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The stationary cylindrically symmetric cluster of many gravitating masses
moving in circles perpendicular to the axis of symmetry described by Ray-
chaudhuri and Som (1962) is considered. The emission of neutrinos from
within the cluster has been discussed. It has been shown that neutrinos
emitted radially in any plane z = constant of the cluster escape to infinity.

1. INTRODUCTION

The gravitational field of an isolated massive body with spherical symmetry
is given by the Schwarzschild exterior solution,
2
m
(1 B 2r)

(1_:_%1) dr? ..(1.1)

where m is the gravitational mass of the body. The field is singular at the sur-
face r = m/2 which is known as the surface of the Schwarzschild singularity. In
order to study the existence of this singularity for the fields of physical reality
Einstein (1939) constructed a spherically symmetric cluster of particles of equal
masses moving in concentric circular orbits around the centre of symmetry under
the influence of the gravitational field preduced by z2ll of them together. It was
found that the matter cannot be concentrated arbitrarily and for a cluster of a
given gravitational mass m the particles of the cluster were constrained to move
beyond a certain critical distance > m/2 (2 + 4/3). This fact led to the conclu-
sion that the Schwarzschild type singularitics do not exist in physical reality,
Raychaudhuri and Som (1962) studied a stationary cylindrically symmetric cluster
of particles of equal masses moving in circles perpendicular to the axis of
symmetry under the influence of the gravitational field produced by all of them
together. A number of specific solutions for the interior of the cluster were
deduced and it was emphasized that the investigation provides an additional class
of solutions for a bounded distribution of matter in general relativity,

m\* o
ds? = — (1 + 27) {dx® + dy* + dz*} +
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In this paper the escape of neutrinos from within the stationary cylindrically
symmetric cluster in outwards direction has been discussed. It has been shown
that neutrinos emitted radially from within the cluster in any plane z = constant
escape to infinity. The escape of neutrinos from within Einstein’s stationary
spherically symmetric cluster of many gravitating masses has already been studied
by Hogan (1973)* It has been shown that neutrinos emitted outwards from
within Einstein’s spherical cluster, making any angle in the range (0, 7/2) with
the radial direction escape to infinity.

2. STATIONARY CYLINDRICALLY SYMMETRIC CLUSTER OF MANY
GRAVITATING MASSES

The line-element inside the cluster is taken in Weyl’s canonical form,
ds? = e*® di? — 2% (dr? + dz°) — rteto 4° 2.1y

where « and B are functions of r alone. The circular motion of a particle of ke
cluster in r — ¢ plane will be given by the equations of the geodesics,

dZ 4 X d J d '3

_d}’; + F;k}% . 7"3 =0 .(2.2.1)
together with

jdig:“%:o_ (2.2.2)

For the metric (2.1), egns. (2.2.1) are reduccd to,

o _dr_ 2.3.1
WMdsz_() ..(2.3.1)
and
O\ 2
r(a — 1) (‘%) 4o elt —0 (2.3.2)

where a dash denotes differentiation with respcct to . Using (2.3.2) in (2.1)
we get,

g:t-‘ Foew (IT_—__Z%’L) 2.4)
Since ds? is to be i)osiﬁve for the world line of a particle in motion we have
either
ra’ < % .(2.5.1)
or

re’ > 1. (2.5.2)
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For (2.5.2), d¢/dt is imaginary so that the condition (2.5.1) should hold. The
exterior static field of the cluster is given by the Marder (1958) solution for the
exterior static field of a cylinder

ds? = r¥di2 — A%r—% 0-C) (dr2 4 dz%) — r2 (1-0) g2 ...{(2.6)

where 4 and C are arbitrary constants. It may be noted that C/2 is the gravi-
tational mass per unit length of the cylinder. Applying this solution for the
particles at the boundary of the cluster we get from (2.5.1),

C< i (2.7

Thus we see that the condition for the velocity of the particles of the cluster to
be less than the velocity of light restricts the gravitational mass of the cluster.
Contrary to the case of spherical symmetry there is no limit to the radial
concentration of the particles and hence the radius of the orbits may shrink
arbitrarily. From the Einstein field equations

R} — 1 Rgi = — 8T} ...(2.8)

the equations for the system are finally obtained as,

ﬁ;—oﬂ:o (2.9.1)
and
damne® =(ra" + a’) (1 —ra’ 2 (1 — 2ra’)1 2 ..(2.9.2)

where m is the mass of the particles and n is their number density per unit
coordinate volume.

3. EMisSION oF NEUTRINOS

Let us fitst consider a thick cylindrical shell of radii roand r, (0 <7, < ry).
Denote the interior of the shell (r < r,) by I, the shell (r, <r<r;) by S and
the exterior of the shell (r> r;) by E. Inside S the metric is given by (2.1) which
is to be joined continuously at r = ry to the Marder metric (2.6) in E. We shall
study the emission of neutrinos from within the shell, i.e., at a position r for which
ro < r < ry considering only neutrinos emitted outwards radially in any plane
z = constant.

The equation of motion of neutrinos is obtained from the equations of the
null geodesics,

& da at .
-d‘7+r”£.a~o ...( .])
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where  is an affine parameter along the path. For the metric (2.1), equations
(3.1) are as follows :

dr v o fAr\? N , d\e s i ((d2\2
I8 a}(dw +rezﬂ{ra—1}<3;>+{u—ﬁ}(3&
, s

+a,e<m—zﬁ>$l> =0 ~(3.1.1)
d*¢ 1 —ra’ dr dé .
W—fz{——;——a}a . :i?lzo ...(3.1.2)
d?z , VU dr dz
.d?-l-z{ﬁ ——“}~d—;l.‘-17‘:0 ...(3.1.3)
d*t ~dr dt
a2l =0 (3.1.9)

For the neutrino emitted in the plane z = A (constant)

(%) initially = 0.

From eqn. (3.1.3) we get
d*z .

“ 2290

du?

and hence it follows that the neutrino emitted in the plane z = A continues to
move in the same plane. Integrating eqns. (3.1.2) and (3.1.4) we get

Q _ Ae2e

= -(3.2)
and

d o

<, = ABe ...(3.3)

respectively where 4 and B are constants of integraticn. Equatien (3.1.1) is
now written as

dir . o (Ar\?
= (5)
B ,
= — [; e“a—28) {ra’ — 1} + {A%« e'zﬁ}]. ..(3.49)

Instead of integrating (3.4) we shall make use of the line element (2.1). For
neutrinos we have ds? =0. This gives,

2 N &
o0 (%)” _ it (%:) e %) —0. (3.5
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Making use of eqns. (3.2) and (3 3) we get for the path of the neutrino the
differential equation,

rte®f (45)2 = B?e % — 2 ...(3.6)
do
For the apses of the path we have,
B =% (3.7

We cannot draw an exact graph of eqn. (3.7) as we do not know the function
a(r). It is given by the field egns. (2.9.1) and (2.9.2) which are only two in
three unknowns «, f and n. However, we shall discuss the result qualitatively.
For the maxima of B* we have from (3.7)

ro’ =1, ...(3.%8)

which does not hold for any r(r, < r < ry) in the light of the condition (2.5.1)
and hence B? has no maximum in S. Since B? has no maximum in S, every neu-
trino emitted outwards from § fails to encounter an apse on its orbit in S and
hence escapes through the boundary r =r, of the shell S. At the boundary
r =ry, eqn. (3.8) leads to C = 1 which further ensures, in the light of the condi-
tion (2.7), that the neutrino on leaving the outer surface of the sheil will not
subsequently have an apse in E and hence will escape to infinity.
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