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The quark-parton language for explain-
ing the deep inelastic phenomena is gene-
rally accepted by now.” Apart from the
‘valence’ quarks (x, # and d) needed
for taking account of the observed quan-
tum numbers of the proton, one needs a
large or even infinite number of partons-
sea-quarks.”  Several experiments tend
to show® that the masses of the valence
quarks, # and d, can be taken to be rather
small, of the order of a few MeV. In fact,
some of the unified models for strong,
electromagnetic and weak interactions
suggest identification of quarks with lep-
tons.*”  Unlike the leptons, however, the
quarks-partons presumably interact by ex-
changing gluons, thus generating the
strong interactions. The gluons are as-
sumed to be massless vector bosons, their
coupling strength depending on the ener-
gy-momentum of the partons. Deep inelas-
tic phenomena are then explained by us-
ing ‘asymptotic freedom’, the coupling
becoming weaker in the limit of large
momenta (small distances). The non-ob-
servance of free quarks is expressed as
‘infra-red slavery’, the interaction becom-

ing strong at low momenta (large dis-

tances), thus giving rise to quark con-
finement.”
The question then arises as to the large
observed mass of the proton (compared
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to that of the electron), when the con-
stituents themselves are small mass. More-
over, a cloud of partons undergoing at-
tractive interactions via gluonic exchanges
would collapse. In analogy with the clas-
sical Lorentz-Poincare-Abraham model for
the electron, one would need a kind of
pressure to balance this collapsing force
and thus make the proton stable, as ob-
served.

We present here a simple model for the
proton wherein the proton is described
as a miniature ‘white dwarf’, the Fermi
pressure of the parton gas balancing the
attractive gluonic interaction. Itoh® has
considered a model for the quark stars
where the hydrostatic equilibrium condi-
tions are imposed on a degenerate quark
gas. In his case, it was the gravitational
interaction balancing the pressure of the
degenerate gas. To us, it seems more
reasonable to take account of the strong
interaction due to gluonic exchange and
neglect the gravitational interaction be-
tween the light partons.

The light partons (mass of the order
of a few MeV at most), confined in a
region of the size of the proton, can be
described as constituting a degenerate
ultrarelativistic Fermi gas. The expres-
sions for the pressure and the energy of
such a gas are well-known to be given by:
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where ¢ is the energy density and V is
the volume. E is obtained, as usual by
integrating over the phase space. Essen-
tially similar equations of state for the
quark gas have been used in the litera-
:®  One thus gets, for the pressure
of such a gas, the relation

ture.
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where N is the number of the partons in
the proton and R is the radius of the
spherical proton. The gluonic interaction
can be approximated by a 1/r Coulomb
like attractive potential,” at least for small
distances. Thus we can write for the
energy density (pressure) of the gluonic
interaction for a gas of N partons:

NS
167 R* NE, @
where ¢ denotes the coupling constant.
Equating (3) and (4) for a stable pro-
ton, we get
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This result is independent of R, the size
In the spirit of the unified
strong-electromagnetic-weak

of the proton.
interaction
models, §°/c#i should asymptotically tend
to the value «, where a=(e?/ch) is the
electromagnetic fine structure constant.
Thus, we get
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Therefore, one would need about 1700 par-
tons for a stable proton. This is very
close to the observed proton to the electron

mass ratio, thus suggesting the equality

of the parton mass with the electron mass. *

This is consistent with the idea of quark-
lepton identification.

It is interesting to note that the mass
of the proton turns out to be approxima-
tely a¥? times the mass of the electron
in our model. In the case of the usual
white dwarf stars,'® where the gravita-
tional interaction balances the degenerate
Fermi gas pressure, the equilibrium
Chandrasekhar mass is of the order of
g ? times the proton mass, where o
is the gravitational fine structure constant
(=Gm?*/cti=10"*, m being the mass of
the proton).
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