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What 1s Open Access?

The open dissemination of scholarly
articles, without price barriers, through
the Internet, as a means to reach an
author's widest possible audience.
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DigitalCommons@USU provides open access to scholarly works, research, reports, publications, and courses produced by
Utah State University faculty, staff, students, and others. Coordinated by the Merrill-Cazier Library, USU's digital repository
joins other universities worldwide in the ongoing development of new knowledge.

At a Glance Feature of the Day

Top 10 Downloads Measurement of Silicon Surface
All time Recombination Velocity Using Ultrafast
Pump-Probe Reflectivityin the Near Infrared

Recent Additions A. J. Sabbah and D. Mark Riffe

20 most recent additions

3 27,516 papers to date | & 907,463 full-text downloads to date 4 559,483 downloads in the past year



History of the Policy

R Harvard first in 2008

&R Followed by institutions like MIT, Duke, KU, and
Princeton

&R Our Policy: brought to the Faculty Senate in January of
2012

&R Various iterations until unanimously supported as Policy
535

= President Albrecht signed it into effect on May 30™
& USU Libraries charged with administering the policy
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USU Policy 535

“All employees during their employment with the University
grant to the University a nonexclusive license to exercise all

rights under copyright relating to each of their scholarly
articles...”

Scholarly Articles:

Articles that describe the fruits of a scholar’s research that he/she gives to
the world for the sake of inquiry and knowledge without the expectation of

payment
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And that means...

This policy 1s a tool to help us negotiate our publishing
contracts

This policy improves access to our work, and thus
Increases 1ts impact

This policy reflects our commitment to the values of a
land grant institution
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What the policy 1s NOT

This policy does not dictate where we can publish

This policy will not hamper our ability to publish our
works

This policy 1s not retroactive

This policy 1s not punitive—it 1s a tool to help us retain
our rights and to help us negotiate for wider
dissemination of our works
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A Voluntary Opt-Out Policy:

@ Waivers granted at the sole discretion of the author

R You will not be questioned or even required to provide a
reason for your waiver request

R If you would like a waiver, simply email the bibliographic
information for your article to

and you will be
granted a waiver
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Read Your Agreement

(Or contact the Library for assistance)

N\

Publisher allows deposit of some Publisher does not allow deposit
version of your article in the
Digital Commons

Sign and attach the provided Addendum

/

Publisher accepts the
addendum

Email the appropriate version
of your article to us

\

Publisher rejects the
addendum

'

Email us for a
waiver
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Published
Version

Publishers formatting/Branding

Journal information and pagination

Class. Quantum Grav. 16 (1999) 2651-2668. Printed in the UK PIL: S0264.9381(99)01898-5

Functional evolution of free quantum fields

Charles G Torret and Madhavan Varadarajanf
t Department of Physics, Utah State University, Logan, UT 84322.4415 USA
4 Raman Research Institute, Bangalore 560 080, India

E-mail: torrefcc.usu.edu and sadkavan@rri.ernet.in
Received 16 February 1999

Abstract.  We consider the problem of evolving the state of a quantum field between any two
(in general, curved) Cauchy surfaces. Classically, this dynamical evolution is represented by a
canonical transformation on the phase space for the fiekl theory. We show that this canonical
transformation cannot, in general, be unitarily implemented on the Fock space for free quantum
fields on flat spacetmes of dimension greater than 2. We do this by considering time evolution
of a free Klein-Gordoea field on a flat spacetime (with toroidal Cauchy surfuces) starting from a
flat instal surface and ending on a generic final surface. The associated Bogolubov transformation
is comnputed; it does not correspoexd 1o @ unitary trunsformation on the Fock space. This means
that functional evolution of the quantum state as onginally envisionad by Tomonags, Schwinger
and Dirac is not & viable concept. Nevertheless, we demonstrate that functional evolution of the
quantum state can be satisfactarily describad using the £ lism of algebraic g Held theory.
We discuss possible implications of our results for canonical quantum gravity.

PACS numbers: 0370, 0(420C, 0460D

1. Introduction

In this paper we consider some aspects of dynamical evolution in quantum field theory.
Specifically, we examine the description of dynamics in which one evolves the state of a
quantum field from any initial Cauchy surface to any final Cauchy surface, rather than just
between Cauchy surfaces of constant Minkowskian time. This way of formulating dynamical
evolution dates back to the inception of relativistic quantum field theory. We begin our
introduction to the main ideas via a brief historical sketch.

The idea of evolving a quantum field from any Cauchy surface to any other seems to have
onginated 1n the mid 1940s with the work of Tomonaga [1] and Schwinger [2] on relativistic
quantumn field theory. Tomonaga and Schwinger wanted an invariant generalization of the
Schrixdinger equation, which describes time evolution of the state of a quantum field relative to
a fixed inertial reference frame. By allowing for all possible Cauchy surfaces in the description
of dynamical evolution one easily accommodates all possible notions of time for all possible
mnertial observers. Thus a dynamical formalism incorporating arbitrary Cauchy surfaces does
allow for an invariant generalization of the Schridinger equation. Since the space of Cauchy
surfaces 1s infinite dimensional, it is impossible to describe time evolution along arbitrary
surfaces by using a single time parameter. [n essence, one needs a distinct ime parameter
for every possible foliation of spacetime. As shown by Tomonaga and Schwinger, if one
formulates dynamics in terms of general Cauchy surfaces, the resulting dynamical evolution

0264-938 1/99/082651+18S30.00  © 1599 IOP Publishing Lid



Functional evolution of free quantum fields

Charles G. Torre*
Department of Physics, Utah State University

Author’s I
Version

Raman Research Institute, Bangalore 560 080, India

November 23, 1998

Abstract

We consider the problem of evolving a guantum field between any two (in
general, curved) Cauchy surfaces. Classically, this dynamical evolution is rep-
resented by a canonical transformation on the phase space for the field theory.
We show that this canonical transformation cannot, in general, be unitarily
implemented on the Fock space for free quantum fields on flat spacetimes
of dimension greater than 2. We do this by considering time evolution of a
free Klein-Gordon field on a flat spacetime (with toroidal Cauchy surfaces)
starting from a flat initial surface and ending on a generic final surface. The
associated Bogolubov transformation is computed; it does not correspond to
a unitary transformation on the Fock space. This means that functional evo-
lution of the quantum state as originally envisioned by Tomonaga, Schwinger,
and Dirac is not a viable concept. Nevertheless, we demonstrate that func-
tional evolution of the quantum state can be satisfactorily described using the
formalism of algebraic quantum field theory. We discuss possible implications
of our results for canonical quantum gravity.
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Abstract

We consider the problem of evolving a quantum field between any two (in general,
curved) Cauchy surfaces. Classically, this dynamical evolution is represented by a
canonical transformation on the phase space for the field theory. We show that this
canonical transformation cannot, in general, be unitarily implemented on the Fock space
for free quantum fields on flat spacetimes of dimension greater than 2. We do this by
considering time evolution of a free Klein-Gordon field on a flat spacetime (with toroidal
Cauchy surfaces) starting from a flat initial surface and ending on a generic final surface.
The associated Bogolubov transformation is computed; it does not correspond to a
unitary transformation on the Fock space. This means that functional evolution of the
quantum state as originally envisioned by Tomonaga, Schwinger, and Dirac is nota
viable concept. Nevertheless, we demenstrate that functional evelution of the quantum
state can be satisfactorily described using the formalism of algebraic quantum field
theory. We discuss possible implications of our results for canonical quantum gravity.

Comments

Originally published by the Institute of Physics. Publisher's PDF can be accessed
through Classical and Quantum Gravity. Author's post-print is available online through
arXiv.org.

Recommended Citation
C. Torre, M. Varadarajan, FUNCTIONAL EVOLUTION OF FREE QUANTUM FIELDS. Class.
Quant. Grav. 16(8): 2651, 1999
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Have questions or want
additional information?

Contact the library at:
Or, Your Subject librarian at:

Or visit: http://digitalcommons.usu.edu/oadc/ /[\
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