differential geometry. J. Eur. Math. Soc. 9 (2007)
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CONSTRUCTION OF SPECIAL LAGRANGIAN SUBMANIFOLDS oF C" via
ANALYTIC METHODS

Lorenzo Foscolo (1.foscolo09@imperial.ac.uk)
Imperial College London, United Kingdom.

Special Lagrangians in a Calabi-Yau manifold are examples of calibrated subman-
ifolds. In the talk we will discuss the construction of (singular) special Lagragians
in the flat model C" via PDEs methods. More precisely, we will consider special
Lagrangians in CP™7 invariant under the standard linear action of SO(p) x SO(q).
We will show how the problem can be reduced to the study of a system of quasi-
linear degenerate equations of Cauchy-Riemann type. Examples of the special La-
grangians that can be constructed in this way and their behaviour in families will be
discussed.

THE CONFORMAL FRACTIONAL LAPLACIAN ON THE BOUNDARY OF
ASYMPTOTICALLY HYPERBOLIC MANIFOLDS

Maria del Mar Gonzalez (mar . gonzalez@upc. edu)
Universitat Politécnica de Catalunya, Spain.

We consider some problems involving fractional order conformal operators, that
are defined as Dirichlet-to-Neumann boundary operators on asymptotically hyper-
bolic manifolds. We concentrate on the Yamabe problem both for compact and non-
compact metrics, that pose very different challenges, and then have a closer look at
the case of hyperbolic space.

REFERENCES

[1] S.-Y.A. Chang, M.d.M. Gonzalez, Fracional Laplacian in conformal geometry
Advances in Mathematics 226(2) (2011), 1410-1432.

[2] M.d.M. Gonzalez, R. Mazzeo, Y. Sire, Singular solutions of fractional order con-
formal Laplacians. To appear in Journal of Geometric Analysis.

[3] M.d.M. Gonzalez, J. Qing, Fractional conformal Laplacians and fractional Yam-
abe problems. Preprint.
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NONLINEAR SCHROEDINGER PROBLEMS: SURVEY ABOUT EXISTENCE,
SYMMETRY AND MULTIPLICITY OF SOLUTIONS

Christopher Grumiau (Christopher.Grumiau@umons.ac.be)
University of Mons, Belgium.

In this talk, on an open bounded domain ) in dimension N > 2, we study the
nonlinear Schroedinger equation

—Bu(x) + V(x)u(x) = [u(x) P 2u(x),

where 2 < p < % if N > 3 (+c0 if N = 2) and V is continuous. On the boundary,
we consider the Dirichlet (resp. Neumann) boundary conditions.

To start, we study the variational characterization of this equation in the aim to define
two types of solutions: the ground state and the least energy nodal solutions. Then,
we speak about the symmetries (or the lack of) of them.

To finish, we characterize other solutions and obtain some multiplicity results.

During the talk, we illustrate the solutions by numerical simulations computing the
mountain pass algorithm.
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INTEGRABLE SYSTEM METHODS FOR HIGHER GENUS MINIMAL
SURFACES

Sebastian Heller (heller@mathematik.uni-tuebingen.de)
Universitat Tiibingen, Germany.

It is well-known that minimal tori can be described explicitly in terms of algebraic
geometric data, see [1]. These are defined on a Riemann surface associated to the im-
mersion, the so called spectral curve. Clearly, such a theory is useful for constructing
new examples and for studying deformations and the moduli space of solutions.
Moreover Kilian and Schmidt [2] claim that they can prove the Lawson conjecture
using these constructions.

The method cannot be generalized directly to compact minimal surfaces of higher
genus due to the fact that the holonomy representation of the associated family of flat
connections is non-abelian. We explain how ideas of Hitchin’s abelinization program
can be used to overcome this problem. This leads to the notion of a spectral curve
similar to the case of tori.

REFERENCES

[1] N. J. Hitchin, Harmonic maps from a 2-torus to the 3-sphere, ]. Differential
Geom. 31 (1990), no. 3, 627-710.

[2] M. Kilian, M. U. Schmidt, On the moduli of constant mean curvature cylinders
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HIGHER DIMENSIONAL MENGER CURVATURE AS A TOOL FOR PROVING
REGULARITY OF SETS

Stawomir Kolasiniski (s.kolasinski@mimuw.edu.pl)
Institute of Mathematics, University of Warsaw, Poland.

Let ¥ be a compact, closed, m-dimensional, Lipschitz manifold embedded in R” or
a C! manifold immersed in R". We define the notion of a total p-curvature for ¥
and we study the connection between finiteness of such functional and smoothness
properties of ¥.

If m = 1, then one may use the notion of Menger curvature, which is defined, for
a triple of points (x,y, z) lying on %, to be the inverse of the radius of the circumcircle
of the triangle conv({x,y, z}). Next, one can take the supremum over all y and z lying
on X and this way define the curvature of ¥ at a point x. This procedure leads to
the notion of global radius of curvature studied first by Gonzales and Maddocks in [2].
The total curvature is then defined as the integral of the global radius of curvature
over X.

Given an m-dimensional manifold X we define its curvature in a similar way. We re-
place the Menger curvature by a different notion of discrete curvature K(xy, ..., X;,11)
defined for (m + 2)-tuples of points in X.. Then we take the supremum over some of
the variables and we integrate with respect to the others in some power p. This way
we calculate the total p-curvature E,(X) of .

Next, we show that E,(Z) is finite if and only if © possesses a local graph represen-
tation in an appropriate fractional Sobolev space. Moreover, the parameters of such
Sobolev space are exactly the same as the ones one could expect by analogy with the
Morrey-Sobolev embedding theorem, where the discrete curvature K plays the role
of the weak, second order derivatives.
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[1] S. Blatt, S. Kolasiriski, Sharp boundedness and regularizing effects of the inte-
gral Menger curvature for submanifolds, arXiv:1110.4786.
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OPTIMAL CONVEX SHAPES

Jimmy Lamboley (1amboley@ceremade.dauphine.fr)
Ceremade, Université Paris-Dauphine, France.

We consider the following general shape optimization problem:
J(Q) = min{J(Q2), Q convex C R},

where ] is a shape functional. Many open problems, from Functional Analysis, Con-
vex geometry or PDE can be formulated in this setting; the most famous one is
probably the Mahler conjecture, which asserts that the d-dimensional cube may be a
minimizer, among convex symmetric bodies, of J(Q)) = |Q||QY*| the product of the
volume of Q) and its dual body Q*.

We focus on the way to analyze the convexity constraint on the shapes, using meth-
ods from Calculus of Variations, and to deduce some informations on optimal shapes.
In dimension 2, we show a large class of functionals | leading to polygonal optimal
shapes. In higher dimension, we give a similar weaker result (which applied to the
Mabhler functional).

This talk is based on some works in collaboration with D. Bucur, I. Fragala, E. Har-
rell, A. Henrot, A. Novruzi and M. Pierre.
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TWO-DIMENSIONAL CURVATURE FUNCTIONALS WITH SUPERQUADRATIC
GROWTH

Tobias Lamm (lamm@math.uni-frankfurt.de)
Goethe-University Frankfurt, Germany.

For two-dimensional, immersed closed surfaces f : > — R", we study the curvature
functionals P (f) and WP (f) with integrands (1 + |A|?)?/2 and (1 + |H|?)P/?, re-
spectively. Here A is the second fundamental form, H is the mean curvature and we
assume p > 2. Our main result asserts that W>? critical points are smooth in both
cases. We also prove a compactness theorem for YW”-bounded sequences. In the case
of EF this is just Langer’s theorem, while for W’ we have to impose a bound for the
Willmore energy strictly below 87 as an additional condition.

This is a joint work with Ernst Kuwert (Freiburg) and Yuxiang Li (Beijing).

ON ISOPERIMETRIC SURFACES IN ASYMPTOTICALLY FLAT RIEMANNIAN
MANIFOLDS

Jan Metzger (jan.metzger@uni-potsdam.de)
Universitat Potsdam, Germany.

This talk presents joint work with Michael Eichmair from [1] and [2].

We study manifolds (M, g) that are C*-asymptotic to the spatial manifold Schwarz-
schild with mass m > 0. These are complete three dimensional manifolds (M, g) that
are diffeomorphic to (R3\ B1(0),g) outside some bounded open set, such that there
is a constant C > 0 so that in the Euclidean coordinates (x1,x2,x3) on R3\ B;(0) we
have

r2|(g — gm)ij| + r*|9kgi| + 2 |9x0185i| < C for all i, j, k1 € {1,2,3}.

Here, r := |/x? + xJ + x3 denotes the Euclidean distance to the origin and g, is the
conformally flat spatial Schwarzschild metric with mass m > 0:

4
(gm)ij = (1+3)" 8.
We are interested in the isoperimetric profile of (M, g):
Ag(V) := inf {Hg(aﬂ) | Q C M is a smooth region and £§(Q) =V}

Here, ’H§ denotes the two-dimensional Hausdorff measure and L',g denotes the Le-
besgue measure with respect to g.
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A smooth region Q) C M is called isoperimetric if Ag([,g(ﬂ)) = Hé(BQ).

The main result of [1] is that for large enough volume there exists an isoperimetric
region in (M, g) with this volume. We also find that the isoperimetric surfaces are
almost centered around the origin.

Theorem (cf. [1, Theorem 1.1]). Let (M, g) be an initial data set as described above that
is CO-asymptotic to Schwarzschild with mass m > 0. Then there exists Vo > 0 with the
following property: For every V > Vj there is an isoperimetric region Qy with volume V.
Its boundary is connected and close to a centered coordinate sphere.

An immediate consequence is that the isoperimetric profile A¢ (V) of (M, g) is asymp-
totic to that of the exact Schwarzschild metric.
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arXiv:1102.2999 (2011).
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CONSTANT MEAN CURVATURE SPHERES IN HOMOGENEOUS
THREE-MANIFOLDS

Pablo Mira (pablo.mira@upct.es)
Universidad Politécnica de Cartagena, Spain.

We describe the space of immersed constant mean curvature spheres in an arbitra-
ry simply connected Riemannian homogeneous three-manifold. This is a joint work
with W. H. Meeks, J. Pérez and A. Ros.

ON THE SPECTRAL THEORY OF COMPLETE MANIFOLDS WITH CONICAL
END

Jorn Miiller (jmueller@math.hu-berlin.de)
Humboldt-Universitat zu Berlin, Institut fiir Mathematik, Germany.

We present joint work with A. Strohmaier.

A manifold with conical end is a complete Riemannian manifold X, which outside of
a compact set is isometric to the infinite cone C. Here C denotes [1,00) x M equipped
with the metric dr? + rng, where (M, gM ) is a closed Riemannian manifold. Ex-
amples for this class of manifolds are compact metric perturbations of R3 or ALE
spaces.

We describe the spectral decomposition of the Laplace operator on L2 (X) in terms
of generalized eigenforms, and some aspects of the (stationary) scattering theory.

Of particular interest is the behavior of the scattering operator at 0, the bottom of
the absolutely continuous spectrum. We present a new method to obtain the contin-
uation of the resolvent of the Laplace operator-and thus the scattering operator—in
a neighborhood of 0. To that end, we introduce a class of holomorphic functions
which admits a series expansion in irrational exponents, and prove an extension of
the classical analytic Fredholm theorem to this class of functions.

27



QUASISYMMETRIC PARAMETRIZATION OF SEMMES SPACES

Pekka Pankka (pankka@mappi.helsinki.fi)
University of Helsinki, Finland.

In “Thirty-three yes or no questions about mappings, measures, and metrics” Heino-
nen and Semmes asked whether a decomposition space IR?/Bd associated to Bing’s
double admits an Ahlfors 3-regular and locally linearly contractible metric so that
the product space R3/Bd x R™ is not quasisymmetrically equivalent to R3*". This
question has its origins in the program of understanding the quasiconformal geom-
etry and analysis on metric spaces homeomorphic to Euclidean spaces.

Semmes showed that such metrics exist for the space R3/Bd itself. Recently Heino-
nen and Wu answered positively to a related question of Heinonen and Semmes on
the stabilized decomposition spaces R3/Wh x R™ associated with the Whitehead
continuum.

I will discuss a quasisymmetric non-parametrizability result for a class of decom-
position spaces R3/G x R™ which covers the cases of the Whitehead continuum
and Bing’s double. This is a joint work with Jang-Mei Wu (University of Illinois at
Urbana-Champaign).

PERIODIC ORBITS OF HAMILTONIAN DYNAMICAL SYSTEMS ON
NON-COMPACT ENERGY HYPERSURFACES

Federica Pasquotto (f.pasquotto@vu.nl)
VU University Amsterdam, The Netherlands.

A famous conjecture by A. Weinstein, dating back to 1979, states that periodic orbits
of Hamiltonian dynamical systems must always exist on compact energy hyper-
surfaces of so called “contact type”, a geometric property related to the symplectic
structure carried by the phase space of the system under consideration.

This conjecture has been established as a theorem in a number of interesting cases,
at first using variational methods, more recently by constructing some very powerful
symplectic invariants —based on Gromov’s theory of J-holomorphic curves— which
are able to detect the existence of periodic orbits.

In this talk I will give an overview of the main results and try to sketch the basic
ingredients for the construction of the invariants. In particular, I will discuss their
possible extension to the case of non-compact energy hypersurfaces: these arise very
naturally in practice, for example when studying stationary solutions of certain par-
tial differential equations.
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GENERIC SPECTRAL PROPERTIES OF THE HODGE LAPLACIAN
ON 3-MANIFOLDS

Daniel Peralta-Salas (dperalta@icmat.es)
Instituto de Ciencias Matematicas, CSIC, Spain.

From a qualitative point of view, one of the most attractive results in spectral geom-
etry is K. Uhlenbeck’s proof of the fact that, for a “generic” set of C" metrics, the
eigenvalues of the Laplacian on a closed manifold are simple and its eigenfunctions
are Morse [2]. In this talk we will show how Uhlenbeck’s theorem can be extended
to the case of differential forms on 3-manifolds using the Beltrami (or rotational)
operator on co-exact 1-forms. In particular, we shall prove that the nodal set of the
eigenforms of degree 1 consists of isolated points for a “generic” set of C" metrics;
this proves a conjecture by Yau [3, Problem 38] in the case of 3-manifolds. This talk
will be based on a joint work with Alberto Enciso [1].

REFERENCES

[1] A. Enciso, D. Peralta-Salas, Nondegeneracy of the eigenvalues of the Hodge
Laplacian for generic metrics on 3-manifolds. To appear in Trans. AMS.

[2] K. Uhlenbeck, Generic properties of eigenfunction, Amer. . Math. (4) 98 (1976),
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CONJUGATE PLATEAU CONSTRUCTION IN HOMOGENEOUS MANIFOLDS

Julia Plehnert (plehnert@mathematik.tu-darmstadt.de)
Technische Universitat Darmstadt, Germany.

Many examples of constant mean curvature (CMC) surfaces in space-forms arise
by conjugate Plateau construction. They were studied systematically and classified.
Over the past years those techniques were established in homogeneous 3-manifolds.
I explain the conjugate Plateau construction by means of an example: A dihedrally
symmetric +-MC k-noid of genus 1 in H? x R.
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THE ISOPERIMETRIC PROBLEM FOR HOMOGENEOUS SASAKIAN
SUB-RIEMANNIAN MANIFOLDS

César Rosales (crosales@ugr.es)
Universidad de Granada, Spain.

The isoperimetric problem seeks surfaces of least area among those enclosing a fixed
volume. We shall review this topic in the family of homogeneous Sasakian sub-
Riemannian 3-manifolds. This family contains the most simple and symmetric sub-
Riemannian 3-spaces that one may consider, including the space forms M(x) as the
unique simply connected ones.

By following a variational approach we have proved several classification results
for complete volume-preserving area-stationary surfaces, some of them being sub-
Riemannian counterparts to classical results as Hopf’s theorem or Alexandrov’s the-
orem. As a consequence, we deduce that any isoperimetric surface of class C? in
M (x) must be a rotationally invariant sphere foliated by sub-Riemannian geodesics
of the ambient space.

UNIQUENESS OF COMPACT TANGENT FLOWS IN MEAN CURVATURE
FLOW

Felix Schulze (felix.schulze@math.fu-berlin.de)
Free University Berlin, Germany.

In this talk we show, for mean curvature flows in Euclidean space, that if one of
the tangent flows at a given spacetime point consists of a closed, multiplicity-one,
smoothly embedded self-similar shrinker, then it is the unique tangent flow at that
point. That is the limit of the parabolic rescalings does not depend on the chosen
sequence of rescalings. Furthermore, given such a closed, multiplicity-one, smoothly
embedded self-similar shrinker X, we show that any solution of the rescaled flow,
which is sufficiently close to X, with Gaussian density ratios greater or equal to that
of X, stays for all time close to ¥ and converges to a possibly different self-similarly
shrinking solution ¥’. The central point in the argument is a direct application of the
Simon-Lojasiewicz inequality to Huisken’s monotone Gaussian integral for Mean
Curvature Flow.
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INTEGRAL GEOMETRY OF COMPLEX SPACE FORMS

Gil Solanes (solanes@mat.uab.cat)
Universitat Autonoma de Barcelona, Spain.

Integral geometry deals with averages of geometric functionals over the space of
positions of a submanifold. A fundamental result is Blaschke’s kinematic formula
measuring the set of motions that bring a convex set to cut another one. The classical
theory takes place in euclidean space, but there are general results that guarantee
the existence of analogous formulas in more general spaces [3], in particular in rank
one symmetric spaces. Explicit formulas however are known in very few cases. For
instance, only very recently, a kinematic formula has been obtained in the flat com-
plex space C", by Bernig and Fu [2]. For that, a completely new approach to integral
geometry was necessary, based on the product structure in the space of valuations
recently discovered by Alesker [1].

The aim of this talk is to present the integral geometry of complex space forms
(i.e. complex projective and hyperbolic spaces). These are the first spaces of non-
constant curvature where explicit formulas have been determined. We will describe
the space of invariant valuations together with its algebra structure. From that, we
obtain the kinematic formulas in a very explicit form. As an application, we recover
(and extend) a formula by Gray and Vanhecke [4] for the volume of tubes around
real submanifolds of CP".

This is joint work with Andreas Bernig and Joseph Fu.
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DEGENERATIONS OF KAHLER-EINSTEIN FANO MANIFOLDS

Cristiano Spotti (c.spotti08@imperial.ac.uk)
Imperial College London, United Kingdom.

One of the central problems in Riemannian geometry is to understand how met-
ric structures on a smooth manifold can degenerate. In the case of Kahler-Einstein
metrics of positive scalar curvature (KE Fano), one can try to relate the metric de-
generations (Gromov-Hausdorff limits) to some kind of algebraic degenerations of
the underlying complex structures (“stable” limits).

Establishing such a connection would give a very clear understanding of the possible
metric degenerations of KE Fano manifolds both from the global (the topology of
the compactified moduli space) and local (type of singularities appearing in the GH
limits) perspective.

In the talk we are going to describe more carefully the above conjectural picture,
with particular emphasis on the complex 2-dim case (Del Pezzo surfaces).
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EXISTENCE OF TOTALLY UMBILICAL AND TOTALLY GEODESIC
HYPERSURFACES

Joeri Van der Veken Rabah Souam
joeri.vanderveken@uwis.kuleuven.be souam@math. jussieu.fr
Katholieke Universiteit Leuven, Université Paris 7 - Denis Diderot,
Belgium. France.

The starting point for the research presented is a result which was independently
obtained by both authors and Eric Toubiana in [1] and [3], namely that a three-
dimensional homogeneous Riemannian manifold with a four-dimensional isometry
group admits totally umbilical surfaces if and only if it is locally the Riemannian
product of a two-sphere and a Euclidean line, 52 X R, respectively of a hyperbolic
plane and a Euclidean line, H?2 x R. In particular, there are no totally umbilical, and
hence no totally geodesic surfaces in Berger spheres, in the Heisenberg group and in
the special linear group SL(2,R). Moreover, a full classification of totally umbilical
surfaces in $? x R and H? x R was obtained, showing that more examples than the
trivial horizontal and vertical ones appear.

In the the current work, which will appear in [2], we prove that a Riemannian prod-
uct of type M” x R admits totally umbilical hypersurfaces, which are neither hori-
zontal nor vertical, if and only if IM" has locally the structure of a warped product
with a one-dimensional first factor and we give a complete description of the totally
umbilical hypersurfaces in this case. Moreover, we give a necessary and sufficient
condition under which a Riemannian three-manifold carrying a unit Killing field
admits totally geodesic surfaces and we study local and global properties of three-
manifolds satisfying this condition.
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General information

VENUE

The workshop will take place at the Carmen de la Victoria, a residence of the Uni-
versity of Granada, where lunch during the workshop will be provided by the orga-
nization.

Carmen de la Victoria
Cuesta del Chapiz, no. 9
18010 Granada

ACCOMMODATION

Seniors speakers will be lodged at the Carmen de la Victoria and young participants
will be lodged at Hotel Anacapri.

HoteL ADDRESS AND TELEPHONE
Carmen de la Victoria Cuesta del Chapiz, no. 9  Tel: (+34) 958 223 122
Fax: (+34) 958 220 910
Hotel Anacapri Joaquin Costa, 7 Tel: (+34) 958 227 477
Fax: (+34) 958 228 909

WIFI CONNECTION

Those participants interested in connecting to the Internet have to use the wireless
connection cviugr and the following credentials:

Username eym@invitados.ugr.es

Password EuYMw+Ugr

HELPFUL PHONE NUMBERS

Taxi in Granada: (+34) 958 280 654

Emergency phone number: 112
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