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méme d’avoir un Miiristre de la Soience
et de la Technologie semble assurer que
les questioms conmcermamt la science et la
technologie resteront a I'amiére-plan.

Aimsi, lorsque le Miiristre de la Science et
de la Technologie est au bas de I'échelle
d’'um gouvernememt, il est facile de
s'imaginer quelle place prenmemt les
questions scientifiques dams les réunions
du Cabinet.

Une autre illustratiom de cette faiblesse
fut donnée lorsque le Miriistre conserva-
teur admit n‘avoir pas pu convaincre ses
coliegues du €abinet de l'importance de
l'allocatiom de fomdls aux programmes
scientifiques essentiels. || reconnut que
le probléme temait 4 «. . .la facilité avec
laquelie le €abimet alloue des fomdls pour
un probléme que I‘on veut résoudre le
lendemmain matin » Miiis les dividendes
de la science, ajoutait-il, ne seront
toucthés qu’en 1989 ou 1990.

La science et la technologie souffrent
non seulememt 4 cause de |lerganisatiion
gouvernemeritdke mais aussi parce que

vous-mémnes ne faites pas assez pour
faire valoir vos intérétts. Le gouverne-
ment ne peut pas tout faire. Vous avez un
réle primordial 4 jouer.

Je suis député depuis plus de 6 ans et je
n‘ai que rarememt été approché par des
scientifiques. Parmi la longue liste de
groupes d'imtérét quii approchemt les
parlememtiires, = |'Associatiom des
manufactutiers canadiems, le €CC, le
BCNI, le €omseil natiomal du travail, les
groupes autocihtonss, ethmiquees, fiémin-
ins et j’en passe, mais c’est trés nanement,
4 des occasions spéciales, que des cher-
chewrs umiwersitaimes m’omt écrit,
Toutefais, oui, j’ai recu I'année derniére,
4 titre de Critique pour la Science et la
Technologie, 4 cause des coupures au
Comseiill natiomal de recherches et &
Emvironnememt Canada, de 15 & 20 lettres
ou copiies de lettres adressées au Minis-
tre de la Science et de la Technologie, au
Chef de I'Opposition et au Mremier
mimistre. €’'était inhabituel. Quamt & la
période, plus longue, pendamt laguelle
je n'étasiis pas spécialement rattaché au

dossier de la science, ces lettres furent
beaucoup moins fréquentes.

Il est dome clair que le Miiristre de la
Science et de |la Technologie n‘arrive pas
4 obtenir |'attention de ceux qui prem-
nent les décisioms crucalkes qui mous
concermemt. A mom avis, ceci veut dire
que les scientifiques et chercheurs dev-
romt le faire eux-m@&meas. Si vous, réunis
dams cette salle, ne vous impliquez pas
davantage, il est peu probable que les
questions touchant 4 la science auromt la
priorité quelkes méritemt 4 la table du
Cabimet. Pour ce faire, il est albsolument
nécessaire que chaque député com-
prenne l'importance de la science et de
la technalogie. Il est aussi nécessaire que
vouws commurigiiez 4 vas députss, dans
vos propres locallités et leur fassiez
prendre comscience de I'étroite relation
entre science et emplois. Ce n'est donc
pas seulememt & la fermeture de l'usine
d’a c6té que les dépuids doivemt s'ar-
réter, mais au lien entre la recherche et
le développment et cette méme ferme-
ture d'usine.

Unification of Fundamental Forces*

by G. Kunstatter, Uniivesisity of Winnipeg, P.HIC. Lee, Theoeetital Physics Brarmoh, AFCL, Chalk Rixer Nuclear Laboeatosies, and
G. Mekeon, Apgplied Mathematics Departavent, Univesisity of Western Omtario

verwhelmimg experimental evi-

dence has accumulated over the
last decade for the unification of electro-
magnetic and weak subatomic particle
interactions. This success has motivated
the intermatiomall high energy physics
commusiity to seek further evidence for
the inclusion of strong interactions in a
breader unificationm of elementarry parti-
ele foiees. Indeed, sueh unification has
been sueeessful in predicting the relative
strength of streng, eleetrermaghetic and
weak interaetion eouplifg cOASARLS:

Masst recentlly the attentiom of many
theartists turned to the pursuit of an even
bolder goal: the unificatiom of gravity
with the other three fundamental forces.
This latest pursuit has recently made
impreessive and exciting gains in several
areas, to such an extent that some lead-
ing thewists believe that we may have
already found the correct theoretical
frameworrk for the desired wnification.

The gravitatiomal force is one of the
phenomera of nature that holds scien-
tists and laymen alike in deepest fascina-
tiom. It is certainly the ome natural force
that exerts the strongest influence om our
collective destimy. Yet, despite the ftact
that our first understanding of it three

* Addressed at Summer Iimstiitute

hundred years ago launched the begin-
ning of moderm physics and that our
present understanding has allowed man
to probe deep into the cosmas far fiem
earth, gravity may well be the least
understood of the four fumdamental
forces.

There is a comsemsus that before a true
understanding of the theory of gravity is
achieved, we must learn how it can be
quantized; at the momemt there are only
classical formuikations of the theory. It is
known that neither Einstein’s gravity mor
any of its empitallly acceptable exten-
sions can be quantized using stwmdard
techmiquees. Amy attemptt to quantize
gravity is invariably beset by wmcontrol-
lable infimites which render the out-
come of any calculatiom meaninglkss,

Infinities also occur in any calculation
involving the Yamg-Miills gauge theories
that underly the electromagmetic, weak
and strong forces. But such infimities can
be absorbed in rescalings of field theo-
retical quamtiiies by a welll defined
“remomeliization” procedure. Conse-
quently such theories are capable of
generating finite results that cam be
eompared with experimeriall data to any
desired degree of accuracy.

Although quamtized Yang-Miills theories
are renormuliable, a theory completely
free of infimities would be evem more
desirable. In recemt years it has been
found that in theorks where (jimteger-
spim) bosers and (thalft-mteger-spin)
fermiors are united by “supersymme-
tries”, the degree of infimitenress is
reduced. Some supersymmelric theeries
are In faet eermpkicdly finite; l.e. these
infipitiRs whieh de aeeur eaneel AMOAE
theRseiNgs withe Beihg abssrbed in
f6§€§|iﬁ%% (a3 disevssed @B@VE);
Im%rr%%tm%'w, Wheh sHPErsHmmetrie
transfermations are made to deperd oA
spaceiime, or are loealized, the ensying
theory = supergiavity = suiomatieally
EBM@IMS BFAVIDy. Unforiunidcl, mne
KRBWH SUPBFSYMmRLRy is sufficient (8
FERYRT the cBFrespoRding supErgravity
theowy, fiRite:

Anotiher related development in the last
few years is the realizatiom that a conve-
nient way to generate sypersymmetric
theoriies in four-dimersional gpacetime
is to start with an ordimary theomy in a
spacetime with extra (i.e., more than
thres) spatial dimersiors and then
reduce the theory to a four-dimensional
ome. In a way the extra space dimensions
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in the origimal theory become the imter-
nal space upon which supersymmetries
{(and other intermal symmetries)
transform.

This realizitation lead to a revival of the
sixty-year old Kaluza-Kleim [1] idea that
the real spacetime may indeed have
more than three spatial directioms, an
idea that was origimally proposed for the
purpose of uniting Einstein’s gravity with
Maxwall's electromagmeiism. In Kaluza-
Klein theories the extra-dimensional
spaces are taken to be physieal, but in
order to aceo Mmothite the physics of the
apparent feur-dimmersioml werld, the
extra dimehsiohs mUst Be compaet
(elesed onte tRemRYMAS) 3Rd have A
extremely small size — of the erder Bf
the PlaAek leAgth, f QBBFB&'l'HPa‘t"e'W 18-

£, TRiR Means that the existence 8f the
8Xtra difnehsion wolld Be Manikst SAly
Bh 3R ERergy §ES‘|‘é &%F%EN ¢ thé
Pl3Rck Mass &t S‘ ey 161 88\’/
TAR HR:W\%%':%%'B S‘F ‘é eh r? SE3 f

e ré vaB

B y%’ﬁ?j e CONEEl
accejeratlor v may n ve e S robe
3ecelsrator, may Revelthefes BE proBe 1
rou {ingeneous uture ex er ments:;
rough _ingeneous future experiments:
or e m , resen a r on eca
or éexample, present day proton deca
experLments ‘afe acfive r Ln JJnterac
fERSTIMENLs afe act Vel Rrobing Mierats
%ce) s mediated B{/ particles of mass 105

Einitemess is not the only issue in the
search for a unified theory. The most
imporntamt other criteria for an accepta-
ble unified theory are: cancellation of
anomulies (an anomaly is the violation of
a classical conservation law by quamtiwm
effects), reduction to a low energy (=
10'® GeV) gauge theory with asyymmetri-
cal left- and right-handed fermiomns (chi-
ral fermions), and reduction to four-
dimensional gravity in which spacetime
is essentially flat in the absence of matter
{vanishing cosmological comstamt). In the
last year or so, through the brilliant
efforts of Green, Schwarz, Witten, Gross,
and others [1,2] , a class of theories that
appear to satisfy all the criteria except
the one concerning the cewnaelogical
constant has emerged,

The fundamental geometric entity of
these theories is not the poimt particle.
Instead these theariies are based on one-
dimensiomnal extended objects, or smings,
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whose length is of the order of the
Blanck length. So far, two phemomeno-
logically acceptable superstring theories
(as they are called) have been found: the
theory of Greem and Schwarz, [2] in
whiich open strings live in a ten dimen-
sional spacetime, has the simplest (N=1)
supersymmetny, and an SO(32) (the rota-
tionm group in thirty-twe dimensions)
internal gauge symmetry. An alternative
theory due to David Grass and collabora-
tors [3] at Princeton University (called the
“ieterotic” string theomny) comsists of
only closed strings whose fiermionic
degrees of freedom live in a 10-
dimensiomal spacetime, while the
bosonic degrees of freedom propagate
in 26 dimensions. The supersymmetry is
again N=1 but the gauge symmetry is the
exceptiomal group E; x E;.

It was precisely with the above exciting
developments in mind that twenty-four
Canadian physicists met at the University
of Western Omitario for a CAP Summer
Theoretical | nstitwte/Quantum Field
Theory Workshop, from July 19 to August
9, 1985. The purpese of the meeting was
to promote discussion and collatboration
ameng the participanis, whese expertise
eovered these aspeets of quantum field
theory that are essential te a better
understanding ef supersiring desries:
Qﬁa'ﬁ\%'fi%%r, K§|H§§=K|Eiﬁ EHE_BW’, régulari-
z3tieh 3nd renermalization, and of
EBYSR SUPersiFing tResry itself. The
workshop, direcied By €. Nickeon, was
givided intd four sections fBEﬁ%ng SA
the aBove specific EB%41 i3 3Rd grganizéd
FS?BEEH‘{/‘%W B AAR (ARGMALeS);

H'ﬁiiﬁﬁ%’ KE'H%S Kieiny, €. [T
BFSHW( ﬁ H\S‘Hiﬁ 'ii’)’?? 3Ad K § VisWan:

AZA b: %r%( |HSHE'i%I sS 88F
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It is not clear at this stage whether
superstring theaories will indeed provide
the golden fleece sought by modern
quantum field theanists, namely a finite
and comsistent unified quantum theory
including gravity. In any case, the work-
shop at the University of Western Onta-
rio did provide a forum for a srong
communiity of Canadian physidists to
attack such ambitiows topics as the wnifi-
catiom of all the fuumdamental
interactions.
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