
m ê m e d 'avo i r un M i n i s t r e d e la Science 
et de la T e c h n o l o g i e semb le assurer q u e 
les ques t ions c o n c e r n a n t la sc ience et la 
t e c h n o l o g i e res teront à l ' a r r iè re -p lan . 

A ins i , l o r sque le M i n i s t r e de la Science et 
de la T e c h n o l o g i e est au bas de l ' éche l le 
d ' u n g o u v e r n e m e n t , i l est f a c i l e d e 
s ' i m a g i n e r q u e l l e p l a c e p r e n n e n t les 
ques t ions sc ien t i f iques dans les r é u n i o n s 
d u Cab ine t . 

U n e aut re i l l us t ra t ion de ce t te faiblesse 
fu t d o n n é e l o r sque le M i n i s t r e conserva-
teur a d m i t n 'avo i r pas p u conva inc re ses 
co l lègues d u Cab ine t de l ' i m p o r t a n c e de 
l ' a l l o c a t i o n d e f o n d s aux p r o g r a m m e s 
sc ien t i f i ques essentiels. Il r e c o n n u t q u e 
le p r o b l è m e tena i t à « . . .la fac i l i té avec 
laque l le le Cab ine t a l l oue des fonds p o u r 
un p r o b l è m e q u e l ' o n veu t résoud re le 
l e n d e m a i n ma t in ». Ma is les d i v i dendes 
d e la s c i e n c e , a j o u t a i t - i l , n e s e r o n t 
t ouchés q u ' e n 1989 o u 1990. 

La sc ience et la t e c h n o l o g i e sou f f r en t 
n o n seu lemen t à cause de l ' o rgan isa t ion 
g o u v e r n e m e n t a l e mais aussi parce q u e 

v o u s - m ê m e s ne fa i tes pas assez p o u r 
fa i re va lo i r vos in térê ts . Le g o u v e r n e -
men t ne peu t pas t ou t fa i re. Vous avez u n 
rô le p r i m o r d i a l à j o u e r . 

Je suis d é p u t é depu is plus de 6 ans et je 
n 'a i q u e ra remen t été a p p r o c h é par des 
sc ien t i f i ques . Parmi la l o n g u e l iste de 
g r o u p e s d ' i n t é r ê t q u i a p p r o c h e n t les 
p a r l e m e n t a i r e s , — l ' A s s o c i a t i o n des 
m a n u f a c t u r i e r s c a n a d i e n s , le C C C , le 
BCNI , le Conse i l na t iona l d u t ravai l , les 
g roupes au toch tones , e t h n i q u e s , f é m i n -
ins et j ' e n passe, mais c'est très r a r e m e n t , 
à des occasions spéciales, q u e des che r -
c h e u r s u n i v e r s i t a i r e s m ' o n t é c r i t . 
Toute fo is , o u i , j 'a i r eçu l ' année d e r n i è r e , 
à t i t re de C r i t i q u e p o u r la Science et la 
T e c h n o l o g i e , à cause des c o u p u r e s au 
C o n s e i l n a t i o n a l d e r e c h e r c h e s et à 
E n v i r o n n e m e n t Canada, de 15 à 20 let tres 
o u cop ies de let tres adressées au M i n i s -
t re de la Science et de la Techno log ie , au 
C h e f d e l ' O p p o s i t i o n et au P r e m i e r 
min is t re . C 'é ta i t i nhab i t ue l . Q u a n t à la 
p é r i o d e , p lus l o n g u e , pendan t laque l le 
je n 'étais pas spéc ia lemen t ra t taché au 

dossier de la sc ience, ces let t res f u r e n t 
b e a u c o u p mo ins f réquen tes . 

Il est d o n c clair q u e le M i n i s t r e de la 
Science et de la Techno log i e n 'a r r i ve pas 
à o b t e n i r l ' a t t en t i on de ceux qu i p r e n -
n e n t les déc i s i ons c ruc ia les q u i n o u s 
c o n c e r n e n t . A m o n avis, ceci veu t d i r e 
q u e les sc ien t i f iques et che rcheu rs dev -
ron t le fa i re e u x - m ê m e s . Si vous, réun is 
dans ce t te salle, ne vous i m p l i q u e z pas 
davantage, il est p e u p r o b a b l e q u e les 
ques t ions t o u c h a n t à la sc ience a u r o n t la 
p r i o r i t é qu 'e l les m é r i t e n t à la tab le d u 
Cab ine t . Pour ce fa i re, il est a b s o l u m e n t 
nécessa i re q u e c h a q u e d é p u t é c o m -
p r e n n e l ' i m p o r t a n c e de la sc ience et de 
la t e c h n o l o g i e . Il est aussi nécessaire q u e 
vous c o m m u n i q u i e z à vos dépu tés , dans 
vos p r o p r e s l o c a l i t é s e t l e u r fass iez 
p r e n d r e consc ience de l ' é t ro i t e re la t i on 
en t re sc ience et emp lo i s . Ce n'est d o n c 
pas seu lemen t à la f e r m e t u r e de l 'us ine 
d 'à cô té q u e les dépu tés d o i v e n t s'ar-
rê te r , mais au l ien e n t r e la r eche rche et 
le d é v e l o p p m e n t et ce t te m ê m e f e r m e -
tu re d 'us ine . 

Unification of Fundamental Forces* 
by C. Kunstatter, University of Winnipeg, P.H.C. Lee, Theoretical Physics Branch, AECL, Chalk River Nuclear Laboratories, and 
G. McKeon, Applied Mathematics Department, University of Western Ontario 

Ov e r w h e l m i n g e x p e r i m e n t a l e v i -
d e n c e has a c c u m u l a t e d over t h e 

last decade fo r the u n i f i c a t i o n of e l ec t r o -
magne t i c and weak s u b a t o m i c par t i c le 
in te rac t ions . This success has mo t i va ted 
t h e i n t e r n a t i o n a l h i g h e n e r g y phys ics 
c o m m u n i t y t o seek f u r t h e r ev i dence fo r 
t h e i nc lus ion of s t rong in te rac t ions in a 
b r o a d e r un i f i ca t i on of e l e m e n t a r y par t i -
c le forces. I n d e e d , such un i f i ca t i on has 
b e e n successful in p r e d i c t i n g t h e re la t i ve 
s t reng th of s t rong , e l e c t r o m a g n e t i c and 
weak i n te rac t i on c o u p l i n g constants. 

M o s t r e c e n t l y t h e a t t e n t i o n o f m a n y 
theor is ts t u r n e d to the pursu i t of an even 
b o l d e r goa l : t he u n i f i c a t i o n o f grav i ty 
w i t h t h e o t h e r t h ree f u n d a m e n t a l forces. 
This latest p u r s u i t has r e c e n t l y m a d e 
impress ive and exc i t i ng gains in several 
areas, to such an ex ten t that some lead-
ing theor is ts be l ieve that w e may have 
a l ready f o u n d t h e c o r r e c t t h e o r e t i c a l 
f r a m e w o r k fo r the des i red un i f i ca t i on . 

T h e g r a v i t a t i o n a l f o r c e is o n e o f t h e 
p h e n o m e n a of na tu re that ho lds scien-
tists a n d l aymen a l ike in deepest fascina-
t i on . It is cer ta in ly t h e o n e natura l f o rce 
that exerts the s t rongest i n f l u e n c e o n o u r 
co l l ec t i ve dest iny . Yet, desp i te the fact 
that o u r f irst u n d e r s t a n d i n g of it t h ree 

h u n d r e d years ago l a u n c h e d t h e beg in -
n i n g of m o d e r n physics and that o u r 
present u n d e r s t a n d i n g has a l l o w e d man 
to p r o b e d e e p i n t o the cosmos far f r o m 
e a r t h , g r a v i t y m a y w e l l b e t h e least 
u n d e r s t o o d o f t h e f o u r f u n d a m e n t a l 
forces. 

There is a consensus that b e f o r e a t r ue 
u n d e r s t a n d i n g of the t heo ry o f grav i ty is 
ach ieved , w e must learn h o w it can be 
q u a n t i z e d ; at t he m o m e n t t he re are on l y 
classical f o r m u l a t i o n s of the theo ry . It is 
k n o w n that ne i t he r Einstein's gravi ty nor 
any of its emp i r i ca l l y accep tab le ex ten -
sions can be q u a n t i z e d us ing s tandard 
t e c h n i q u e s . A n y a t t e m p t t o q u a n t i z e 
grav i ty is invar iab ly beset by u n c o n t r o l -
l ab le i n f i n i t i es w h i c h r e n d e r t h e o u t -
c o m e of any ca lcu la t i on meaningless. 

In f in i t ies also occur in any ca lcu la t ion 
i nvo l v i ng the Yang-Mi l l s gauge theor ies 
that u n d e r l y the e l e c t r o m a g n e t i c , weak 
and s t rong forces. But such in f in i t ies can 
be abso rbed in rescal ings of f i e ld t h e o -
r e t i c a l q u a n t i t i e s by a w e l l d e f i n e d 
" r e n o r m a l i z a t i o n " p r o c e d u r e . C o n s e -
q u e n t l y such t h e o r i e s are c a p a b l e o f 
g e n e r a t i n g f i n i t e resu l t s tha t can be 
c o m p a r e d w i t h e x p e r i m e n t a l data to any 
des i red deg ree of accuracy. 

A l t h o u g h q u a n t i z e d Yang-Mi l l s theor ies 
are r e n o r m a l i a b l e , a t heo ry c o m p l e t e l y 
f ree of in f in i t ies w o u l d be even m o r e 
des i rab le . In recent years it has b e e n 
f o u n d that in theor ies w h e r e ( in teger -
s p i n ) b o s o n s a n d ( h a l f - r n t e g e r - s p i n ) 
f e r m i o n s are u n i t e d by " s u p e r s y m m e -
t r i e s " , t h e d e g r e e o f i n f i n i t e n e s s is 
r e d u c e d . Some supe rsymmet r i c theor ies 
are in fact c o m p l e t e l y f i n i t e ; i.e. those 
in f in i t ies w h i c h d o occu r cancel a m o n g 
themse lves w i t h o u t be ing abso rbed in 
r e s c a l i n g s (as d i s c u s s e d a b o v e ) . 
I n t e r e s t i n g l y , w h e n s u p e r s y m m e t r i c 
t rans fo rma t ions are made to d e p e n d o n 
space t ime, or are loca l i zed , the ensu ing 
t heo ry — supergrav i ty — au tomat i ca l l y 
c o n t a i n s g r a v i t y . U n f o r t u n a t e l y , n o 
k n o w n s u p e r s y m m e t r y is su f f i c i en t t o 
r ende r the c o r r e s p o n d i n g superg rav i t y 
t heo ry f in i te . 

A n o t h e r re la ted d e v e l o p m e n t in t h e last 
few years is the rea l i za t ion that a c o n v e -
n ien t way t o genera te supe rsymmet r i c 
theor ies in f o u r - d i m e n s i o n a l space t ime 
is t o start w i t h an o r d i n a r y t heo ry in a 
s p a c e t i m e w i t h ex t ra ( i .e. , m o r e t h a n 
t h r e e ) s p a t i a l d i m e n s i o n s a n d t h e n 
r e d u c e the t h e o r y to a f o u r - d i m e n s i o n a l 
one . In a way t h e extra space d imens ions 

* Addressed at Summer Institute 

La Physique au Canada 15 



in t h e o r i g i na l t heo ry b e c o m e t h e i n te r -
nal space u p o n w h i c h supersymmet r i es 
( a n d o t h e r i n t e r n a l s y m m e t r i e s ) 
t r ans fo rm . 

This rea l i z i ta t ion lead t o a rev ival of t h e 
s ix ty-year o l d Ka luza-K le in [1] idea that 
t h e rea l s p a c e t i m e may i n d e e d have 
m o r e t h a n t h r e e spat ial d i r ec t i ons , an 
idea that was o r ig ina l l y p r o p o s e d fo r the 
p u r p o s e o f u n i t i n g Einstein's gravi ty w i t h 
M a x w e l l ' s e l ec t romagne t i sm . In Kaluza-
K l e i n t h e o r i e s t h e e x t r a - d i m e n s i o n a l 
spaces are taken t o be physica l , b u t in 
o r d e r t o a c c o m m o d a t e t h e physics o f the 
a p p a r e n t f o u r - d i m e n s i o n a l w o r l d , t h e 
e x t r a d i m e n s i o n s m u s t b e c o m p a c t 
(c losed o n t o themselves) and have an 
e x t r e m e l y small size — of t h e o r d e r o f 
t h e Planck l eng th , or a p p r o x i m a t e l y 10~32 

cm. This means that the ex is tence o f the 
ext ra d i m e n s i o n s w o u l d be mani fes t on l y 
o n an e n e r g y scale a p p r o a c h i n g t h e 
Planck mass at a p p r o x i m a t e l y 1019 GeV. 
This u n i m a g i n a b l y large e n e r g y scale, 
b e y o n d t h e reach o f any c o n c e i v a b l e 
acce le ra to r , may never the less be p r o b e d 
t h r o u g h i ngeneous f u t u r e e x p e r i m e n t s : 
f o r e x a m p l e , present day p r o t o n decay 
e x p e r i m e n t s are act ive ly p r o b i n g in terac-
t ions m e d i a t e d by par t ic les of mass 1015 

GeV. 

Fini teness is no t the o n l y issue in the 
search fo r a u n i f i e d t heo ry . The most 
i m p o r t a n t o t h e r cr i te r ia fo r an accepta-
b le u n i f i e d t heo ry are: cance l l a t i on of 
anoma l ies (an anoma ly is the v i o l a t i on of 
a classical conse rva t i on law by q u a n t u m 
ef fects) , r e d u c t i o n t o a l o w energy ( ~ 
1015 GeV) gauge t h e o r y w i t h asymmet r i -
cal le f t - and r i g h t - h a n d e d f e r m i o n s (chi -
ral f e r m i o n s ) , a n d r e d u c t i o n t o f o u r -
d i m e n s i o n a l grav i ty in w h i c h space t ime 
is essent ial ly f lat in the absence of mat te r 
(van ish ing cosmo log i ca l constant ) . In t h e 
last year o r so , t h r o u g h t h e b r i l l i a n t 
e f fo r t s o f G r e e n , Schwarz, W i t t e n , Gross, 
and o thers [1,2] , a class of theor ies that 
appear t o satisfy all t he cr i te r ia excep t 
t h e o n e c o n c e r n i n g t h e c o s m o l o g i c a l 
cons tan t has e m e r g e d . 

The f u n d a m e n t a l g e o m e t r i c e n t i t y of 
these theor ies is no t the p o i n t par t ic le . 
Instead these theor ies are based o n o n e -
d i m e n s i o n a l e x t e n d e d ob jec ts , or str ings, 

w h o s e l e n g t h is o f t h e o r d e r o f t h e 
Planck leng th . So far, t w o p h e n o m e n o -
log ica l ly accep tab le supers t r ing theor ies 
(as they are cal led) have been f o u n d : the 
t h e o r y o f G r e e n a n d S c h w a r z , [2] i n 
w h i c h o p e n str ings l ive in a ten d i m e n -
sional space t ime, has the s implest (N=1) 
supe rsymmet r y , and an SO(32) ( the ro ta -
t i o n g r o u p in t h i r t y - t w o d i m e n s i o n s ) 
i n te rna l gauge symmet ry . A n a l te rnat ive 
t h e o r y d u e t o Dav id Gross and co l l abo ra -
tors [3j at P r ince ton Univers i ty (cal led the 
" H e t e r o t i c " s t r i ng t h e o r y ) consists of 
o n l y c l o s e d s t r i ngs w h o s e f e r m i o n i c 
d e g r e e s o f f r e e d o m l i v e i n a 10-
d i m e n s i o n a l s p a c e t i m e , w h i l e t h e 
boson i c degrees o f f r e e d o m propaga te 
in 26 d imens ions . The supe rsymmet ry is 
again N=1 bu t the gauge symmet ry is the 
excep t i ona l g r o u p E8 x E8. 

It was prec ise ly w i t h the above exc i t i ng 
d e v e l o p m e n t s in m i n d that t w e n t y - f o u r 
Canad ian physicists met at t he Univers i ty 
of Wes te rn O n t a r i o fo r a CAP Summer 
T h e o r e t i c a l I n s t i t u t e / Q u a n t u m F ie ld 
Theo ry W o r k s h o p , f r o m July 19 t o Augus t 
9, 1985. The p u r p o s e of t h e m e e t i n g was 
t o p r o m o t e discussion and co l l abo ra t i on 
a m o n g the par t ic ipants , w h o s e exper t ise 
c o v e r e d those aspects o f q u a n t u m f ie ld 
t h e o r y t h a t a re essen t i a l t o a b e t t e r 
u n d e r s t a n d i n g of supers t r ing theor ies : 
anomal ies , Ka luza-K le in t heo ry , regu lar i -
z a t i o n a n d r e n o r m a l i z a t i o n , a n d o f 
c o u r s e s u p e r s t r i n g t h e o r y i t se l f . T h e 
w o r k s h o p , d i r ec ted by G. M c K e o n , was 
d i v i d e d i n t o f o u r sect ions focus ing o n 
t h e above speci f ic top ics and o rgan i zed 
respect ive ly by R. R. M a n n (Anomal ies) , 
G. Kuns ta t t e r (Ka luza -K le i n ) , G. Le ib -
b r a n d t (Regu lar iza t ion) and K. S. V iswan-
a than (Superst r ings) . F inancia l s u p p o r t 
was p r o v i d e d by NSERC, IPP and t h e 
Un ivers i ty of Western O n t a r i o . The p r o -
ceed ings o f the w o r k s h o p w i l l be p u b -
l i s h e d in a s p e c i a l s e c t i o n o f t h e 
C a n a d i a n J o u r n a l o f Phys ics . 
Cons ide rab le progress was m a d e d u r i n g 
the w o r k s h o p in all the above areas and 
many co l l abo ra t i ons w e r e c o m m e n c e d . 
The m e e t i n g was so successful , in fact, 
that a n o t h e r m e e t i n g is a l ready be ing 
p l a n n e d fo r the Summer of 1986 at S imon 
Fraser Univers i ty . 

It is n o t c l ea r at t h i s s tage w h e t h e r 
supers t r ing theor ies w i l l i n d e e d p r o v i d e 
t h e g o l d e n f l e e c e s o u g h t by m o d e r n 
q u a n t u m f ie ld theor is ts , name ly a f i n i te 
and consis tent u n i f i e d q u a n t u m theo ry 
i n c l u d i n g gravi ty . In any case, the w o r k -
shop at the Un ivers i ty o f Wes te rn O n t a -
r i o d i d p r o v i d e a f o r u m fo r a s t r o n g 
c o m m u n i t y o f C a n a d i a n phys ic is ts t o 
attack such a m b i t i o u s top ics as the un i f i -
c a t i o n o f a l l t h e f u n d a m e n t a l 
in te rac t ions . 
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