Accepted Manuscript

Non-existence of natural states for Abelian Chern—Simons theory

Claudio Dappiaggi, Simone Murro, Alexander Schenkel

PII:
DOI:
Reference:

To appear in:

Received date :

Revised date :

Accepted date :

Please cite this article as: C. Dappiaggi, et al., Non-existence of natural states for Abelian

S0393-0440(17)30028-1
http://dx.doi.org/10.1016/j.geomphys.2017.01.015
GEOPHY 2933

Journal of Geometry and Physics

15 December 2016
4 January 2017
13 January 2017

Chern—Simons theory, Journal of Geometry and Physics (2017),
http://dx.doi.org/10.1016/j.geomphys.2017.01.015.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the

content, and all legal disclaimers that apply to the journal pertain.



http://dx.doi.org/10.1016/j.geomphys.2017.01.015

Manuscript

Non-existence of natural states for Abelian Chern-Simons theory

Claudio Dappiaggi’®, Simone Murro®>® and Alexander Schenkel®*

! Dipartimento di Fisica, Universita di Pavia & INFN, sezione di Pavia,
Via Bassi 6, 27100 Pavia, Italy.

2 Fakultéit fiir Mathematik, Universitit Regensburg, 93040 Regensburg, Germany.

3 School of Mathematical Sciences, University of Nottingham,
University Park, Nottingham NG7 2RD, United Kingdom.

“claudio.dappiaggi®@unipv.it, bsimone.murro@ur.de, “alexander. schenkel@nottingham.ac.uk

January 2017

Abstract

We give an elementary proof that Abelian Chern-Simons theory, described as a functor
from oriented surfaces to C*-algebras, does not admit a natural state. Non-existence of
natural states is thus not only a phenomenon of quantum field theories on Lorentzian man-
ifolds, but also of topological quantum field theories formulated in the algebraic approach.

1 Introduction and summary

A locally covariant quantum field theory (LCQFT) [BFVO03] is a functor A : Loc — C*Alg
from a category of (globally hyperbolic Lorentzian) spacetimes to the category of C*-algebras
satisfying suitable physical axioms. The C*-algebra A(M) assigned to a spacetime M is inter-
preted as the algebra of quantum observables which can be measured in M. The C*-algebra
homomorphism A(f) : A(M) — A(M’) assigned to a spacetime embedding f : M — M’ allows
us to associate observables in larger spacetimes starting from observables in smaller ones.

For a quantum physical interpretation of a LCQFT A : Loc — C*Alg it is necessary
to choose for each spacetime M a state wys : A(M) — C on the C*-algebra A(M), ie. a
positive, normalized and continuous linear functional. (The GNS-representation then leads to
the usual Hilbert space formulation of quantum physics.) Motivated by the functorial structure
of LCQFT, it seems natural to demand that the family of states {was} preLoc i compatible with
the functor A : Loc — C*Alg in the sense that

Wpr' © A(f) = Wwpn , (11)

for all Loc-morphisms f : M — M’. Such compatible families of states are called natural states
on A : Loc — C*Alg.

Even though the idea of natural states is very beautiful and appealing, there are hard
obstructions to the existence of natural states. Early arguments were already given by Brunetti,
Fredenhagen and Verch in [BFV03]. Later, a no-go theorem on the existence of natural states
(under some additional assumptions) has been proven by Fewster and Verch in [FV12]. This
no-go theorem makes use of very particular properties of dynamical quantum field theories on
Lorentzian spacetimes, e.g. the concept of relative Cauchy evolution.
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