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• Paolo Piccione (University of São Paulo, Brazil)

• Miguel Sánchez (University of Granada, Spain)

• Didier Solis (Autonomous University of Yucatán, Mexico)

• Roland Steinbauer (University of Vienna, Austria)

• Abdelghani Zeghib (
´
Ecole Normale Supérieure de Lyon, France)

2
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1 Introduction
In 2001, researchers from several universities with a common interest on Lorentz Geometry met on

Benalmádena in what was called “Meeting on Lorentzian Geometry”.

After this �rst and successful meeting, the organizers decided to make this one the �rst of a biennial

series of conferences devoted to presenting and discussing the last advances on Lorentzian Geometry.

Since then, what ended up being called “International Meeting on Lorentzian Geometry” has grown

at an impressive pace.

Currently, nine meetings have been held: Benalmádena 2001, Murcia 2003, Castelldefels 2005,

Santiago de Compostela 2007, Martina Franca 2009 (Italy), Granada 2011, São Paulo 2013 (Brazil),

Málaga 2016 and Warsaw 2018 (Poland). Moreover, a special edition on “Lorentzian and conformal

Geometry” was held in Greifswald (Germany) in 2014 in honour of Prof. Helga Baum.

The Department of Mathematics of the University of Córdoba has the pleasure to organize in

2021 the X International Meeting on Lorentzian Geometry (GeLoCor).

The meeting is intended for all kind of researchers with an interest in Lorentz Geometry and its

applications to General Relativity.

For PhD students, the meeting will represent an ideal way to have their �rst contact with current

research topics on the area. Furthermore, an advanced course given by an expert on the area will be

organized.

For senior researchers, these meetings represent an ideal place to exhibit their latest results and to

create new ways of collaboration.

We welcome you online in February 2021,

The Organizing Committee
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2 List of Talks by day and time

2.1 Monday 2021-Feb-01

9:00-9:45. Opening Ceremony.

9:45-10:45. Cortés, Metric cones over semi-Riemannian manifolds, page 11.

11:30-12:00. Manzano, Matching of spacetimes across totally geodesic null hypersurfaces. Page 19.

12:00-13:20. Minitalks

Aadne, Kundt Structures. Page 8.

Makhmali, Remarks on geodesics in Lorentz-Finsler geometry. Page 19.

Müller, Metrization of Lorentzian geometry and Lorentzian finiteness theorems. Page 22.

Shahbazi, Real spinors as polyforms and supersymmetric Lorentzian four manifolds. Page 25.

15:30-16:30. Galloway, Existence of CMC Cauchy surfaces and spacetime splitting. Page 13.

17:00-18:00. LeFloch, Einstein spacetimes with low decay and low regularity. Page 18.

2.2 Tuesday 2021-Feb-02

9:00-10:00. Frances, Lorentz isometry groups with exponential growth. Page 13.

10:00-11:00. Minicourse, Javaloyes, Finsler Geometry and spacetimes. Page 16.

11:30-12:00. Torres, Topology change and selection rules for Spin(1, n)0-Lorentzian cobordisms. Page

26.

12:00-12:30. Costa e Silva, Some remarks on conformal symmetries and the Bartnik’s splitting conjec-

ture. Page 11.

12:30-13:30. Minitalks

Marque, Geometry of the conformal Gauss map and applications to conformal geometry. Page

20.

Olea, Totally umbilical null hypersurfaces and null cones in Lorentzian manifolds. Page 22.

Peón, Characterization of even dimensional Kerr-de Sitter and limit spacetimes. Page 24.

15:30-16:30. Palmas, The geometry of null hypersurfaces. Page 23.

17:00-17:30. Harris, Future-Incomplete Spacelike Boundaries and Continuous Extension of theMetric.

Page 14.

17:30-18:20. Poster Session

Fernández Villaseñor, page 12; Fisac, page 13; Honorato, page 14; Huber, page 14; Terek, page

26.

5
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2.3 Wednesday 2021-Feb-03

9:00-10:00. Leistner, Geodesic completeness of compact Lorentzian manifolds. Page 19.

10:00-11:00. Minicourse, Javaloyes, Finsler Geometry and spacetimes. Page 16.

11:30-12:00. Lawn, New examples of translating solitons inMinkowski space. Page 18.

12:00-13:00. Minitalks

Caeiro-Oliveira, Critical metrics for curvature functionals. Page 10.

Guerrero, Scalar tachyonic fields onMinkowski space-time revisited. Page 14.

Moruz, Ruled real hypersurfaces inCPnp . Page 21.

15:30-16:30. de Lira, Einstein-type elliptic systems. Page 12.

17:00-17:30. Quiroga, Some pseudo-Riemannian manifolds with large isometry groups. Page 25.

17:30-18:30. Minitalks

Aazami, Curvature and Killing vector fields on Lorentzian 3-manifolds. Page 8.

Cabrera, On the stability of a quasi-local positive mass theorem. Page 9.

Kröncke, Stable cosmological Kaluza-Klein Spacetimes. Page 18.

2.4 Thursday 2021-Feb-04

9:00-10:00. Seppi, Hyperbolic planes in three-dimensionalMinkowski space. Page 25.

10:00-11:00. Minicourse, Javaloyes, Finsler Geometry and spacetimes. Page 16.

11:30-12:00. Caponio, An extension of Bartnik and Simon’s existence result for spacelike graphs with

prescribed mean curvature to exterior domains. Page 11.

12:00-13:20. Minitalks

Milin, Quasi-umbilical surfaces, their parametrizations and evolute sets in Lorentz-Minkowski

3-space. Page 20.

Pelegrı́n, Constant mean curvature spacelike hypersurfaces in Generalized Robertson-Walker

spacetimes. Page 23.

Pendás, Applications of Lorentz-Finsler metrics to the anisotropic rheonomic Huygens’ principle.

Page 24.

Voicu, Mathematical foundations for a Finsler extension of Einstein gravity. Page 26.

15:30-16:30. Avalos, Positive Energy Theorems in Fourth-Order Gravity. Page 9.

17:00-17:30. Yıldırım, Singularities of Legendrian non-flat dual surfaces in hyperbolic 3-space. Page

27.
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GeLoCor, Córdoba (Spain)∼ 2021 February 1–5

17:30-18:30. Minitalks

Czarnecki, Totally umbilical foliations in hyperbolic spaces through their representations in de

Sitter space. Page 11.

Lima, Weakly trapped submanifolds immersed in generalized Robertson-Walker spacetimes.

Page 19.

Jahns, Photon surfaces in higher-dimensional electrovacuum spacetimes. Page 15.

2.5 Friday 2021-Feb-05

9:00-10:00. Burtscher, Spacetime convergence for warped products. Page 9.

10:00-11:00. Nurowski, Simple models in Penrose’s Conformal Cyclic Cosmology. Page 22.

11:30-13:10. Minitalks

Ando, The lifts of surfaces in neutral 4-manifolds into their 2-Grassmann bundles. Page 8.

Ferreiro, Locally conformally flat Kähler and para-Kähler surfaces. Page 12.

Jelonek, Generalized Calabi type Kähler surfaces. Page 17.

Latorre, Neutral Calabi-Yau manifolds and their small deformations. Page 17.

Murcia,Contactmetric threemanifolds andLorentzian geometrywith torsion in six-dimensional

supergravity. Page 22.

13:10-13:30. Closure.

2.6 Video Posters

Videos of 5-minutes uploaded to YouTube.

De la Rosa, Dynamics of relativistic particles with torsion in certain non-flat spacetimes.

https://www.youtube.com/watch?v=O4vgHecI2Po

Garcı́a Heveling, Causality theory for spacetimes with continuous metrics.

https://www.youtube.com/watch?v=MHjNLPrNVTc

Matveev, Proof of projective Lichnerowicz-Obata conjecture in the Lorentzian signature.

https://www.youtube.com/watch?v=kyoJHZGcwaE
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3 Abstracts by alphabetical order
Matthew Aadne (University of Stavanger, Norway)

Kundt Structures.

In Riemannian signature scalar curvature polynomial invariants (spi’s) give a class of functions which

separates the orbits of metrics and completely characterizes local homogeneity in terms of constancy

of the functions.

For Lorentzian manifolds both statements have counterexamples. There are metrics for which

there exists a deformation leaving the orbit of the metric while the spi’s remain constant and metrics

having no local Killing vector �elds for which all spi’s are constant. In dimension four all such examples

belong to the class of degenerate Kundt spacetimes which are characterized by having an algebraically

special null-distribution for which all curvature tensors are algebraically special. In this talk we present

a new approach to studying Kundt spacetimes throughG-structures. There is a Lie groupGN such

that theGN -structures satisfying an integrability condition and an existence criterion, which we call

Kundt structures, have the property that each metric belonging to the Kundt structure is automati-

cally a Kundt spacetime. SuchGN -structure gives rise to an intrinsic algebraic classi�cation of tensors

and traces of those which are algebraically special. We shall see that the Lie algebra of in�nitesimal au-

tomorphisms of such structures is given by a Lie algebra of nil-Killing vector �elds. Lastly we present

a characterization of all left invariant Kundt structures on homogeneous manifolds.

Amir Babak Aazami (Clark University, USA)

Curvature and Killing vector fields on Lorentzian 3-manifolds.

Although it originated in the study of 4-dimensional spacetimes, the Newman-Penrose formalism

is also an e�ective tool in 3 dimensions. In this talk we use a 3-dimensional version of the Newman-

Penrose formalism to study the local and global geometry of Lorentzian 3-manifolds. Globally, we

�nd obstructions to Lorentzian metrics generalizing those of constant curvature; locally, we classify

Lorentzian 3-manifolds that admit a timelike Killing vector �eld. Part of this talk is based on joint

work with Robert Ream.

Naoya Ando (Kumamoto University, Japan)

The lifts of surfaces in neutral 4-manifolds into their 2-Grassmann bundles.

We study the lift of a space-like or time-like surface in an oriented neutral 4-manifold N with zero

mean curvature vector into the oriented 2-Grassmann bundle G̃2(TN) associated withN . If the space

N is a neutral hyperKähler 4-manifold, then one of the two twistor lifts is given by a holomorphic

function on the surface, which yields holomorphicity of the Gauss maps of space-like surfaces and

time-like surfaces in E4
2 with zero mean curvature vector. The two twistor lifts of a time-like surface

have light-like covariant derivatives if and only if either the shape operator with respect to a light-like

normal vector �eld vanishes or all the shape operators of the surface are light-like. Examples with

the former property are given by the conformal Gauss maps of time-like surfaces of Willmore type in

3-dimensional Lorentz space forms with zero holomorphic quartic di�erential; examples of the latter

property are given by time-like surfaces in 4-dimensional neutral space forms constructed by solutions

of hyperbolic equations of second order.
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Rodrigo Avalos (Federal University of Ceará, Brazil)

Positive Energy Theorems in Fourth-Order Gravity.

In this talk, we will analyse a recent notion of energy which is associated to fourth-order gravitational

theories and plays an analogous role to that of the classical ADM energy in the context of general

relativity. We will �rst introduce such an energy as conserved quantity canonically associated to per-

turbations of solutionsof the fourth-order space-time equations possessing a time-like Killing �eld,

and then present several of its properties as well as develop some intuitions about it. We will show

that, in speci�c limits, its analysis is tractable and prove positivity and rigidity statements. In partic-

ular, in the stationary limit, we will show that the resulting notion of energy is deeply connected to

Q-curvature analysis and prove a positive energy theorem which underlies several rigidity phenomena.

In particular, we will see that recent positive mass theorems associated to the Paneitz operator appear

as a consequence of our analysis.

Annegret Y. Burtscher (Radboud University Nijmegen, The Netherlands)

Spacetime convergence for warped products.

Riemannian manifolds carry a natural metric space structure, and standard notions of metric con-

vergence interact with the Riemannian structure and (weak) curvature bounds. Since the Lorentzian

distance does not give rise to a metric structure, it is not obvious how to extend such a theory to

Lorentzian manifolds. Recently Sormani and Vega introduced the null distance based on the min-

imization of null lengths of piecewise causal paths. One can show that for spacetimes with suitable

time functions, the null distance is an intrinsic metric that naturally interacts with the causal structure

and yields an integral current space. In this talk we compare di�erent notions of convergence for the

null distance of warped product spacetimes, in particular, we show that uniform, Gromov-Hausdor�,

and intrinsic �at convergence agree if the sequence of (continuous) warping functions converges uni-

formly. In addition, we probe the possible limiting behavior for non-uniformly converging warping

functions. This is joint work with Brian Allen.

Armando J. Cabrera Pacheco (University of Tübingen, Germany)

On the stability of a quasi-local positive mass theorem.

The positive mass theorem in general relativity states that for an asymptotically �at initial data set

satisfying the dominant energy condition, its ADM mass is non-negative. Moreover, it is zero if and

only if it is isometric to a slice in Minkowski space. Naturally, we are lead to ask the following question:

if the ADM mass is “small”, can this manifold be “close” to a slice in Minkowski in some sense? In

recent years, there has been progress in answering this highly non trivial question, mostly assuming

time-symmetry.

In this talk we will describe brie�y stability problems in mathematical relativity and will discuss

in some detail the stability of a positive mass theorem tailored to a notion of a quasi-local mass, the

Brown–York mass, for graphical manifolds.

This is a joint work with A. Alaee and S. McCormick.
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Sandro Caeiro-Oliveira (Universidade de Santiago de Compostela, Spain)

Critical metrics for curvature functionals.

LetM be a compact manifold. For any pseudo-Riemannian metric g onM let τg and dvolg denote

the scalar curvature and the volume element, respectively. The total scalar curvature functional

g 7→
∫
M
τg dvolg

is the simplest curvature functional. Since it is not scale-invariant, one considers its restriction to the

spaceM1 of metrics with volume one. It is well-known that the critical metrics of this functional in

M1 are Einstein metrics.

Generalizing the above construction one may consider the di�erent functionals de�ned by scalar

curvature invariants of degree two, which are generated by {∆τ, τ2, ‖ρ‖2, ‖R‖2}, where ρ and R
denote the Ricci and the curvature tensor, respectively. This leads to the functionals

S(g) =

∫
M
τ2
g dvolg, T (g) =

∫
M
‖ρg‖2dvolg, R(g) =

∫
M
‖Rg‖2dvolg.

In dimension four, the functionalsS , T andR are related by the Chern-Gauss-Bonnet Theorem

so that any quadratic curvature functional di�erent from S is equivalent to

Ft : g 7→ Ft(g) =

∫
M
{‖ρg‖2 + tτ2

g }dvolg

for an appropriate t ∈ R. The same results holds true in dimension three due to the vanishing of the

conformal Weyl tensor [3]. The Euler-Lagrange equations for the above functionals were computed

by Berger (see [1]), from where it follows that any Einstein metric is critical for all quadratic curvature

functionals in dimension three and four, when restricted toM1.

Three dimensional homogeneous critical metrics for quadratic curvature functionals were classi-

�ed in [2], from where it follows the existence of non-Einstein critical metrics for all quadratic curva-

ture functionals.

A more intriguing problem is the existence of non-Einstein metrics which are critical for all qua-

dratic curvature functionals. The purpose of this work is to show the existence of two families of

non-Einstein metrics which are critical for all quadratic curvature functionals.

References
[1] M. Berger, Quelques formules de variation pour une structure riemannienne, Ann. Sci.

´
Ecole

Norm. Sup. 3 (1970), no. 4, 285–294.

[2] M. Brozos-Vázquez, E. Garcı́a-Rı́o, S. Caeiro-Oliveira,Homogeneous criticalmetrics for quadratic

curvature functionals. To appear.

[3] M. J. Gursky, J. A. Viaclovsky,Anewvariational characterization of three-dimensional space forms,

Invent. Math. 145 (2001), 251–278.
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Erasmo Caponio (Politecnico di Bari, Italy)

An extension of Bartnik and Simon’s esistence result for spacelike graphs with prescribedmean curvature

to exterior domains.

I will present a recent result obtained in collaboration with R. Bartolo and A. Pomponio about the

existence of a solution, vanishing at in�nity, of the Dirichlet problem, in an exterior domain, for space-

like graphs with prescribed mean curvature in the Minkowski spacetime.

Vicente Cortés (University of Hamburg, Germany)

Metric cones over semi-Riemannian manifolds

I will report on the geometry and holonomy of semi-Riemannian cones. A phenomenon which dis-

tinguishes the semi-Riemannian setting from the Riemannian one is that a semi-Riemannian mani-

fold which cannot be locally decomposed as a semi-Riemannian product can nevertheless admit non-

trivial parallel distributions. Motivated by the situation when the base manifold of the cone is Lorent-

zian and the cone is of index 2, we discuss in detail the cases of parallel totally isotropic lines and planes.

The talk is mainly based on joint work with Dmitri Alekseevsky and Thomas Leistner, see

arXiv:1902.02493.

I. P. Costa e Silva (Department of Mathematics, Universidade Federal de Santa Catarina, Brazil)

Some remarks on conformal symmetries and the Bartnik’s splitting conjecture.

We investigate a number of geometric consequences of the existence of a timelike conformal Killing

vector �eld on a globally hyperbolic spacetime with compact Cauchy hypersurfaces, especially in con-

nection with the so-called Bartnik’s splitting conjecture. (Ref. J.: Mediterranean Journal of Mathe-

matics, volume 17, Article number 21 (2020).)

This is a joint work with J.L. Flores & J. Herrera

Maciej Czarnecki (Uniwersytet Łódzki, Łódź, Poland)

Totally umbilical foliations in hyperbolic spaces through their representations in de Sitter space.

In the ball model of the real hyperbolic space Hn
every totally umbilical codimension one foliations

is represented by a one parameter family of spheres in Rn (or Sn). Every such an oriented sphere is an

an element of de Sitter space Λn+1
i.e. a quadric 〈x|x〉 = 1 in the Lorentz space Ln+2

.

A necessary and su�cient condition for a curve in Λn+1
to represent a totally umbilical codimen-

sion one foliation of Hn
is having tangent vectors in a local boosted time cones with respect to an

oriented sphere being the ball model ofHn
. Then we give some examples and interpretation in extrin-

sic geometry of the foliation. Finally, we conclude from the above a new conformal form of the Ferus’

classi�cation of totally geodesic domension one totally geodesic folaitions of Hn
.

Martı́n de la Rosa Dı́az (Universidad de Córdoba, Spain)

Dynamics of relativistic particles with torsion in certain non-flat spacetimes.
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Videoposter at https://www.youtube.com/watch?v=O4vgHecI2Po

Jorge H. de Lira (Federal University of Ceará, Brazil)

Einstein-type elliptic systems

After a brief review of the initial value formulation of General Relativity, we will discuss a type of semi-

linear systems of partial di�erential equations which are motivated by Einstein constraint equations

coupled with realistic physical �elds on asymptotically �at manifolds. In particular, electromagnetic

�elds give rise to this kind of system. In this setting, we prove a general existence theorem for such

systems, under smallness assumptions on the free parameters of the problem, we prove the existence

of far from CMC (near CMC) Yamabe positive (Yamabe non-positive) solutions for charged dust

coupled to the Einstein equations, satisfying a trapped surface condition on the boundary. If time

permits, we will elaborate on fourth-order variants of Einstein �eld equations in connection withQ-

curvature and a generalization of the notion of mass in this context. This is joint work with Rodrigo

Avalos, Paul Laurain and Nicolas Marque.

Fidel Fernández Villaseñor (University of Granada, Spain)

Variations on the Einstein-Hilbert action.

Taking the deduction of the Einstein �eld equation via Hilbert’s variational for- mulation as a moti-

vation, we will treat two additional variational approaches. The �rst of them is the so-called Palatini

formalism. Although this formulation is a clas- sic one, there are some properties of its solutions (non-

symmetric a�ne connections) which have not been analyzed until recently [1]. The second approach

makes use of an additional scalar �eld that can be interpreted from the point of view of gauge invari-

ance. It can be implemented in two di�erent ways and both of them allow for reinterpretations of the

Einstein equation.

References
[1] A. N. Bernal et al., On the (non-)uniqueness of the Levi-Civita solution in the Einstein- Hilbert-

Palatini formalism, Phys.Lett. B768 (2017) 280-287 .

Marı́a Ferreiro-Subrido (University of Santiago de Compostela, Spain)

Locally conformally flat Kähler and para-Kähler surfaces.

Let (M, g, Jε) denote a Kähler or a para-Kähler manifold, where Jε (Jε
2 = −ε Id) denotes

the parallel (para)complex structure and g(Jε·, Jε·) = εg(·, ·) for ε = ±1. The Ricci tensor

of a 2n-dimensional locally conformally �at (para-)Kähler manifold satis�es (2n − 4)ρ(X,Y ) =
− τ

2n−1g(X,Y ), and thus it is �at if 2n 6= 4. Moreover, four-dimensional locally conformally �at

(para-)Kähler manifolds are locally symmetric. Tanno showed in [3] that locally conformally �at four-

dimensional Kähler metrics are either �at or a productM1(c)×M2(−c) of two surfaces of constant

opposite curvature in the Riemannian case. In the pseudo-Riemannian case of neutral signature, Pat-

12
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GeLoCor, Córdoba (Spain)∼ 2021 February 1–5

terson constructed examples with 2-step nilpotent Ricci operator [2], thus showing that Tanno’s re-

sult does not cover all the possibilities in that case.

The main purpose of this talk is to complete the previous classi�cations in the case of neutral

signature and to give all possible curvature models for locally conformally �at Kähler and para-Kähler

surfaces [1].

References
[1] M. Ferreiro-Subrido, E. Garcı́a-Rı́o, R. Vázquez-Lorenzo, Locally conformally �at Kähler and

para-Kähler manifolds, Ann. Global Anal. Geom., to appear.

[2] E. M. Patterson, Symmetric Kähler spaces, J. LondonMath. Soc. 30 (1955), 286–291.

[3] S. Tanno, 4-dimensional conformally �at Kähler manifolds, TohokuMath. J. 24 (1972), 501–504.

David Fisac Cámara (Imperial College London, UK)

A survey on conformal geodesics.

It is well known that geodesical connectedness in the Riemannian case has been well characterised. In

the Lorentzian case, Giannoni and Piccione with later contributions by Candela, Flores and Sánchez

approached a complete characterisation under the assumption that the manifold admits a time-like

killing vector �eld. We will give a survey in conformal Lorentzian geometry unifying the di�erent

de�nitions of conformal geodesics found in literature and giving a geometric intuition. Then we will

see what can be generalized of the above-mentioned results in the case of the existence of a time-like

conformal killing vector �eld and link it to conformal geodesics.

These results come in the context of a master’s thesis at Imperial College London under the su-

pervision of and contributions by Dr. Marie-Amélie Lawn.

Charles Frances (University of Strasbourg, France)

Lorentz isometry groups with exponential growth.

In this talk, we will explain how the notion of “coarse embedding” allows to understand isometric

actions of discrete groups on Lorentz manifolds. We will give a classi�cation result for isometry groups

having exponential growth, with new applications to isometric actions of lattices. We will also discuss

a version of Tit’s alternative for the isometry group of Lorentz manifolds.

Gregory J. Galloway (University of Miami, USA)

Existence of CMC Cauchy surfaces and spacetime splitting.

As is well known, constant mean curvature (CMC) spacelike hypersurfaces play an important role

in the study of the Einstein equations. In this talk, we discuss results (older and more recent) on the

existence (and nonexistence) of CMC spacelike hypersurfaces in the cosmological setting, and discuss

the connection to the spacetime splitting problem. This talk is based largely on a contribution to a
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special issue of Pure and Applied Mathematics Quarterly (Volume 15, Number 2, 2019) in honor of

Robert Bartnik.

Leonardo Garcı́a Heveling (Radboud Universiteit Nijmegen, The Netherlands)

Causality theory for spacetimes with continuous metrics.

Videoposter at https://www.youtube.com/watch?v=MHjNLPrNVTc

Julio Guerrero (University of Jaén, Spain)

Scalar tachyonic fields onMinkowski space-time revisited.

We analyze a realization of the unitary and irreducible scalar tachyon representation of the Poincaré

group on Minkowski space-time where the carrier space of the representation is a suitable subspace of

solutions of the Klein-Gordon equation with negative squared mass, i.e. those whose Fourier trans-

form is supported on the one-sheeted hyperboloid. Unitarity is achieved introducing a non-local scalar

product on a proper Cauchy hypersurface.

This is a joint work with F. F. López-Ruiz and V. Aldaya

Stacey G. Harris (Saint Louis University, USA)

Future-Incomplete Spacelike Boundaries and Continuous Extension of theMetric.

What allows for continuous extension of the metric at a putative boundary for a spacetime? The most

interesting case is likely that of a spacelike boundary, not at future in�nity–much like Schwarzschild

interior. I will present conditions that, in a general spacetime foliated by future-incomplete timelike

curves, ensure that the future causal boundary is spacelike, di�eomorphic to the foliation space, and

attached to the spacetime in the obvious manner. I will also present conditions (in simpli�ed context)

on integrability of timelike sectional curvature relating to the possibility of continuous extension of

the metric to the boundary. (This is a re�nement of previously discussed results and conjectures.)

Kledilson P. R. Honorato (Universidade Federal de Santa Catarina, Brazil)

Constructing closed geodesics from geodesics loops in Riemannian and Lorentzian geometry.

We revisit the problem of existence of closed geodesics in complete (not necessarily compact) Rie-

mannian manifolds and closed timelike geodesics in compact Lorentzian manifolds. We describe a

technique to establish the existence of such closed geodesics whenever we are given a locally extremal

geodesic loop. We also discuss some natural geometric conditions under which the latter can appear.

This is a joint work with I. P. Costa e Silva & J. L. Flores

Matthieu Huber (Murcia University, Spain)

Flag Curvature of Finsler Submanifolds and Finsler submersions.

We study the geometry of submanifolds of Finsler spacetimes. In this case, the role of sectional curva-

ture in Riemannian Geometry is played by its anisotropic equivalent the �ag curvature, an invariant

that depends not only on the choice of a plane, as is the case with sectional curvature, but also on the
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choice of a direction in that plane.

The problem of classifying Finsler manifolds with constant �ag curvature is still open in its gen-

erality, having been solved only in the class of Randers manifolds. From the Gauss and Codazzi equa-

tions, we will obtain an explicit formula for the �ag curvature of a submanifold in a general Finsler

spacetime [1] using the anisotropic tensor calculus developed in [2, 3]. This expression is remarkably

simple for Randers-Minkowski spacetimes.

As an application, we explore when a submanifold has constant �ag curvature, aiming to con-

tribute to the classi�cation problem. Finally, in an attempt to generalise the Gauss and Codazzi equa-

tions, we also explore the fundamental equations of a Finsler submersion [5] (see also [4] for some

previous results on Finsler submersions) with the goal of providing models of Finsler spacetimes and

with which to study Einstein’s equations.
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Sophia Jahns (Tübin-gen University, Germany)

Photon surfaces in higher-dimensional electrovacuum spacetimes.

Photon surfaces are timelike hypersurfaces in Lorentzian manifolds on which null geodesic stay for

as long as they exist; in other words, light in a spacetime can get “trapped” on photon surfaces. In a

static setting, photon surfaces generalize the notion of photon spheres, not being required to be level

surfaces of the static lapse.

Photon surfaces are relevant to dynamical stability questions, as well as related to gravitational

lensing and to black hole shadows.

We give an explicit classi�cation of all photon surfaces in the Schwarzschild(–Tangherlini) and

Reissner–Nordström spacetimes of any dimension, using the local characterization of photon surfaces

in a class of static, spherically symmetric spacetimes by Cederbaum–Galloway (2019).

Bringing into play quasilocal geometric properties of photon surfaces, we then prove a uniqueness

result for asymptotically �at electrostatic spacetimes containing photon surfaces with “equipotential”

time slices, generalizing earlier work by Cederbaum (2015 and forthcoming), Cederbaum–Galloway

(2016, 2017), Yazadjiev–Lazov (2017), and the speaker (2019).

15



GeLoCor, Córdoba (Spain)∼ 2021 February 1–5

This is joint work (in progress) with Carla Cederbaum and Olivia Vicanek Martı́nez.

Miguel Ángel Javaloyes (Universidad de Murcia, Spain)

Minicourse: Finsler Geometry and spacetimes.

In this minicourse, we will try to make an account of the interplay between Finsler Geometry and

spacetimes in all its multiple forms and the techniques to handle the direction-dependence implicit in

Finsler Geometry.

We will depart from a standard stationary spacetime (S×R, g) showing that its lightlike geodesics

are controlled by a Randers metric F (v) =
√
h(v, v) + ω(v), with h a Riemannian metric and ω

a one-form both in the manifold S. As a consequence, the causality of the stationary spacetime can

be described in terms of completeness properties of this Randers metric [3]. On the other hand, re-

call that the Zermelo problem consists of �nding the time-minimizing trajectories in the presence of a

wind or current, for example, a boat with an engine having a maximal speed, which is also propelled by

the current. When this wind is time-independent, a Randers metric can be used to �nd the solutions.

Moreover, it is always possible to associate a stationary spacetime with the Randers metric to study the

Zermelo problem, and what is more interesting, when the wind is time-dependent, the Zermelo prob-

lem cannot be modeled with a Randers metric anymore, but the spacetime model still works, being

now non-stationary. The moral of the story is that every classical spacetime can be used to study a cer-

tain Zermelo problem. When the speed without wind of the moving object depends on the direction,

then one has to consider Finsler spacetimes. All these results combine to give a surprising application

of spacetimes to wild�re modeling [10].

The next step will be to introduce the anisotropic calculus to handle the tensors which depend

on the direction. Having at our disposal the anisotropic calculus we will introduce the associated

anisotropic connections with a pseudo-Finsler metric and then the Chern curvature tensor and the

�ag curvature [6, 7]. We will compare the anisotropic connections with the classical connections over

the tangent bundle and then will derive the Bianchi identities. Next, we will de�ne geodesics and

Jacobi �elds, showing their variational properties. We will also show how to obtain the Gauss-Codazzi

equations of a submanifold [5].

In the last part, we will return to the notions of Finsler spacetimes and cone structures, showing

the relationship between both notions, giving a good amount of examples and studying its causality

[1, 8, 9]. Killing and conformal �elds will be introduced, and the role of the latter for cone structures

will be stressed. We will discuss Einstein’s equations for Finsler spacetimes [4], closing the mini-course

with some words on how to make Finsler spacetimes compatible with the axiomatic Ehlers-Pirani-

Schild approach to Foundations of General Relativity [2].
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Włodzimierz Jelonek (Cracow University of Technology, Poland)

Generalized Calabi type Kähler surfaces.

In the talk we give the classi�cation of generalized Calabi type Kähler surfaces, the class of QCH

(Quasi Constant Holomorphic) Kähler surfaces whose opposite almost Hermitian structure is Her-

mitian and is determined by complex foliation by curves.

Adela Latorre (Universidad Politécnica de Madrid, Spain)

Neutral Calabi-Yau manifolds and their small deformations.

Let X = (M,J) be a complex manifold of even complex dimension n = 2m. The manifold X is

neutral Calabi-Yau when it can be endowed with a compatible metric g of signature (2m, 2m) such

that∇J = 0 and with a nowhere vanishing form Φ of bidegree (2m, 0) satisfying∇Φ = 0, being∇
the Levi-Civita connection of g. Neutral Calabi-Yau manifolds are Ricci-�at. In this talk we will focus

on the stability of these manifolds under small holomorphic deformations of their complex structures.

Our �rst result is a stability theorem in complex dimension n = 2, i.e. neutral Calabi-Yau struc-

tures on compact complex surfaces are stable. The proof combines a result of Teleman with a result

concerning the Bott-Chern cohomology of complex surfaces.

Our second result is that neutral Calabi-Yau structures are in general not stable on compact com-

plex manifolds of any complex dimensionn ≥ 4. This is in deep contrast to the case of Kähler Calabi-

Yau manifolds, whose deformation space is unobstructed by the Bogomolov-Tian-Todorov theorem.
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To prove this result we �rst construct a complex nilmanifold X with (non-�at) neutral Calabi-Yau

structures. Then, by appropriately deforming the complex structure ofX , we provide a holomorphic

family of compact complex manifolds {Xt}t∈∆, with X0 = X , for which there are arbitrary small

values of t 6= 0 such thatXt does not admit any neutral Calabi-Yau structure.

Joint work with Luis Ugarte (arXiv:2001.04821 [math.DG]).

Klaus Kröncke (University of Hamburg, Germany)

Stable cosmological Kaluza-Klein Spacetimes.

We consider the Einstein �ow on a product manifold with one factor being a compact quotient of

3-dimensional hyperbolic space without boundary and the other factor being a �at torus of �xed arbi-

trary dimension. We consider initial data symmetric with respect to the toroidal directions. We obtain

e�ective Einsteinian �eld equations coupled to a wave map type and a Maxwell type equation by the

Kaluza-Klein reduction. The Milne universe solves those �eld equations when the additional parts

arising from the toroidal dimensions are chosen constant. We prove future stability of the Milne uni-

verse within this class of spacetimes, which establishes stability of a large class of cosmological Kaluza-

Klein vacua. A crucial part of the proof is the implementation of a new gauge for Maxwell-type equa-

tions in the cosmological context, which we refer to as slice-adapted gauge. This is joint work with

Volker Branding and David Fajman.

Marie-Amelie Lawn (Imperial College London, UK)

New examples of translating solitons inMinkowski space.

We study new examples of translating solitons of the mean curvature �ow. We consider for this

purpose manifolds admitting pseudo-Riemannian submersions and cohomegeneity one actions by

isometries on suitable open subsets. This general setting also covers the classical Euclidean examples.

As an application, we completely classify the rotationally invariant translating solitons in Minkowski

space, obtaining six types.

Philippe G. LeFloch (Sorbonne University, France)

Einstein spacetimes with low decay and low regularity

I will present recent advances on spacetimes satisfying the Einstein equations. For dealing with the

so-called colliding gravitational wave problem in general relativity, in collaboration with B. Le Floch

(Paris) and G. Veneziano (Geneva) the existence of a large class of Lorentzian manifolds containing

singularity hypersurfaces and satisfying suitable junction conditions. We also introduce the notion

of a cyclic spacetime (also called a multiverse) consisting of spacetime domains bounded by spacelike

or timelike singularity hypersurfaces, across which our scattering map is applied. In another direc-

tion, the Seed-to-Solution Method (in a joint work with T. Nguyen, Paris) is a novel approach for

analyzing Einstein’s constraint equations and provides us with asymptotically Euclidean manifolds

with prescribed asymptotics. We encompass metrics with the weakest possible decay (in�nite ADM

mass) or the strongest possible decay (Schwarzschild behavior). Motivated by Carlotto and Schoen’s

pioneering work on the optimal localization problem, we establish sharp decay estimates for the Ein-

stein operator and solve what we call the asymptotic localization problem.
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GeLoCor, Córdoba (Spain)∼ 2021 February 1–5

Thomas Leistner (University of Adelaide, Australia)

Geodesic completeness of compact Lorentzian manifolds.

A semi-Riemannian manifold is geodesically complete (or for short, complete) if its maximal geodesics

are de�ned for all times. For Riemannian metrics the compactness of the manifold implies complete-

ness. In contrast, there are compact Lorentzian manifolds that are not complete. Nevertheless, com-

pleteness plays an important role for fundamental geometric questions in Lorentzian geometry such

as the classi�cation of compact Lorentzian manifolds that have constant curvature or are locally sym-

metric, and in particular for a Lorentzian version of Bieberbach’s theorem.

We will study the completeness for compact manifolds that arise from the classi�cation of Lorent-

zian holonomy groups, which we will brie�y review in the talk. These manifolds carry a parallel null

vector �eld that can be used to study their completeness. They include the co-called pp-waves waves

for which we determine the universal cover and show that they are complete when they are com-

pact. As an application of this result we obtain that indecomposable, compact Lorentzian locally

symmetric spaces are complete, and hence are compact quotients of the model spaces: Minkowski,

odd-dimensional anti-de Sitter, or Cahen-Wallach spaces.

Eraldo A. Lima Júnior (Universidade Fedral da Paraı́ba, Brazil)

Weakly trapped submanifolds immersed in generalized Robertson-Walker spacetimes.

In this presentation we deal with codimension two weakly trapped submanifolds (that is, the mean

curvature vector �eld is causal) immersed in a generalized Robertson-Walker (GRW) spacetime. Under

suitable hypothesis, we are able to prove that such a spacelike submanifold is immersed into a slice of

the ambient space. For this, we use three main core concepts: the well known generalized maximum

principle of Omori and Yau, stochastic completeness and another appropriate maximum principle at

in�nity due to Yau. We also present a nontrivial example of weakly trapped submanifold in the static

GRW spacetime−R×H2 × R, illustrating the importance of our results.*

*The presentation is based on joint work with A.W. Cunha, H. de Lima and M. Santos published

at Journal of Mathematical Analysis and its Applications, 2020.

Omid Makhmali (Masaryk University, Czech Republic)

Remarks on geodesics in Lorentz-Finsler geometry.

After de�ning causal structures, also known as cone structures, we show that they are naturally

equipped with a notion of null or lightlike geodesics, identify all their local invariants and discuss

the geometry of their space of null geodesics. After further restriction to a Lonretz-Finsler metric rep-

resentative of a causal structure, we investigate geometries that, under certain conditions, are induced

on its space of geodesics.

Miguel Manzano (Universidad de Salamanca, Spain)

Matching of spacetimes across totally geodesic null hypersurfaces.

Null shells are a useful geometric construction to study the propagation of in�nitesimally thin con-

centrations of massless particles or impulsive gravitational waves. In this talk I will present the nec-
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GeLoCor, Córdoba (Spain)∼ 2021 February 1–5

essary and su�cient condition that allow for the soldering of two spacetimes in the case when their

respective boundaries are totally geodesic null hypersurfaces. The point-to-point identi�cation of the

boundaries introduces a freedom that will be analyzed in detail, both concerning its nature and its

consequences. We also obtain the general expression for the energy-momentum of the shell. The re-

sults allow us to construct new shells even in the simplest possible case, namely shells propagating in

the Minkowski spacetime. Finally, our results will be compared with speci�c cases previously studied

by using the cut and paste method.

Nicolas Marque (Potsdam Universität, Germany)

Geometry of the conformal Gauss map and applications to conformal geometry.

Given Φ : Σ → R3
an immersed surface in R3

, one can de�ne its conformal Gauss map Y :
Σ → S4,1 ⊂ R4,1

as a representation in the de Sitter space of its envelope of osculatrices spheres.

Studying the di�erential geometry of Y as an immersion in a Lorentz space then proves insightful

for the conformal geometry of Φ. This correspondance will be illustrated for three problems: the

determination of a conformal transformation to ensure H = 0 at a given point, the analytic studies

of Willmore immersions, and the characterization of conformally CMC surfaces. All those studies

will be done with di�erential geometry, and will recover explicitely several results, obtained through

DPW techniques.

Vladimir Matveev (University of Jena, Germany)

Proof of projective Lichnerowicz-Obata conjecture in the Lorentzian signature.

Videoposter at https://www.youtube.com/watch?v=kyoJHZGcwaE

Željka Milin Šipuš (University of Zagreb, Croatia)

Quasi-umbilical surfaces, their parametrizations and evolute sets in Lorentz-Minkowski 3-space.

In Lorentz-Minkowski 3-space, quasi-umbilical surfaces are surfaces characterized by the property

that their shape operator is not diagonalizable, therefore, they do not have Euclidean counterparts,

[1, 2, 3, 4]. In this presentation, we will �rst present results on their parametrizations as so-called null

scrolls and B-scrolls, respectively, [6]. Further, we will describe those null scrolls that are determined

by a given null curve as their base curve, and have prescribed curvatures, [7]. These surfaces are con-

ditioned by the �rst-order nonlinear di�erential equation (Riccati equation) that relates their curva-

tures to the curvatures of their base curve. Our last question is about analysing the evolute sets of

quasi-umbilical surfaces, that, in contrast to other timelike surfaces, degenerate to curves. Results

concerning null scrolls of constant mean curvature are presented in [5].

Joint work with Ljiljana Primorac Gajčić and Ivana Protrka.
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Marilena Moruz (University of Iasi (UAIC), Romania)

Ruled real hypersurfaces inCPnp .
H. Anciaux and K. Panagiotidou [1] initiated the study of non-degenerate real hypersurfaces in non-

�at inde�nite complex space forms in 2015. Next, in 2019 M. Kimura and M. Ortega [2] further de-

veloped their ideas, with a focus on Hopf real hypersurfaces in the inde�nite complex projective space

CPnp . In this work we are interested in the study of non-degenerate ruled real hypersurfaces in CPnp .

We �rst de�ne such hypersurfaces, then give basic characterizations. We also construct their param-

eterization. They are described as follows. Given a regular curve α in CPnp , then the family of the

complete, connected, complex (n − 1)-dimensional totally geodesic submanifolds orthogonal to α′

and Jα′, where J is the complex structure, generates a ruled real hypersurface. This representation

agrees with the one given by M. Lohnherr and H. Reckziegel in the Riemannian case [3]. Further in-

sights are given into the cases when the ruled real hypersurfaces are minimal or have constant sectional

curvatures.

The present results are part of a work in progress together with M. Ortega and J. D. Pérez.
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Olaf Müller (Humboldt-Universität zu Berlin, Germany)

Metrization of Lorentzian geometry and Lorentzian finiteness theorems.

This talk explores a recent method to obtain �niteness results in Lorentzian geometry in the spirit of

Gromov-Hausdor� theory via a functor from the category of temporally compact globally hyperbolic

manifolds-with-boundary to the category of Riemannian manifolds-with-boundary.

Ángel Jesús Murcia Gil (Instituto de Fı́sica Teórica UAM/CSIC, Spain)

Contact metric three manifolds and Lorentzian geometry with torsion in six-dimensional supergravity.

We introduce the notion of εη-Einstein ε-contact metric three-manifold, which includes as partic-

ular cases η-Einstein Riemannian and Lorentzian (para) contact metric three-manifolds, but which

in addition allows for the Reeb vector �eld to be null. We prove that the product of an εη-Einstein

Lorentzian ε-contact metric three-manifold with an εη-Einstein Riemannian contact metric three-

manifold carries a bi-parametric family of Ricci-�at Lorentzian metric-compatible connections with

isotropic, totally skew-symmetric, closed and co-closed torsion, which in turn yields a bi-parametric

family of solutions of six-dimensional minimal supergravity coupled to a tensor multiplet. This re-

sult allows for the systematic construction of families of Lorentzian solutions of six-dimensional su-

pergravity from pairs of εη-Einstein contact metric three-manifolds. We classify all left-invariant εη-

Einstein structures on simply connected Lie groups, paying special attention to the case in which

the Reeb vector �eld is null. In particular, we show that the Sasaki and K-contact notions extend to

ε-contact structures with null Reeb vector �eld but are however not equivalent conditions, in con-

trast to the situation occurring when the Reeb vector �eld is not light-like. Furthermore, we pose

the Cauchy initial-value problem of an ε-contact εη-Einstein structure, brie�y studying the associ-

ated constraint equations in a particularly simple decoupling limit. Altogether, we use these results

to obtain novel families of six-dimensional supergravity solutions, some of which can be interpreted

as continuous deformations of the maximally supersymmetric solution on S̃l(2,R) × S3
. The talk

would be based on arXiv:1912.08723, which was carried out along with C.S. Shahbazi.

Pawel Nurowski (University of Warsaw, Poland)

Simple models in Penrose’s Conformal Cyclic Cosmology

I will discuss a mathematical setting for Penrose’s Conformal Cyclic Cosmology scenario near the

transition hypersurface between two physical eons. I will consider two consecutive eons M̂ and M̌
from Penrose’s Conformal Cyclic Cosmology and study how the matter content of the past eon (M̂ )

determines the matter content of the present eon (M̌ ) by means of the reciprocity hypothesis. Sev-

eral examples of gluing two eons will be presented, including Friedman-Lemaitre-Robertson-Walker

transitions, as well such in which the past eon is only �lled with a spherical wave on the de-Sitter back-

ground.

Benjamı́n Olea (Universidad de Málaga, Spain)

Totally umbilical null hypersurfaces and null cones in Lorentzian manifolds.

Null cones are one of the most important examples of null hypersurface in a Lorentzian manifold.

Moreover, null cones in constant curvature spaces and in Robertson-Walker spaces are totally umbil-
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ical. On the other hand, a totally umbilical null hypersurface in a constant curvature spaces or in a

Robertson-Walker space of the type I×f Sn with

∫
I

1
F > π is contained in a null cone. The next step

is to try to extend this kind of results to more general ambients. In this talk we give conditions on the

Ricci curvature for a totally umbilical null hypersurface to be contained in a null cone. The main tool

used for this is the rigged technique, which allows us to construct an auxiliary Riemannian metric on

a null hypersurface.

Óscar Palmas (National Autonomous University of Mexico, Mexico)

The geometry of null hypersurfaces.

A hypersurface of a semi-Riemannian manifold is null if the restriction of the ambient space metric

is degenerate at each point. In this talk, I will use the screen technique for their study, imposing dif-

ferent geometric additional conditions. I will also talk about some work in progress on the isometric

immersion problem for null hypersurfaces. A substantial part of the results is joint work with Matias

Navarro and Didier Solis.

José A. S. Pelegrı́n (University of Granada, Spain)

Constant mean curvature spacelike hypersurfaces in Generalized Robertson-Walker spacetimes.

In this talk we will present some recent uniqueness and non existence results for constant mean cur-

vature spacelike hypersurfaces in spatially open Generalized Robertson-Walker spacetimes obtained

in [1], [2] and [3]. Since we will impose certain natural geometric assumptions like the Null Con-

vergence Condition, some of our results are applied to relevant models like the steady-state and Ein-

stein–de Sitter spacetimes. Finally, our parametric uniqueness results will enable us to obtain new

Calabi-Bernstein type results for the constant mean curvature equation for spacelike graphs in these

ambient spacetimes.
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Enrique Pendás Recondo (Universidad de Granada, Spain)

Applications of Lorentz-Finsler metrics to the anisotropic rheonomic Huygens’ principle.
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Apart from extending General Relativity, Lorentz-Finsler metrics can be applied in non-relativistic

settings to describe the propagation of certain phenomena that propagate through a medium at �nite

speed, e.g., wild�res (see [1, 2]) or sound waves. Here we will show that these applications can be

widely extended by describing the problem from the viewpoint of the cone structures and Finsler

spacetimes developed in [3]. Among other improvements, this allows one to e�ectively describe the

most general situation where the propagation of the wave is anisotropic (direction-dependent) and

rheonomic (time-dependent), and also the case where the medium moves faster than the wave (“strong

wind” case, as in [4]). Finally, we will show that this framework can be naturally applied to wild�re

spread modelling (see [5]).

This talk is mainly based on [6], which is a work in collaboration with professors M. A. Javaloyes

and M. Sánchez.
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Carlos Peón Nieto (University of Salamanca, Spain)

Characterization of even dimensional Kerr-de Sitter and limit spacetimes.

Using conformal methods, we study the asymptotic properties of the Kerr-de Sitter family of space-

times in arbitrary dimensions. The well-posedness of the Cauchy problem at conformal in�nity in

even dimensions allows us to characterize (even dimensional) Kerr-de Sitter by means of its initial

data. Using these results, we study a well-de�ned class of spacetimes limit of Kerr-de Sitter. This class

includes known spacetimes (e.g. generalized Kottler spacetimes), but also new solutions of the Ein-

stein �eld equations with Λ > 0. In addition, we show that not only Schwarzschild-de Sitter but in

fact the whole class of generalized Kottler spacetimes can be obtained as a limit of Kerr-de Sitter.

Raul Quiroga-Barranco (Cimat, Mexico)
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Some pseudo-Riemannian manifolds with large isometry groups.

Let M be a pseudo-Riemannian manifold. Gromov proved that if the isometry group of M has a

dense orbit, then it has an open dense orbit for the local isometries. In other words, M contains an

open dense locally homogeneous subset. A natural problem to consider is to determine if such local

homogeneity can be extend to all ofM . It is also of interest to describe the structure ofM with some

detail.

In this talk we will consider a �nite volume analytic pseudo-Riemannian manifold M with an

isometric action of a simple Lie groupG so that theG-action has a dense orbit. Using Gromov’s tech-

niques, Zimmer’s machinery and representation theory we will show that, under some assumptions,

the structure of M can be described with very much detail. More precisely, for G either SO(p, q),

G2(2) (the noncompact real Lie group of typeG2) or a noncompact real Lie group of type F4, there

is a boundN(G) so that if dim(M) ≤ N(G), then one of the following holds

• M is locally a product ofG×N , for some pseudo-Riemannian manifoldN , or

• M carries a G-invariant locally symmetric pseudo-Riemannian metric for which it is locally

isometric to a simple Lie group with a bi-invariant metric. The Lie group is described explicitly

in each case.

In particular, M is locally homogeneous everywhere. Furthermore, we also show that if M is com-

plete, then the universal covering M̃ is in fact a Lie group andM is, up to a �nite covering, a quotient

of such Lie group by a lattice.

Andrea Seppi (Grenoble Alps University, France)

Hyperbolic planes in three-dimensionalMinkowski space.

It is well-known that the hyperboloid is an isometrically embedded copy of the hyperbolic plane in

Minkowski space; in 1983 Hano and Nomizu provided examples of other, non-equivalent, isometric

embeddings of the hyperbolic plane. In this talk, we will discuss the question of classifying all such

isometric embeddings, which is still open in full generality, and generalize some of the results to com-

plete surfaces of bounded negative curvature. This is joint work with Francesco Bonsante and Peter

Smillie.

C. S. Shahbazi (Hamburg University, Germany)

Real spinors as polyforms and supersymmetric Lorentzian four manifolds.

I will introduce a new framework for the study of generalized real Killing spinors, where every gener-

alized Killing spinor equation, possibly with constraints, can be formulated equivalently as a system

of partial di�erential equations for a polyform satisfying a sytem of algebraic relations in the Kähler-

Atiyah bundle constructed by quantizing the exterior algebra bundle of the underlying manifold. At

the core of this framework lies the characterization, which I will describe in detail, of the image of the

spinor squaring map of an irreducible Cli�ord module Σ of real type as a real algebraic variety in the

Kähler-Atiyah algebra, which gives necessary and su�cient conditions for a polyform to be the square

of a real spinor. I will apply this framework to Lorentzian four-manifolds, obtaining a new description

of a real spinor on such a manifold through a certain distribution of parabolic 2-planes in its cotangent
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bundle, and I will use this result to give global characterizations of real Killing spinors on Lorentzian

four-manifolds and four-dimensional supersymmetric con�gurations of heterotic supergravity. Work

in collaboration with Vicente Cortés and Calin Lazaroiu.

Ivo Terek (The Ohio State University, USA)

On rigidity of 0-isotropic submanifolds of Lorentzian space forms.

A non-degenerate submanifold of a pseudo-Riemannian manifold is called marginally trapped when

its mean curvature vector is lightlike at all points. This is particularly relevant in General Relativ-

ity when the ambient manifold is a spacetime. Related geometric conditions include, among others,

having lightlike second fundamental form, pseudo-umbilicity and λ-isotropy. Building up on previ-

ous work from Cabrerizo, Fernández and Gómez, and adapting some preliminary results by Anciaux,

we characterize (under reasonable assumptions) codimension 2 0-isotropic submanifolds of pseudo-

Riemannian space forms now of arbitrary dimension and index, which again turn out to be marginally

trapped.

Rafael Torres (SISSA, Italia)

Topology change and selection rules for Spin(1, n)0-Lorentzian cobordisms.

A Lorentzian cobordism is a pair ((W ;M1,M2), g) that consists of a cobordism (W ;M1,M2) and

a nonsingular Lorentzian metric (W, g) such that the boundary ∂W = M1 tM2 is spacelike. Back

in ’92, Gibbons-Hawking obtained su�cient and necessary conditions for an SL(2,C)-Lorentzian

cobordism between closed 3-manifolds to exist. In this talk, we discuss the extension of their result

to arbitrary dimension as well as computations of the corresponding cobordism groups/rings. This is

joint work with Gleb Smirnov (ETH) and it is based on the paper

https://doi.org/10.1090/tran/7939.

Nicoleta Voicu (Transilvania University of Brasov, Romania)

Mathematical foundations for a Finsler extension of Einstein gravity.

In classical �eld theory, �elds are treated as sections of a certain �bered manifold (Y, π,X), called

the con�guration manifold, Lagrangians are treated as di�erential forms on some jet bundle JrY and

variations of the action are expressed as Lie derivatives of the Lagrangian with respect to certain vector

�elds on JrY .

The present talk proposes a framework which allows us to apply the above machinery in con-

structing well-de�ned Finsler gravity actions. The main points are: 1) a de�nition of Finsler space-

times ensuring that both the causal structure and the geodesic structure are well-behaved and 2) the

construction of a con�guration bundle whose sections are Finsler functions. It turns out that this

con�guration bundle sits over the positive projective tangent bundle of the spacetime manifold. A

concrete vacuum action (and the subsequent �eld equation) is then obtained starting by an argument

by Pirani and using the variational completion algorithm.

Handan Yıldırım (Istanbul University, Turkey)

Singularities of Legendrian non-flat dual surfaces in hyperbolic 3-space.
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In this talk which is based on a joint work with Kentaro Saji given in [3], by means of the extended Leg-

endrian dualities between hyperbolic 3-space and one-parameter families of the pseudo-hyperspheres

depending on a parameterφ ∈ [0, π/2] in Lorentz-Minkowski 4-space (See [1], [2] and [3] for further

details about Legendrian dualities.), Legendrian dual surfaces in hyperbolic 3-space are constructed.

Then, singularities of Legendrian non-�at dual surfaces in hyperbolic 3-space are focused on.

This is a joint work with K. Saji.
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