
Superstring superstars 
by Andre Neveu 

Schematic behaviour of negative 
pion-proton scattering with energy, showing 
first a series of distinct resonances followed 
by a smooth fall-off at higher energies. The 
observed behaviour can be looked at either 
as a series of baryon (proton-like) 
resonances (N) or as a series of meson 
transfers ('exchanges', M). The two 'dual' 
descriptions are fully interchangeable. 

Superstrings are seemingly 
irresistible for physicists in 
search of the Theory of 
Everything', unifying all 
known forces and particles. 
However, as often happens 
in physics, superstrings were 
developed in a very different 
context, and the discovery 
of their remarkable properties 
came only slowly. 

A string is a generalization of the 
concept of a point particle and is 
the simplest extended object c o m 
patible w i th special relativity. Su
perstr ings (short for supersymmet-
ric strings) are the f irst candidates 
for a quantum theory unifying grav
itation w i th s t rong, weak and elec
tromagnet ic interactions and in 
addit ion having some chance of 
describing the real wo r l d . 

However, str ings were not in
vented for such an ambit ious pur
pose, and appeared in a rather 
roundabout way at the end of the 
sixties. In scattering negative pions 
off protons, for example, a series 
of low energy peaks is seen cor
responding to the format ion of 
baryon (proton-like) resonances. 
A t higher energies, the behaviour 
becomes smoother , described 
instead by the transfer ('exchange') 
of the mesons responsible for the 
forces between the pion and the 
proton. It is remarkable that as the 
energy is increased, the denser 
and denser baryon resonances 
conspire to reproduce precisely 
the meson exchange mechanism. 
Similarly, when the energy is de
creased, the mesons reconstruct 
the peaks due to baryon reson
ances. 

This phenomenon is called 'dual
i ty ' , and the f irst theory was pro

posed 18 years ago in a simplif ied 
model , the Veneziano formula, 
containing only mesons, which 
was the historic start ing point for 
str ing theories. 

The theory was quickly general
ized, and it was discovered that 
the set of particles required corre
sponded to the quantized mot ion 
of a relativistic str ing. The shortest 
distance between t w o points is a 
straight line, but f inding the 'short
est distance' between t w o str ings 

involves looking at the relativistic 
analogue of the soap-bubble prob
lem. The solut ion, expressed in a 
suitable f o r m , is precisely the equa
t ion describing the vibrations of a 
piano or violin str ing. 

The simplest mot ion of an open 
free str ing is the rotat ion of a line 
around its centre w i th constant 
angular veloci ty so that its ends 
move w i th the speed of light. Ex
pressing this mot ion in quantum 
fo rm gives a 'Regge trajectory ' — 
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a set of particles whose intrinsic 
angular momentum (spin) increases 
as the square of their mass. 

Interactions between str ings are 
described in a geometr ical w a y — 
t w o open str ings can join by their 
ends to fo rm a single one, wh ich 
can subsequently break in t w o , a 
process which can repeat itself. 
Twe lve years ago, it w a s shown 
that adding up all possible interme
diate str ing conf igurat ions corre
sponds exactly to the summat ion 
over baryon resonances in hadron 
scatter ing. Such a geometr ical the
ory is both beautiful and concep
tually simple. It is also r igid, as 
modif icat ions generally bring 
intractable compl icat ions. 

The simplest str ing is called bos-
onic, because all the particles of 
its spectrum have integer spin. It 
also has the misfortune of giving 
rise to ' tachyons ' — particles 
which travel faster than light. The 
necessary addit ion of half integer 
spin (fermionic str ing), together 
w i th the removal of the tachyons, 
is solved by the so-called Neveu-
Schwarz-Ramond model . 

The bosonic str ing has only orb i 
tal degrees of f reedom, corre
sponding to its posi t ion in space. 
A fermionic str ing also has spin 
degrees of f reedom, which can be 
interpreted as a distr ibut ion of half 
integer spins along the str ing. De
pending on the external (boundary) 
condi t ions, one may have an odd 
number of these spins, giving a 
fermion, or an even number, giving 
a boson. 

To preserve the geometr ical 
simplici ty of the theory and its 
compatibi l i ty w i th relativity, the 
orbital and spin degrees of f ree
dom have to be connected through 
a special symmet ry , called super-
symmet ry , using numbers which 
ant icommute (so that x t imes y 
equals minus y t imes x). Supersym-

metry appeared for the f i rst t ime 
in this way , but wen t on to have 
important applications in other 
branches of physics and in mathe
matics. 

Strings have remarkable proper
ties not shared by theories of ordi 
nary point particles. The mos t 
spectacular is probably that quan
t ization prefers space-t imes of def
inite and rather myster ious d imen
sions — 26 for the bosonic str ing 
and 10 for fermionic str ings, for 
wh ich there exists no simple expla
nation. They also give rise to 
massless particles, wh ich quickly 
made it clear that as such they 
could not fo rm the basis for a fun
damental theory of s t rong interac
t ions, which have no massless 
particles. 

Joel Scherk and John Schwarz 
capitalized on these drawbacks , 
turning them into crucial assets 
for theories w i th quite different 
and much more ambit ious aims. 
They suggested reinterpreting 
them as candidate unified theories 
of all interactions, including gravi
ta t ion, w i th a hitherto unwanted 
massless sp in- two particle in the 
role of the graviton — the carrier 
of the gravitational force. This pa
rallels the history of the so-called 
non-Abel ian gauge theories, devel
oped by Yang and Mills initially for 

use w i th s t rong interact ions, but 
which became more fruitful when 
applied instead to the unification 
of the weak and electromagnetic 
interactions. 

The mass scale of the supers-
tr ing theory then changes f rom the 
GeV scale characteristic of s t rong 
nuclear interactions to the so-called 
Planck scale, 1 0 1 9 GeV, when the 
gravitational interaction of t w o 
electrons becomes comparable to 
their electromagnetic interact ion. 
Scherk and Schwarz also proposed 
that the extra dimensions of the 
theory are 'compaet i f ied ' — curling 
up on themselves like t iny circles 
or spheres invisible at presently 
accessible energies. 

The only observable particles 
are the massless ones. A given 
str ing model predicts a unique 
spectrum of massless particles 
and their interact ions, and among 
them there is always gravitat ion 
and the gravi ton. This is useful not 
only because gravity is unified w i th 
other interactions (which super-
gravity theories also achieve), but 
because it tames the t roublesome 
infinities which crop up when grav
ity, and even supergravity, are 
quantized. Some superstr ing the
ories even manage to avoid infini
t ies completely. 

A l though all these nice propert ies 
were k n o w n or suspected for 
some t ime, they did not tr igger off 
the present boom. It was the dis
covery in 1984 by Michael Green 
and John Schwarz that super-
str ings in ten dimensions which 
naturally distinguish left f rom right 
(like weak interactions) do not 
necessarily present the inconsist
encies generally plaguing such (chi-
ral) theories. 

These inconsistencies (chiral 
anomalies) are absent in super-
str ings if and only if their internal 
symmet ry is either SO(32) (rota-
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t ional symmet ry in 3 2 Euclidean 
dimensions) or the direct product 
of t w o special symmet ry groups 
(E 8 x E 8). The latter case contains 
most symmetr ies already proposed 
for the unif ication of s t rong , weak 
and electromagnetic forces. 

Another promising deve lopment 
concerns the so-cal led eompact i f -
ication procedure, and is due in its 
general f o rm to t w o mathemat i 
cians, Igor Frenkel and Vic tor Kac, 
although the f i rst example w a s 
discovered by a physicist , 
M. B. Halpern. The initial sugges
t ion of Scherk and Schwarz may 
seem arbitrary — wha t governs 
the size and shape of the compact -
ified dimensions? This process 
wou ld also break the rotat ional 
symmet ry in the compact i f ied d i 
mensions to (at best) some much 
smaller discrete crystal lographic 
symmetry . Frenkel and Kac 
showed that this need not be so , 
and that cont inuous internal s y m 
metries can actually be generated 
by cleverly compact i fy ing the un
wan ted dimensions. 

This generation of internal s y m 
metr ies through compact i f icat ion 
is a unique feature of str ing theo
ries, and is a crucial ingredient in 

the, construct ion of candidate 
models . 

Current investigat ions are pro
ceeding in different direct ions. On 
the more formal s ide, str ing theo
ries remain poor ly unders tood, 
lacking the power fu l formal ism of 
convent ional quantum theories. 
More phenomenological ly, it must 
be understood h o w the number of 
d imensions falls f r om ten t o four 
at l ow energies. This reduct ion in 
dimensions determines the spec
t rum of observable particles and 
governs the predict ive power of 
the theory. 

The gap between the ten d imen
sions of superstr ings and the four 
of the real wo r ld is currently 
br idged through a series of s teps. 
First a low energy limit looks only 
at the interactions of massless 
part icles, giving a ten dimensional 
supergravi ty theory in much the 
same w a y that the old picture of 
the weak interaction (the Cabibbo 
theory) w a s the low energy limit 
of t oday ' s e lectroweak theory. 
Then six unwanted dimensions are 
compact i f ied. The Frenkel-Kac 
procedure, wh ich requires a ta -
chyon , does not w o r k for super-
str ings. Instead physicists resort 

t o special six-dimensional curved 
spaces, called Calabi-Yau mani
fo lds , in wh ich superstr ings can 
move whi le retaining their nice 
propert ies. 

Thus compact i f icat ion generally 
gives a wel l def ined four -d imen
sional supergravi ty theory. Super-
symmet ry is then broken dynami 
cally to give particles w i th mass 
(as in the e lectroweak theory, 
where the photon carrier of the 
electromagnet ic force is massless 
but the W and Z carriers of the 
weak force are very heavy). 

The mechanisms for this s y m 
metry breaking and generat ion of 
mass in superstr ings remain ob 
scure, but mos t schemes predict 
one or more addit ional phenomena 
not contained in the Standard Mod
el but wh ich should show up at a 
f e w hundred GeV energy — addi
t ional (electrically) neutral currents 
of the weak interact ion, supersym-
metric partners of observed part i 
c les, and addit ional quarks. 

A lot of theoret ical w o r k is re
quired t o improve the predict ive 
power of superstr ing theor ies, but 
the d iscovery in the meant ime of 
one or another of these new ef
fects wou ld be a great boos t ! 

Around the Laboratories 
BROOKHAVEN 
More spin surprises 

The Brookhaven Al ternat ing Gra
dient Synchrotron supplies the 
wor ld ' s highest energy beams of 
polarized (spin aligned) pro tons 
and is cont inuing the t radi t ion of 
supplying puzzling new results 
when new regions of spin physics 

are explored. 
The Argonne ZGS machine sup

plied a crop of spin results in the 
70s wh ich are still controversial 
today. W h e n this machine w a s 
closed a big effort was mounted 
to produce polarized beams at the 
Brookhaven AGS. The f i rst beams 
were produced in 1984 (see Octo
ber 1 9 8 4 issue, page 328) , at an 
energy of 16.5 GeV, surpassing 
the old ZGS record of 12.75 GeV. 

In February, after several weeks 
of intense operat ions, the AGS 
polarized beam was turned off 
after several weeks of intense phy
sics during wh ich the beam energy 
reached as high as 22 GeV (see 
May issue, page 17). 

First results f r om this w o r k are 
emerging f r o m a study by a Brook
haven / Maryland / Michigan / 
MIT / Notre Dame / Texas A and 
M / ETH Zurich group wh ich uses 
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