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PREFACE

This volume consists of the papers presented at the XV.
International Conference on Differential Geometric Methods
in Mathematical Physics (DGM conference series) August
1986, at the Arnold Sommerfeld Institute for Mathematical

Physics, Technical University of Clausthal, Clausthal, FRG.

The main motivation for the DGM conference series is to
bring together a large number of prominent researchers,
working as well in the more mathematic as in the more
physical parts of mathematical physics with special
emphasis towards differential geometrical methods and
geometrical and algebraical modelling of complex physical
systems, as relativistic fields, particles and nonlinear
phenomena. The exchange of ideas and the close cooperation
between physicists and mathematicians was essential for new
developments both in physics and in mathematics, as in
particle physics (e.g. gauge and string theories), in the
description of nonlinear systems (e.g. application of
diffeomorphismgroups), in topology and differential
geometry (e.g. exotic differentiable structures on R¢ and
invariants on 4-manifolds). The DGM conference series was
initiated by K. Bleuler and developed by K. Bleuler and
H. D. Doebner after the first conference held 1971 in Bonn.
The proceedings in this volume show the continuously
growing success of topology, differential geometry, related
parts of functional analysis and algebra as building blocks
for a modelling of systems and a real mergence of
mathematical and physical research. .

This volume contains 46 contributions devided in

structure of classical and quantized fields

- quantization methods and geometrical properties of
quantum systems

- superalgebras and superspace
- Clifford algebras
- geometrical modelling of special systems

- differential geometric techniques
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The section "structure of classical and quantized fields",
including quantum field theory, gauge theories, strings and
general relativity and the section "quantization methods
and geometrical properties of quantum systems" are
traditional fields of the DGM series. The same holds for
the section "geometrical modelling of special systems".
Clifford algebras and applications are included for the
first time.

The papers range from direct physical applications (e.g.
A. Bohm, H. R. Petry) to the presentation of mathematical
methods and results (V. V. Tsanov, M. Medugno). Some
papers are research reports, some are reviews. To cover the
field between physics and geometry as completely as
possible we accepted also short and updated reviews on
already published material. )

To give this volume special value to postgraduate students
and to physicists and mathematicians who want to enter the
field we asked for contributions which contain extended
introductions.

We wish to express our gratitude to the following
organizations and persons for generous financial support
and other assistance making the conference and this volume
possible

-~ Der Niederséchsische Minister fiir Wissenschaft und Kunst,
Hannover,

- Volkswagenstiftung, Hannover

~ Alexander von Humboldt Stiftung, Bonn

~ Deutscher Akademischer Austauschdienst, Bonn

- Technische Universit&t Clausthal, specifically
Rektor Dr. K. Leschonski

We want to thank World Scientific, Singapore, for their
kind assistant in matters of publication.

We acknowledge especially the enthusiasm and the help of
K, Bleuler as chairman of the Advisory Committee.

Last but not least we want to thank the members, coworkers,
the students of the Arnold Sommerfeld Institute and of the
Institute for Theoretical Physics and the conference
secretary, Barbara Buck, who made the conference run so
smoothly and efficiently.

H. D. Doebner
J. D. Hennig
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General Covariance and Strict Locality in Quantum Field Theory

#
Klaus Fredenhagen (*)
II. Institut fiir Theoretische Physik, Universitédt Hamburg

Quantum Field Theory can be considered as the incorporation of
the principle of locality (which is at the basis of classical field
theory) into quantum theory. According to Haag and Kastler /1/ it can
be formulated as an assignement of space time regions O to *-algebras
QL (0) generated by the observables measurable in O. Up to now this
program has been carried through only on the level of special relati-
vity: there is still,a rigid metric structure of space time, tied via
local commutativity with the algebraic structure, and there is the re-
quirement of stability which uses (in form of the spectrum condition)

the existence of the global time translation symmetry.

General relativity is, in contrast to this, strictly local in the
following sense: space time is a differentiable manifold, the basic
objects of the theory are fields (scalar, vector, tensor, ...) related
only to the space time points itself and the associated tengent spaces;
the physical laws are differential equations for these fields which are

invariant under general coordinate transformations.

Therefore, if one trys to include gravity into quantum field
theory, one is confronted with the following conceptual problem: can
quantum field theory be formulated in a generally covariant and strictly

local way?

(*) Heisenberg fellow



This question has been investigated in a recent paper of Rudolf
Haag and myself /2/. The answer is essentially affirmatgve and assures
that the mentioned conceptual problem can be overcome. Let me first
treat the problem of general covariance. Algebraic relations between
observables in different space time regions are closely connected with
causal relations between these regions. Since causal relations are not
invariant under diffeomorphisms, in general, there should be no a priori
relations between algebras of different regions. This goal can be
reached if one replaces observables by observable procedures which are
descrintions of measurements as operations in space and time /3/. Ob-
servables are classes of observable procedures which are equivalent
with respect to some state (expectation functional) & ,

A:B & w'(A) = W'(B) ¥ wekF

- (1)

where %u is the so-called folium of the state &5 , i.e. the set of

vector and density metrix states in the GNS representation (R;,’IQOSIQJ
of w .

The net of observable procedures M > 0-0(1(0) on the space time
manifold M should have the following properties:

(i) 0,c0, = 0)c< awy)
1€ 000) ¥O

(ii) "there are no relations between different regions", i.e. if

¥V 01(0‘-) - ) c= 4,2 are homomorphisms with =0
on Q(O, a 01) then there is a homomorphism
v a(oiudl) —_ & with rga". on a(dc))‘.a 1,2

(iii) @ (0, 001) == 4(0,) v a(dz) (the algebra generated
by (O ana OULG)).

(iv) There is a representation of the group of diffeomorphisms of M
by automorphisms of A = U OUL(O)
“’W@‘)—"“‘“‘(“),T*"“r

such that &y (OLCO)) = Ay () .



The requirements (i) to (iv) may be considered as a generally covariant
version of the Haag-Kastler axioms. There is a simple model satisfying
all these axioms, the so-called Borchers algebra /4/, i.e. the tensor
algebra over the space of test functions on the space time manifold
The local algebras (U(0) in this model consist of finite sequences of
test functions, f = (f<o), f(1), - f(n), 0, «..) with “"edﬁ and

:(k)‘ 8(0") . ke N . The product is the tensor product of
functions,
v » (k) -k
(f9) x,,..%,) = :‘:—_’ (%, %) § 04 .X,) (2)

the *-operation is
® (W )
%), . %0 = M0, .50 (3)

and the action of diffeomorphisms is given by

(n) m -
(o f) 02, %) = £y, o) . (W)

States on OlUl) are sequences of distributions (the n-point (Wightman)

functions),

w = («..)“). w“)' ..w“‘).. > (5)
vith w® € end ™ g 3(0")' and
o0
@(f) = Wi $4) . (8
=0

which are positive and normalized,

w(l™) zo0
wii) = 1

(1)

The action of diffeomorphisms on the algebra of observable pro-
cedures may be used to describe the behavior of detectors in nonuniform
motion. Let F and F' be folia of states associated to classical metric
fields g and g', respectively, and let y and (' denote possible world

lines with respect to g and g', respectively. A pointlike detector C on



