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This meeting is organized within the ICMAT Research Programme on Moduli Spaces (15
September — 15 December 2018). This activity also ties in with the ICMAT Severo Ochoa
Donaldson—Hitchin Laboratory chaired jointly by the members of the scientific committee.
The organizing committee wishes to thank you for your interest and participation in this con-
ference.

Web page: https://www.icmat.es/RT /2018 /RPMS /smgt.php


https://www.icmat.es/RT/2018/RPMS/smgt.php

1 Venue
All Lectures will take place at AULA NARANJA (Orange Lecture Room) of ICMAT. This

lecture room is equipped with blackboards and beamer projector.

The Instituto de Ciencias Matematicas — ICMAT (Institute for Mathematical Sciences)
— is a joint research institute of the Consejo Superior de Investigaciones Cientificas — CSIC
(Spanish National Research Council) and three Madrid universities: the Universidad Auténoma
de Madrid (UAM), the Universidad Carlos 11T de Madrid, and the Universidad Complutense
de Madrid.

ICMAT is in Cantoblanco Universidad, which is the main campus of UAM (Universidad
Auténoma de Madrid). Its address is: ICMAT, Calle Nicolds Cabrera, number 13-15, 28049
Madrid; telephone +34 91 2999700.

2 Sponsors

ICMAT Severo Ochoa Programme, a Spanish research project of the Spanish Ministerio de
Economia y Competividad

USA National Science Foundation
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3 Scientific committee

Simon Donaldson (Imperial College & Stony Brook)
Nigel Hitchin (Oxford)

4 Organizing committee

Luis Alvarez-Cénsul (ICMAT-CSIC, Madrid)
Steven Bradlow (Illinois, Urbana-Champaign)
Xiuxiong Chen (Stony Brook)

Mario Garcia-Fernandez (ICMAT-UAM, Madrid)
Oscar Garcia-Prada (ICMAT-CSIC, Madrid)
Tomés L. Gémez (ICMAT-CSIC, Madrid)



5 Speakers

Philip Candelas (U Oxford)

Xenia de la Ossa (U Oxford)
Aleksander Doan (Stony Brook)
Marisa Fernandez (UPV/EHU, Bilbao)
Joel Fine (UL Bruxelles)

Anna Fino (U Torino)

Andriy Haydys (Freiburg University)
Claude LeBrun (Stony Brook)
Conan Leung (CUHK Hong Kong)
Ziming Ma (CUHK Hong Kong)
Challenger Mishra (ICMAT)
Dietmar Salamon (ETHZ Zrich)
Thomas Walpuski (Michigan SU)



6 Programme

Workshop lectures:

Philip Candelas: The zeta-function for one-parameter families of Calabi-Yau manifolds
Xenia de la Ossa: On the deformation theory of heterotic G-structures

Aleksander Doan: Towards symplectic Pandharipande-Thomas invariants

Marisa Fernandez: Formality in Sasakian and 3-Sasakian geometries

Joel Fine: Finstein J-manifolds, negative curvature and smoothing cones

Anna Fino: Laplacian flow and special metrics

Andriy Haydys:
Lecture 1: TBA
Lecture 2: TBA

Claude LeBrun: Bach-Flat 4-Manifolds, Quasi-Fuchsian Groups, and Almost-Kaehler Ge-
ometry

Conan Leung: Scattering in SYZ
Ziming Ma: Refined tropical counting and theta functions from Maurer-Cartan equation
Challenger Mishra: Complete Intersection Calabi-Yau manifolds and string theory

Dietmar Salamon:
Lecture 1: GIT from the symplectic viewpoint
Lecture 2: Complex structures, moment maps, and the Ricci form

Thomas Walpuski: Harmonic Z/27Z spinors via wall-crossing

7 Schedule

| Tuesday 11 |

Wednesday 12

Thursday 13

Friday 14

10:30 - 11:30 Anna Fino Andriy Haydys Conan Leung Andriy Haydys
11:30 - 12:00 Coffee Break Coffee Break Coffee Break Coffee Break
Registration (until 12:20)
12:00 - 13:00 Marisa Fernandez Thomas Walpuski Fiming Ma Fhilip Candelas
Aleksander Doan (13:05-14:05)
13:00 - 15:00 Lunch Lunch Lunch Lunch
Lurnch
15:00 - 16:00 Claude LeBrun Joel Fine Xenia de la Ossa
16:00 - 16:30 Coffee Break Loffee Break Free aftemoon Coffee Break
16:30 - 17:30 [netmar Salamaon Metrnar salamon Challenger Mishra
20:15 Social Dinner




8 Abstracts

Philip Candelas: The zeta-function for one-parameter families of Calabi- Yau manifolds

The zeta-function of a manifold varies with the parameters and may be evaluated in
terms of the periods. For a one parameter family of CY manifolds, the periods satisfy
a single 4th order differential equation. Thus there is a straight and, it turns out,
readily computable path that leads from a differential operator to a zeta-function.
Especially interesting are the specialisations to singular manifolds, for which the
zeta-function manifests modular behaviour. We are also able to find, from the zeta
function, attractor points. These correspond to special values of the parameter for
which there exists a 10D spacetime for which the 6D corresponds to a CY manifold
and the 4D spacetime corresponds to an extremal supersymmetric black hole. These
attractor CY manifolds are believed to have special number theoretic properties.
This is joint work with Xenia de la Ossa and Duco van Straten.

Xenia de la Ossa: On the deformation theory of heterotic G-structures

A heterotic G-structure is the geometry associated to heterotic compactifications
leading to supersymmetric effective field theories. In this talk, I will give an intro-
duction to the study of the moduli spaces of those structures corresponding to the
minimally supersymmetric cases, that is, where G is SU(3) (or the Hull-Strominger
system), G5 or Spin(7). To first order in the string perturbative expansion, these
systems can be recast in terms of the existence of a nilpotent operator which acts on
the space of forms on the compactifying manifold taking value on a certain bundle
Q whose sections correspond to the gauge symmetries of the geometric structure.
Using this, I will describe the infinitesimal moduli space and, time permitting, the
efforts to understand higher order deformations and the global structure of the full
moduli space. The motivation behind these efforts to discover the mathematical
structure of the quantum moduli spaces, apart from the expectation of finding in-
teresting new mathematics, is the well known fact that these structures contain a
wealth of information about the physical behaviour of the low energy effective field
theories.

Aleksander Doan: Towards symplectic Pandharipande-Thomas invariants

Using sheaf theory, Pandharipande and Thomas constructed invariants of projec-
tive Calabi-Yau three-folds by counting, in the virtual sense, holomorphic curves
and their divisors. The techniques of sheaf theory are not available in symplectic
geometry and it has been an outstanding problem to give a symplectic interpreta-
tion of the PT invariants. I will discuss an ongoing project with Thomas Walpuski,
whose goal is to define an analogue of the PT invariants for symplectic 6-manifolds
with vanishing first Chern class. Our approach uses pseudo-holomorphic curves and
gauge theory, and is inspired by the study of Yang-Mills connections on Riemannian
manifolds with special holonomy.



Marisa Fernandez: Formality in Sasakian and 3-Sasakian geometries

Conjecturally, formality is an obstruction to the existence of a special metric on
a simply connected irreducible and non-symmetric Riemannian manifold. In fact,
a celebrated result of Deligne, Griffiths, Morgan and Sullivan states that compact
Kéhler manifolds are formal. Clearly this comprises Calabi-Yau manifolds and,
in particular, hyperkahler manifolds. In this talk, we present some results about
the formality for the odd-dimensional counterpart to Kahler, Calabi-Yau and hy-
perkahler manifolds, namely for Sasakian, Sasaki-Einstein and 3-Sasakian mani-
folds, respectively. (This talk is based on joint works with Indranil Biswas, Stefan
Ivanov, Vicente Munoz and Aleksy Tralle).

Joel Fine: Finstein J-manifolds, negative curvature and smoothing cones

I will describe joint work with Bruno Premoselli which gives a new existence the-
orem for negatively curved Einstein 4-manifolds, which are obtained by “smooth-
ing” the singularities of hyperbolic cone metrics. Let (M}) be a sequence of com-
pact 4-manifolds and let g, be a hyperbolic cone metric on M with cone angle
a (independent of k) along a smooth surface Sy. We make the following assump-
tions: 1. The injectivity radii i(Mj) tend to infinity. 2. The normal injectiv-
ity radii satisfy i(Sg, My) > i(My)/2. 3. The area of the singular locii satisfy
A(Sk) < Cexp(hi(My)/2) for some C independent of k. When these assumptions
hold, we prove that for all large k, M), carries a smooth Einstein metric of negative
curvature. The proof involves a gluing theorem and a parameter dependent implicit
function theorem (where k is the parameter). The new feature of this, compared
with our previous work, is that we now treat all cone angles, and not just those
which are greater than 27. This gives lots more examples of Einstein 4-manifolds.

Anna Fino: Laplacian flow and special metrics

We discuss some results on the behaviour of the Laplacian Gy-flow starting from
a closed Ga-structure whose induced metric satisfies suitable extra conditions. In
particular we consider the cases when the induced metric is warped or the Gs-
structure is extremally Ricci pinched. The talk is based on joint work with Alberto

Raffero.

Andriy Haydys:
Lecture 1: TBA
Lecture 2: TBA

Claude LeBrun: Bach-Flat 4-Manifolds, Quasi-Fuchsian Groups, and Almost-Kaehler Ge-

ometry

If a smooth manifold M admits a symplectic form, it also admits Riemannian met-
rics g that are related to the symplectic form by means of an adapted almost-complex
structure. Such metrics are said to be almost-Kaehler, because they are Kaehler
if and only if the almost complex structure is integrable. If M is compact and 4-
dimensional, one can then show that the conformal classes of almost-Kaehler metrics
sweep out an open subset in the space of the conformal classes. This provides a



natural tool for exploring difficult global problems in 4-dimensional conformal ge-
ometry, leading to non-trivial results concerning moduli spaces of Bach-flat metrics
on certain 4-manifolds, and motivating some interesting related conjectures.

However, this method also has distinct limitations. The second part of the talk will
illustrate this using a construction, from my recent joint paper with Chris Bishop,
that yields families of Bach-flat metrics that continuously deform certain Kaehler
solutions into solutions that are not conformally almost-Kaehler.

Conan Leung: Scattering in SYZ

In this talk, I will provide a geometric explanation of scattering diagrams in SYZ
mirror symmetry via solving Maurer-Cartan equations.

Ziming Ma: Refined tropical counting and theta functions from Maurer-Cartan equation

This talk is a continuation of the talk by Naichung Conan Leung, and it is based on
the joint works with Kwokwai Chan, Naichung Conan Leung, and Matthew Bruce
Young. We will discuss how to relate the tropical counting of disks and tropical theta
functions introduced by Gross-Hacking-Keel-Siebert, and their g-deformed version
defined by Block-Gottsche and T. Mandel respectively, with asymptotic limit of
solution to Maurer-Cartan equation.

Challenger Mishra: Complete Intersection Calabi-Yau manifolds and String theory

String theory as a gauge theory poses a number of algebro-geometric requirements
on its compactification space. The class of Complete-Intersection Calabi-Yau man-
ifolds (CICYs) has provided a large number of geometric configurations consistent
with such requirements, making it one of the most effective testbeds for large scale
string model building. CICYs have also provided a window into understanding
broader questions about Calabi-Yau threefolds in general. In this talk I will give
a brief overview of the construction of CICYs, and motivate with examples, why
CICYs are particularly amenable to certain algebro-geometric computations that
feature in String theory. I will finish by alluding to some of the recent attempts at
understanding these geometries through the lens of learning theory.

Dietmar Salamon:
Lecture 1: GIT from the symplectic viewpoint
Lecture 2: Complex structures, moment maps, and the Ricci form

Thomas Walpuski: Harmonic Z/2Z spinors via wall-crossing

Recently, Taubes introduced the notion of harmonic Z/27Z spinors and initiated
the study of their singular sets. These are special cases of harmonic multivalued
spinors; arguably the simplest instance being harmonic multi-valued 1-forms. I will
explain this notion from scratch and discuss what is known about them in some
detail. No prior knowledge of spinors will be assumed. The importance of harmonic
Z,/27 spinors is that they appear in various compactifications of gauge-theoretic
PDE which are of great interest in geometry, topology and physics. Arguably, the



most important instance of such a PDE is the Kapustin-Witten equation. One of
the simplest cases of such a PDE is the Seiberg-Witten equation with two spinors.
Although, various compactness theorems ”predict” the existence of harmonic Z /27
spinors they do not actually guarantee it. The purpose of this talk is to explain
a concrete existence result. Our proof is of a topological nature; at its heart lies
a wall-crossing formulae for the Seiberg-Witten equation with two spinors. This is
joint work with Aleksander Doan.



9

Meals and coffee breaks

Lunch has been arranged for registered participants at Restaurante Autoservicio-Minimarket
in Plaza Mayor (ground floor), UAM, from Monday until Friday. You will find lunch tickets
inside your badge holder.

There will be coffee breaks for registered participants in the morning and afternoon sessions.

The Social Dinner will take place in Madrid on Wednesday. For details, see:
https://www.icmat.es/RT/2018/RPMS/smgt . php
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List of participants

David Alfaya (ICMAT-CSIC)

Luis Alvarez-Cénsul (ICMAT-CSIC)

Guillermo Barajas Ayuso (Imperial College London)

Giovanni Bazzoni (UCM)

Miguel Angel Berbel Léopez (ICMAT-UCM)

Aleksandra Boréwka (Institute of Mathematics Polish Academy of Science)
Luis Angel Calvo (ICMAT-CSIC)

Philip Candelas (U Oxford)

Artur de Araujo (ICMAT-CSIC)

Andoni de Arriba de la Hera (ICMAT-CSIC)

. Xenia de la Ossa (U Oxford)

. Aleksander Doan (Stony Brook)

. Marisa Ferndndez (UPV/EHU, Bilbao)

. Joel Fine (UL Bruxelles)

. Anna Fino (U Torino)

. Udhav Fowdar (UCL London & LSGNT)
. Daniel Fox (UPM Madrid)

. Guillermo Gallego Sénchez (UCM)

. Mario Garcia-Fernandez (ICMAT-UAM)
. Oscar Garcia-Prada (ICMAT-CSIC)

. Tomés Gémez (ICMAT-CSIC)

. Kazuyuki Hasegawa (Kanazawa university)
. Andriy Haydys (Freiburg University)

. Claude LeBrun (Stony Brook)

. Conan Leung (CUHK Hong Kong)


https://www.icmat.es/RT/2018/RPMS/smgt.php

26. Ziming Ma (CUHK Hong Kong)

27. Lucia Martin Merchan (UCM)

28. Challenger Mishra (ICMAT & Oxford)

29. Miguel Angel Moya Berlanga (ICMAT-CSIC)
30. Manuel Jesus Pérez Garcia (ICMAT-CSIC)
31. Dietmar Salamon (ETHZ Ziirich)

32. Carlo Scarpa (SISSA)

33. Enrico Schlitzer (SISSA)

34. Ricardo Sudrez (ICMAT-CSIC)

35. Marco Usula (UL Bruxelles)

36. Thomas Walpuski (Michigan SU)

37. Alfonso Zamora (San Pablo CEU Madrid)

11 Wifi

Internet is available at the venue of the conference using the wireless network ICMAT.
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