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ABSTRACT

Aims. We study the time variation of both the fine structure constant, @, and the Higgs vacuum expectation value, v, during Big Bang
nucleosynthesis (BBN).

Methods. We calculate the primordial abundances of D, “He, and ’Li by modifying Kawano’s code, and by using observational data
we set constraints on the joint variation of @ and v. To perform the calculations we considered the dependence of the deuterium-
binding energy, €p, upon v, obtained from the treatment of different proton-neutron interactions.

Results. Results are consistent with variation on v (even at the level of 60) and null variation of a (within 20) if the "Li data are
used in the analysis. However, if data on these nuclei are not considered in the statistical analysis, we found null variation on both
fundamental constants within 2o

Conclusions. We found that the best-fit values of the variation of v and « are sensible to the dependence of the deuterium binding
energy upon the Higgs vacuum expectation value. We found non-null variation of v within 60 if all the observational data are used in
the analysis. If data on the primordial abundance of "Li are taken at face value, the discrepancy between BBN and WMAP estimates

may be explained by allowing variations of v.
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1. Introduction

Several observations can establish limits to the variation of dif-
ferent fundamental constants, such as the atomic 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 Oklo natural
fission reactor (Damour & Dyson 1996; Fujii et al. 2000) and the
analysis of the spectra of quasar absorption systems. These as-
tronomical observations suggest a possible variation of the fine
structure constant and the electron-to-proton mass ratio (Webb
et al. 1999, 2001; Murphy et al. 2001a,b, 2003; Ivanchik et al.
2005; Reinhold et al. 2006; Tzanavaris et al. 2007). However,
another analysis of similar astronomical data gives null variation
of the fine structure constant (Martinez 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).

The Big Bang nucleosynthesis (BBN) is a useful tool to
study the time variation of fundamental constants, such as the
fine structure constant, «, the Higgs vacuum expectation value,
v, and the Planck mass, among others. Several theories that at-
tempt to unify the four fundamental interactions, such as super-
strings (Wu & Wang 1986; Barr & Mohapatra 1988; Maeda
1988; Damour & Polyakov 1994; Damour et al. 2002a,b), brane
world (Youm 2001a,b; Brax et al. 2003; Palma et al. 2003)
and Kaluza-Klein theories (Kaluza 1921; Klein 1926; Weinberg
1983; Gleiser & Taylor 1985; Overduin & Wesson 1997), al-
low fundamental constants to vary within cosmological time
scales. The time variation of several fundamental constants was
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studied by Campbell & Olive (1995), Bergstrom et al. (1999),
Ichikawa & Kawasaki (2002), Nollett & Lopez (2002), Yoo &
Scherrer (2003), Miiller et al. (2004), Ichikawa & Kawasaki
(2004), Cyburt et al. (2005), Landau et al. (2006), Coc et al.
(2007), Chamoun et al. (2007), Mosquera et al. (2008), Landau
et al. (2008), Landau & Scéccola (2010), Mosquera & Civitarese
(2010), Civitarese et al. (2010), among others.

If the Higgs vacuum expectation value acquires a differ-
ent value during BBN than the present one, the electron mass,
the proton-neutron mass difference, the Fermi constant, and the
deuterium binding energy, ep, will be different from the corre-
sponding actual values. Several authors have studied the depen-
dence of ep on v (Flambaum & Shuryak 2002, 2003; Dmitriev
& Flambaum 2003; Beane & Savage 2003; Epelbaum et al.
2003; Yoo & Scherrer 2003; Dmitriev et al. 2004; Flambaum
& Wiringa 2007; Berengut et al. 2010; Mosquera & Civitarese
2010; Civitarese et al. 2010).

In this work, we study the effects of a possible variation of
the fine structure constant and of the Higgs vacuum expectation
value, considering a fixed value of the strong-coupling constant
Aqcp- To perform the calculation of the primordial abundances,
we use the linear dependence of ep with v discussed in Mosquera
& Civitarese (2010); Civitarese et al. (2010). We use observa-
tional data of D, “He, and "Li to obtain constraints on the vari-
ation of the participant fundamental constants. We also perform
an analysis of the sensibility of these constraints on the lithium
abundance and the dependencies between ep and v.
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Table 1. Values of the coefficient « of Eq. (1).

Potential K

Argonne  —1.23
Bonn -0.66
Nijmegen —1.66
Reid -1.83

This work is organized as follows. In Sect. 2 we calculate
the primordial abundances and obtain constraints on the joint
variation of @ and v. The conclusions are presented in Sect. 3.

2. Bounds from BBN

In this section we study the effect of a possible variation of the
fine structure constant, @, and of the Higgs vacuum expecta-
tion value, v, during primordial nucleosynthesis. If @ acquires
a value different from the actual one, the neutron-to-proton ra-
tio, the neutron-proton mass difference, the weak decay rates,
and the cross sections of several reactions involved during BBN
would be different from current estimates (Landau et al. 2008),
and consequently, the primordial abundances would be modified.
The electron mass, the Fermi constant, the neutron-proton mass
difference, the weak decay rates, the masses of light nuclei, the
deuterium binding energy, ep, and the initial abundance of deu-
terium will be modified if the Higgs vacuum expectation value
varies with time (Landau et al. 2008; Mosquera & Civitarese
2010).

The dependence of the deuterium-binding energy on the
Higgs vacuum expectation value is model dependent (Flambaum
& Wiringa 2007). In this work, we use the results obtained by
Mosquera & Civitarese (2010); Civitarese et al. (2010). The au-
thors had calculated the constant of proportionality, x, which
relates ep and v, for four different nucleon-nucleon potentials
(Argonne v;g potential, Bonn potential, Nijmegen potential and
Reid 93 potential),

AED _ Av

=K
(ep)o )

, ey

where Aep = (ep)ggn—(€D)g, and Av = vggN—Up. The subindexes
BBN and 0 indicate the value of the constant at primordial nu-
cleosynthesis and at the present time, respectively. In Table 1
we present the values of « obtained by Mosquera & Civitarese
(2010); Civitarese et al. (2010). The Argonne v;g potential in-
cludes an electromagnetic interaction (Wiringa et al. 1995), pro-
portional to the fine structure constant. We modified this po-
tential to include the variation of the fine structure constant
and performed the calculation of ep. We obtained the relation

Aep _ A
e = -0.001942.

In order to calculate the primordial abundances, we modified
the code developed by Kawano (Kawano 1988, 1992) for each
nucleon-nucleon potential of Table 1 (Mosquera & Civitarese
2010; Civitarese et al. 2010). For details about the corrections
introduced in the public version of Kawano’s code see Mosquera
et al. (2008); Landau et al. (2008); Mosquera & Civitarese
(2010).

The WMAP data are able to constraint the baryon density
Qgh? (related to the baryon-to-photon ratio 77) with great accu-
racy, but there is still some degeneracy between the model pa-
rameters, namely: one is dealing with a parametric hypersurface
defined by the values of Qph?, Qcpmh? (dark matter density in
units of the critical density), ® (gives the ratio of the comoving
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Table 2. Best-fit parameter values for the BBN constraints.

kK o100 Aig[107] 2so[107]

—123 64407032 25448 29,5713
~0.66  6.150%03 ~8.5%43 29.9111
—166 674470317 1544 29.6%13
~183  6.901:028 3.0+4.0 29.6+19

sound horizon at decoupling to the angular diameter distance to
the surface of last scattering), 7 (reionization optical depth), ng
(scalar spectral index), A (amplitude of the density fluctuations).
For this reason we computed the light nuclei abundances for the
following cases:

i) variation of @ and v allowing ng vary,
ii) variation of @ and v keeping 7 fixed at WMAP value

(yMAP = (6.108 0.219) x 1071%) (Spergel et al. 2003,

2007).

In order to obtain the best-fit values for the parameters, we per-
formed a y>-test to compare the theoretical abundances and the
observational data.

The observational data for D were extracted from Burles &
Tytler (1998a,b), O’Meara et al. (2001), Pettini & Bowen (2001),
Levshakov et al. (2002), Kirkman et al. (2003), Crighton et al.
(2004), O’Meara et al. (2006), Pettini et al. (2008), Ivanchik
et al. (2010).

We used the data from Izotov et al. (2006), Peimbert et al.
(2007), Izotov et al. (2007), Izotov & Thuan (2010) for *He, and
for Li we considered the data given by Bonifacio & Molaro
(1997), Molaro et al. (1997), Ryan et al. (2000), Bonifacio et al.
(2002), Boesgaard et al. (2005), Asplund et al. (2006), Bonifacio
et al. (2007), Hosford et al. (2009). Regarding the consistency
of the data, we followed the treatment of Yao et al. (2006) and
increased the errors by a fixed factor: @p = 2.37, @4y, = 2.69
and @+; = 1.43 for D, “He and "Li, respectively.

2.1. Variation of @ and v allowing ng to vary

We calculated the BBN abundances for different values of the
fine structure constant, the Higgs vacuum expectation value and
s, for each potential considered (see Table 1). We performed a
y>-test to find the best-fit values of the parameters. In Table 2 we
show the results of the parameters corresponding to the best fit,
at 1o, for the BBN constraints on 7z (in units of 10719), ﬁ—‘; (in

units of 1073) and ﬁ—(’)’ (in units of 107%). The values were obtained
for the different values of « given in Table 1. For all these cases,

2
the value of ),f]'i“; is 1.00.

We found good agreement at the level of three standard de-
viations between our best-fit value of ng and the one obtained
using WMAP data (Spergel et al. 2007). We also found null vari-
ation of @ within two standard deviations, and variation of the
Higgs vacuum expectation value, even at the level of six stan-

dard deviations. In Fig. 1 we present the 30--likelihood contours

for ng, ﬁ—‘; and f—;’, and the one-dimensional likelihood for all
potentials.

2.2. Variation of @ and v keeping ng fixed

Once again, we calculated the BBN abundances for different
values of the fine structure constant and of the Higgs vacuum
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Fig. 1. 30 Likelihood contours for
likelihood for all values of «.

and 7 and one-dimensional

Table 3. Best-fit parameters with g fixed by WMAP.

ko f2ao[107] Lxg|107] e
-123  -20£40  290+15 104
-0.66  -9.0£50  295+20 096
-1.66  3.0+40 28515 119
-183 5040 280£20 125

expectation value for each potential considered (see Table 1).
This calculation was made keeping np fixed at WMAP value

(myMAP = (6.108 £ 0.219) x 1071) (Spergel et al. 2007). We
performed a y’-test to find the best-fit value. In Table 3 we
present the results for the best-fit parameter values within one

standard deviation for the BBN constraints on ﬁ_g (in units of

1073) and ﬁ—o” (in units of 1073), with np fixed at the WMAP esti-
mate, for the different values of «, as given in Table 1.
In Fig. 2 we present the 30-likelihood contours for i—;’ and

% and one-dimensional likelihood, for all potentials.

We found null variation of « at 20 level, but the variation
of v is non-null even at 60 If the analysis does not include the
lithium-data-set, we found null variation of both fundamental
constants at the level of 20

3. Conclusion

We obtained bounds on the joint variation of @ and v us-
ing the observational abundances of D, 4He, and "Li. We per-
formed the analysis for different estimates of the dependence
of the deuterium-binding energy on the Higgs vacuum expec-
tation value. We found that the four dependencies considered,
that is for the four values of k of Table 1, give similar re-
sults. We found reasonable fits for the variation of «, v and 7p
for the whole data set. However, and referring to the particular
case of v, its variation is significant only when the data-set in-
cludes the "Li abundance. If the present values of 'Li abundances
are correct (Meléndez & Ramirez 2004; Richard et al. 2005;
Prodanovi¢ & Fields 2007), then varying fundamental constants

1 T T T
0.8l ]
k=-123
é 0.6+ 1 o= ?gg 7777777
- K=-1.60 -
304 1 Kk =-1.83
0.2l ]
0 —— : . .
32| 1 ]
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A and one-dimensional like-

Fig. 2. 30 Likelihood contours for % vs.
0 v

lihood for all values of «.

would be a possible explanation to solve the discrepancy be-
tween the light element abundances and the WMAP estimates.
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