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NEWS AND VIEWS 

the fastest state-of-the-art conventional 
supercomputers. 

Now A. Vaccarino et al. 1 from 
Columbia University report the results 
of a simulation on an even larger spatial 
lattice (163 x4), using a custom-made, 
16-gigaflop superdupercomputer ( a 
16X16 grid of fast-array processors) run 
continuously for many months. These 
calculations were made with physical 
quark masses (5-10 MeV). Although the 
new result alone does not quite decisive
ly rule out a first-order transition, such a 
conclusion can be drawn by combining it 
with the earlier result6 and applying a 
finite-size scaling test. The crucial evi
dence is that the susceptibilities of the 
order parameters do not increase from a 
123 to a 163 lattice (see figure on pre
vious page) whereas one would expect 
an increase proportional to the spatial 
volume - by (16/12)3 or 2.3 times - if 
the transition is of first order. 

There now seems no possibility for 
even a mildly discontinuous, second
order phase transition for physical QCD. 
Although theoretically the transition in 
the two-flavour, zero-mass limit could be 
either of second or first order, a second
order transition is unstable against the 
perturbation which breaks the chiral 
symmetry responsible for the phase tran
sition and it disappears as soon as the 
quark mass is turned on. Only a strong 
first-order transition would survive the 
perturbation of a finite quark mass. 

Thus for just two flavours of physically 
realistic light masses corresponding to 
the up and down quarks there is no 
first-order transition. In principle. the 
strange quark (the next lightest after the 
up and down), were it light enough, 
could cause a first-order transition as the 
system approaches the behaviour of the 
sigma model. This is unlikely. as its 
mass (about 150 MeV) is too heavy to 
enhance the relevant chiral transition. In 
fact, the Columbia simulation with a 
strange quark put in the system showed 
that the situation remains unmodified, 
unless the mass of the strange quark is 
unphysically small2

. 

The Universe progressed, it seems 
then, from a quark soup to the familiar 
hadron gas gradually; the nearly free 
quarks gradually congealed and even
tually found themselves as they are to
day, completely confined in their hadro
nic bags. This means for example that 
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FOR those jaded by the sight of the 
C60 fullerenc rolling across the pages 
of every other journal, the carbon 
structures described by Sumio lijima 
on page 56 of this issue may provide 
a welcome change. He shows that the 
arc-discharge apparatus used for ful
lerene synthesis can, under certain 
conditions, produce needle-like tu
bules of graphitic carbon, up to a 
micrometre long and a few nano
metres across, consisting of coaxial 
tubes nestling inside one another. 
These tubules reveal a new dimension 
to carbon's capacity for forming finite 
structures. 

The needles grow on the cathode of 
the discharge apparatus with their 
axes aligned along the direction of the 
electric field, implicating the presence 
of the field in the formation mechan
ism. Following her studies of other 
forms of filamentary graphitic carbon, 
Mildred Dresselhaus has proposed 
previously that graphite sheets might 
curl up into tubes, but electron diffrac
tion and microscopy of lijima's struc
tures indicate several surprising fea
tures. The coaxial tubes in a single 
needle adopt radii that allow a spa
cing between sheets almost identical 
to that in graphite, and the ends of 

the standard model of nucleosynthesis in 
the early Universe, which neglects the 
effects of small-scale inhomogeneities, 
does not need modification for effects of 
QCD-induced bubbles7

• (Of course, 
bubbles could still arise from even ear
lier events, but these tend to have a 
smaller spatial scale and more limited 
long-term effects.) 

It is important to note that the results 
of these calculations do not apply to the 
material in neutron stars nor to high
energy heavy-ion collisions ( currently 
being investigated at CERN and 
Brookhaven) in which QCD phase tran-

the needles are neatly sealed by caps 
which may be hemispherical, conical 
or faceted (as shown above). There
fore, like the fullerenes, the tubes are 
closed shells, albeit elongated with 
sturdy, laminated walls constructed 
from thousands of atoms. 

Furthermore, each tube exhibits a 
helical twist, with rows of hexagons 
winding around the central axis. lijima 
believes that this twist plays an 
essential part in the growth mechan
ism by ensuring that each successive 
carbon hexagon is added in a way that 
maintains regular axial growth, like 
adding steps to a spiral staircase. 

When lijima presented his results at 
the recent Symposium on the Physics 
and Chemistry of Finite Systems (Rich
mond, Virginia, 8-12 October 1991) 
there was no shortage of speculation 
about their implications. Could other 
atoms be trapped inside these tiny 
capillaries during formation, or could 
they be cracked open to pour such 
atoms inside? Might they be semicon
ducting, like graphite? The perfect 
crystallinity suggests high mechanical 
strength along the axis; needles 
grown to macroscopic lengths might 
constitute vastly superior carbon 
fibres. Philip Ball 

sitions may be sought. The early Uni
verse, in which there were nearly equal 
numbers of particles and antiparticles in 
equilibrium with a hot bath of radiation, 
was an environment with an exceedingly 
high entropy. Realistic calculations for 
the colder. high-density environments 
accessible to observation, are beyond 
present computational capacity. D 
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