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T or B cell markers on their surfaces 
(Brown et al., Lancet, H, 753; 1974), 
and there have been many studies of 
HL-A antigens in patients with lym
phomas; but we are far from under
standing the complexity of their inter
action with other systems such as the 
sex-linked locus postulated by Purtilo 
et al. In vitro assays, such as that 
recently reported by Greenberg, Gray 
and Yunis (J . exp. Med., 141, 935; 
1975) will undoubtedly play an im
portant part in this work. 

Quark soup, 
with glue 
from W. T. Toner 

IF nuclear matter is made of quarks, so 
are neutron stars. If the quarks move 
freely as long as they remain close to 
each other in the neutron, then they must 
move freely in the centre of neutron 
stars where the density is a hundred to a 
thousand times greater than that of the 
neutron itself. So argue Collins and 
Perry in a recent issue of Physical Review 
Letters (34, 1353, 1975). 

The fractionally charged quark is still 
the simplest realisation of the abstract 
logic shown by group theoretical analyses 
of the spectroscopic patterns made by 
more than a hundred strongly interacting 
particles. Although all models have their 
problems, a remarkably successful fit can 
be obtained by considering quarks which 
are light and move freely in a potential 
well. This might be thought coincidental 
were it not for the evidence of experiments 
in which leptons (electrons, muons and 
neutrinos) scatter from the nuclear 
matter of neutrons and protons. In 
violent collisions, these electromagnetic 
and weak probes measure the degree of 
concentration of electromagnetic or weak 
charge in the strongly interacting target: 
ll.p is large and since 11p.l1x ~ li, ll.x is 
small. If the target is allowed to break up, 
its mass during and after the collision 
need not be precisely defined and 11£ in 
11E./1t ~ li can be large, 11t small. Violent 
inelastic collisions can thus be said to 
measure the instantaneous degree of 
concentration of charge. As is by now 
well known, the data show the large and 
'scaling' cross section characteristic of the 
scattering from quasi-free point charges 
or 'partons'. The numerical values are 
most simply understood by assuming 
that the partons are the same fractionally 
charged, freely moving quarks that. 
account for the spectroscopy. They seem 
free so long as we look quickly. 

But our best efforts to produce quarks 
have failed, so how can they be thought to 
be real? There is no refuge in the abstrac
tions of the algebra of currents since any 
theory which describes the data turns 
out to have the character of a free field 

theory, and free fields mean free particles, 
or quasi-particles at the least. 

The theorist is required to invent a 
glue to bind the quarks with the property 
that if they try to move too far apart 
the restoring force becomes very large, 
possibly infinite. But the closer they get 
together, the weaker it becomes: the 
quarks are asymptotically free. Such 
theories are being developed and some 
even have the very desirable properties 
of gauge invariance and renormalisability. 
Particle physicists are so used to forces 
which increase at short distances that 
they find such a behaviour peculiar and 
the talk of 'quark confinement bags' hard 
to swallow, although analogies in other 
branches of physics are not hard to find. 
Consider the electrons in a metal, liberated 
from the strong binding forces of their 
own atom by the proximity of others and 
able to migrate under the influence of 
infinitesimal .potential differences until 
they reach the surface, where they meet 
a potential wall several volts high. Closer 
to home, there is the independent particle 
model of the nucleus. 

If the long-range force binding quarks 
in elementary particles is not just large, 
but infinite, so that quarks can never be 
observed directly, it will be extremely 
difficult to verify an asymptotically free 
theory. The predictions are likely to 
depend as much on the values of the 
parameters as on the essential correctness 
of the ideas. For example, the simple 
prescription for electron-positron anni
hilation that the cross section is given by 
the sums of the squares of the quark 
charges is only valid in the asymptotic 
region, and where might that begin? It 
would be invaluable to have independent 
confirmation of the asymptotically free 
quark picture from a qualitatively different 
situation. 

Collins and Perry argue that in the 
enormously dense matter at the centre of 

A hundred years ago 
IN an article in the July number of 

Symons's Monthly Meteorological 
MaRazine, on the French floods, is an 
interesting calculation which will give 
Londoners some idea of what a "flood" 
means. Supposing we had a flood in 
the Thames, it would cover on the 
south bank, the whole of Battersea 
Park, Lambeth, Southwark, Bermond
sey, and Deptford; and on the north 
bank, Fulham, Chelsea, Brompton, 
Belgravia, Westminster, and St. James's 
Park; while, as for the new embank
ment, a steamer might ply over the 
top of it. 
from Nature, 12, 261; July 29,1875. 
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neutron stars the strongly interacting 
neutrons must overlap to such an extent 
that the strong, long-range forces
whatever their precise nature-will be 
screened and the quarks will no longer be 
confined to one group. They will interact 
rather weakly with each other and should 
move freely as if in a superdense gas or 
'soup'. Since many of the properties of 
gases depend on correctly counting the 
number of independent states, their 
results differ from those of theories in 
which the neutrons and other composite 
strongly interacting particles make up the 
soup. Because the short-range forces 
which remain are weak, they should be 
calculable by perturbation (power series) 
methods. Detailed examinations of cos
mological and astrophysical questions 
will be made in future papers. 

Rabies 
from Arie J. Zuckerman 

THE two unassociated recent deaths 
from rabies in London underline the 
fact that even with modern intensive 
medical treatment there is little chance 
of recovery. Rabies is not declining in 
prevalence; on the contrary it is spread
ing, especially among wild animals 
(Nature, 242, 228; 1973). The current 
outbreak in Europe is advancing in 
France along a front nearly 800 km 
long at a rate of about 30 km a year 
(Nature, 251, 663; 1974). 

Rabies virus is classified as a member 
of the rhabdovirus group, which in
cludes a diverse collection of bullet
shaped RNA viruses from mammals, 
reptiles, fish, insects and plants. The 
virus particles contain two distinct 
major antigens, a glycoprotein from the 
virus membrane and an internal nucleo
protein antigen. The glycoprotein 
antigen elicits the formation of virus
neutralising antibodies which afford 
protection in animals against sub
sequent challenge with rabies virus. The 
same antibodies are probably also pro
tective in man (WHO Techn. Rep. Ser., 
No. 523; 1973). Complement-fixing and 
precipitating antibodies to the nucleo
protein are devoid of Ylirus-neutral~sing 
activity. The role of cell-mediated im
munity in protection is as yet undeter
mined, but it may be crucial in the 
exposed individual. 

Rabies virus is transmitted by con
tact, commonly through a bite. Human 
infection is usually acquired by bite 
but infection by aerosol has resulted 
from natural and laboratory exposure 
(the latter during vaccine preparation), 
and there is also some evidence of oral 
infection and aerosol contact in 
animals. The incubation period is 3 to 8 
weeks. The virus spreads from the site 
of introduction to the central nervous 
system along the peripheral nerves. 


	Quark soup, with glue



