
Surveys in Differential Geometry 

Vol. 1: Lectures given in 1990 
edited by S.-T. Yau and H. Blaine Lawson 

Vol. 2: Lectures given in 1993 
edited by C.C. Hsiung and S.-T. Yau 

Vol. 3: Lectures given in 1996 
edited by C.C. Hsiung and S.-T. Yau 

Vol. 4: Integrable systems 
edited by Chuu Lian Terng and Karen Uhlenbeck 

Vol. 5: Differential geometry inspired by string theory 
edited by S.-T. Yau 

Vol. 6: Essays on Einstein manifolds 
edited by Claude LeBrun and McKenzie Wang 

Vol. 7: Papers dedicated to Atiyah, Bott, Hirzebruch, and Singer 
edited by S.-T. Yau 

Vol. 8: Papers in honor of Calabi, Lawson, Siu, and Uhlenbeck 
edited by S.-T. Yau 

Vol. 9: Eigenvalues of Laplacians and other geometric operators 
edited by A. Grigor’yan and S-T. Yau 

Vol. 10: Essays in geometry in memory of S.-S. Chern 
edited by S.-T. Yau 

Vol. 11: Metric and comparison geometry 
edited by Jeffrey Cheeger and Karsten Grove 

Vol. 12: Geometric flows 
edited by Huai-Dong Cao and S.-T. Yau 

Vol. 13: Geometry, analysis, and algebraic geometry 
edited by Huai-Dong Cao and S.-T.Yau 

Vol. 14: Geometry of Riemann surfaces and their moduli spaces 
edited by Lizhen Ji, Scott A. Wolpert, and S.-T. Yau 

Vol. 15: Perspectives in mathematics and physics: Essays dedicated to Isadore Singer’s 
85th birthday 
edited by Tomasz Mrowka and S.-T. Yau 





Surveys in 

Differential Geometry 

Volume XV 

Perspectives in mathematics and physics: 
Essays dedicated to Isadore Singer’s 85th birthday 

edited by 

Tomasz Mrowka and Shing-Tung Yau 

International Press
www.intlpress.com



Series Editor: Shing-Tung Yau 
 
Surveys in Differential Geometry, Vol. 15 (2010) 
Perspectives in mathematics and physics:  
Essays dedicated to Isadore Singer’s 85th birthday 
 
Volume Editors: 
Tomasz Mrowka (Massachusetts Institute of Technology) 
Shing-Tung Yau (Harvard University) 
 
2010 Mathematics Subject Classification.  00A79, 00Bxx, 14H52, 20-XX, 53-XX, 53D05, 

81T13, 83-XX. 

Copyright © 2011 by International Press 
Somerville, Massachusetts, U.S.A. 
 
All rights reserved. Individual readers of this publication, and non-profit libraries acting 
for them, are permitted to make fair use of the material, such as to copy a chapter for use 
in teaching or research. Permission is granted to quote brief passages from this publica-
tion in reviews, provided the customary acknowledgement of the source is given. Repub-
lication, systematic copying, or mass reproduction of any material in this publication is 
permitted only under license from International Press. 
 Excluded from these provisions is material in articles to which the author holds the 
copyright. In such cases, requests for permission to use or reprint should be addressed 
directly to the author. (Copyright ownership is indicated in the notice on the first page of 
each article.) 
 
ISBN 978-1-57146-145-2 
 
Printed in the United States of America. 
 
15 14 13 12 11 1 2 3 4 5 6 7 8 9 



Surveys in Differential Geometry XV

Preface

This volume honors the 85th birthday of our friend and teacher Isadore
Singer. We organized a conference to honor this event in May of 2009. The
lectures were given at the Massachusetts Institute of Technology and at Har-
vard University. Included herein are papers by many of the speakers, as well
as contributions from friends of Is. The breadth and depth of these papers
reflect the many areas of mathematics and physics that Is has influenced.
Over the past 60 years, Singer’s work has transformed many areas of math-
ematics and physics. Singer is a major force in transforming work in geom-
etry from a local to a global point of view, as well as pioneering the mod-
ern interactions between mathematics and physics. After receiving his PhD
with Irving Segal at the University of Chicago in 1950, his early work was in
operator algebras and Riemannian geometry. Two results from this period
are the famous Ambrose-Singer holonomy theorem, and the Kadison-Singer
problem (which remains open to this day and is now known to be equiv-
alent to important questions in harmonic analysis and wavelet theory). In
the early 1960s, Singer began his long collaboration with Sir Michael Atiyah
with their legendary work on index theory. There were several proofs of the
index theorem: the original cobordism proof, the K-theoretic proof, and,
finally, the heat equation proof. McKean and Singer calculated the asymp-
totic expansion of the solution of heat equation on a manifold. Heat equation
methods led to several important works of Singer: the Atiyah-Patodi-Singer
index theorem for manifolds with boundary and the introduction of the η-
invariant, as well as the work with Ray on analytic torsion. In the 1970s,
Is began his long- running effort to bring mathematics and modern physics
closer together. The use of the index theorem to compute the dimension
of the moduli space of self-dual connections on a four-manifold, and the
explanation of the Gribov ambiguity, marked new a level of serious modern
mathematics being applied to the current work of the physicists. Since then,
Singer has worked on many aspects of the relations between mathematics
and physics, with collaborators including Alexrod, Alvarez, Bealieu, Hop-
kins, and Ramadas. These efforts are reflected strongly in the topics covered
in this volume.
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The volume consists of twelve papers: “A shifted view of fundamen-
tal physics” by Michael Atiyah and Gregory W. Moore; “Subgroups of
depth three” by Sebastian Burciu and Lars Kadison; “Yukawa couplings
in F-theory and non-commutative geometry” by Sergio Cecotti, Miranda
C.N. Cheng, Jonathan J. Heckman, and Cumrun Vafa; “Spin structures and
superstrings” by Jacques Distler, Daniel S. Freed, and Gregory W. Moore;
“Operator traces and holography” by Michael R. Douglas; “A loop of SU(2)
gauge fields stable under the Yang-Mills flow” by Daniel Friedan; “Automor-
phisms of graded super symplectic manifolds” by Joshua Leslie; “The signa-
ture of the Seiberg-Witten surface” by Andreas Malmendier; “Eta forms and
the odd pseudodifferential families index” by Richard Melrose and Frédéric
Rochon; “Anomaly constraints and string/F-theory geometry in 6D quan-
tum gravity” by Washington Taylor; “A new look at the path integral of
quantum mechanics” by Edward Witten; and “Quasi-local mass in general
relativity” by Shing-Tung Yau.

We would like to thank the Simons Foundation, the mathematics depart-
ments at Harvard University and the Massachusetts Institute of Technology,
the National Science Foundation, and Rosemarie Singer, for all their help in
various ways in making the conference and this volume a success.

We hope this volume will be remembered as a gift from his friends and
students. We appreciate his friendship, his teaching, and his contributions
to science.

Tomasz S. Mrowka
Massachusetts Institute of Technology

Shing-Tung Yau
Harvard University

This material is based upon work supported by the National Science Foundation

under Grant No. 0928515.
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