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ABSTRACT

Aims. We study the time variation of the fine structure constant, α, and the Higgs vacuum expectation value v, during the Big Bang
nucleosynthesis (BBN).
Methods. We computed primordial abundances of light nuclei produced during the BBN stage by including resonances in the leading
reaction rates which reduce the primordial abundance of beryllium. We performed this calculation considering that α and v may vary
during the BBN. Using observable data on deuterium, 4He, and 7Li, we set constraints on the variation of the fundamental constants.
Results. Results indicate a null variation of α and v, while the best-fit value for the baryon-to-photon ratio agrees well with the WMAP
value.
Conclusions. We found that the variation of α is null within 3σ, the variation of v is null within 6σ, and the preferred value of the
baryon-to-photon ratio is in good agreement, within 3σ, with the value extracted using the WMAP data. We improve the fits respect
to previous works.
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1. Introduction

The attempt to unify all fundamental interactions resulted in the
development of several theories such as string-derived field the-
ories (Damour & Polyakov 1994; Wu & Wang 1986; Maeda
1988; Barr & Mohapatra 1988; Damour et al. 2002a,b), related
brane-world theories (Youm 2001a,b; Palma et al. 2003; Brax
et al. 2003) and Kaluza-Klein theories (Gleiser & Taylor 1985;
Overduin & Wesson 1997; Kaluza 1921; Klein 1926; Weinberg
1983). These multidimensional theories allow fundamental con-
stants to vary over cosmological timescales.

The experimental search on the variation of α and the Higgs
vacuum expectation value v can be grouped into local and astro-
nomical methods. The local methods include geophysical anal-
yses of samples from the natural reactor in Oklo (Damour &
Dyson 1996; Fujii et al. 2000), meteorites (Olive et al. 2004),
and laboratory measurements of rates of atomics clocks (Bize
et al. 2003; Fischer et al. 2004; Peik et al. 2004; Prestage et al.
1995; Sortais et al. 2000; Marion et al. 2003). The astronomical
methods consist on the spectroscopic analysis of high-redshift
quasar-absorption systems. Some of these astronomical obser-
vations suggest a possible variation of the fine structure con-
stant and of the electron-to-proton mass ratio (Webb et al. 1999,
2001; Murphy et al. 2001a,b, 2003; Ivanchik et al. 2003, 2005;
Reinhold et al. 2006; Tzanavaris et al. 2007; Levshakov et al.
2002b; Potekhin et al. 1998). However, another analysis of sim-
ilar astronomical data gives a null variation of the fine structure
constant (Martínez Fiorenzano et al. 2003; Quast et al. 2004;
Bahcall et al. 2004; Srianand et al. 2004; King et al. 2008;
Thompson et al. 2009; Malec et al. 2010).

Concerning the spatial variation of the fine structure con-
stant, Webb et al. (2011) have analyzed the VLT (Very Large

Telescope) data and reported that α increases at high redshift.
However, the Keck telescope data show that the value of the fine
structure constant is lower at high redshift. These contradictory
results may indicate the presence of undetected systematic ef-
fects, or the need of a dipole model to explain for the variation
of the fine structure constant. Note that both Keck and VLT data
give the same direction and magnitude of the gradient of α. King
et al. (2012) have re-analyzed the VLT and Keck Observatory
data and found a non-null spatial variation of α, and that the
dipole model is preferred over the monopole model. Berengut
et al. (2011) have demonstrated that it is possible to set con-
straints on the spatial variation of the fine structure constant
using Big Bang nucleosynthesis (BBN) primordial abundances,
though the existing data on it do not support the dipole interpre-
tation. A geophysical analysis to test the spatial variation of α
was performed by Berengut & Flambaum (2012). These authors
have concluded that the terrestrial limits do not contradict the re-
ported observation, and have pointed out that the new measure-
ments of primordial abundances, in different directions, could
lead to the determination of the spatial variation of the fine struc-
ture constant during BBN.

The primordial production of light nuclei occurs during the
first three minutes of the Universe, in a process called BBN.
The formalism that explains this complex process has only one
free parameter, the baryon density (or the baryon-to-photon ra-
tio, these two quantities are related by a constant). This param-
eter can be determined by two different and independent meth-
ods. The first one is the comparison of the theoretical primordial
abundances of deuterium, 4He, and 7Li with the observational
data. The other method consists of analysing of the cosmic mi-
crowave background (CMB) data (Spergel et al. 2007; Larson
et al. 2011). The theoretical abundances obtained by using the
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value of the baryon density provided by WMAP are consistent
with the observed abundances of deuterium and 4He, but not
with the lithium data. This so-called cosmological Li-problem
was analyzed extensively in the literature. Richard et al. (2005)
have suggested that a better understanding of the turbulent trans-
port in the radiative zones of the stars is needed for a reliable
estimation of the primordial abundance of 7Li. Others authors
have suggested the existence of a stellar lithium depletion (this
depletion depends on the mass of the star) (Meléndez et al. 2010;
Lind et al. 2010). Some authors have analyzed the nuclear as-
pect of this problem (Broggini et al. 2013; Kirsebom & Davids
2011; Cyburt & Pospelov 2012). Including resonances in the nu-
clear reactions may reduce the abundance of lithium through de-
pletion of the production of beryllium (Civitarese & Mosquera
2012). Several authors have studied the variation of the funda-
mental constants during the BBN. The dependence of the pri-
mordial abundances on the fine structure constant was evaluated
by Bergström et al. (1999) and by Nollett & Lopez (2002). The
effects of the variation of fundamental constants during BBN in
the context of the dilaton superstring theory was analyzed by
Campbell & Olive (1995) and by Ichikawa & Kawasaki (2002,
2004). The dependence of the primordial abundances as a func-
tion of the Planck mass, the fine structure constant, the Higgs
vacuum expectation value, the electron mass, the nucleon de-
cay time, the deuterium binding energy, and the neutron-proton
mass difference was studied by Müller et al. (2004). Cyburt et al.
(2005) have studied the variation of the fine structure constant
and the variation of Newton’s GN. Coc et al. (2007) have set con-
straints on the variation in the neutron lifetime and the neutron-
proton mass difference. Mosquera et al. (2008) have studied the
variation of the fine structure constant in the early Universe and
set constraints on the free parameters of the Bekenstein model
(Bekenstein 1982), and in Scóccola et al. (2008) the variation
of v in the early Universe (BBN and CMB) has been studied. In
Mosquera & Civitarese (2011) and Landau et al. (2008) the vari-
ation of α and v during BBN have been studied without assuming
any theoretical model for the variations.

If the fine structure constant can acquire any value during
BBN, the light nuclear masses the variation of light nuclear
masses, mx, can be written as δmx

mx
= P δαα , where P is a con-

stant on the order of 10−4, the neutron-proton mass difference
( δΔmnp

Δmnp
= −0.587 δα

α
), the initial amount of neutrons and protons

(Yn =
1

1+eΔnp/T+ζ , Yp =
1

1+e−Δnp/T−ζ ), the weak decay rates (through
its dependence on the neutron to proton mass difference) and
several reaction rates involved in BBN would change (Landau
et al. 2006, 2008; Scóccola et al. 2008).

If the Higgs vacuum expectation value acquires a value dur-
ing BBN different from the present one while the QCD coupling
ΛQCD remains fixed, several quantities such as the electron mass,
the deuterium binding energy, the Fermi constant (which is pro-
portional to v−2 and affects the neutron to proton decay rates),
the neutron-proton mass difference ( δΔmnp

Δmnp
= 1.587 δv

v
), and the

mass of light nuclei would change with respect to their stan-
dard value (Dixit & Sher 1988; Christiansen et al. 1991; Yoo &
Scherrer 2003). The effect of the variation of the electron mass
is translated, in the calculations, into a variation of the sum of
the electron and positron energy densities, the sum of the elec-
tron and positron pressures, and the difference of the electron
and positron number densities (the change in these quantities af-
fects the expansion rate, as is seen from Friedmann’s equation),
the n ↔ p reaction rates, and the weak decay rates of heavy
nuclei. If the neutron-proton mass difference varies with time,

the initial amount of neutrons and protons, the n ↔ p, and the
Q-values of several reactions (e.g. 3He(n, p)3H, 7Be(n, p)7Li)
would be different than their present values. The variation of
the light nuclei masses affects the Q-values and the reverse co-
efficient of the reactions that involve neutrons (Flambaum &
Wiringa 2007).

In particular, the deuterium binding energy, εD, plays an im-
portant role during the BBN process. If the deuterium binding
energy is modified, the initial value of the abundance of deu-
terium and the Q-value of reactions like d(γ, n)p, will be modi-
fied as well.

The dependence of the deuterium binding energy on
the Higgs vacuum expectation value is model-dependent
(Flambaum & Wiringa 2007). In the literature, this dependence
was analyzed and the results have been applied to set constraints
on the possible variation of the deuterium binding energy over
cosmological timescales (Dmitriev et al. 2004; Flambaum &
Shuryak 2002, 2003; Dmitriev & Flambaum 2003; Berengut
et al. 2010). Yoo & Scherrer (2003) have used the lineal rela-
tionship between the deuterium binding energy and the Higgs
vacuum expectation value obtained by Beane & Savage (2003);
Epelbaum et al. (2003). In Mosquera & Civitarese (2010) and
Civitarese et al. (2010) we have performed a detailed analysis
of the lineal dependence of εD with v using different effective
nucleon-nucleon potentials and set constraints on the variation
of v.

In this work, we analyze the variation of the fine struc-
ture constant and the variation of the Higgs vacuum expecta-
tion value for a cosmological timescale (from the BBN until
the present). We include isolated resonances in the calculation
of the primordial abundances. We perform the calculation for
three different cases: i) considering a resonance in the reac-
tion 7Be + d →4 He +4 He + p; ii) including a resonance in the
reaction 7Be +4 He → γ +11 C; and iii) considering both chan-
nels simultaneously. The parameters of the resonances were ex-
tracted from Broggini et al. (2013). Regarding the dependence of
the deuterium binding energy upon the Higgs vacuum expecta-
tion value, we use the results obtained by Mosquera & Civitarese
(2010) and Civitarese et al. (2010), that is, we have computed
the primordial abundances for each one of the dependencies that
are derived from the four different nucleon-nucleon effective po-
tentials. Following Berengut et al. (2010) we assume that ΛQCD
is constant, that is, we express all dimensions in units of ΛQCD

and therefore, throughout, the relative variation δvv0 represents δNN0
,

where N = v
ΛQCD

is a dimensionless parameter.
This work is organized as follows. In Sect. 2 we present the

elements that are needed to compute the primordial abundances
with a variation of the fundamental constants. In Sect. 3 we cal-
culate the primordial abundances and obtain constraints on the
variation of the fundamental constants for each case. The con-
clusions are presented in Sect. 4.

2. Formalism

We have modified the code developed by Kawano (1988, 1992)
to include the variation of α and v in the fundamental quanti-
ties related to them. For details see Landau et al. (2006, 2008);
Scóccola et al. (2008) and Mosquera & Civitarese (2011).

In Table 1 we present the values of the constant of propor-
tionality, k, which relates the variation of εD and of v

δεD
εD
= k
δv

v
, (1)
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Table 1. Values of the coefficient k of Eq. (1).

Potential k
Argonne −1.23
Bonn −0.66
Nijmegen −1.66
Reid −1.83

obtained by Mosquera & Civitarese (2010) and Civitarese et al.
(2010). In the previous equation we denote δεD = (εD)BBN − εD,
and δv = vBBN − v, the subindex BBN indicates the value of the
constant at primordial nucleosynthesis.

The decay rates for the chain of nuclear reactions involved
in the calculations have been modified to account for isolated
resonances in the participant nuclear spectra. We assume a
Breit-Wigner formula for the description of the cross section for
an isolated resonance (Fowler et al. 1975)

σ(E) =
π�2

2μE
ωrΓ1Γ2

(E − Er)2 + Γ2/4
, (2)

where Γi is the partial width for the decay of the resonant state,

Γ is the sum over all partial widths, ωr =
(1+δi j)gr

gig j
, gr = 2Jr + 1

is the spin degeneracy, Jr the spin of the resonant state and Er
is the resonance energy in the center of momentum system. The
average cross section 〈σv〉 is written

〈σv〉 =
(

2π�2

μkT

)3/2 (ωγ)r

�
eEr/kT , (3)

where γr =
(
Γ1Γ2
Γ

)
r
. The parameters of the resonances (Er, Γ)

were extracted from Broggini et al. (2013).

3. Bounds from BBN

The starting point of the present study is the calculation of the
light nuclei abundances. With them one can perform an statisti-
cal analysis

(
χ2 test

)
using observational data to obtain the best-

fit parameters. Although the data of WMAP are able to constrain
the baryon density, there exist still some degeneracies between
the model parameters, namely the baryon density, the dark mat-
ter density, the ratio of the comoving sound horizon at decou-
pling to the angular diameter distance to the surface of last scat-
tering, the reionization optical depth, the scalar spectral index,
and the amplitude of the density fluctuations. For this reason, we
have computed light nuclei abundances and performed the statis-
tical analysis using observational data to obtain the best fit of α,
the Higgs vacuum expectation value, and the baryon to photon
ratio for the following cases:

i) variation of α and keeping ηB fixed at the WMAP value,
(ηWMAP

B = (6.108 ± 0.219) × 10−10) (Spergel et al. 2007;
Larson et al. 2011);

ii) variation of α and ηB;
iii) variation of v and ηB = η

WMAP
B ;

iv) variation of v and ηB;
v) variation of α, v and ηB = η

WMAP
B ;

vi) variation of α, v and ηB.

The values for the observational abundance of deuterium con-
sidered in the present work, were presented in Ivanchik et al.
(2010), Burles & Tytler (1998a,b), Crighton et al. (2004),

Table 2. Best-fit values for δα
α

.

7Be + d(
δα
α
± σ

)
× 103 χ2

min
N−1

−4.4+1.9
−1.8 1.06

7Be +4 He(
δα
α
± σ

)
× 103 χ2

min
N−1

−4.6+1.8
−1.8 1.01

7Be + d and 7Be +4 He(
δα
α
± σ

)
× 103 χ2

min
N−1

−6.2+1.9
−1.8 1.55

Kirkman et al. (2003), Levshakov et al. (2002a), O’Meara et al.
(2006, 2001), and Pettini et al. (2008).

We used the data from Izotov et al. (2006), Izotov & Thuan
(2004), Thuan & Izotov (2002, 1998), Izotov et al. (1997, 1994),
and Peimbert et al. (2007) for the primordial abundance of 4He.

Finally, the observational data for 7Li were extracted from
Boesgaard et al. (2005), Molaro et al. (1997), Bonifacio &
Molaro (1997), Bonifacio et al. (2002, 2007), Hosford et al.
(2009), Ryan et al. (2000), Asplund et al. (2006), Sbordone et al.
(2010), Meléndez et al. (2010), and Monaco et al. (2012).

To check the consistency of the data, we performed the anal-
ysis of Beringer et al. (2012) for the data set considered in the
present work. We increased the standard deviation by a fac-
tor ΘD = 2.34 for the deuterium data and Θ7 = 1.41 for the
data of lithium.

3.1. Variation of α with ηB = η
WMAP
B

For this case we computed the primordial abundances of the
light elements considering that only the fine structure con-
stant varies. The baryon-to-photon ratio remains constant at the
WMAP value.

In Table 2 we present the results of δα
α

for the minimization
of the χ2 test. There is a good fit when we considered that only
one of the reactions has a resonance. For these two cases, the
variation of the fine structure constant is null within 3σ (three
standard deviations). When two resonances, one in each reaction
rate, are treated, the fit is still good and the variation of α is null
within 3σ.

3.2. Variation of α with a variable ηB

We computed the primordial abundances of the light elements al-
lowing the variation of the fine structure constant and the baryon-
to-photon ratio. We considered the three reactions mentioned
above to include isolated resonances.

The results are presented in Table 3. Clearly a good fit is
achieved when only one of the reactions has a resonance. For
these cases the variation of the fine structure constant is null
within 2σ and the value of the baryon-to-photon ratio agrees
well with the value obtained by the WMAP team within 3σ
(Larson et al. 2011). The third row of Table 3 shows that the
variation of α is null within 3σ and the value of ηB agrees well
with the value ηWMAP

B , but the fit is not as good as the previous
ones.
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Table 3. Best-fit values for δα
α

and ηB.

7Be + d(
δα
α
± σ

)
× 103 (ηB ± σ) × 1010 χ2

min
N−2

−3.8+1.9
−2.0 5.687+0.186

−0.181 0.90

7Be +4 He(
δα
α
± σ

)
× 103 (ηB ± σ) × 1010 χ2

min
N−2

−3.4+1.9
−2.1 5.713+0.242

−0.232 0.96

7Be + d and 7Be +4 He(
δα
α
± σ

)
× 103 (ηB ± σ) × 1010 χ2

min
N−2

−6.5+2.3
−1.9 6.193+0.322

−0.306 1.60

-8 -6 -4 -2  0 2
103 δα/α

-10

-8

-6

-4

-2

0

 5  5.2  5.4  5.6  5.8  6  6.2  6.4

10
3  

δα
/α

1010 ηB

0.2

0.4

0.6

0.8

1

L/
L m

ax

Fig. 1. Likelihood contours plots for ηB and δα
α

, with a resonance
in 7Be + d →4 He +4 He + p.
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Fig. 2. Likelihood contours plots for ηB and δα
α

, with a resonance
in 7Be +4 He→ γ +11 C.

In Figs. 1 to 3 we show the confidence contour plots and
one-dimensional likelihood for each case. The results are quite
similar, but if we incorporate two isolated resonances the contour
plot allows a wider range of variation of α and of the value of ηB.

From the present results it is clear that including the reso-
nances improves the fit, and the best-fit value for δα

α
is consistent
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Fig. 3. Likelihood contour plots for ηB and δα
α

, with a resonance in 7Be+
d→4 He +4 He + p and in 7Be +4 He→ γ +11 C.

Table 4. Best-fit values for δv
v

.

7Be + d

k 103
(
δv
v
± σ

) χ2
min

N−1

−1.23 −5.5+2.8
−3.3 1.14

−1.83 −3.2+3.1
−2.8 1.24

−0.66 −6.0+2.5
−2.6 1.04

−1.66 −9.0+3.0
−4.0 0.98

7Be +4 He

k 103
(
δv
v
± σ

) χ2
min

N−1

−1.23 −8.5+3.1
−3.2 0.99

−1.83 −10.7+4.5
−4.3 1.05

−0.66 −6.6+2.3
−2.6 0.96

−1.66 −9.4+4.0
−4.8 1.03

7Be + d and 7Be +4 He

k 103
(
δv
v
± σ

) χ2
min

N−1

−1.23 −8.5+3.0
−4.4 1.68

−1.83 −11.4+4.3
−4.4 1.71

−0.66 −6.6+2.3
−2.5 1.67

−1.66 −3.3+3.0
−3.9 1.22

with zero while the best-fit value of ηB perfectly agrees with the
WMAP value within 3σ.

3.3. Variation of v with ηB = η
WMAP
B

We computed the primordial abundances of the light elements
considering that only the Higgs vacuum expectation value during
the BBN might be different than the present value. The baryon-
to-photon ratio remains constant at the WMAP value.

In Table 4 we present the results for the different values of k
and the different reaction rates with a new isolated resonance.

If we include the isolated resonances only in one reaction at
a time, the fit is good. The variation of the Higgs vacuum ex-
pectation value for these cases is consistent with a null variation
within 3σ. When both resonances are treated simultaneously, the
fit becomes poorer than before and, once again, the variation of v
is null within 3σ.
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Table 5. Best-fit values for δv
v

and ηB.

7Be + d

k 103
(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−2

−1.23 −6.4+3.2
−3.3 5.635+0.184

−0.179 0.89

−1.83 −8.8+4.4
−4.1 5.510+0.180

−0.199 0.89

−0.66 −5.1+2.5
−2.6 5.713+0.187

−0.181 0.89

−1.66 −7.9+4.0
−4.0 5.546+0.182

−0.176 0.89
7Be +4 He

k 103
(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−2

−1.23 −6.9+3.3
−3.5 5.661+0.266

−0.230 0.91

−1.83 −10.0+4.9
−4.4 5.535+0.288

−0.224 0.91

−0.66 −5.4+2.6
−2.8 5.739+0.271

−0.283 0.92

−1.66 −9.2+4.5
−4.0 5.586+0.264

−0.266 0.91
7Be + d and 7Be +4 He

k 103
(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−2

−1.23 −8.2+3.5
−3.5 5.997+0.282

−0.270 1.74

−1.83 −11.1+4.4
−4.3 5.833+0.275

−0.250 1.74

−0.66 −6.5+2.7
−2.8 6.080+0.316

−0.274 1.73

−1.66 −8.0+4.0
−4.0 5.532+0.207

−0.176 0.89
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Fig. 4. 3σ likelihood contour plots for ηB and δv
v

, for a resonance
in 7Be + d →4 He +4 He + p.

3.4. Variation of v allowing ηB to vary

The results for the best-fit values for δv
v

and ηB during the BBN
are presented in Table 5. The fit is good when we considered
that each of the reactions has a resonance. If we incorporate the
two isolated resonances simultaneously, the fit becomes poorer
than the one including only one resonance at a time. For all the
cases, the variation of the Higgs vacuum expectation value is
null within 3σ and the value of the baryon-to-photon ratio agrees
well with the value obtained by WMAP within 3σ.

In Figs. 4 to 6 we present the confidence contour plots and
one-dimensional likelihood for each case. As seen in the figures,
the results considering two isolated resonances simultaneously
allow for a wider range of variation of the value of ηB.

Including the resonances improves the fit, and the best-fit
value for δv

v
is consistent with zero while the best-fit value of ηB

perfectly agrees with the WMAP value within 3σ.

-25 -20 -15 -10 -5  0  5
103 δv/v

k = -1.23
k = -1.83
k = -0.66
k = -1.66

-25

-20

-15

-10

-5

0

 5  5.5  6  6.5

10
3  

δv
/v

1010 ηB

0.2

0.4

0.6

0.8

1

L/
L m

ax

Fig. 5. 3σ likelihood contour plots for ηB and δv
v

, for a resonance
in 7Be +4 He→ γ +11 C.
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Fig. 6. 3σ likelihood contour plots for ηB and δv
v

, for a resonance
in 7Be + d→4 He +4 He + p and 7Be +4 He→ γ +11 C.

3.5. Variation of α and v with ηB = η
WMAP
B

We computed the primordial abundances of light nuclei consid-
ering the simultaneous variations of α and v for a constant value
of the baryon-to-photon ratio. In Table 6 we present the results
for different values of k and for the different reaction rates that
include a new isolated resonance.

When we included the isolated resonance in only one chan-
nel, we found good fits, and the variation of the fine struc-
ture constant and the Higgs vacuum expectation value are null
within 6σ (for the channel 7Be + d). When we included the iso-
lated resonances in both reaction rates it will produce good fits,
and the variation of the fine structure constant and the Higgs vac-
uum expectation value are null within 6σ for all values of k. In
Figs. 7 to 9 we present the likelihood contour plots for the varia-
tion of α (in units of 103) and the variation of v (in units of 103)
for all values of k used in the analysis.

Including the new resonances improves the fit, and the best-
fit value for the variation of α and v is consistent with zero if the
isolated resonances are included in the reactions.

3.6. Variation of α and v allowing ηB to vary

We computed the primordial abundances of light nuclei consid-
ering that α, v and ηB may vary with time. In Table 7 we present
the results for the χ2-test.
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Table 6. Best-fit values for δα
α

and δv
v

.

7Be + d

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

) χ2
min

N−2

−1.23 −15.5+3.1
−3.8 19.3+3.0

−4.2 0.88

−1.83 −10.0+2.8
−2.4 15.0+4.0

−5.4 0.88

−0.66 −22.1+3.1
−3.0 22.2+2.5

−2.9 0.90

−1.66 −11.4+3.1
−3.6 16.3+4.1

−5.6 0.88
7Be +4 He

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

) χ2
min

N−2

−1.23 −19.2+2.4
−2.2 26.4+1.6

−2.4 0.89

−1.83 −12.7+2.3
−1.9 24.4+2.3

−3.2 0.94

−0.66 −26.2+2.8
−2.4 27.6+1.6

−1.8 0.90

−1.66 −14.4+2.2
−2.2 25.6+2.0

−3.0 0.92
7Be + d and 7Be +4 He

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

) χ2
min

N−2

−1.23 −15.4+4.2
−3.2 17.6+4.6

−7.4 1.47

−1.83 −9.6+3.7
−2.7 10.5+7.0

−10.0 1.57

−0.66 −21.4+4.8
−3.0 20.2+3.6

−6.0 1.36

−1.66 −11.4+3.0
−2.5 16.4+3.9

−5.4 0.88
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Fig. 7. 3σ likelihood contour plots for δα
α

and δv
v

, for a resonance
in 7Be + d →4 He +4 He + p.
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Fig. 8. 3σ likelihood contour plots for δα
α

and δv
v

, for a resonance
in 7Be +4 He→ γ +11 C.
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Fig. 9. 3σ likelihood contour plots for δα
α

and δv
v

, for a resonance
in 7Be + d→4 He +4 He + p and 7Be +4 He→ γ +11 C.

Table 7. Best-fit values for δα
α

, δv
v

and ηB.

7Be + d

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−3

−1.23 −12+20
−10 12+8

−24 6.194+0.292
−0.414 0.96

−1.83 4+28
−6 −20+32

−46 5.585+0.827
−1.045 0.97

−0.66 −8+9
−12 4+12

−8 5.984+0.282
−0.269 0.96

−1.66 −4+20
−10 −4+8

−44 5.984+0.731
−1.120 0.98

7Be +4 He

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−3

−1.23 8+10
−8 −20+12

−16 5.535+0.894
−0.310 0.92

−1.83 8+8
−10 −22+16

−18 5.333+0.381
−0.413 0.91

−0.66 8+12
−9 −16+10

−18 5.739+0.482
−0.258 0.92

−1.66 8+9
−10 −24+17

−14 5.333+0.381
−0.356 0.92

7Be + d and 7Be +4 He

k 103
(
δα
α
± σ

)
103

(
δv
v
± σ

)
1010 (ηB ± σ)

χ2
min

N−3

−1.23 −18+5
−4 20+3

−10 6.461+0.382
−0.291 1.47

−1.83 −13+4
−4 18+5

−8 6.682+0.412
−0.389 1.54

−0.66 −21+4
−6 20+4

−6 6.221+0.445
−0.280 1.40

−1.66 −4+20
−12 −4+14

−48 5.984+0.578
−1.120 0.97

Including an isolated resonance in only one reaction leads to
good fits, and the variation of the fine structure constant and the
Higgs vacuum expectation value are null within 2σ for all values
of k. The value for the baryon-to-photon ratio agrees well with
the value extracted using the WMAP data (Larson et al. 2011)
within 1σ. When the isolated resonances are considered in both
reaction rates, the statistical analysis yields good fits (although
they are poorer than for the previous cases), and the variation
of the fine structure constant and the Higgs vacuum expectation
value are null within 4σ for all values of k. The value for the
baryon-to-photon ratio agrees well with the WMAP value. In
Figs. 10 to 12 we present the likelihood contours plots for ηB
(in units of 1010), the variation of α (in units of 103), and the
variation of v (in units of 103) for all values of k used in the
analysis.

Thus, for this case including the nuclear resonances im-
proves the fit, the best-fit value for the variation of α and v is
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Fig. 10. 3σ likelihood contours for ηB, δα
α

and δv
v

, for a resonance
in 7Be + d →4 He +4 He + p.
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Fig. 11. 3σ likelihood contour plots for ηB, δα
α

and δv
v

, for a resonance
in 7Be +4 He→ γ +11 C.

consistent with zero, and the value of ηB agrees well with the
WAMP estimations (Larson et al. 2011).

3.7. Comparison with previous fits

To give an idea about the scope of the present results, in this
section we compare them with the results obtained in previous
fits, where the nuclear reaction was not modified by taking reso-
nances into account.

3.7.1. Variation of α

In a previous work (Mosquera et al. 2008), it was shown that the
inclusion of 7Li in the data set yields a poor χ2-value, and that
either the variation of the fine structure constant was not null or
the value of ηB disagreed with the WMAP data.

3.7.2. Variation of v

In Scóccola et al. (2008), it was shown that either the variation
of v was not null or the value of ηB disagreed with the WMAP
data, and the χ2-test leads to not a good fit.
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Fig. 12. 3σ likelihood contour plots for ηB, δα
α

and δv
v

, for a resonance
in the reactions 7Be + d→4 He +4 He + p and 7Be +4 He→ γ +11 C.

In Civitarese et al. (2010), we found that the variation of the
Higgs vacuum expectation value was not null within 6σ, but the
value of ηB agreed with the WMAP data.

3.7.3. Variation of α and v

In Landau et al. (2008) it was shown that the statistical analy-
sis leads to a non-null variation of both fundamental constants
within 6σ, and the value of ηB is not consistent with the estima-
tions of WMAP within 3σ.

In a previous work (Mosquera & Civitarese 2011) it was
found that the variation of the fine structure constant was null
within 2σ, the variation of the Higgs vacuum expectation value
was not null within 6σ, and the value of the baryon-to-photon
ratio agreed well with the WMAP estimations.

4. Conclusion

We have analyzed the effects of including isolated resonances
in some of the BBN reactions on the variation of the fine struc-
ture constant and the variation of the Higgs vacuum expectation
value. We found that, in presence of resonances, the variation
of α is null within 3σ. However, if the resonances are simulta-
neously included in all reactions, the fit is poorer than the previ-
ous one. The same features emerge if the baryon-to-photon ra-
tio is taken as a free parameter adjusted by the observable data.
In this case, the variation of α is null within 2σ and the value
of ηB agrees well with the value provided by WMAP within 3σ.
The contour plots obtained when both resonances are simultane-
ously included show a wider range for the value of the variation
of the fine structure constant and the baryon-to-photon ratio than
the ones obtained by taking the resonances separately.

The variation of v is null within 3σ for all cases. We also
analyzed the case where the baryon-to-photon ratio is a free pa-
rameter to adjust using the observable data. In this case we found
that the variation of v is null within 3σ and the value of ηB agrees
well with the value provided by the WMAP team within 3σ. For
all the dependencies of the deuterium binding energy on v the re-
sults are quite similar. Finally, we compared the different cases
and found that if the isolated resonances are present in both re-
actions 7Be + d →4 He +4 He + p and 7Be +4 He → γ +11 C,
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the contour plots show a wider range for the allowed value of the
baryon-to-photon ratio than those with only one resonance.

We found that the joint variation of α and v is null, and for
the case of variable ηB we found that both the variation of α and
the variation of v are null, and that the value of ηB agrees well
with the value provided by WMAP.

As mentioned in Sect. 3.7, the present values are, in general,
better than previously reported.
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