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Theoretical physics 

Quantum tunnelling towards 
an exploding Universe? 
from Malcolml. Perry 

TH E discovery that superstring theory 
might enable one to form a consistent 
quantum theory of gravitation unified 
with the other fundamental forces - the 
strong, weak and electromagnetic inter­
actions of matter - has generated an ex­
citement in the theoretical physics com­
munity unparalleled since the invention of 
quantum electrodynamics (see Green, 
M.B. Nature 314, 409; 1985 for a review of 
recent superstring theories). Neverthe­
less, string theory does not yet yield a 
complete picture of the physical world as 
we know it. One problem is that it predicts 
that the Universe has either 10 or 26 
space-time dimensions, in contrast with 
the 4 space-time dimensions in which we 
seem to live. What is the fate of the re­
maining 6 or 22 dimensions? 

The idea that space-time has more than 
four dimensions was originally explored 
by Th . Kaluza and O. Klein during the 
1920s. These authors produced a unified 
classical theory of gravitation and electro­
magnetism in which space-time was five­
dimensional , being the product of a circle 
of very small spatial extent and an ordin­
ary four-dimensional space-time . In this 
theory, the fundamental unit of electrical 
charge e is related to the circumference I of 
the Kaluza-Klein circle by 

I = ~V64JtlG 
where G is Newton's constant. Thus, in 

this theory, I = 2.3 X 10-11 cm. The theory 
has the advantage of predicting that elec­
tric charge is quantized. To probe such 
short distance scales , and hence to ob­
serve them directly , would require incred­
ibly large energies of about 10" GeV. 
Thus, we need never worry about the fifth 
dimension in ordinary experiments. But 
this simple model turned out to be unreal­
istic because it predicts that charged par­
ticles must be very massive, again ~ 1019 

GeV. But a beautiful feature ofthe theory 
was that it was based purely on five­
dimensional general relativity, only 
adding the assumption that space-time 
was partially wrapped up . 

Today, a Kaluza-Klein theory refers to 
any model in which space-time is partially 
compactified, making some dimensions of 
small spatial extent. These small 'com­
pact' dimensions will always be hard to 
observe directly, but they have profound 
indirect consequences . This compactifica­
lion is presumably required in string 
theory. In the original Kaluza-Klein 
example the circle gave rise to electro­
magnetism. In more complicated ex­
amples based on M"I x ~('" , where MI') is 
the large four-dimensional space-time and 
~Idl is a d-dimensional compact space, the 
isometry group of ~ manifests itself as the 
low-energy gauge group of a Yang-Mills 
theory (a relativistic point-field theory). 
Thus, in the original example, the iso-

Strings, strings and, ultimately, strings 
ONLOOKERS might be forgiven for con­
fusion or even irritation at the appar­
ently growing tendency of cosmologists 
and high energy physicists to invoke 
wrapping fibre when attacking funda­
mental problems. Here are the three 
types so far applied: 
1. Strings - as in 'strings of galaxies' , 
Purely descriptive, although with imp­
lications for processes of galaxy format­
ion (see Silk, J. Nature News and Views 
320, 12; 1986). 
2. Strings - as in 'cosmic strings'. 
Loops or strands of 'vacuum defects' 
resulting from interactions between 
regions of different vacuum ground­
state energy in the very early Universe 
as it cooled. These structures would be 
of sub-microscopic thickness and cos­
mic length (see Hogan, C. Nature News 
and Views 320, 572; 1986). 
3. Strings - as in 'superstrings'. En­
tities about 10-35 m long: the smallest 

scale so far considered by theorists. 
Observable particles correspond to 
fundamental modes of superstring vib­
ration. When set in to-dimensional 
space-time certain types of superstring 
solve many problems afflicting previous 
attempts to unify gravity with the other 
forces. General relativity and the 
'grand unification' of the strong and 
electroweak forces appear as 'low' 
energy approximations in this context 
(See de Rujula, A., opposite page and 
Perry, M.J., above). 

Only the first type of string is known 
to exist but all are stimulating those in 
the game. For example, superstrings 
may change our ideas about transitions 
wherein forces decouple. An extremely 
speculative gleam in the eyes of true 
cat's cradlers is that strings (1) were 
precipitated with the help of strings (2) 
generated at a transition associated 
with strings (3). Philip Campbell 

metry group of the circle Sl is U(l) . We 
can generate many gauge groups in this 
way , for example SO(n) emerges if ~ is 
sn-I, and SU(n) emerges if ~ is cpn-I. In 
all cases we get a Yang-Mills-type theory 
with a coupling constant g inversely pro­
portional to the linear dimensions of the 
compact space. The difficulty with such 
theories is that there is usually no natural 
mechanism to make space-time look like 
M141 x ~ld) , as opposed to M(6) x ~(d-2) or 
MI4+dl

. If there are solutions that look four­
dimensional on large scales, one can argue 
that such a space-time is appropriate and 
perfectly satisfactory. Such an anthropic 
argument is unconvincing because there 
are other equally plausible solutions that 
do not correspond to the Universe as 
we observe it. 

So far, I have based the discussion on 
classical mechanics. Recently, E. Kolb 
and J. Frieman (Phys. Rev. Lett. 5, 1435; 
1985) have shown that when quantum 
mechanics it taken into account, such an 
argument loses all its appeal. They ob­
serve that although a space-time of the 
form M I

') x ~(d) may well exist, a solution 
of the field equations looking like M 4+d) 

will also usually exist. M"d) is typically a 
(4+d)-dimensional version of de Sitter 
space, a maximally symmetrical space­
time, whose spatial extent is exponentially 
expanding on a timescale T. Classically, a 
transition from one type of solution to the 
other is forbidden by the existence of a 
large potential barrier. In quantum­
mechanical terms, parts of the Universe 
can tunnel from the desired state to a 
(4+d)-dimensional de Sitter space. The 
probability of a transition per unit volume 
per unit time is calculated to be 

r ~) exp (-cr'/l~) 
p 

where Ip is the Planck length (typical of 
gravitational phenomena) 1.6 x 10-" em 
and c is a constant. Both are determined 
by the detailed dynamics of the theory , 
but typically 1 .:; c.:; 100 and r is around 1 
to 10 Planck times. (One Planck time is 
the time taken for light to travel one 
Planck length, and is 5.3 x 10-44 s.) 

Thus , if c and r have appropriate 
values , we can live in state which is M (4

) x 
~Id) and can be reasonably certain that we 
will remain there for several times the 
observed age of the Universe. But it is 
possible that c and r are such that r 
becomes so large that it is likely to tunnel 
into a state in which the Universe is M(4+d). 

Here , space would be 3+d-dimensional, 
expanding exponentially on the very short 
timescale r. This unfortunate catas­
trophe would , like all quantum phenom­
ena , occur completely at random. A cal­
culation of c and r in string theory then 
presents an interesting challenge. 0 
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