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Preface

The conference ‘String-Math 2012’ was held on July 16–21, 2012 at the Haus-
dorff Center for Mathematics, Universität Bonn. This was the second in a series
of large meetings exploring the interface of mathematics and string theory. This
volume presents the proceedings of that conference.

The nature of the interactions between mathematicians and physicists has been
thoroughly transformed in recent years. String theory and quantum field theory
have contributed a series of profound ideas which gave rise to entirely new math-
ematical fields and revitalized older ones. The influence flows in both directions,
with mathematical techniques and ideas contributing crucially to major advances
in string theory. By now there is a large and rapidly growing number of both math-
ematicians and physicists working at the string-theoretic interface between the two
academic fields.

For mathematics, string theory has been a source of many significant inspira-
tions, ranging from Seiberg-Witten theory in four-manifolds, to enumerative ge-
ometry and Gromov-Witten theory in algebraic geometry, to work on the Jones
polynomial in knot theory, to recent progress in the geometric Langlands program
and the development of derived algebraic geometry and n-category theory. In the
other direction, mathematics has provided physicists with powerful tools, ranging
from powerful differential geometric techniques for solving or analyzing key partial
differential equations, to toric geometry, to K-theory and derived categories in D-
branes, to the geometry of special holonomy manifolds as string compactifications,
to the use of modular forms and other arithmetic techniques. The depth, power
and novelty of the results obtained in both fields thanks to their interaction is truly
mind-boggling.

The annual String-Math conferences are becoming the central venue for these
profound and wide-ranging interactions. They bring together leading mathemati-
cians and mathematically minded physicists working in this interface. These meet-
ings promote and publicize such interactions, giving attendees greater opportunities
to cross cultural boundaries, learn aspects of other fields relevant for their research,
and advertise important developments to audiences that might not otherwise hear
of them or appreciate their importance.

The 2012 conference was organized by Sergei Gukov, Daniel Huybrechts, Hans
Jockers, Albrecht Klemm, Wolfgang Lück, Hans-Peter Nilles, Catharina Stroppel,
Peter Teichner, and Don Zagier. The Steering Committee consisted of Dan Freed,
Nigel Hitchin, Maxim Kontsevich, David Morrison, Karen Uhlenbeck, Edward Wit-
ten, and Shing-Tung Yau.
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The meeting covered a wide array of topics at the interface of mathematics and
high energy physics, including

• Topological field and string theory in various dimensions
• Homological mirror symmetry
• String topology
• Arithmetic of strings
• Gromov-Witten theory and enumerative geometry
• BPS state counting and Wall crossing formulas
• Geometric Langlands program
• A-twisted Landau-Ginzburg models
• Compactifications, special holonomy and special structure manifolds
• Heterotic strings, gauge bundle construction and (2,0) mirror symmetry
• Elliptic cohomology
• Large N dualities and integrability
• Non-perturbative dualities, F-theory
• Topological T -duality
• String measures
• Chiral de Rham complexes
• Noncommutative geometry

Altogether, this conference brought together nearly 200 mathematicians and
physicists. There were 34 invited plenary talks given by leaders in both fields.
Additionally, there were 39 contributed talks given in parallel sessions on the
Wednesday of the meeting. All the talks are available at the conference website:
http://www.hcm.uni-bonn.de/events/eventpages/2012/string-math-2012/. The con-
ference also included a public lecture on ‘Quo Vadis LHC?’ by Christophe Grojean
of CERN. The conference was preceeded by the Bethe Forum ‘Lecture Series on
Mathematical String Theory,’ intended as a preparation to String-Math 2012 for
graduate students and researchers alike.

Friedrich Hirzebruch, the founder and longtime director of the Max Planck
Institute for Mathematics who encouraged and developed the interaction between
mathematics and string theory over many years, passed away less than two months
before the conference. Hirzebruch was renowned for his early work on the Riemann-
Roch theorem, which became crucial for the understanding of many physical anom-
alies. In the early nineties, along with T. Höfer, he explained the relation between
the Euler number of orbifolds, as introduced by string physicists, and the formulas
of his student Lothar Göttsche for the Betti numbers of the Hilbert schemes of
points on algebraic surfaces. The latter became decisive in the microscopic inter-
pretation of black hole entropy by Strominger and Vafa. In the last years of his life,
Hirzebruch explored elliptic genera and their connections with physics. He wrote a
beautiful book on the subject with Thomas Berger and Rainer Jung. At the end of
the interview that he gave for the Simons Foundation, one can hear him say that he
“would not mind to be an expert in string theory.” The venue of the conference was
the main lecture hall of mathematics, where Hirzebruch had directed the famous
Arbeitstagung for many years. His absence in the audience of eminent researchers
in this field, so close to his heart, was keenly felt. A number of the papers in this
volume are dedicated to his memory.
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The string/math collaboration is clearly here to stay, and we expect this con-
ference series to continue as long as the subject remains active and exciting. The
venues and years of the first seven conferences of the String-Math series are:

• String-Math 2011, Philadelphia (Penn), June 6–11, 2011
• String-Math 2012, Bonn (Hausdorff Center for Mathematics), July 16–21,
2012

• String-Math 2013, Stony Brook (Simons Center for Geometry and Physics),
June 17–21, 2013

• String-Math 2014, Edmonton (U. of Alberta), June 9–13, 2014
• String-Math 2015, Sanya (Tsinghua Sanya International Mathematics Fo-
rum), Dec. 31, 2015 – Jan. 5, 2016

• String-Math 2016, Paris (Institut Poincaré), June 27–July 2, 2016
• String-Math 2017, Hamburg

We gratefully acknowledge support obtained from the following sources: The
Bethe Center for Theoretical Physics, the Hausdorff Center for Mathematics, the
Max-Planck-Institut for Mathematics and the Sonderforschungsbereich TR45 “Pe-
riods, moduli spaces and arithmetic of algebraic varieties.” We are also very grateful
to Sergei Gelfand and Chris Thivierge of the AMS for their help in preparing this
volume.

The editors of String-Math 2012:

Ron Donagi
Sheldon Katz

Albrecht Klemm
David R. Morrison
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Hans Peter Nilles
Physikalisches Institut, Universität
Bonn

Sebastian Novak
Universität Hamburg

Paul-Konstantin Oehlmann
BCTP, University of Bonn

Ryo Ohkawa
Kyoto University

Ashraf Oiws
Cairo University

Tadashi Okazaki
Osaka University

Andrei Okounkov
Columbia University

Takuya Okuda
University of Tokyo

Hirosi Ooguri
California Institute of Technology

Domenico Orlando
CERN

Rahul Pandharipande
ETH Zurich

Seo-Ree Park
Seoul National University

Sara Pasquetti
Queen Mary University

Mattia Pedrini
SISSA

Damian Kaloni Mayorga Pena
BCTP, University of Bonn

Daniel Persson
Chalmers University of Technology

Jochen Peschutter
BCTP

Vasily Pestun
IAS, Princeton

Franco Pezzella
INFN and Naples University

Boris Pioline
CERN

David Plencner
LMU Munich

Maximilian Poretschkin
BCTP, University of Bonn

Leonardo Rastelli
Yang Institute for Theoretical Physics

Susanne Reffert
CERN

Jonas Reuter
Physikalisches Institut der Universität
Bonn



PARTICIPANTS xv

Patricia Ritter
CECs

Daniel Roggenkamp
Rutgers University

Andy Royston
Rutgers University

Fabio Ferrari Ruffino
Universidade de Sao Paulo

Francesco Sala
Heriot-Watt University

Karim Salehi
Zakho University

Osvaldo Pablo Santillán
Universidad de Buenos Aires

Raffaele Savelli
Max-Planck-Institute for Physics

Emanuel Scheidegger
Mathematisches Institut, Universität
Freiburg

Ricardo Schiappa
Instituto Superior Tecnico

Marc Schiereck
BCTP, University of Bonn

Cornelius Schmidt-Colinet
IPMU, Tokyo

Matthias Schmitz
BCTP, University of Bonn

Domenico Seminara
Physics Department, Florence
University

Ashoke Sen
Harish-Chandra Research Institute

Eric Sharpe
Virginia Tech

Samson Shatashvili
Trinity College of Dublin

Vivek Shende
MIT

Nick Sheridan
MIT

Artan Sheshmani
University of British Columbia

Bernd Siebert
Universität Hamburg, FB Mathematik

Yan Soibelman
Kansas State University

Masoud Soroush
BCTP, University of Bonn

Pawel Sosna
University of Hamburg

Stephan Stieberger
MPI Physik Munich

Catharina Stroppel
University of Chicago

Paulina Suchanek
DESY, Theory Group

Piotr Sulkowski
University of Amsterdam and Caltech

Rui Sun
AEI

Roman Sverdlov
Institute of Mathematical Sciences

Balazs Szendroi
Mathematical Institute, University of
Oxford

Meng-Chwan Tan
National University of Singapore

Alessandro Tanzini
SISSA

Jamie Tattersall
BCTP, University of Bonn

Washington Taylor
MIT

Jörg Teschner
DESY

Richard Thomas
Imperial College London



xvi PARTICIPANTS

Maike Tormählen
Leibniz Universität Hannover

Alessandro Torrielli
University of Surrey

Hagen Triendl
IPhT/CEA Saclay

Efstratios Tsatis
University of Patras

Grigory Vartanov
DESY

Janu Verma
Kansas State University

Jena Vinod
MATS University

Anastasia Volovich
Brown University

Roberto Volpato
Max Planck Institut Potsdam

Marcel Vonk
University of Santiago de Compostela

Johannes Walcher
McGill University

Konrad Waldorf
Universität Hamburg

James Wallbridge
Harvard University

Katrin Wendland
Mathematisches Institut, Freiburg
University

Clemens Wieck
BCTP, University of Bonn

Martijn Wijnholt
LMU Munich

Matthias Wilhelm
Humboldt University Berlin/University
of Bonn

Simon Wood
The University of Tokyo, IPMU

Thomas Wotschke
BCTP, University of Bonn

Junya Yagi
University of Hamburg

Hyun Seok Yang
Center for Quantum Spacetime, Sogang
University

Yi Yang
National Chiao Tung University

Shing Tung Yau
Harvard University

Don Zagier
MPI für Mathematik, Bonn

Jose Miguel Zapata-Rolon
Cologne

Jie Zhou
Department of Mathematics, Harvard
University



Selected Published Titles in This Series

90 Ron Donagi, Sheldon Katz, Albrecht Klemm, and David R. Morrison, Editors,
String-Math 2012, 2015

89 D. Dolgopyat, Y. Pesin, M. Pollicott, and L. Stoyanov, Editors, Hyperbolic
Dynamics, Fluctuations and Large Deviations, 2015

88 Ron Donagi, Michael R. Douglas, Ljudmila Kamenova, and Martin Rocek,
Editors, String-Math 2013, 2014

87 Helge Holden, Barry Simon, and Gerald Teschl, Editors, Spectral Analysis,
Differential Equations and Mathematical Physics: A Festschrift in Honor of Fritz Gesztesy’s
60th Birthday, 2013

86 Kailash C. Misra, Daniel K. Nakano, and Brian J. Parshall, Editors, Recent
Developments in Lie Algebras, Groups and Representation Theory, 2012

85 Jonathan Block, Jacques Distler, Ron Donagi, and Eric Sharpe, Editors,
String-Math 2011, 2012

84 Alex H. Barnett, Carolyn S. Gordon, Peter A. Perry, and Alejandro Uribe,

Editors, Spectral Geometry, 2012

83 Hisham Sati and Urs Schreiber, Editors, Mathematical Foundations of Quantum
Field Theory and Perturbative String Theory, 2011

82 Michael Usher, Editor, Low-dimensional and Symplectic Topology, 2011

81 Robert S. Doran, Greg Friedman, and Jonathan Rosenberg, Editors,
Superstrings, Geometry, Topology, and C∗-algebras, 2010

80 D. Abramovich, A. Bertram, L. Katzarkov, R. Pandharipande, and M.
Thaddeus, Editors, Algebraic Geometry, 2009

79 Dorina Mitrea and Marius Mitrea, Editors, Perspectives in Partial Differential
Equations, Harmonic Analysis and Applications, 2008

78 Ron Y. Donagi and Katrin Wendland, Editors, From Hodge Theory to Integrability
and TQFT, 2008

77 Pavel Exner, Jonathan P. Keating, Peter Kuchment, Toshikazu Sunada,

and Alexander Teplyaev, Editors, Analysis on Graphs and Its Applications, 2008

76 Fritz Gesztesy, Percy Deift, Cherie Galvez, Peter Perry, and Wilhelm Schlag,
Editors, Spectral Theory and Mathematical Physics: A Festschrift in Honor of Barry
Simon’s 60th Birthday, 2007

75 Solomon Friedberg, Daniel Bump, Dorian Goldfeld, and Jeffrey Hoffstein,
Editors, Multiple Dirichlet Series, Automorphic Forms, and Analytic Number Theory, 2006

74 Benson Farb, Editor, Problems on Mapping Class Groups and Related Topics, 2006

73 Mikhail Lyubich and Leon Takhtajan, Editors, Graphs and Patterns in Mathematics
and Theoretical Physics, 2005

72 Michel L. Lapidus and Machiel van Frankenhuijsen, Editors, Fractal Geometry and
Applications: A Jubilee of Benôıt Mandelbrot, 2004

71 Gordana Matić and Clint McCrory, Editors, Topology and Geometry of Manifolds,
2003

70 Michael D. Fried and Yasutaka Ihara, Editors, Arithmetic Fundamental Groups and
Noncommutative Algebra, 2002

69 Anatole Katok, Rafael de la Llave, Yakov Pesin, and Howard Weiss, Editors,
Smooth Ergodic Theory and Its Applications, 2001

68 Robert S. Doran and V. S. Varadarajan, Editors, The Mathematical Legacy of
Harish-Chandra, 2000

67 Wayne Raskind and Charles Weibel, Editors, Algebraic K-Theory, 1999

For a complete list of titles in this series, visit the
AMS Bookstore at www.ams.org/bookstore/pspumseries/.









P
S
P
U

M

90

S
trin

g-M
a
th

2
0
1
2

•
D

on
a
gi

et
a
l.,

E
d
itors

AMS


	Title page
	Contents
	Preface

