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Foreword

It is common knowledge that the mainstream in the theory of partial differen-
tial equations went along analytical lines in the twentieth century. The geometrical
approach originating from classical work by S. Lie and B.V. Bécklund kept a kind
of a marginal position for a long time, and maybe this is one of the reasons for
the words of capitulation pronounced by R. Courant: “problems related with dif-
ferential equations are so highly diversified that the general theory can be hardly
constructed”!. Meanwhile, Quantum Field Theory and its generalizations under-
went remarkable developments. This progress on the physics side was done with
little input from the geometrical theory of partial differential equations and gave
birth to numerous fantastic creatures — ghosts and antighosts being the most civil
in this bestiary. This absence of input is perhaps explained by a proverbial remark
ascribed to J. Gibbs: “mathematics is a language”. In other words, physicists did
not find mathematical terms to express adequately their field theoretical concepts.
And this is completely due to mathematicians’ negligence in this respect.

Fortunately, in recent years the situation has begun to change. On one hand,
developments started with the famous BRST-transformation have demonstrated a
deep cohomological nature of some key constructions in Quantum Field Theory.
On the other hand, adequate mathematical tools can be found in the modern geo-
metric and algebraic theory of nonlinear partial differential equations, which results
from the above-mentioned work by Lie and Backlund and deals with infinite jets,
prolongations, invariant algebraic constructions, etc.

This conference was held to promote the confluence of these two streams, i.e., of
Cohomological Physics and Secondary Calculus, which appears to be an extremely
promising development. More exactly, the term Secondary Calculus refers to topics
such as higher symmetries of PDE and the C-spectral sequence (variational bicom-
plex), which are secondary analogues of usual vector fields and differential forms.
All other ingredients of the Classical Calculus have the corresponding secondary
counterparts and the BRST-transformation, the Batalin — Vilkovisky approach, and
anti-fields formalism, among others.

Papers composing these Proceedings were written by both mathematicians and
physicists. Even a superficial look shows a deep affinity between them. For instance,
anti-fields can be easily identified with secondary first order differential forms on the
infinite jet space, and the ghosts materialize in a rather rational way. So we hope
that this collection will stimulate a mathematician to develop Secondary Calculus
to cover the needs of QFT and its generalizations much better, and a physicist to
make more efficient use of results and methods coming from it.

b

IR. Courant, Partial Differential Equations, New York (1962).

X1



xii FOREWORD

The meeting took place August 24 —31, 1997, at the internationally known Main
Building of the Moscow State University and brought togerther over sixty partic-
ipants from Europe, North America and Japan. The program included 50-minute
invited lectures and 35- and 20-minute lectures and communications in a strong
mixture of mathematical and physical talks (see the list below). The participants
found this experiment successful and rather stimulating. Almost all invited lectures
are published in these Proceedings, while a part of the communications is stored at
the Electronic Publishing House WWW-site (http://www.ephouse.com/math/).
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M. Rasetti, J. Stasheff, A. Verbovetsky, C. Viallet, and A. Vinogradov (together
with I. Anderson, M. Dubois-Violette, P. Griffiths, and N. Kamran, who, for various
reasons, were not able to attend).

The complete list of the contributions to the Conference can be found below.

Marc HENNEAUX
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Alexandre VINOGRADOV

Brussels — Moscow — Salerno

LIST OF LECTURES AND COMMUNICATIONS

Vladimir ANDREEV (Russia), Infinite dimensional algebras connected with
matrizes integrable equations.

Manuel ASOREY (Spain), Topological transitions.

Glenn BARNICH (Belgium), Sk Lie structure of Poisson brackets in field the-
ory.
Carlo BECCHI (Italy), BRS cohomology in topological field theory.

Loriano BONORA (Italy), Review of BRST in superstring theory.
Friedemann BRANDT (Spain), Gauge covariant algebras and local BRST co-
homology.

Robert BRYANT (USA), Conservation laws and the geometry of PDE.
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theory, and moduli spaces.
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tum particle without conservation of energy.
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