INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6 x 9° black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

ProQuest Information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






The Pennsylvania State University
The Graduate School

Department of Physics

EXTENDING LOOP QUANTUM GRAVITY TO

SUPERGRAVITY

A Thesis in
Physics
by
Yi Ling

© 2002 Yi Ling

Submitted in Partial Fulfillment
of the Requirements
for the Degree of

Doctor of Philosophy

May 2002



UMI Number: 3051694

®

UMI

UMI Microform 3051694

Copyright 2002 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, MI 48106-1346



We approve the thesis of Yi Ling.

Date of Signature

\ 2oz (0]

“ Le€ Smolin ¢
Professor of Physics
Co-Chair of Committee

Thesis Adviser
m Z«:le 1z/14 [0
[~ ~ —
Murat Gunaydin

Professor of Physics
Co-Chair of Committee

ol 8 e  se/e

§hy o)} Chaudhuri
Assxstant Professor of Physics

WW l (/ 20 /o]

Adrian Ocneanu
Professor of Mathematics

Fpedl R Beur 12 [14 e

Jayanth Banavar
Professor of Physics
Head of the Department of Physics



iii

Abstract

Loop quantum gravity in Ashtekar’s variables has during the past fifteen years
been studied as a candidate for a quantum theory of general relativity underlying a
non-perturbative and background independent approach. The purpose of this thesis
is to extend non-perturbative techniques in loop quantum gravity to supergravity, and
explore the connections among different approaches to quantum gravity. First we con-
struct the first order formalism of N = 1, N = 2 supergravity in four dimensions, as
well as eleven dimensional supergravity, as constrained topological field theories. Their
canonical formulations are presented as well. Next we investigate the quantum theory
of supergravity in the framework of loop quantum gravity. We study the construction of
supersymmetric spin networks based on the representation theory of super Lie algebras.
In particular, the Osp(1{2n) super spin networks are explored in a systematic way. As
a direct application, the spectrum of the area operator in simple supergravity is derived
by acting on the Hilbert space in the basis of super spin network states. Furthermore,
the holographic formulation of quantum supergravity with cosmological constant is ob-
tained by setting appropriate boundary conditions, and the Bekenstein bound is tested

at a quantum mechanical level.
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