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The Anthropic Principle (Weinberg) 
versus the approach here

• Is interesting to cite this principle, because it is
an attempt to connect the existence of the
universe as we know it, with life in it, with a 
bound on the vacuum energy density of the
present universe (VEDPU), since a big VEDPU
expands the present universe too fast and will
not allow galaxy formation and life.

• Problems with this idea: relies on our un-
derstanding of life to do this analysis.

• Question: what if instead of life we talk about
singularity free universe and what restrictions
this imposes on the VEDPU?, is this possible?.



Non singular cosmology and its
relation to vacuum energy density

Will be discussed in the context of the TWO MEASURES 
THEORY (TMT), taking into account also possible quantum 
corrections due to the zero point fluctuations and we will
find the remarkable result that a stable, non singular early
universe, in the framework of the so called EMERGENT 
UNIVERSE SCENARIO is linked to a positive but not too 
big Vacuum Energy Density for the present universe . 
But similar excercise could be attempted for other theories, 
that is whether the vacuum energy density TODAY is
constrained by the requirement of absence of singularty AS
THE UNIVERSE ORIGINATED.



We introduce 4 scalar fields in  4-D 

Which will play an important geometrical
role, by the way, other authors have found
that 4 scalar fields in  4-D can be used to
define a generally covariant mass term for
the graviton . A much simpler use  of four
scalars in 4D is to define a new MEASURE.



The Basic Idea of the Two
Measures Theory (TMT)





Softly Broken Conformal
Invariance, simple example







Now we will solve for the scalar







Effective Potential for Exponential
forms of U and V (scale invariance)



A comment, before going on (then
we ignore this for the rest of talk )

In the expression for the effective potential
for the scalar field one can obtain instead
of strictly zero at the bottom a very small
vacuum energy density by saying that the
constant of integration M is not perfectly
defined, but instead is gaussian - distributed
with a very small width, then energy density at
bottom is proportional to (energy density in flat
region) X (width/average of M), may be justified
by wormhole theory.  







Potential with 2 flat regions M<0



For M>0, we can get a 
“quintessential inflation” potential



• Another flat region is also obtained for the
other extreme, the dilaton field goes to
plus infinity. If the constant of integration M 
is negative, there is a local minimum at
zero for the effective potential, we will
consider this theory , but generalized
somewhat to allow for the effect of zero
point fluctuations, for this we consider first



in more details the Einstein frame











































Other virtues of the model

• The late phase of the universe, with a 
massless scalar field has been shown not
to have the 5th force problem in these
generic type of models for matter with
densities much higher than the vacuum
energy density (infamous problem of
Quintessence models). E.G. & A. 
Kaganovich, Annals of Physics, 323:866-
882,2008. e-Print: arXiv:0704.1998 [gr-qc] 



Speculations now: 1. Creating an
Emergent Universe? 

• One may ask the question: how is it possible to discuss 
the "creation of the universe" in the context of the 
"emergent universe"?. After all, the Emergent Universe 
basic philosophy is that the  universe had a past of 
infinite duration. However, that most simple notion of an 
emergent universe with a past of infinite duration has 
been recently challenged by Mithani and Vilenkin, at 
least in the context of a special  model. They have 
shown that a completle stable emergent universe, 
although completly stable classically, could be unstable 
under a tunneling process to collapse. On the other 
hand, an emergent universe can indeed be created from 
nothing by a tunneling process as well.



2. Emergent universe as 
intermediate state

an emerging universe could last for a long time provided it
is classically stable, that is where the constraints on the
cosmological constant for the late universe discussed here
come in. If it is not stable, the emergent universe will not
provide us with an appropriate "intermediate state“
connecting the creation of the universe with the present
universe. The existence of this stable intermediate state
provides in our picture the reason for the universe to prefer
a very small vacuum energy density at late times, since
universes that are created, but do not make use of the intermediate
classically stable emergent universe will almost immediately recollapse,
so they will not be "selected". Finally, it could be that we arrive to the 
emergent solution not by quantum creation, but just by classical
evolution from something else, from here we go on to inflation. 



Conclusions

• Scale invariant Two Measure model with
curvature square implies dilaton potential with
two flat regions, one for inflation, other for
present accelerated universe (e.g. Quint. Infl.).

• Arbitrary CC in Einstein frame controlled by non 
singular and stable origin of universe, implies
VEDPU>0 and not big.

• Other features: No fifth force problem, possibility
of creating Universe gives zero VEDPU=0 as 
threshold point.
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