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The conjecture that the homogeneity of the universe might be explained by assuming

G~T"* for T> Planck Energy is analyzed.

This conjecture would be viable only if we

accept such a ridiculously short time like (Planck time) x (exp—10%),

Recently, Zee" pointed out that the
particle horizon of the universe would be-
come infinitely large if the gravitational
constant G behaves like G~T"2 for T°> T
(Planck temperature) ~10°GeV, T being
the temperature of the universe. Such a
behavior of G would be expected if we
replaced G by (e¢? "', where ¢ is the
vacuum expectation value of some scalar
field and, at high temperature, this sym-
metry-breaking is restored.

A similar idea has been given by
Stecker.?

The expansion equation of the homo-
geneous, isotropic model is given as
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where a is the radius of curvature and
p,a*=constant for the radiation universe.

If G behaves like
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as Zee assumed, (1) becomes for 7"» T
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where ax=a(Ty). Then, we get such an

expansion law as
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and, as Zee pointed out, the comoving
coordinate of the horizon 7, diverges be-

cause
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From this result, he conjectured that a
large scale homogeneity of the universe
might be attainable at the beginning.

Various doubts might be aroused to this
argument such as validity of the classical
“field” a(z) even for T > 7Ty inspite of
the new effect of quantum gravity, and
others. However, it is even very attrac-
tive idea since we have not known more
attractive ideas which explain this puzzle
of the standard universe model.

In this short note, we check how small
time is necessary for this idea to be vi-
able. From this argument, we will meet
with a ridiculously short time which has
never appeared in physics.

Instead of (5), we write the horizon
after some time #; as

¢, o dt
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From the observation, we have checked
that the universe is homogeneous until the
horizon at the present at least, which im-
plies that xy~O (7). Therefore we require
that
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ti~tye 4 (8)
with
A~ (g9/e)ENME 9

because
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taking the total number of photon in the
universe as

N, ~n,a*~(Ta)?*, (10)

g being the number of particle species.”
Here, the definition of the total photon
number will be clear for the closed model.
But we may use this number even for the
open model redefining N, as the photon
number within the radius of horizon at
the present since ¢,<aq,. This number is
estimated from the observed values of the
Hubble constant and the cosmic black
body temperature at the present, and it is
given as

N,~10%
Then, #; becomes extremely small as
ti~tye 10" an
and the temperature at #; is
Ty~ Tye'™. (12)

If the assumption (2) is true, the ex-
pansion law becomes
a~ay (¢/ty) ' for T<Ty,
~ay (t/ty) for T>Ty,
where

ay=N,Pte~1072(N,/10°) Y3cm

Progress Letters 1499

is a at T=Ty. The size of the whole
universe at T is still a macroscopic size.
The time when a~4 is given by £xIN, '/
and, if the expansion started from this
time, the horizon is very small as

1

Xn’\’N 1/3 In er/a .
7

In previous papers, the author empha-
sized an importance of the total photon
number or the total entropy of the uni-
verse, which is nearly the same with N,
except the ¢ factor. This N, characterizes
the size of the universe and it is not
determined by the physical constants.
When we discuss the local interactions
among the particles in such problems as
He-formation and baryon number genera-
tion, N, did not appear since the 7T-¢
relation does not contain N,. However,
in our problem of horizon, the size of the
universe is crucial. This is the reason
why N, has appeared in ¢;.

We feel something ridiculous about these
numbers. We have not met with such
large number as e except the Poincaré
recurrent time of 10'°". However, Zee’s
conjecture would work only if we accept
such a ridiculous number.
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