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We study the cosmic evolution in recent times within the induced gravity theory. Taking into account the experimental constraints on
parameter of the theory, we study the quintessence dynamics. We obtain the possible models and discuss the physical consequer
cosmology and particle physics.
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Se estudia la evolugh cosmobgica enépocas actuales en la temde gravedad inducida. Dadas las constricciones experimentales sobre lo:
parametros de la te@, se estudia la damica de quintaesencia del modelo. Se obtienen los posibles modelos y se discuten sus consecuen
en fisica de paftulas y cosmoloig.
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1. Introduction 1.1. Field equations

. . The STT Lagrangian is [11]:
Since about nine years two supernovae groups, the Super- grang [11]

novae Cosmology Project and the High-Z Supernovae Search @ 1 .

Team, has been providing evidence for an accelerated ext = ﬁgﬁwRJr §¢L¢’M —V(e'9) + LM] V=g, @
pansion of the Universe [1, 2]. This dynamics seems to has . . i . . .

been happening since a redshift of about 1: for a review whereg is a nggs: field andv is an adimensional parameter
see Ref. 3. In recent years this discovery has gained mof@ Pe later determined. _

evidence from other independent experimenés, measure- The Higgs potential is of Landau-Ginzburg type:

ments from the cosmic background radiation [4] and galaxy A\ 2\ 2

surveys [5]. A popular way to explain this effect is either Vig) = Q—Z <|¢|2 + 6i> . 2

to introduce a cosmological constant or to introduce scalar @
fields in the dynamics of General Relativity (GR). The po-The Higgs ground state, is given by:
tential associated to this field can accomplish the desired ac-

2
celerated expansion, as it does for the inflationary scenario. 2 = _bu ()
Since we do not know the nature of the proposed field, it has Aa
been called quintessence, presuming that it has a differegyi V(v) = 0, where ), is an adimensional constant

origin from the other four fields that form the building blocks whereas:? < 0.

of the Universe: light, baryons, neutrinos and dark matter, |, IG, the Higgs potential’ (¢) plays the role of a cos-

see [6-8]. mological function during the time in which goes from an
A different possibility is to couple scalar fields non- initial state to its ground state, whose value is determined

minimally to gravity, within the framework of scalar-tensor by the Newtonian gravitational constant:

theories (STT) [9]. In the present work we use this scheme, 1

but more precisely we employ a theory that couples to gravity G=—,

(R) with a Higgs field ¢) through the non-minimal coupling av

(#2R). According to the Higgs mechanism, the field evolvesthrough whichu is also determined.

to its energy minimum to give rise to the mass of some ele- Inthis way the Newtonian gravitational constant is related

mentary particles. In our case, the Higgs produces a bosd® the boson mass\{;), such that:

mass whose nature is yet unknown. That is to say, we use

a theory with a Higgs mechanism of the type of the stan- My = Vmgv, ®)

dard model of particle physics. The scalar field evolves to vhereg is coupling constant of the fundamental theory, i.e.

constant, to generate the boson mass, and simultaneously t8e,,4ard model of particle physics.

non-minimal coupling becomes a constant, generating Gen-

eral Relativity (GR). The resulting theory is called induced

gravity (IG) because GR is dynamically obtained through a Mp\?

Higgs mechanism from a STT [10, 11]. a=2r (gMb> ’

(4)

As a consequence of these two last equations, one has that

(6)
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whereMp; = 1/v/G = 10'°GeV is the Planck mass. Forif 2. FRW cosmological equations

we consider the standard model Higgs, one has the W-boson,

such thatM, = My = 80GeV andg = 0.18, therefore The Universe is quite isotropic, up to one part in one hundred
o ~ 1033. Such value is huge and would not pass somdhousand. Therefore, to study the recent Universe evolution
cosmological constraints am that we will comment below. We use the FRW metric. Accordingly, the above gravity equa-
Therefore, here we consider a STT with an undetermined tions (7) go into:

that will correspond to another Higgs mass, different from .,

the Higgs of the standard model of particle physics. @tk _ 1

From Eq. (1) the gravity egs. are: @142
By %ng N WQW _ _QZT(;ST’W x (E%;G[H V()] - 2g>‘< + % 1 i’cz ) , (13)
- o - 3910 | 2 EEE = L snGop V)
- ﬁ (@Dt = (816) a9 | Y e S fzx} . (14)

where the parenthesis stand for symmetric sum on subindices o, the other hand, the Higgs equation becomes:
and the covariant derivativig¢ includes the gravitational co-
variant derivative (;) plus a component from the gauge
fields [11] of the particle theory.

On the other hand, the scalar field fulfills:

>'<'+3%>‘<+M12{X:0, (15)

whereas the total energy conservation gives, for a barotropic

I i
¢|\>\H)\ n o gR(b: 25 M ®) equation of state for the matter presentpvp,
dpt 8m st 4 ‘
To analyze the cosmological solution around the back- p+ 35(1 T W)p = 1+ 2x(1 —3w)p, (16)

ground field ¢), it is convenient to change variable to the
excited Higgs fieldy: which has a source term due to the Higgs field. One can solve

it in an exact form:
¢ =vy/142xN,
pa® W) = My (1 +2x) 203 (17)
oTp =021+ 2)NTN = v2(1 + 2x), (9)
where My is an integration constant. If w 0, M is total

whereN is a constant matrix. With this definition the poten- .- << of the Universe.

tial takes the simple form

)\a,u4 . 3 . - in
Voo = = 2 = (1+L)8 GM%IXQ’ o) 3. Initial conditions and parameter constric
T tions

which vanishes in its state of lowest enerfy,x = 0) = 0. ) )
Note thatV'(y) ~ M2,M2x2. This mass relationship N order to be able to integrate the above-mentioned cosmo-

is due to the fact that Eq. (4) is necessary to get GR onctodical equations we need to determine the initial conditions
the symmetry breaking takes place. Then, through Egs. (A integration and the cosmological parameters. From the

and (4) one recovers GR at the ground state, which is a@revious equations it is inferred that it is necessary to spec-
ify: p, a, a, x, x at some initial time. Additionally, one re-

X, X ~ 0, _ , :
quires the following cosmological parametetsw, My, a.
Ry, — le# = —87G T, (11) These conditions and parameters will be following deter-
Yoo . mined.

whereT is the effective energy-momentum tensor of the IG S_lnce we are mtereste_d to identify our H|_ggs field as
a quintessence field, we integrate the equations from the

theory, which contains a contribution from the gauge bosons; fthe | X : led d i q
see details in [11]. time of the last scattering, also called decoupling (dec), to

Newton’s gravitational constant is here a function, givenPresenttimes. Accordingly, taking the cosmological parame-
ters from [4], one has:

by:
X= a1 2x Zdee = 1089,
such atG(y = 0) = G, using Eq. (4). taee = 379kyr = 1.19 x 1035,
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FIGURE 1A. Evolution of the scale factos, and the Higgs fieldy, for A = 10%°cm, witha = 0.1, 1.0, 5.0.
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FIGURE 1B. Evolution of the scale factog, and the Higgs fieldy, for A = 10%%cm, witha = 0.1, 1.0, 5.0.
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FIGURE 1c. Evolution of the scale factog, and the Higgs fieldy, for A = 10%"cm, witha = 0.1, 1.0, 5.0.
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and given that the net Newtonian constant through Eqg. (12). This in turn
modifies any cosmological dynamics such as Doppler peaks
1+ Zgee = an/agec, and structure formation. A brief discussion on these con-
straints can be found in Ref. 13. There it is concluded ¢hat

thus can be in the rangé < « < 1 or around these values.

Udee = aj, /1090 = 10%5cm;

, 4. Recent cosmological dynamics
the subindexi” denotes values evaluated at present. We also

know thatpge. = pn (an/adec)’, and with the value for the Next we integrate the scale facton)(and scalar field
cold dark matter density, = 2.6 x 1072® g/cn?’, one has  -Higgs- (y) evolution taking into account the above-
thatpge. = 3.36 x 101 g/lcm?. mentioned initial values and constraints, see Sec 3. We
Let us now to analyze the scalar field. One needs the colhave solved the dynamics for values of Compton wavelength
ple (Xdee, Xdec), but one has no information on these values.\ = 10%°,10%%,10*"cm and an initial Universe size of
Therefore, we have to assume arbitrary, reasonable values. &.. = 102°cm. The smallesho value coincides withu,...
natural scenario is to consider a value of the scalar field difThe valueAc = 1027cm is about one tenth of the current
ferent from its ground statexgrouna = 0), Sy xaee = 1. apparent Universe. We have considered some values for the
In this way, the field will evolve to its ground state, yield- scalar field strength = 0.1,1.0,5.0 , see Fig 1.
ing a cosmological dynamics. For its velocity, we assume  Figure 1a shows the case: = 102°cm for the three
Xdec = 0. The results will not qualitatively depend on these values ofa considered. In this case the Higgs acts as a
values since the potential acts as an attractor to the dynamicguintessence, but well before the redshift,= 1, when is
Finally, the value o, is obtained from Eq. (13). Thus, thought to begin to dominate. As a result the Universe be-
we have thatije. & dgec\/8TGpacc/3 = 4.33 x 10'2cm/s.  gin its accelerated expansion- inflates- shortly after decou-
The quantitiegije. andyq.. will be determined by Egs. (14) pling. One can see that amount of inflation (e-folds) is bigger
and (15), respectively. for smallera.. The Higgs field, on the other hand, oscillates
For the cosmological parameters, we assume a flat cosmiground its minimumy = 0). The oscillations decay faster
geometry) = 0, according to recent cosmological measure-for smallera. The asymptotic behavior of the scale factor is
ments [4] and for the equation of state of mattet; @, that  of the typea o #*/3, which is a dust model, in accordance
is, the dominant matter from decoupling to present times isyith the result that coherent oscillations behave as dust [12].
dust. Figure 1b shows the case; = 102cm. Here the same
On the other hand, the Higgs mas$;;, should be known  tendency is observed, however there is a small difference in
from high energy experiments, however, it is yet unknown the e-folds of inflation produced, since the bigget, the
Within the framework of the present theoretical scheme, it iSater the Universe enters to the inflationary (accelerated) dy-
expected that the Higgs decouples from the rest of the pafamics. In this case, one can see the details of how the Uni-
ticles of the Universe, since Eg. (15) has no source, once iferse enters to inflation. For instance, one observes that di-
is produced [11]. Therefore, this theory predicts that no highminishing« provokes a later entrance to inflation. One can
energy experiments, such as the LHC at CERN, would detegi|so see how the Universe exits the accelerated dynamics to
it. Given this, we freely determine the Higgs mass throughbecome asymptotically dust dominated -due to Higgs oscilla-
its Compton wavelength\c = h/Mgc. We thus associate tions again; this last assertion has been tested by integrating
this length-scale to cosmological distances. In this way, Weurther in time tot = 10'%s and comparing it with the dust
assume thakc is as big as the apparent Universezat 1, solution; both solutions coincide. The scalar field in this case
since approximately at this time the quintessence appeared &olves only few times around its ground state.
dominate the cosmological dynamics. However, we will con- Figure 1c shows the case: = 1027cm. Again the same
sider some other values fag too. Thus, to have anidea of tendency with the parameters is observed. In this case, in-
its magnitude we have that flation begins at more recent times, which matches better the
Supernovae [1, 2] and WMAP data [4]. Thus, in this model
inflation just began, and we are in the middle of the acceler-
ated dynamics, as it seems to be case in our Universe.

Ao = a,=1 = an/(1+24) = an/2 =5 x 10*"cm.

Thus, the subindex ¢* refers to the epoch when

the accelerated expansion begins, #gt1. Therefore,

My ~ 4 x 1073'eV. Note that this value is much smaller 5.  Conclusions

than the valua0—3eV that is obtained when one applies RG

to a minimally coupled scalar field of madg. That is, by In this work the IG theory has been considered as a model of

consideringt? = (87G/3)V = (8w/3)M*/M?%, and tak-  quintessence. The physical scenario is as follows: the model

ing H~! =5 x 102"cm, one obtaind/ = 10~ 3eV. is described by a scalar-tensor theory of gravitation, in which
Finally, the parameter can also be constrained from cos- the scalar field is identified with a Higgs field. This Higgs

mological considerations. The main effectwofs to modify  field evolves, as a result of its symmetry breaking, from some
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initial value (x4 = 1) to its ground statey(;.. = 0), around  the expected amount of e-folds of expansion of the universe
which the field oscillates and the gravitational sector becomesince last scattering to present times. Therefore, more precise
dynamically GR. To study the cosmological dynamics weconstraints om are needed to have a definitive answer on the
have considered a FRW universe with flat curvature. We havealidity of the present model.

integrated the evolution of the scale fact@y &énd Higgs field We conclude that the Higgs mechanism applied to the
(x) for arange values of the parameters of the theann).  present cosmological scenario could achieve the desired cos-
Models with A = 10%5cm and1025cm turn out inadequate, mological dynamics, by fitting the constants of the theory to
since they either generate a too early accelerated era or éhe cosmological data. However, the Higgs mass needs to
ther too many e-folds of inflation compared with the requiredbe very small and therefore the coupling constant, (see
amount. The computations made with= 102"cm generate  Eq. 10) has to be very small too. This small numbers are un-
models that better approximate to the realistic behavior, sincaatural from the particle physics point of view, but they are
the epoch of quintessence dominance takes place at smallegeded to accomplished the desired dynamics.

z (later times) than compared to the models with smaller

On the other hand, the precise amount of e-folds can be con-

trolled by augmentingr. However, sincer is constrained by Acknowledgments

cosmological measurements [13], one has to be careful since
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