
Superstring fever 

The logo of the Symposium on Anomalies, 
Geometry and Topology, held at Argonne 
Laboratory and the University of Chicago 
in March. 

M a t h e m a t i c s and par t ic le p h y s i c s 
have o f t en g o n e the i r sepa ra te 
w a y s in an a t t i t ude o f mu tua l ' b e ­
n ign neg lec t ' , d i ve rg ing in b o t h 
m e t h o d o l o g y and language. Th i s 
u n c o m f o r t a b l e gap w a s b r i d g e d 
t o a un ique degree at t h e A r g o n n e -
Fermi lab-Ch icago s y m p o s i u m o n 
A n o m a l i e s , G e o m e t r y and T o p o -

Jogy , w h i c h t o o k p lace at A r g o n n e 
pnd t he Un ive rs i t y o f Ch icago f r o m 
2 8 - 3 0 M a r c h , and w h i c h h igh ­
l igh ted the n e w o p t i m i s m in s t r i n g , 
and par t icu lar ly s u p e r s t r i n g , t h e o ­
r ies. 

M o r e t han 3 0 0 theo re t i ca l p h y ­
s ic is ts and m a t h e m a t i c i a n s m e t 
t o g e t h e r t o d i scuss p r o b l e m s o f 
cu r ren t e x c i t e m e n t and t o r epo r t 

Superstrings 
As their name suggests, ma­
thematical strings are ex­
tended objects, rather than 
points. 

Supersymmetry is the new 
idea of pairing particles with 
supersymmetric partners. 

*W The known fundamental par­
ticles are conventionally di­
vided into two kinds. First 
there are the fermions 
(quarks, electrons, etc.) which 
make up matter. Then there 
are the bosons (photons, 
gluons, Ws and Zs) which 
carry the forces between the 
particles. Supersymmetry 
says that each matter fermion 
must have a supersymmetric 
counterpart boson, and vice 
versa. Superstrings are the 
supersymmetric partners of 
conventional strings, and 
have ten dimensions. These 
ten dimensions then have to 
be collapsed down to four 
by 'compactification'. 

on recent p r o g r e s s in an a t m o ­
sphere o f r emarkab l y ungua rded 
o p t i m i s m . In an o v e r v i e w , J o h n 
S c h w a r z o f Ca l tech desc r i bed h o w 
supe rs t r i ng theo r ies are n o w m a k ­
ing d rama t i c s t r ides t o w a r d s 
ach iev ing t h e u l t imate goa l o f a 
un i f ied q u a n t u m t h e o r y o f all in ter­
ac t i ons inc lud ing g rav i t y . 

Of c o u r s e , supers t r i ngs are n o t 
i so la ted theore t i ca l c o n s t r u c t s bu t 
si t natura l ly at t he peak o f a large 
p y r a m i d o f theore t i ca l c o n c e p t s 
d e v e l o p e d dur ing the pas t f e w 
yea rs , none s e e m i n g t o be the 
w h o l e t r u t h bu t each hgv ing e le­
m e n t s o f f o r m a l beau ty and as ­
pec t s o f phys ica l real i ty . Severa l 
speake rs at t he S y m p o s i u m ex­
p ressed t h e op in ion tha t w i t h t he 
arr ival o f supe rs t r i ngs , w i n n i n g t he 
theore t i ca l j a c k p o t is no longer a 
d r e a m . 

A un i fy ing t h e m e o f t he S y m p o ­
s ium w a s t he ma thema t i ca l d i sc i ­

pl ine o f t o p o l o g y , w h i c h has in t r i ­
g u e d par t ic le t h e o r i s t s f o r a long 
t i m e . H o w e v e r in t h e last f e w years 
t he genera l re levance o f t o p o l o g y 
t o t he u n d e r s t a n d i n g and c o m p u ­
t a t i o n o f so -ca l led ' a n o m a l i e s ' has 
b e c o m e m u c h m o r e apparen t . 
A n o m a l i e s are sub t le v io la t i ons in 
t he f u n d a m e n t a l s y m m e t r i e s used 
t o bu i ld t h e gauge f ie ld theor ies 
desc r i b i ng t h e f o r c e s o f Nature . 
A r r a n g i n g f o r t h e s e anoma l ies t o 
cance l is i m p o r t a n t in q u a n t u m 
f ie ld t heo r i es . H o w e v e r anoma l ies 
have m u c h b roade r imp l i ca t i ons . 
M o s t recen t l y t h e y have p layed a 
crucia l ro le in d e v e l o p i n g the n e w 
v e r s i o n s o f t h e q u a n t u m s t r ing 
m o d e l . T h e m a t h e m a t i c a l s t ruc tu re 
o f anoma l i es and t he n e w d e v e l ­
o p m e n t s in supe rs t r i ng theo r ies 
d o m i n a t e d d i s c u s s i o n s at t he S y m ­
p o s i u m . 

A n o m a l i e s w e r e d i s c o v e r e d ' l ong 
a g o ' by J a c k S te inberger w h e n he 
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w a s t r y i ng t o ca lcu la te t he d e c a y 
o f t he neutra l p ion in to t w o p h o ­
t o n s , us ing the l im i ted theo re t i ca l 
reper to i re avai lable at t he t i m e . 
A n o m a l i e s have s ince p r o c e e d e d 
f r o m p r o t o n s t o qua rks t o s t r i ngs . 
Relat ive ly s imp le ca lcu la t ions have 
led t o prec ise t h e o r e m s c o n c e r n i n g 
f u n d a m e n t a l phys ica l p r o c e s s e s . 
T h e or ig ina l m a t h e m a t i c a l f o c u s 
o f anoma l ies c o n c e r n e d p rope r t i es 
o f Dirac (hal f - in teger spin) o p e r a ­
t o r s and the re la ted index ( ' handed ­
ness ' ) t h e o r e m s d i s c o v e r e d by 
m a t h e m a t i c i a n s M.F. A t i y a h and 
M . Singer . 

V e r y recent ly it has b e c o m e 
poss ib le t o s t u d y anoma l i es us ing 
t h e s e p o w e r f u l t o p o l o g i c a l t e c h ­
n iques . A s a resu l t , anoma l i es have 
been c o m p u t e d ou t s i de (as in Ed 
W i t t e n ' s d i sc re te gauge anoma ly ) 
t he s t ra i t jacke t o f pe r t u rba t i on t h e ­
o r y w h i c h f o r s o long has h a m ­
pe red f ie ld t h e o r y ; a va r i e t y o f 
anoma l i es in d i f fe ren t s p a c e - t i m e 
d i m e n s i o n s w e r e co r re la ted us ing 
e legan t d i f ferent ia l g e o m e t r y c o n ­
s t r u c t i o n s ; and severa l n e w o n e s , 
inc lud ing the g rav i ta t iona l a n o m a ­
lies (the n o n c o n s e r v a t i o n o f t he 
e n e r g y - m o m e n t u m tenso r ) w e r e 
de r i ved in a genera l c o n t e x t . Th i s 
last d e v e l o p m e n t in t u rn p r o v e d 
cruc ia l in c o m p u t i n g a sub t le 
gauge-g rav i ta t i ona l a n o m a l y c a n ­
ce l la t ion in the in t r igu ing super -
s t r i ng t h e o r y o f J . S c h w a r z and 
M . Green . Th is recen t l y d i s c o v e r e d 
cance l la t ion o p e n e d t he d o o r t o 
t he d rama t i c d e v e l o p m e n t s and 
in tense ac t i v i t y w h i c h led t o t he 
n e w resu l ts r e p o r t e d at t he S y m ­
p o s i u m . 

W h i l e t he S y m p o s i u m c o n c e n ­
t r a t e d on supe rs t r i ngs , t he re w e r e 
a lso m a n y o ther h igh l igh ts . T h e 
in tense level o f i n te rac t ion b e t w e e n 
m a t h e m a t i c i a n s and phys i c i s t s w a s 
cer ta in ly a no tab le f ea tu re . A t i y a h 
r e m a r k e d 'I used t o t h i nk m a t h e -

Mathematician I. Singer delivers his plenary 
talk. The Symposium succeeded in getting 
mathematicians and physicists to talk the 
same language. 

mat i c ians and phys i c i s t s w e r e v e r y 
d i f fe ren t . Phys ic is ts w e r e inter­
e s t e d in f o u r d i m e n s i o n s on ly and 
never in unusual cases wh i l e m a ­
t h e m a t i c i a n s w e r e a l w a y s inter­
e s t e d in genera l n u m b e r s o f d i m e n ­
s ions and t he unusual c a s e s ' . He 
n o t e d t ha t th ree b ranches o f m a ­
t h e m a t i c s — index t h e o r e m s , c o m ­
plex m a n i f o l d s , and K a c - M o o d y 
a lgebras — are all p lay ing a ro le 
in cur ren t s t r i ng t heo ry . He a lso 
t r aced t he h i s to ry o f anoma l ies in 
re la t ion t o t he index t h e o r e m s , and 
gave a genera l d i scuss ion o f m a ­
thema t i ca l ideas (spect ra l f l o w ) 
needed f o r t he n e w phys i cs app l i ­
ca t i ons . 

A ma jo r f o c u s o f t he S y m p o s i u m 
w a s the ma thema t i ca l s t ruc tu re o f 
anoma l i es , w h i c h p r o v i d e d an inter­
es t i ng p o i n t - c o u n t e r p o i n t b e t w e e n 
phys i c i s t s and ma thema t i c i ans . 

Ed W i t t e n p resen ted an ana lys is 
o f g loba l (rather t han local) a n o m a ­

lies w h i c h c o u l d p r o v i d e add i t i ona l 
res t r i c t i ons o n t h e theo r ies . He 
s h o w e d t ha t t h e s e d o no t app ly 
t o t he supe rs t r i ng t h e o r y bu t m a y 
be i m p o r t a n t f o r t he ' c o m p a c t i f i - x 

c a t i o n ' o f t h e ex t ra d i m e n s i o n s o f 
t he t h e o r y . R o m a n J a c k i w s u m ­
mar ized t o p o l o g i c a l aspec t s o f 
anoma l i es in de f in ing q u a n t u m 
gauge f ie ld t heo r i es . 

J.R. Schr ie f fe r p r o v i d e d the c o n ­
d e n s e d - m a t t e r phys i c i s t ' s v i e w ­
po in t , and r e p o r t e d o n s o m e e x a m ­
ples (such as the so l i t ons o f po l y -
ace ty lene or t he f rac t iona l cha rges 
o f t he q u a n t u m Hall e f fect ) w h i c h 
are ac tua l ly o b s e r v e d . His ta lk 
s h o w e d t ha t here indeed w a s real 
phys i cs . (Fract ional charges are a 
charac te r i s t i c f i ngerp r in t o f a n o m a ­
lies). 

In a s o m e w h a t d i f fe ren t v e i n , 
G e r a r d ' t H o o f t p resen ted his w o r k 
on b lack ho les and a rgued tha t a 
n e w phys ica l p ic tu re o f t he ' in ter -
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Organizers Bill Bardeen (Fermilab) left, and 
Alan White (Argonne) resplendent in 
Symposium tee-shirts. Also on the 
organizing committee were P. Freund and 
Y. Nambu of Chicago and E. Braaten of 
Northwestern University. 

(Photos Argonne) 

ior ' o f a b lack hole m a y be neces ­
sary f o r a cons i s t en t i n t e rp re ta t i on 
o f H a w k i n g rad ia t ion . He a lso t o o k t t he role o f dev i l ' s a d v o c a t e in 

3 even ing panel d i s c u s s i o n by 
p o s i n g the ques t i ons a s k e d by t he 
' a v e r a g e ' phys ic i s t w h e n f i r s t ex ­
p o s e d t o s t r ing ideas. 

Th i s S y m p o s i u m m a y w e l l be 
r e m e m b e r e d as the f i r s t m e e t i n g 
w h e r e supers t r i ng phys i cs e m e r g e d 
as a t h e m e f o r t he ent i re p h y s i c s 
c o m m u n i t y . L ike m a n y o the r suc ­
cess fu l t heo r i es , s t r i ngs s t a r t e d 
o n t he w r o n g t rack . T h e e lec t ro -
w e a k gauge t h e o r y , f o r e x a m p l e , 
s t e m m e d f r o m the m o n u m e n t a l 
e f f o r t s o f Y a n g and Mi l ls w h o 
s o m e t w e l v e years p rev ious l y had 
t r i ed t o d e v e l o p a f o r m a l i s m f o r 
s t r o n g in te rac t ions . 

S t r ing theo r ies w e r e f o r m u l a t e d 
in 1 9 7 0 by Y . N a m b u and o t h e r s 
as an e legant cod i f i ca t i on o f t he 
dual resonance s t ruc tu re o f t he 

s t r o n g in te rac t ion m e c h a n i s m . O t h ­
er a t t e m p t s f o l l o w e d , but it s o o n 
b e c a m e clear tha t t he f u n d a m e n t a l 
s t r ing t h e o r y cou ld no t be rega rded 
as a sa t i s f ac to r y m o d e l o f s t r o n g 
in te rac t ions . 

T o c o m p r e s s u n w a n t e d d i m e n ­
s i ons , t he w o r k o f Kaluza and 
K le in , car r ied ou t 6 5 years a g o , 
w a s resu r rec ted . T h e n s u p e r s y m ­
m e t r y appea red on the scene (see 
the ar t ic le by Bruno Z u m i n o in t he 
J a n u a r y / F e b r u a r y 1 9 8 3 issue , page 
18). But s t r i ngs langu ished in t he 
w i l d e r n e s s . T h e y s e e m e d t o be 
w i t h o u t phys ica l app l i ca t ions . 

In 1 9 7 4 , J . Scherk and J o h n 
S c h w a r z dec ided t o app ly s t r i ngs 
t o a to ta l l y d i f fe ren t p r o b l e m , t he 
q u a n t u m t h e o r y o f g rav i t y . T h e 
re lat iv is t ic s t r i ng con ta ined a m a s s -
less , sp in t w o exc i ta t i on w h i c h 
w a s no g o o d f o r s t r o n g in terac­
t i o n s bu t cou ld be ident i f ied as t he 
g r a v i t o n , t h e q u a n t u m o f t he g rav ­

i ta t iona l f i e l d . T h e s imp les t t e r m s 
f o r ca lcu la t ing t he sca t te r i ng o f 
th is m a s s l e s s q u a n t u m w e r e 
s h o w n t o agree w i t h t h o s e de r i ved 
f r o m E ins te in ' s t h e o r y o f g rav i t y . 

In 1 9 7 6 , F. Gl iozzi , Scherk and 
D. Ol ive real ized tha t f e rm ion i c 
s t r i ngs cou ld p r o d u c e a s u p e r s y m ­
met r i c t h e o r y ifi t e n d imens iona l 
s p a c e - t i m e . Supe rs t r i ngs w e r e 
b o r n . The i r p rope r t i es s u g g e s t e d 
t ha t supe rs t r i ng t h e o r y m igh t suc­
ceed w h e r e f ie ld t h e o r y had fa i led . 
A c o m p l e t e s t r i ng t h e o r y is n o w 
env i saged as inc lud ing all in terac­
t i o n s o f t he un iverse — seen and 
unseen . 

T h e b r e a k t h r o u g h ach ieved in 
supe rs t r i ng t h e o r y and the impac t 
o f t h e S y m p o s i u m can pe rhaps be 
s u m m a r i z e d by t he f o l l o w i n g c o m ­
m e n t s . M i k e Green r e m a r k e d 'I 
fee l t he s y m m e t r y g r o u p s f o u n d 
fo r t he supe rs t r i ng are ve ry i m p o r t ­
ant bu t I a m no t ye t c o n v i n c e d tha t 
one par t icu lar supe rs t r i ng t h e o r y 
is c o r r e c t ' . Ed W i t t e n c o m m e n t e d 
' th is w a s t he f i r s t w i d e l y a t t e n d e d 
con fe rence s ince t he (superst r ing) 
r evo lu t i on . Be fo re th is mee t i ng the 
s ign i f i cance o f t he d e v e l o p m e n t s 
had no t real ly sunk in f o r m a n y 
p e o p l e ' . Dav id Gross e x p r e s s e d 
the g rea tes t o p t i m i s m and sa id ' i t 
is remarkab le h o w easi ly recogn iz ­
able f ea tu res o f phys i cs e m e r g e 
f r o m supe rs t r i ngs . W h i l e I d o n ' t 
be l ieve w e have ye t f o u n d the r ight 
r ou te , the re appear t o be no insu­
perab le o b s t a c l e s t o der iv ing all 
k n o w n phys i cs f r o m the E8 x E8 
he te ro t i c s t r i n g ' . 

From A.R. White and C.K. 
Zachos, Argonne, and W.A. Bar­
deen, Fermilab. 
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