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Abstract

The periodicity in the distribution of quasar redshifts is
interpreted assuming that the cosmological space is a topolugioall:
o | Kﬁefﬁnt
compactified manifold like three dimensional torus. The size ol

such compact space is estimated as the order of 600 Mpc.

In the standard cosmology, it is assumed that the wvolume
the three-dimensional space is infinite for k=0, -1 and the snace
formikml is uniquely sphere S™, k being the sign of the constant

curvature. However, the cosmological principle and the Einstoin

equation do not, in fact, determine the topology of the space-tiae

.as a whole. The space is called as simply connected if the

geodesics between two points is unique and as multiply connacte-

otherwise. The multiply connected manifold M with the same local
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properties with the simply connected manifold M is also available
for the universe model. Such manifold M can be constructed by
identifying the point P with the other point P' in M. For instance,
trne multiply connected topology for flat (k=0) universe

2

7 D)
ds?e-c?ae?+r? (¢) [dx?+dy®+dz?] is obtained by identifying (x,y,z,t)

wlth (x+2ax, y+may, z+naz, t) for all integer &, m, n. The
spatial section obtained in this manner is so called three-dimensional
torus T3. The above mentioned identification is one of the eighteen

topologically different types of identification in the case of flat
(1)

space. Each identification constitutes a group r'of isometrics
cf M which has not a fixed points, and M is the quotient space M/rn
On the other hand, the observational constraints on the size

of the compactified universe have also been examined by Sokolov

(2) (3)

and Shvartsman and Gott.

The main result of their arguments
is to show that the compactified universe like T3 does not contradict

with observations of the distributions of galaxies and clusters of

galaxies, if the size at present RH=R(tO)[ai+a§+a§]l/2

than about 200 hal Mpc, where h =H;/100 km s 1 Mpc™l. However,

/2 is larger

they did not suggest any positive evidence for that.

In this letter, we point out.a possible positive observational
evidence for such multiply connected topoloéy. According to this
interpretation abéut the distribution of quasars, most of the -
quasars might be "ghosts" of the original image. Here, we shall
call the image of the closed source as the original image and
that of the sources located in the equivalent points in M as the
ghosts. This kind of gpost, which Sokolov and Shvartsman called

"ghost of the first kind", is different from "ghost of the second

/
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kind" which might arise in the positive curvature universe.(z)
Recently, it has been demonstrated from the statistical
analysis of the observational data that the distribution of the
emission line redshifts of quasars have a periodic feature with

respect to the argument xEF(z,qO) defined by(4)

zZ

' dz
0 (l+z)(1+2q0z)
where q, denotes the deceleration parameter. 1In the distribution

<f the redshifts there exists a set of peaks at z, given by
F(zn,qo) = An + B , (2)

where n is zero or positive integer and A and B are constants.
This above periodicity might be interpreted as the existence

of a large scale periodic perturbatiqn in the density distribution

of cosmic matter. According to thissinterpretation, A is related

 (4)

to the "wave-length" A, of such periodic perturbation as

0

A = HOAO/C , | (3)

the subscript 0 denoting the present value. From the statistical

analysis, AO has been estimated as

-1
Ao ~ 600 h,” Mpc . (4)

The constant B in (2) is related to our position relative to the
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perturbation waves. However, it is very difficult to explain
why B 1s not fandom depending on directions. If we were located
in a preferred vosition near center of the large scale spherical
wave perturbation, the above relation would be explained,gut such
interpretation -would be not acceptable from the point of view of
the cosmological principle.

The observational data seems to teach us that the "whole-sky-
coherent"” periodicity does not exist for the small scales up to
about 200 hal Mpc but does exist for the larger scales above
600 h;l Mpc. Namely;-thé small scale’ inhomogéneities do rol uinw the
forrelation. between the different divections.

For large scale, however, there exists some correlat.ion
even in different directions. If we insist on the simply connected
universe, it will be very difficult to explain this whole—skyw
coherent correlation. But such type of correlation results
naturally if we assume the multigly connected universe. The
horizon problem associated with the isotropy of the microwave

background radiation might be also resolved by the multiply
(5)

$

connected universe.
Let us consider the flat universe with topology T for a
simple example. The redshifts of the multiple images of the

source located at X in the x direction is given from

' to cdt R(to)
X _ + na_ = and z + 1 = (5)
s X ft th) n R(tn;

as

) ) R(to)xs ) R(to)ax n)—z )
n 2(c/Hy) 2(C/§df ’
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From (2) for qu=1/2, A=R(tj)a /(c/Hy) and B= R(tg)xg/(c/Hy) -

Considering the R(to)ax/2 ~ 600 Mpc and R(t xs<ax/2, the quasars

o)
with z<3 are the original image (n=0) or the ghosts of n=1 or n=2.

In the case of the whole-sky correlation, however, the situation
is more complicated. For example, in the case of ax=ay=az=a, the
units of space periodicities are Ra, v/2Ra, /3Ra, --+, depending
on the observed directions. Then, the superposition of the two
periodicities of Ra and v/2Ra produces an approximate periodicity
of ~0.5Ra. In the actual situation, the observed veriodicity
may be the superposition of a few fundamental space periodicity.

In spite of the above ambiguity, we can predict such a general
tendency that the "wave-length" of periodicity for the quasars in
the given direction should be larger than the "wave-length" estimated
from the whole-sky correlation. This result might be used to
interpret the following observational evidence: the "wave-length"
of the whole-sky data is about a half of the "wave-length" estimated

(6)

from the guasars listed by Savage and Bolton, which are the

quasars in the two given directioncof the south Galactic Polar
region of 02M00™, -50%00' and 22"04™, -18%s5¢ .

Finally, we want to point out that the multiply connected
universze might also contribute to solve the problem of association
between gquasars and galaxies. Since 1971, after the first finding
of bright galaxies associated with 3CQS0O, many statistical analyses
have been done to check a significance level of associétion between
quasars and galaxies. Some analyses show a positive correlation.(7)

In some direction of the multiply connected universe, we can

sce the original image and its ghost images in the same direction.
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If we see some clump where the formation of gquasar and galasy were
active, the association in appearance between the small redshift
galaxies of the original image and the large redshift guasars of
the ghost images will result naturally. Since quasar is thought
to be a short lived phenomena lasting only a few million years, we
will see only one image of the quasar if Ry ~ 600 Mpc and Z<3.
According to this interpretation, the associated regions may
- provide us a good sample for studying the evolutionary relationship
between galaxy and quasar; the remnants of the quasars should belong
to the same clump of the associated galaxies.

Anyhow the further statistical analyses of the quasar redshifts

will be important to find the "positive" evidence of the compactified

universe or to improve the lower limit on its size.
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