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Ambartsumyan and Saakyan® initiated
the study of the degenerate superdense gas
of elementary particles taking into account
various hyperons. Afterwards many authors®
have investigated hyperon stars further
either by adding newly discovered element-
ary particles or by assuming some inter-
actions between these elementary particles.
A primitive and straightforward question
then arises: What state occurs at the
density higher than hyperon stars? No one
can answer this question now, as our knowl-
edge of strong interaction physics is very
incomplete.

If a baryon consists of some fundamental
particles, it may be possible that unbound
fundamental particles will exist in the in-
terior of superdense stars. Ivanenko and
Kurdgelaidze® suggested the existence of
a quarkian core in the interior of hypo-
thetical super-stars of very large mass. In

this note we shall investigate the hydro-
static equilibrium of quark stars by the
method of Oppenheimer and Volkoff as-
suming the conventional quark model.”
The interaction between quarks is not well
known at present, therefore, we shall neg-
lect the interaction between quarks. This
assumption is not permissible near the
normal nuclear density, for quarks are con-
sidered to interact each other strongly at
this density.

For the statistical property of quarks, we
shall consider two alternative possibilities,
namely para-fermi statistics of order g=3%
and fermi statistics. The equation of state
for completely degenerate fermions” can be
readily extended to a para-fermion case
with the mass m. One quantum state can
be occupied by less than or equal to g
para-fermions. Putting ¢=1, we have the
usual fermion case. The ratio of the limit-
ing momentum p, to mc, x=p,/mec, is re-
lated to the number density of para-fermions,
n, by

8rmic?
n=g~grs—z" ®
The pressure is given by
n-m'! 5
P=¢ g5 f(2) @

with the function
S(x) =x(22*—3) (*+1)!/2+3 sinh-'z. (3)
The internal energy of the gas Ui, is
given by
Uiin= q%:cng (x), @
where
9(x) =8z {(L+1"*~1} —f(x). (B)

We shall consider a quark star consisting
of an equal amount of %, d and s-quarks
for simplicity. The condition of the charge
neutrality is fulfilled in this case. We shall
further assume that the masses of three kinds
of quarks are equal and treat them as non-
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interacting particles. The macroscopic
energy density of a quark star is given by

3N, am,tc’
pq = ?bchz + 3‘]—3';:3—9 (xq) ’ (6)

where N,/V is the baryon number density.
The value x, is related with N,/V by

N, 8nm,2c?
Pete o

On the other hand, we have an expression
for the pressure:

nm,tcd

The situation is quite similar to that of
Oppenheimer and Volkoff. The unit of
mass in our case is

1 (hr ¢
GG e O

where G is the gravitational constant. In
Fig. 1, the mass and the central baryon
number density relation for quark stars is
shown in the case of para-fermi statistics
of order ¢g=3 and fermi statistics. For the
numerical calculation the mass of a quark
was assumed to be 10 GeV/c2. .

It is noticeable that the order of magni-
tude of the mass of quark stars is 10-*Mg.
The fact that the maximum mass of quark
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Fig. 1. The relation between the mass of quark
stars and the central baryon number density.
Two curves correspond to the case of para-
fermi statistics of order ¢g=3 and the case
of fermi statistics.

stars is much less than the maximum mass
of neutron stars, which is the order of
magnitude of 1Mg, shows that masses larger
than the maximum mass of neutron stars
are not permissible in the hydrostatic equi-
librium even at higher densities and will
do a gravitational collapse.

The author wishes to express his sincere
gratitude to Professor C. Hayashi for his
encouragements. He also thanks Dr. H.Sato
for his illuminating comments on the idea
of the hydrostatic equilibrium of quark
stars.
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