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Abstract: We study inationary dynamics in particle physics motivated cosmologies The realization of these inationary
scenarios introduces new physics between the electroweak energy scale and the Planck scale, leading to distinct predict-
tions such as the production of primordial gravitational waves and temporal evolution of the dark Energy equation of
state. We also investigate the possibility that the SM of particle physics with an additional non-minimally coupled term
of the Higgs eld to the gravitational Ricci scalar or to modied kinetic term can give rise to ination without the need for
additional degrees of freedom to the SM. We compute the cosmological parameters and the Higgs mass from the analysis
of the main cosmological measurements (CMB, BAO, SNeI) and make predictions for the future CMB and LSS space
missions.
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1 Introduction

There has been much interest recently in models of infla-
tion in which the Standard Model (SM) Higgs boson non-
minimally coupled to the Ricci scalar can give rise to in-
flation without the need for additional degrees of freedom
to the SM [1, 2, 3, 4, 5, 6]. This scenario (”ξ-Inflation“) is
based on the observation that the problem of the very smal-
l value of Higgs quadratic coupling required by the Cos-
mic Microwave Background (CMB) anisotropy data can
be solved if the Higgs inflaton has a large coupling with
gravity. The resultant Higgs inflaton effective potential in
the inflationary domain is effectively flat and can result in
successful inflation for values of non-minimally coupling
constant ξ ∼ 104, allowing for cosmological values for
Higgs boson mass in a window in which the electroweak
vacuum is stable and therefore sensitive to the field fluctu-
ations during the early stages of the universe [7].
Limits of validity of Higgs inflaton non-minimally coupled
with gravity have been recenly debated by several authors
showing that the large coupling of Higgs inflaton to the
Ricci scalar makes this model invalid beyond the ultravi-
olet cutoff scale Λξ � MP /ξ (here MP = 2.4 × 1018

GeV is the reduced Planck mass) which is below the Hig-
gs field expectation value at N e-foldings during inflation,
h �

√
NMP /

√
ξ. Recent works revisit the issue of self-

consistency of inflation in the SM where Higgs field has a
large non-minimal coupling to gravity [8, 9], emphasizing
that the scale of unitarity violation depends on the size of
the Higgs background field. They found a cut of scale Λξ

higher than the relevant dynamical scales throughout the w-
hole history of the universe, including the inationary epoch

and reheating, indicating that the theory does not violate u-
nitarity at any time.
Although the above conclusion theoretically may allow to
work within the regime of validity of the effective theory
for inflationary calculations, other variants of Higgs infla-
tion within the SM have been proposed. Based on scalar
field theories with non-canonical kinetic term, these mod-
els arise naturally in some particle physics models of infla-
tion such us Dirac-Born-Infed inflation [10].
This paper aims to explore the observational consequences
of Higgs driven inflation with non-canonical kinetic term
arising in two specific models:
The Higgs Galileon model of inflation where a special
combination of higher order kinetic terms in the La-
grangian of the scalar field produces derivatives no high-
er than two both in gravitational and scalar field equations,
avoiding in this way the unwanted ghost instabilities. The
scalar field with this property is offen called Galileon be-
cause it posses a Galilean shift symmetry in the Minkowsky
background ∂μφ→ ∂μφ+ bμ. Recently, a model in which
inflation is driven by a scalar field with a Galileon-like ki-
netic term (G-Inflation) has been proposed [11]. The back-
ground and perturbation dynamics of G-inflaton show new
features brought by the modified kinetic term in the La-
grangian, when compared with the standard slow-roll infla-
tion, such as: larger values of the tensor-to-scalar ratio and
the violation of the standard consistency relation [11, 12],
the violation of Null Energy Condition (NEC) and the gen-
eration of the isocurvature perturbations [13], large primor-
dial non-Gaussianity [14].
The New Higgs inflation model (E-Inflation) where an en-
hanced kinetic term in the Lagrangian propagating no more
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degrees of freedom than the minimally coupled scalar field
in General Relativity (GR) is obtained by considering the
non-minimal derivative coupling of the SM Higgs boson to
the Einstein tensor [15]. This non-minimal coupling allows
the Higgs boson self-coupling value λ within the limits ex-
pected from the collider experiments while the cosmologi-
cal perturbations in this model are consistent with present
cosmological data [16].
throughout the paper a is the cosmological scale factor
(a0 = 1 today), κ2 ≡ 8πM−2

pl where Mpl � 1.22 × 1019

GeV is the present value of the Planck mass, overdots de-
notes the time derivatives and ,X ≡ ∂/∂X . Also, we re-
mind that the tree-level action describing the SM Higgs in-
flation is given by:

S0 =

∫
d4 x

√−g
[

1

2κ2
R+ LSM

]
, (1)

where R is the Ricci scalar and LSM is the tree-level SM
Higgs Lagrangian:

LSM = gμνDμH†DνH− λ
(
H†H− v2

)2
. (2)

In the above expression H is the Higgs boson doublet, Dμ

is the covariant derivative with respect to SU(2) × SU(1)
and v is the vacuum expectation value (vev) of the Hig-
gs broken phase of SM. Without essential loss we can ro-
tate the Higgs doublet so that it takes the form HT =
(1/
√
2)(0, v + φ), where the real scalar field φ is assumed

to be much greather than v during inflation. With these as-
sumptions the tree-level Lagrangian (2) can be written as:

LSM = P (φ,X) = X − V (φ) , (3)

with

X = −1

2
gμν∂μ∂νφ , V (φ) =

λ

4
φ4 , (4)

where λ is the Higgs self coupling constant and V (φ) is
the Higgs potential. Hereafter we will consider a spatial-
ly flat background described by the Friedmann-Robertson-
Walker (FRW) metric with the scale factor a(t):

ds2 = −dt+ a2(t)δij dx
idxj , (5)

and a spatially homogeneous time-depending Higgs scalar
field.

2 Quantum corrections to Higgs potential

The quantum corrections due to the interaction effects of
the SM particles with Higgs boson through quantum loop-
s modify Higgs scalar potential from classical expression
given in Equation (4), taking the renormalization group
(RG) improved form:

V (t) =
λ(t)

4
φ(t)4 , t = ln

(
φ

mT

)
, (6)
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Figure 1: The running of the coupling constants normal-
ized to their initial values: λ(0) � 0.14, yt(0) = 0.91,
g2(0) = 0.4202, g

′2(0) = 0.1291 and g2s(0) = 1.3460.
The right-hand gray region indicates the slow-roll inflation-
ary regime.

where the scaling variable t normalizes the Higgs field
and all the running couplings to the top quark mass scale
mTop = 171.3. We compute the various t-dependent run-
ning constants by integrating the Renormalization Group
(RG) β-functions as compiled in the Appendix from
Ref.[6]. The runnings of SU(2) × S(1) gauge couplings
g′, g, the SU(3) strong coupling gs, the top Yukawa cou-
pling yt and the Higgs quadratic coupling λ are computed
by using two-loop quantum corrections. For each case, the
t-dependent running constants are obtained as:

Y (t) =

∫ t

t=0

βY (t
′)

1 + γ(t′)
dt′ , Y = {g, g′, gs, yt, λ} , (7)

where γ is the Higgs field anomalous dimension. At t = 0,
which corresponds to the top quark mass scale mTop, the
Higgs quadratic coupling λ(0) and the top Yukawa cou-
pling yt(0) are determined by the corresponding pole mass-
es and the vacuum expectation value v = 246.22 GeV.
Figure 1 presents the running of the coupling constants
obtained for mTop = 171.3 GeV and Higgs boson mass
mHiggs = 130 GeV.

3 Markov Chain Monte Carlo (MCMC)
analysis

We use MCMC technique to reconstruct the Higgs field po-
tential and to derive constraints on the inflationary observ-
ables and the Higgs mass from the following datasets.
The WMAP 7-year data [17] complemented with geomet-
ric probes from the Type Ia supernovae (SN) distance-
redshift relation and the baryon acoustic oscillations
(BAO). The BAO in the distribution of galaxies are extract-
ed from Two Degree Field Galaxy Redshidt Survey (2DF-
GRS) the Sloan Digital Sky Surveys Data Release 7. The
CMB, SN and BAO data (WMAP7+SN+BAO) are com-
bined by multiplying the likelihoods. We use these mea-
surements especially because we are testing models deviat-
ing from the standard Friedmann expansion. These dataset-
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Figure 2: Constraints on the Higgs boson mass mH , the spectral index of the scalar density perturbations nS , the am-
plitude of the scalar density perturbations A2

S and the ratio of tensor-to-scalar amplitudes R, as obtained from the fit to
WMAP7+SN+BAO dataset of Higgs G-Inflation (left) and E-Inflation (right) models.

s properly enables us to account for any shift of the CMB
angular diameter distance and of the expansion rate of the
Universe.
The likelihood probabilities are evaluated by using the
public packages COSMOMC and CAMB modified to in-
clude the formalisms for Higgs driven G-Inflation and E-
Inflation. Our fiducial model is the ΛCDM standard cos-
mological model described by the following set of param-
eters receiving uniform priors:

{
Ωbh

2 , Ωch
2 , θs , τ , A2

S , mH , mT

}
,

where: Ωbh
2 is the physical baryon density, Ωch

2 is the
physical dark matter density, θs is the ratio of the sound
horizon distance to the angular diameter distance, τ is the
reionization optical depth, A2

S is the amplitude of scalar
density perturbations, mH is the Higgs boson pole mass
and mT is the top quark pole mass. Figure 2 presents
the constraints on the Higgs boson mass mH , the spec-
tral index of the scalar density perturbations nS , the am-
plitude of the scalar density perturbations A2

S and the ratio
of tensor-to-scalar amplitudes R, as obtained from the fit
to WMAP7+SN+BAO dataset of Higgs G-Inflation and E-
Inflation models.

References

[1] Bezrukov,F., Shaposhnikov, M., Phys. Lett. B, 2008,
659: 703-706

[2] Barvinsky, A. O., Kamenshchik, A. Yu, Starobinsky,
A. A., J. Cosmol. Astropart. Phys., 2008, 11: 021

[3] Bezrukov, F. L., Magnin, A., Shaposhnikov, M., Phys.
Lett. B, 2009, 675: 88-92

[4] de Simone, A., Hertzberg, M. P., Wilczek, F., 2009,
Phys. Lett. B, 678: 1-8

[5] Bezrukov, F., Gorbunov, D., Shaposhnikov, M., 2009,
J. Cosmol. Astropart. Phys, 06: 029

[6] Popa, L.A., Caramete, A., 2010, ApJ, 723 : 803-811
[7] Espinosa, J. R., Giudice, G. F., Riotto, A., J. Cosmol.

Astropart. Phys., 2008, 05: 002
[8] Bezrukov, F., Magnin, A., Shaposhnikov, M.,

Sibiryakov, S., J. High Energy Phys., 2011, 16
[9] Ferrara, S., Kallosh, R., Linde, A. et al., Phys. Rev. D,

2011, 83: 025008
[10] Alishahiha, M., Silverstein, E., Tong, D., Phys. Rev.

D, 2004, 70: 123505
[11] Kobayashi, T., Yamaguchi, M., Yokoyama, J. Phys.

Rev. Lett., 2010, 105: 231302
[12] Kamada, K., Kobayashi, T., Yamaguchi, M. et al. ,

Phys. Rev. D, 2010, 83: 083515
[13] Creminelli, P., Nicolis, A., Trincherini, E. J. Cosmol.

Astropart. Phys., 2011, 11: 021
[14] Kobayashi, T., Yamaguchi, M., Yokoyama, J. , Phys.

Rev. D, 2011, 83: 103524
[15] Germani, C., Kehagias, A. , Phys. Rev. Lett., 2010,

105: 011302
[16] Germani, C., Kehagias, A. 2010, J. Cosmol. As-

tropart. Phys., 2010, 05:019
[17] Komatsu, E. et al., ApJS, 2009, 180, 330

Vol. 5, 218


