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OPENING QUESTIONS

David Gross

It is quit> sppropriate to open this workshop on string theory with a list of
questions. [n the Moy of excitement penerated by recent developments some people
have wondered whether we might be witnessing the beginning of the end of physics. For
the first time we have a theory which appears, in principle. to be capable of answering
all the traditional questions of elementary pacticle physics. Preliminary investigation of
the phenomenoclogy of the £y ¥ E; heterotic string o quitc encouraging. However the
game is far from being over, quite the opposite is the casc. There are thers many unsohved
problems and deep mysteries that need to be undemtood before one can claim success.
In addition we have only begun to explore the structurs of these new theories. Tt ks not
at all clear where these explorations will lead us. If history it a reliable guide to the future
then, as our understanding of the thecry improves, new domaing of physics and new
questions will appear. | therefore present below, in the belief that gquestions are oftey
mafe important than %ﬁ a list of open Euutmn:. Mozt of these are well known
o any worker in this d, are serving as a guide to current cetearch and are addremed

in the contributions to this workshap.

1.  What is String Theory?

This it 2 strange question since we ¢learly know what string theory is to the extent
that we can construct the theory and calculate some of its propertics. However our
construction of the theory has proceeded in en ad hoc fashion, often producing, for
apparently mysterious ressons, structures that appear mimculous. It is evident that we
are far from fully understanding the deep symmetries and physical principles that must
underlie these theores. It s hoped that the recent efforts to construct covariant second
quantized string ficld theories will shed light on this crucial question.

J \/ 2. How Many String Theorles are There?

Do there exist more comsistent string theorles than the known fve — the two
forms of the closed supenitring, the S0{22) open supersiring end the two forms of the
hetarotk: string? Do there exist fewer, in the sense that some of the above might be
different mandfestations (different vacua?) of the same theory? Are some of the known

theories actually lnconsisient ! nﬂm*en
J 3. Sering Technology

This is not & question but & program of development. Much work remains (o be
done in developing the calculational techniques of siring theory, Induding control of
multiloop perturbation theory and the construction of manifestly supertymmetric and

comnant methods of calevlation. WICH PROGRESS
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JJ&L What ks the Natare of String Perfurbation Theory ?

Our pressnt understanding of siring theory has been rewrictsd to perturbative
treatments. Does this perturbation theory converge? Mowt liksly it does not. In that
case when does it give a reliable ssympototic expamsion of physical quantities? How
can one go beyond perturbation theory and what Is the nature of nonperturbative string
dypamics? This question ¥ partlculady diffieult snce we currently Inck a wseful non-

perturbative formulation of the theory. ) o 0 om LYy ANSWERED

1. String Phenomenology
Here thers aré many questions that can all be summarized by ssking whether
one can construct a tofally realistic four-dimensional mode]l which is consistent with

string theory and agrees with observation? NeT JQ"-'-

" 6 What Picks the Comect Yacunm?

This is one of the great mysteries of the theory which sppears, at least when
treated pertucbatively, 10 possess an enormobs number of scceptable (stable) vacuum
states. Why, for example, don’t we live in ten dimensions? Does the theory possess a
umique vacuum, in which case all dimensionless physical parameters would be calculable
or Is the vacoum truly degenerate, in which case we would have froe pummeters? How
does the value of the dilaton field get fixed, theshy giving the dilaton o mass? Does
the vanishing of the cosmological constant survive the mschanism that hifts the vacoum

 degenerscy? LITTLE PRogFRESS

.f [ F What is the Natore of High Encrgy Physics?

By this [ mean what does physics look like at energles well above the Planck
mass scale? This is a question that is addressable, in principle, for the fist time, and
might be of more than scademic interest for cosmolegy. In analogy with past thecries
one might expect physics in this domain to look entirely differsnt. Does the string under-
g0 a phase transition at high temperatures or densities to a new phase, as is perhaps indicated
by the existence of a limiting tempersture? Can one avold in string theory the ublquiteus
singularitics that plague peneral relativity ? SeME PROGRESS

B Is There a Measurable, Qualitatively Distinctive Prediction of String Theory?

String theorles can, in principle, maks many “pestdictions™ (such a3 the caleulation
of the mass ratios of quarks and Jeptons, Higgs masses and couplings, peuge couplings, »ic. ).
They can alse make many new predictions (such s the masses of the superyymmetric
partners of the observed particles, new gauge interactions, etc.). These would be suiTicient
1o establish the validity of the theory, however in each case one cam imagine {although

some difficulty) conventional feld theorles coming up with dmilar pre or post
It would be nik= 1o predict a phenomenon, which would be scomsible ot
obssrvabie enerpies and ba uniqoely characteristic of string theory.

A LITTILE OROGRELS,
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(Juestion 1

Are all the (measurable} dimensionless
parameters that characterize the physical
universe calculable in principle or are some
merely determined by historical or quantum
mechanical accident and uncalculable?

David Gross
Institute for Theoretical Physics,
University of California, Santa Barbara

STRINGS ===



(Juestion 2

How can quantum gravity help explain the
origin of the universe?

Edward Witten
California Institute of Technology and
Institute for Advanced Study, Princeton

STRINGS ===



(Juestion 3

What is the lifetime of the proton and how
do we understand it?

Steve Gubser
Princeton University and
California Institute of Technology

STRINGS ===



(Question 4

Is Nature supersymmetric, and if so, how is
supersymmetry broken?

Sergio Ferrara
CERN (European Laboratory of Particle
Physics)
Gordon Kane
University of Michigan

STRINGS ===



(Juestion 5

Why does the universe appear to have one
time and three space dimensions?

Shamit Kachru

University of California, Berkeley
Sunil Mukhi

Tata Institute of Fundamental Research
Hircshi Ooguri

California Institute of Technology

STRINGS ===



(Juestion 6

Why does the cosmological constant have
the value that it has, is it zero and is it
really constant?

Andrew Chamblin

Massachusetts Institute of Technology
Renata Kallosh

Stanford University

STRINGS ===



QQuestion 7

What are the fundamental degrees of
freedom of M-theory (the theory whose
low-energy limit is eleven-dimensional
supergravity and which subsumes the five
consistent superstring theories) and does
the theory describe Nature?

Louise Dolan

University of North Carclina, Chapel Hill
Annamaria Sinkovics

Spinoza Institute
Linda Rose

San Antonio College

STRINGS ===



(Juestion 8

What is the resolution of the black hole
information paradox?

Tibra Ali
Department of Applied Mathematics and
Theoretical Physics, Cambridge

Samir Mathur
Ohio State University

STRINGS ===



(Juestion 9

What physics explains the enormous
disparity between the gravitational scale

and the typical mass scale of the elementary
particles?

Matt Strassler
Institute for Advanced Study, Princeton

STRINGS ===



(Question 10

Can we quantitatively understand quark
and gluon confinement in Quantum
Chromodynamics and the existence of a
mass gap?

Igor Klebanov
Princeton University
Oyvind Tafjord
MecGill University

STRINGS ===



