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Abstract
The magnitude redshift relation (m−z) in the Brans-Dicke theory with both a variable
and constant cosmological term is investigated. Observations of Type Ia Supernovae
(SNIa) are used, in the redshift range of 0.01 < z < 2. The contribution of the
matter and a variable cosmological term (Λ) is examined. As the next approach
BDΛ model with a constant cosmological term has been investigated. Later Big
Bang Nucleosynthesis has been used to constrain the parameters in BDΛ model for
coupling constant ω = 104.
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1 Introduction

To explain some puzzles in cosmology, new modified theories beyond the standard model are needed. To
solve the cosmological constant problem, it can be imagined that the cosmological term decreases from
large value at the early epoch to the present value.Therefore various functional forms have been sug-
gested Refs. [1], [2]. Among them the Brans-Dicke(BD) theory is considered with a variable cosmological
term Λ as a function of the scalar field Φ. This model has been investigated for the early universe of
the Big Bang Nucleosynthesis Refs. [1],[2],[3]. However, an answer is needed to the question ”How this
model work at the present epoch?” . Therefore to investigate this model, the magnitude-redshift relation
of SNIa observation is adopted. Cosmological models with a cosmological term are tightly constrained
by the m− z relation derived from SNIa observations. This is because, the cosmological term affects to
the cosmic expansion rate of the universe significantly at the low redshifts. SNIa observations imply that
the universe is accelerating around the present redshift times Refs. [4],[5], [6]. The magnitude-redshift
relation in the Brans-Dicke theory with both a variable and constant cosmological terms for the flat
universe are studied in this paper.

2 Brans-Dicke model with a variable cosmological term

The equations of motion in the BDΛ model are written as follows Refs. [1]:
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ȧ

a

)2

=
8π

3ϕ
(ρm + ργ)−

k

a2
+

Λ

3
+

ω

6

(
ϕ̇

ϕ

)2

+
ȧ
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where a(t), k, ρ, p and ω are the scale factor, the curvature constant, the energy density, the pressure
and the coupling constant respectively.
where ργ = ρrad + ρν + ρe± at t ≤ 1s. Subscript m, rad, ν and e± are for matter, photon, nutrino
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and electron-positron respectively. Here energy density of matter varies as ρm = ρm0a
−3. The energy

density of radiation is written as ργ = ργ0a
−4 except e± epoch. Subscript ”0” means the values at the

present epoch.
Evolution of the cosmological term (Λ) and the Gravitational term in the BDΛ model describe as,
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where µ is a constant. Original Brans-Dicke theory is deduced for µ = 1. To solve above equations
numericaly, physical parameters are used as ω = 104 Refs. [8], G0 = 6.6726 × 10−8 dyn cm2 g−2,
H0 = 71 km s−1 Mpc−1 Refs. [9], −1 ≤ µ ≤ 2 Refs. [3], [2] and −10 ≤ B∗ ≤ 10 Refs. [3].

3 m− z relation in the BDΛ model

The apparent magnitude m of the source at the redshift z is,

m = 5log10
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)
+M, (4)

where M is absolute magnitude and rl is the radial distance in the units of parsecs (pc).

For the homogeneous isotropic universe, the relation between the radial distance and the redshift is
derived from the Robertson-Walker metric as the followings,
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where H = ȧ/a is the equation to describe the expansion of the universe for the modified BD theory is
written from the equation(1) as,
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If the universe is flat (k = 0) at the present, BDΛ model is written as,
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Since Last two terms are small compared with the other two terms in the equation (6), energy densities
are defined as, ρm0 = 4ρBDΛ

c /µ+ 3 and ρBDΛ
c = 3ϕ0H

2
0/8π:

where ρBDΛ
c is the critical density in the BDΛ model.

Then the two energy density parameters are written as, Ωm0 = ρm0/ρ
BDΛ
c and ΩΛ0 = (µ−1)ρm0)/4ρcBDΛ .

Fig. 1 shows the m−z relation in the BDΛ model with SNIa observations. Matter is dominant in this
model. Specially in the parameter region 0.7 < µ < 2, energy density of the cosmological term is always
less than 30%. When we compare with the Friedmann model with the energy density parameters of
(Ωm,ΩΛ) = (1.0, 0.0), is merged with this BDΛ model with χ2 = 416. This is inconsistent with present
accelerating universe. Therefore as the next approach, BDΛ model is modified by adding constant
cosmological term Λc0 .
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Figure 1: m− z relation for the flat universe in the Friedmann model and BDΛ model with and without
constant cosmological term for µ = 0.7 and B∗ = −10, constrain from SNIa observations from Supernova
Cosmology Project and High-z Supernovae search team Refs. [10]

4 m− z relation in the BDΛ model with a constant cosmological
term Λc0

Hubble parameter for BDΛ model with constant cosmological term (Λc0) is written as,
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Here energy density parameter of the constant cosmological term is fixed as 0.7. Fig. 1 shows that
this model is consistent with SNIa observations. Total cosmological term is dominant in this model and
consistent with present accelerating universe with χ2 = 196. For B∗ = 10 and µ = 2, BDΛ model with
Λc0 predicts ΩΛ = 6.0 × 10−2 and Ωm = 0.24. It is concluded that the BDΛ model with Λc0 has the
nearly same energy density parameters as the Friedmann model with (Ωm,ΩΛ) = (0.3, 0.7).
All the parameters which is inherent in the BDΛ model become independent as far as m− z relation is
concerned at the present epoch. Therefore as the next approach we investigate these parameters for the
present values of ω using Big Bang Nucleosynthesis.

5 Parameter constrained from Big Bang Nucleosynthesis

The parameters inherent in the BDΛ model have been investigated for ω = 500 Refs. [3]. But these
parameters become independent, as far as the m−z relation at the present epoch is concerned. Therefore
here we use the Big Bang Nucleosynthesis to investigate these parameter for ω = 10000. We adopt the
observed abundances of 4He, D/H and 7Li/H as follows: Yp = 0.242 ± 0.002 Refs. [11], D/H = (2.82 ±
0.21) 10−6 Refs. [12], 7Li/H = (2.19 ± 0.28) 10−10 Refs. [13]. The abundance of 4He, D and 7Li are
calculated by considering the value of η=(6.225±0.170) 10−10 Refs. [14].
(Fig. 2) shows that the 4He and D are consistent with the value of η for ω = 104 in the range of
−0.9 ≤ µ ≤ 0.9 and −3 ≤ B∗ ≤ 4.
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Figure 2: Light elementary abundances of 4He, D and 7Li vs η for B∗ = 1, µ = 0.8, ω = 104

6 Concluding Remarks

The models whose parameters are inherent in the BDΛ model become independent as far as the m− z
relation at the present epoch is concerned. Therefore we can not constrain these parameters around
the present epoch using m − z relation. Therefore we limit these parameters for ω = 104 by BBN.
BBN calculations with the observational abundances and the obtained value of the η from the WMAP
restricted the parameters range as −0.5 ≤ µ ≤ 0.8 and −10 ≤ B∗ ≤ 10 Refs. [3] for ω = 500. Comparing
with our result, large value of ω is affected to decrease the parameter range of B∗. It is oppositely affected
to the parameter µ. Since BDΛ model is inconsistent with present accelerating universe, we have done
a modification by adding a constant cosmological term. Therefore it is worthwhile to introduce more
general functional form to the cosmological term.

References

[1] K. Arai, M. Hashimoto and D . Fukui Astron. Astrophys. 179, 17 (1987).

[2] T. Etoh, M. Hashimoto, K. Arai and S. Fujimoto, Astron. Astrophys. 325, 893 (1997).

[3] R. Nakamura, M. Hashimoto, S. Gamow and K. Arai, Astron. Astrophys. 448, 23 (2006).

[4] S. Perlmutter et al [Supernovae Cosmology Project Collaboration], Astrophys. J. 517, 565 (1999).

[5] A. G. Riess et al.,Astron. J 116, 1009 (1998).

[6] A. G. Riess et al., Astron. J 117, 707 (1999).

[7] T. Endo and F. Fukui, Gen. Rel. Grav., 8, 833 (1977).

[8] B. Bertotti, L. Less and P. Tortora, Nature 425, 374 (2003).

[9] D. N. Spergel et al., Astrophys. J. suppl. 148, 175 (2003).

[10] J. L. Tonry et al., Astrophys. J. 594, 38 (2003).

[11] I. Isotov and X. Thuan., Astrophys. J. 602, 200 (2004).

[12] M. Pettini et al., arXiv:0805.0594v3 [astro-ph] (2008).

[13] P. Bonifacio et al., Astron. Astrophys. 390, 91 (2002).

[14] J. Dunckley et al., Astrophys. J. suppl. 180, 306 (2009).

http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1987A26A...179...17A&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1997A26A...325..893E&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf
http://www.aanda.org/index.php?option=article&access=doi&doi=10.1051/0004-6361:20042618
http://www.iop.org/EJ/article/0004-637X/517/2/565/39148.web.pdf?request-id=d50ede44-0528-4804-ba69-b59c53dc9dd0
http://www.iop.org/EJ/article/1538-3881/116/3/1009/980111.web.pdf?request-id=b1e80de4-d23c-4a9d-ae2d-fcb4408d3768
http://www.iop.org/EJ/article/1538-3881/117/2/707/980366.web.pdf?request-id=700e6dc6-322d-4cd3-8d76-97fb42453c59
http://www.springerlink.com/content/u246r02033956k41/fulltext.pdf
http://www.nature.com/nature/journal/v425/n6956/pdf/nature01997.pdf
http://www.iop.org/EJ/article/0067-0049/148/1/175/57707.web.pdf?request-id=3d5af948-602d-4468-95b1-830defeae8e0
http://www.iop.org/EJ/article/0004-637X/594/1/1/57840.web.pdf?request-id=20ae6d3f-e324-404d-8d5e-125719167f7a
http://www.iop.org/EJ/article/0004-637X/602/1/200/57931.web.pdf?request-id=3d70248c-c937-4978-aa40-693d4a6635e7
http://arxiv.org/PS_cache/arxiv/pdf/0805/0805.0594v3.pdf
http://www.aanda.org/index.php?option=article&access=bibcode&bibcode=2002A%2526A...390...91BFUL
http://www.iop.org/EJ/article/0067-0049/180/2/306/apjs_180_2_306.pdf?request-id=76b4f042-292a-4f9d-b95c-944d1e24691f

	Introduction
	Brans-Dicke model with a variable cosmological term
	m-z relation in the BD model
	m-z relation in the BD model with a constant cosmological term c0
	Parameter constrained from Big Bang Nucleosynthesis
	Concluding Remarks

