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Local constraints on the oscillatingG model
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We analyze observational constraints on the effective Brans-Dicke parameter and on the temporal variation
of the effective gravitational constant within the context of the oscillatingG model, a cosmological model
based on a massive scalar field nonminimally coupled to gravity. We show that these local constraints cannot
be satisfied simultaneously once the values of the free parameters entering the model become fixed by the
global attributes of our Universe. In particular, we show that the lower observational bound for the effective
Brans-Dicke parameter and the upper bound of the variation of the effective gravitational constant lead to a
specific value of the oscillation amplitude which lies well below the value required to explain the periodicity
of 128h21 Mpc in the galaxy distribution observed in the pencil beam surveys.
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I. INTRODUCTION

The success of the standard cosmological model in
scribing the evolution of our Universe, beginning with th
era of nucleosynthesis until the present state, has been
fronted with serious difficulties resulting from the analysis
cosmological data. At large cosmological scales we find t
main problems which are not dealt with within the fram
work of the standard~old! cosmological model. The first on
concerns the cosmological dark matter problem, accordin
which the luminous matter~baryonic matter and radiation!
content of the Universe represents only a small fraction
the total matter content. In fact, the inflationary models p
dicted that the total energy densityV51, with V given in
terms of the critical energy density@1#. This prediction was
recently given further support by observational data resul
from the recent cosmic microwave background~CMB! ex-
periments such as Boomerang and Maxima and the high
shift supernovae~SNIa! measurements@2#, leading to the
conclusion that the average energy-density of the Univers
indeed near the critical value. Obviously, these observat
have increased the importance of the dark matter problem
the understanding of our Universe.

The second problem is related to observations that in
cate a periodicity of 128h21 Mpc ~where h is the Hubble
parameter in units of 100 km s21 Mpc21) in the galaxy num-
ber distribution, observed in deep pencil beams@3,4# in the
north and south poles of our galaxy. This shocking discov
would, in its simplest interpretation, indicate that galaxies
the Universe are situated on the surface of concen
spheres, with the center situated in our own galaxy. This i
complete contradiction with the basis of modern cosmolo
the cosmological principle of homogeneity and isotropy
the Universe. It was argued@4#, and it seems to be the pe
vading view among researchers in the field, that this peri
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icity could be the result of the appearance of an intrin
length scale in the distribution of matter. However, we ha
shown@5# that this explanation is not really satisfactory,
there are scenarios of this type that result in a negligi
probability for such observation to be obtained in a particu
direction.

In a series of works@6–9# we investigated an alternativ
model based on a massive scalar field which is nonminim
coupled to gravity. The oscillation of the scalar field in co
mic time results in a time-dependent effective gravitatio
constant. We have shown that this model leads to predict
which are in good agreement with most of the observatio
data. In fact, although this model was originally propos
@10# to explain the observed periodicity in the galaxy numb
distribution, we have shown that it was possible to adjudic
most of the energy density of the Universe to the oscillat
massive scalar field which, therefore, could be regarded
candidate for the nonbaryonic nature of the cosmolog
dark energy. That is, this model is able to explain simul
neously both the problem of the cosmological dark ene
and the problem of the periodicity in the galaxy numb
distribution. We have checked that the model satisfies so
of the cosmological constraints. More precisely, we ha
seen that the model correctly reproduces the primordial
cleosynthesis of4He, and is consistent with the present val
of the energy density of baryonic matter and the age of
Universe. In this work, we will analyze the additional co
straints following from local observations, namely, the V
king experiments@11#, which impose bounds on the rate o
change in time of the effective gravitational constant and
the effective Brans-Dicke parameter.

In a previous work@12# we have shown that all but one o
the free parameters entering the model are fixed by the
mological analysis, and that with these values it was
possible to satisfy the Brans-Dicke bound. In this work,
analyze the possibility of overcoming this problem by rela
ing the single condition freely imposed in our previous co
mological studies. We will show that even with this rela
ation it is not possible to satisfy the local constraints and
periodicity observations simultaneously. This result indica
that either the behavior of the scalar field in the presence
©2001 The American Physical Society04-1
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local inhomogeneities is different from its behavior at lar
scales@12# or that a modified model would be necessary
we want to explain in a unified way the apparent galac
periodicity and the cosmological dark energy.

II. CONSTRAINTS ON THE OSCILLATING G MODEL

The dynamics of oscillatingG model is described by the
Lagrangian

L5S 1

16pG0
1jf2DA2gR2A2gF1

2
~¹f!21V~f!G ,

~1!

whereG0 is Newton’s gravitational constant,j stands for the
nonminimally coupling constant,R is the scalar curvature,f
is the scalar field, andV(f) is a scalar potential which in its
simplest form is taken as the harmonic potentialV5m2f2,
with m the mass of the scalar field. If we consider a tim
dependent scalar field, the nonminimal coupling results i
time-dependent effective gravitational constantGeff5G0(1
116pG0jf2)21. The central feature of the oscillatingG
model is that oscillations in the expectation value off in-
duce oscillations inGeff , and this leads to oscillations in th
Hubble parameterH which manifest themselves in the re
shift measurements of distant points of the Universe. In tu
the redshift oscillations give rise to an apparent variation
the density of galaxies. Consequently, a temporal oscilla
of the redshift can be mistakenly interpreted as a real sp
periodicity in the galaxy number distribution. This was us
in previous works@6–9# to explain the observed periodicit
of 128h21 Mpc in the distribution of galaxies in our Uni
verse. To this end, we analyzed the Friedman-Roberts
Walker cosmology with a combination of two noninteracti
perfect fluids~radiation and baryonic matter!. From the field
equations we obtain the following expression for the to
effective energy density of the system~see Refs.@6,8#!:

V tot5
1

1116pjf0
2FVmat1

4p

3
ḟ̃0

21
4p

3
ṽ2f0

2232pjf0ḟ̃0G ,
~2!

where

ḟ̃05
df

d t̃
U

today

, t̃ 5tH0 , ṽ5
v

H0
, m̃25

4p

3
ṽ2. ~3!

In the above equation, the subscript 0 stands for the valu
the corresponding quantity at present timet5t0. The fre-
quency of oscillationv5mA3/4p is determined by the pe
riod of 128h21 Mpc observed in the pencil beam surve
and turns out to bev'147H0. Here Vmatt5Vbar1V rad.
Note that in Eq.~2! and for the present analysis we ca
neglect the contribution of the photon energy densityV rad,
because the observations of the cosmic microwave b
ground radiation of 2.725 K implies thatV rad'1023Vbar
@13#. Furthermore, the value ofVbar must lie within the range
@0.01,0.02#h22 determined by the abundance of light el
ments other than4He @14#. Finally, for the total energy den
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sity we take the valueV tot51 in accordance with the stan
dard inflationary model and with the recent CMB and SN
observations@2#. Consequently, Eq.~2! can be interpreted a
a constraint relating the initial cosmological values of t

scalar field,f0 and ḟ̃0, and the coupling parameterj. An-
other, in some sense, more realistic approach would b
identify Vmatt with the total amount of clumped matter in ou
Universe which would include besides the baryonic com
nent also the so called cold dark matter, leading us to t
Vmatt;0.3. However, we will see that even this dras
change of view does not alter our conclusions in a signific
way.

A further constraint is imposed by the observed redsh
galaxy-count amplitudeA0>O(0.5), which for the oscillat-
ing G model can be approximated by the expression@15#

A05
16pj

ṽ
~ṽ2f0

21 ḟ̃0
2!. ~4!

Here we are considering the additional termḟ̃0
2 which was

set to zero in previous analysis because we want to rem
all the arbitrarily imposed conditions on the model in ord
to examine whether all the constraints can be solved sim
taneously. Since the values ofA0 and ṽ are fixed by the
pencil beam observations, Eq.~4! represents a constraint be

tween the values off0 , ḟ̃0, andj. We call Eqs.~2! and~4!
global constraints of the oscillatingG model because the
values ofA0 andṽ are fixed by the large scale observatio
of the galactic periodicity, and the values ofV tot and Vmat
are the result of global cosmological observations.

On the other hand, the Solar System local observati
impose an upper bound on the variation of the gravitatio
constantuĠ/(GH)u today<0.3h21 @15#. For the oscillatingG
model, this yields

b5
Ġeff

GeffH
U

today

52
32pjf0ḟ̃0

1116pjf0
2

with ubu<0.3. ~5!

It is well known that scalar-tensor models of the kind defin
by the Lagrangian@Eq. ~1!# can be transformed by means
a conformal transformation into an effective Brans-Dic
theory. Then such models can be characterized by an e
tive Brans-Dicke parametervBD

eff which must satisfy the
lower bound imposed by the Viking experiments@11#, vBD

eff

.3000. In the case of the oscillatingG model, we obtain

vBD
eff 5

1116pjf0
2

128pj2f0
2 , ~6!

a constraint that relatesf0 with j.
Now we proceed to an analysis of the global constrai

@Eqs.~2! and~4!# and the local constraints@Eqs.~5! and~6!#.
In our previous cosmological studies, we were able to sat
simultaneously the total energy constraint@Eq. ~2!# as well as
the nucleosynthesis and age constraints, together with
constraints for the amplitude@Eq. ~4!# and the variation of
4-2
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FIG. 1. The redshift-count-oscillation amplitudeA0 as a function of the parameterb satisfying constraint~7! for vBD53000. The solid
line corresponds to a value ofVmat50.02366, and the dashed line toVmat50.04733. The dash-dotted lines show the limits for which
constraint~7! is valid. Here we tookH0565 km s21 Mpc21.
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the effective gravitational constant@Eq. ~5!# by setting ḟ̃0
50. In fact, in this case constraint~5! is automatically satis-
fied (b50), whereas the constraints~2! and ~4!, together
with the ‘‘plateau hypothesis’’@8# that ensures a successf
nucleosynthesis, fix the values of the remaining parame
f0 (;1023) andj (;6). The evolution of the model with
these conditions result in a value for the age of the Unive
compatible with the standard bounds@16#.

However, as we showed in Ref.@12#, with these values
the oscillatingG model is unable to satisfy the Brans-Dick
limit @Eq. ~6!# with vBD

eff .3000 ~or even the less sever
boundvBD

eff .500). The simplest possible way to overcom

this problem is to relax the conditionḟ̃050 within the range
allowed by constraints~4! and ~5!. To this end, we replace

the values off0 , ḟ̃0 , andj following from constraints~4!,
~5!, and ~6! into the total energy constraint@Eq. ~2!#. Then
we obtain

f ~vBD
eff ,b,A0!512Vmat2

2bṽvBD
eff A0

3~a1b!

1
b12AaṽA02bṽ2

a
50, ~7!

with

a5b214ṽ2,

b52b212ṽA012Aṽ2~A 0
22b2!2b2ṽA0, ~8!
04750
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a constraint that, for a specific value ofVmat, determines the
amplitude in terms of the effective Brans-Dicke parame
and the parameterb ~recall that the frequencyṽ has been
fixed by the period of oscillation!. Note that the initial values

f0 and ḟ̃0 do not appear at all in Eq.~7!. In order to inves-
tigate constraint~7! in a systematic way we have to solve th
algebraic equation~7! as A05A0(b). Actually this is
equivalent to solving the differential equatio
d f(b,A0(b))/db50 @i.e., the resulting differential equatio
dA0 /db5F(A0 ,b)# subject to the boundary value
(b i ,A 0

i ), such thatf (b i ,A 0
i )50, for a fixedvBD

eff andVmat.

For instance, forḟ̃050, andvBD
eff 53000, Vmat50.0236 the

pair (b i50,A 0
i '0.022) satisfies constraint~7! as well as the

remaining conditions~except of course the order of magn
tude in the bound onA0). The result of this calculation is
plotted in Fig. 1 for two different values ofVmat within the
range allowed by observations. We see that the range of
ues (b,A0) that satisfy f (b,A0)50 is extremely narrow,
and that all of the values for the amplitude within this ran
are situated well below the lower boundA0>O(0.5) im-
posed by the redshift-galaxy-count observations. The con
sion is that the Brans-Dicke local constraint is not comp
ible with the observed value for the oscillation amplitud
Further numerical analysis of constraint~7! shows that an
increase of the matter densityVmat or of the effective Brans-
Dicke parameter leads to even lower values for the am
tude.

We conclude that the relaxation of the original conditi

ḟ̃050 does not allow the oscillatingG model to satisfy both
global and local constraints simultaneously, and that we h
4-3
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to look for further generalizations of this model if we want
consider it as a candidate to explain the apparent gala
periodicity simultaneously with the nature of the nonba
onic dark matter content in the Universe. Needless to
had the model succeeded in these tests, it would then
necessary to confront the oscillatingG model to further tests
in light of the recent CMB and SNIa observations.

Finally, it is worthwhile to emphasize that the generaliz
view on the problem of the galactic periodicity is that pe
haps there is no problem at all and that such a ‘‘periodici
is only the result of an excess of power at some character
length scales. While this could be the case, the simp
analysis of this matter shows that the existence of a cha
teristic distance in the large scale distribution is not enou
to explain such observations@5#, and therefore serious doub
arise when taking such a comfortable position. Clearly,
f
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sk
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observation of galactic periodicity or lack thereof in dire
tions other than those corresponding to the north and so
galactic poles will put an end to the controversy. On the ot
hand, if the existence of such periodicities in a large num
of directions were to be confirmed, we would be in the u
comfortable situation of having no model to account for
and we would need to resort to variations on the oscillat
G model presented here as the only types of scenarios
pable of explaining such observations within the context
the cosmological principle.
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