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In this work, we analyze two possible alternative and model-independent approaches to describe
the inflationary period. The first one assumes a general equation of state during inflation due to
Mukhanov, while the second one is based on the slow-roll hierarchy suggested by Hoffman and
Turner. We find that, remarkably, the two approaches are equivalent from the observational view-
point, as they single out the same areas in the parameter space, and agree with the inflationary
attractors where successful inflation occurs. Rephrased in terms of the familiar picture of a slowly
rolling canonically-normalized scalar field, the resulting inflaton excursions in these two approaches
are almost identical. Furthermore, once the galactic dust polarization data from Planck are included
in the numerical fits, inflaton excursions can safely take sub-Planckian values.
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I. INTRODUCTION

Despite its impressive observational success, the infla-
tionary paradigm [1] is still lacking firm confirmation.
The crucial missing piece of evidence is the B-modes
polarization pattern imprinted in the cosmic microwave
background (CMB) at recombination by the inflationary
stochastic gravitational waves (GWs). This observable
is usually parametrized through the tensor-to-scalar ra-
tio r ≡ At/As, where At and As are the amplitudes of
the primordial tensor and scalar fluctuations∗, respec-
tively, at some pivot scale. The measurement of r is ex-
tremely useful because its magnitude directly determines
the inflationary energy scale, when the modes observed
now were stretched out of the horizon [2]. An additional
piece of information is given by the scale-dependence of
the power spectrum of inflationary GWs. The accurate
measurement of this last, would allow to test the so-called
standard inflationary consistency relation nt = −r/8 [3].
However such a measurement might turn out to be very
challenging, especially when the amplitude of the B-
modes is small [4]. In view of that, the measurement
of nt would entail an additional experimental challenge
that might or might not be met in the future genera-
tion of CMB observations. One could be led to conclude
that perhaps testing the inflationary consistency relation

∗ The scalar and tensor amplitudes are given by

As(k) = As

(
k

k0

)ns−1+ 1
2
αs ln

(
k
k0

)

At(k) = At

(
k

k0

)nt
,

where k0 is the pivot scale, ns and nt are the scalar and ten-
sor spectral indices, respectively, while αs ≡ dns/d ln k is the
running of the scalar tilt.

is not the best way to test the inflationary paradigm in
its simplest realization i.e. single-field slow-roll inflation.
An alternative and easier way might be to test the con-
sistency relation in each model of inflation, i.e. the rela-
tionship between r and ns in each of the possible scenar-
ios. For instance, the quadratic model V ∝ φ2 predicts
r = −4(ns − 1) at first order in slow-roll. Such consis-
tency relation would be easier to test than the former one
[5], given the present and forecasted accuracy in ns and r.
However, despite this encouraging feature, this approach
is not model-independent, as it assumes explicitly an un-
derlying scenario with a peculiar inflationary potential to
obtain results. On the other hand, more useful and ro-
bust ways to formulate the tests of inflation should ideally
be model-independent, capturing the generic features of
inflation, without committing to a specific scenario. Said
in other words, it would be more appealing to try to work
out the inflationary predictions in a model-independent
picture where the inflationary potential does not play a
crucial role. This will enable us to avoid treating infla-
tion on a case-by-case basis, but rather in a more general
way. In this work, we address this important issue by
considering two possible alternative model-independent
approaches.

The recent BICEP2 claim of primordial GWs detec-
tion [6, 7] underlined the difficulties faced when trying to
extract a primordial polarization signal from the ubiqui-
tous galactic foregrounds. Despite the general excitement
in the community, soon after these results were released,
several studies carried out a re-assessement of the level
of galactic dust polarization in the BICEP2 field [8, 9],
questioning the cosmological origin of the BICEP2 signal.
Recently, the Planck collaboration [10] has released the
results of the polarized galactic dust emission measure-
ments at 353 GHz in the BICEP2 field. By extrapolating
these results to 150 GHz (the frequency where BICEP2
operates) they were able to test the level of dust con-
tamination in the BICEP2 signal. The Planck analysis
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suggests that the BICEP2 signal could be, in principle,
explained fully in terms a dust component. However,
given the large systematic uncertainties on the polarized
dust signal, a joint analysis of Planck and BICEP2 data
is mandatory, before giving a final interpretation of the
BICEP2 signal.

In a previous study [11], we have shown that using
a purely phenomenological parametrization of the infla-
tionary period, the tension between the BICEP2 signal
and previous upper bounds on r can be reduced signifi-
cantly. In this work, and along the same lines, we explore
two alternative approaches to describe the inflationary
paradigm, confronting them with the most recent CMB
temperature and polarization data. The first approach,
considered in Ref. [11], is the Mukhanov parametrization
of inflation [12], while the second one is the so-called in-
flationary Hubble flow formalism [13, 14]. We will see
that these two approaches appear to be physically equiv-
alent, because, interestingly, both single out the same re-
gions in the inflationary parameter space. These results
suggest that, when analysing inflationary predictions in
a model-independent way, one should restrict attention
to these regions in the parameter space, as they are the
physical ones, ensuring therefore meaningful and robust
constraints.

The rest of the paper is organized as follows. In
Sec. II, we review the main features of the Mukhanov
parametrization and explain its branches. Next, in
Sec. III, we introduce the Hubble flow formalism and
analyze its fixed points. Section IV is dedicated to the
inflaton excursion. In Sec. V, we carry out the numerical
analyses of both approaches. We end up by drawing our
conclusions in Sec. VI.

II. MUKHANOV PARAMETRIZATION

In Ref. [12], an alternative and model-independent
parametrization of the inflationary period was proposed
(see Ref. [15, 16] for a similar treatment). Without refer-
ence to a specific potential, one can assume the following
ansatz

p/ρ = −1 + β/(1 +Ne)
α , (1)

for the equation of state during inflation†. In the above
ansatz, α and β are phenomenological parameters and
are both positive and of O(1), and Ne is the number
of remaining e-folds to end inflation. In this hydrody-
namical picture, the predictions for the scalar tilt and
tensor-to-scalar ratio are

ns − 1 = −3
β

(N∗ + 1)
α −

α

N∗ + 1
, (2a)

r =
24β

(N∗ + 1)α
, (2b)

† For an extension of the above ansatz, see e.g. [17].

where N∗ stands for the number of e-folds at horizon
crossing and it usually takes values around 60, depend-
ing mildly on the reheating details and on r as well. A
general prediction of this ansatz is that the tilt is always
negative, regardless of the inflationary scenario, while the
tensor-to-scalar ratio can take any value depending on
the parameters α, β and N∗. Furthermore, the running
of the tilt αs is also always negative.

The Mukhanov parametrization captures a wide range
of models with completely different predictions [12]. No-
tice however that this phenomenological description of
the inflationary phase is not completely equivalent to the
slow-roll picture, as there is no more freedom in the signs
of both the tilt and the running.

A. Two Branches

As noticed and explained in [11], the Mukhanov
parametrization exhibits two distinct branches:

Branch I: r ≈ 0 and ns ≤ 1 . (3a)

Branch II: ns= 1− r

8
. (3b)

The first branch contains for instance Starobinsky mod-
els [18], while the the second one contains, among other
models, the chaotic scenarios‡ V (φ) ∝ φn [21]. Because
of the presence of these two branches, the observation-
ally preferred value of the scalar spectral index ns ' 0.96
will correspond to two different possible values of the
tensor-to-scalar ratio, see Fig. 1. Coming back to the
parametrization in terms of α and β, these two branches
are recovered simply as the large and small α limits
i.e. α � 1 and α ≤ 1, respectively. Indeed, combining
Eq. (2a) and Eq. (2b), one gets

ns = 1− r

8
− α

N∗ + 1
. (4)

From the above expression, and remembering that both
ns and r still depend on α, we can easily get the two
branches according to whether α is bigger or smaller than
1. In principle, the value of the phenomenological param-
eters α and β, is unconstrained, however as discussed in
[11], it is sufficient to consider the range 0 ≤ β . 1
and 0 ≤ α . 3. Let us recall some interesting limits of
the parametrization Eq. (1). First, the chaotic scenarios
V ∝ φn correspond to the limiting case α = 1, regardless
of β. The power n appearing in the potential is given
by β = n/6. Next, the other interesting limiting case is
provided by Starobinski models corresponding to α = 2

‡ The natural inflation scenario [19, 20], V (φ) ∝ [1 + cos(φ/f)], is
captured by the Mukhanov parametrization only for large enough
decay constants f & 10MP , which is indeed the regime compat-
ible with observations.
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FIG. 1. Confidence intervals (68% and 95% CL) for the de-
rived parameters ns and r, using the Mukhanov parametriza-
tion, from the various data combinations considered in this
work. The thick diagonal grey line represents Branch II of
Eqs. (3), while the light green area displays the region cov-
ered by the Mukhanov parametrization for N∗ = 40− 70.

and β = 1/2 in Eq. (1). Finally, the special case α = 0
corresponds to power-law inflation where the scale factor

evolves as a(t) ∝ t
2
3β and V ∝ e−

√
3βφ/MP . In this sce-

nario, inflation has a graceful exit problem i.e. it never
ends, and most probably the end of inflation is triggered
by an additional field.

III. THE HUBBLE FLOW FORMALISM

In this picture, the basic parameter is the Hubble
rate H(φ), and the dynamics can be completely specified
without reference to a specific inflaton potential. In this
Hamilton-Jacobi formulation of inflation, starting from
H(φ) and its derivatives, one can construct a hierarchy
of slow-roll parameters [13, 14]. Such parameters start
at first order with the usual slow-roll parameters§

εH ≡ 2M2
P

(
H ′(φ)

H(φ)

)2

, (5)

ηH ≡ 2M2
P

(
H ′′(φ)

H(φ)

)
. (6)

At higher orders, the slow-roll hierarchy is given by

`λH ≡ (2M2
P )`

(H ′)`−1

H`

d(`+1)H

dφ(`+1)
, ` ≥ 2 . (7)

§ As usual, the reduced Planck mass is given by MP =
(8πGN )−1/2 ' 2.43× 1018 GeV.

These slow-roll parameters obey the infinite system of
first order differential equations

dεH
dN

= εH(σH + 2εH) , (8)

dσH
dN

= −5εHσH − 12ε2H + 2
(
2λH

)
, (9)

d(`λH)

dN
=

[
`− 1

2
σH + (`− 2)εH

]
`λH + `+1λH , (10)

where the tilt of the scalar spectrum is defined as σH ≡
2ηH−4εH. Notice that these flow equations are invariant
under rescaling the Hubble rate. In principle, they can
be integrated to arbitrarily high order in slow-roll [22].
In practice, however, by truncating them at some order
M ; imposing M+1λH=0, they become a closed system of
differential equations that can be integrated, once a set
of initial conditions is specified.

A. Two Fixed Points

By inspection, one can determine the fixed points of
the above inflationary flow equations. For instance, trun-
cating at first order, it is straightforward to notice that
they exhibit the following fixed points [13]

Fixed point I: r = 0 and ns = const. (11)

Fixed point II: ns= 1− r

8
. (12)

Fixed point I, can be either stable (ns−1 > 1) or unstable
(ns − 1 < 0) according to the sign of the tilt. We call
these fixed points I-a and I-b respectively. The Harrison-
Zel’dovich spectrum ns = 1 separates these two regions.
Remarkably, the fixed points I-b and II of the Hubble
flow equations overlap with the two different branches of
the Mukhanov parametrization Eqs. (3). This is the first
main result of this paper.

Considering the full set of equations, the fixed points
are given by

Fixed point I: r = 0 and ns = const. (13)

Fixed point II: ns= 1− r

8
×
[

1

1− r/16

]
. (14)

The first fixed point, Eq. (13), coincides with the
first order one, and the stability analysis is the same.
However, the second fixed point Eq. (14) is slightly
different and corresponds to power-law scenarios [22],
where a(t) ∝ t1/εH . Notice that in this case, ηH = εH,
while `+1λH = εH(`λH) for ` ≥ 2. Nevertheless at small
r, these fixed points coincide; the difference shows only
at large r, see Figs. 2.

In order to solve the flow equations, we use the publicly
available code Flowcode1.0 [22] that adopts a Monte
Carlo approach to reconstruct the inflationary potential.
For more details on the methodology, see [22, 23]. For
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FIG. 2. The results of the Monte Carlo reconstruction us-
ing Flowcode1.0 of 2 × 106 models with wider priors than
those shown in Eqs. (15). The clustering around Branch I
and Branch II is clearly visible. The three different lines refer
to the two Branches, together with the attractor for power-
law models.

related work using this methodology to obtain cosmolog-
ical constraints on inflationary models see also [24]. We
generate a total of 6×106 inflationary models by drawing
randomly the initial conditions of the slow-roll parame-
ters from the following flat priors ¶

N∗ = [50, 70]
εH = [0., 0.8]
σH = [−0.1, 0.0]
2λH = [−0.05, 0.05]
3λH = [−0.025, 0.025]

· · ·
M+1λH = 0.

(15)

As in [23], the slow-roll hierarchy is truncated at order
M = 8 and the equations are evolved using Flowcode1.0.
For illustration, we plot the results of reconstructing
2 × 106 inflationary models with wider priors in Fig. 2.
As noticed in [13], models cluster around the attractors
given by the fixed points. Figure 2 clearly shows this
feature: in the (r, ns) plane, the models populate the re-
gions I-b and II, while the areas outside these regions are
underpopulated.

¶ For orders ` ≥ 2, the width of the interval is reduced by a factor
of 5 at each order.

IV. THE INFLATON EXCURSION

The Mukhanov parametrization is formulated indepen-
dently of any scalar field, however one can always recast
the dynamics in the inflaton picture [12], where infla-
tion is driven by a canonically-normalized scalar field. In
slow-roll ρ ' V , the distance traveled by the inflaton dur-
ing inflation, i.e. the inflaton excursion, can be written
in terms of the Mukhanov phenomenological parameters
as

∆φ

MP
=

∫ N∗

0

dN

√
3β

(1 +N)α
. (16)

For a related recent appraisal of the inflaton excursion
see e.g. [15]. The expression Eq. (16) can be straightfor-
wardly integrated, giving

∆φ

MP
=

{ √
3β ln(N∗ + 1) for α = 2 .
√
3β

1−α2

[
(N∗ + 1)

−α+2
2 − 1

]
for α 6= 2 .

(17)

For α 6= 2, it is useful to consider the small r limit of
Eq. (4). Recall that CMB data prefers α > 2 [11]. When
r � 8/N∗, we can expand around α = 2, and get

∆φ

MP
'
√
r

8
(1+N∗)

[
ln(1 +N∗) +

(α− 2)

4
ln(1 +N∗)

2

]
.

(18)
Figure 3 shows the inflation excursion in this limit, for
the range 40 < N? < 70 and α = 2.6. Notice that the
field excursion in this limit is small, as expected, due to
the smaller r in this case. While for the opposite limit,
i.e. for large r such that r & 8/N∗, α ' 1 (see [11]) and
one gets

∆φ

MP
' 2

√
r

8
N∗ , (19)

well above the original Lyth bound [25] (see also [26, 27])
and in agreement with the predictions for chaotic infla-
tionary scenarios V (φ) ∝ φn. The predictions for the
field excursion as a function of r for this regime are also
shown in Fig. 3. Note that, in this case, large field ex-
cursions are correlated with large tensor-to-scalar ratios,
as expected from the Lyth bound.

In Fig. 3, we show the derived inflaton excursion
∆φ/MP versus r in the Mukhanov parametrization aris-
ing from our numerical fits to cosmological data, as
we shall explain in the next section. The models
cluster around the empirical Efstathiou-Mack relation-
ship∗∗ [28](see also Ref. [29])

∆φ

mPl
≈ 6r1/4 . (20)

∗∗ Notice that here we are using the Planck mass mPl =
√

8πMP '
1.22 × 1019 GeV, instead of MP , in order to compare with the
original literature.
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FIG. 3. Confidence intervals (68% and 95% CL) on the in-
flaton excursion versus the tensor-to-scalar ratio r from the
various data combinations in the Mukhanov parametrization.
The light green area represents the theoretical prediction
Eq. (21). The area between the dotted lines refers to the large
r limit Eq. (19), while the one between the dashed lines refers
to the small r limit, Eq. (18). Finally, the black line stands
for the original Lyth bound. All the regions are computed for
N∗ = 40− 70.

Such expression has been understood analytically [27]
as the prediction of the quartic hilltop inflation scenario
where V (φ) = V0 − λφ4/4. The general prediction for
this scenario reads

∆φ

mPl
=
N

3/4
∗

2
√
π
r1/4 . (21)

For N∗ = 60, Eq. (21) simply reduces to the
Efstathiou-Mack relationship, Eq. (20). Furthermore,
Eq. (21) is a special case of the more general hilltop po-
tentials parametrized as V (φ) = V0 [1− λp(φ/µ)p], where
p > 2 and MP > µ > 0. It is straighforward to check
that in the Mukhanov parametrization, this corresponds
to setting α = 4. The light green areas in Figs. 3 and 4
stand for the prediction given by Eq. (21), for N∗ between
40 and 70.

V. NUMERICAL ANALYSIS

In the following, we will analyze numerically both
parametrizations using MCMC methods.

A. Mukhanov Parameterization

The Mukhanov scenario is described by:

{ωb, ωc,Θs, τ, log[1010As], α, β,N?} , (22)
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FIG. 4. The result of the Monte Carlo reconstruction of
6 × 106 inflationary models using Flowcode1.0, represented
in the (r, ns) plane. Here, the light green area represents the
theoretical prediction Eq. (21) for N∗ = 40− 70.

with ωb ≡ Ωbh
2 and ωc ≡ Ωch

2 the physical baryon and
cold dark matter energy densities respectively, Θs is the
ratio between the sound horizon and the angular diam-
eter distance at decoupling, τ is the reionization optical
depth, As the amplitude of the primordial spectrum and
α and β are the parameters governing the Mukhanov
parameterization. For the sake of simplicity, we have
assumed that the dark energy component is described
by a cosmological constant. Table I specifies the priors
considered on the cosmological parameters listed above.
Notice that this analysis is different from the ones pre-
sented in Ref. [11], as we are also varying here the num-
ber of e-folds N? to compute the inflaton excursion. The
commonly used (r, ns) parameters can be easily recov-
ered using Eqs. (2), and the running for this inflation-
ary scheme is completely fixed, see e.g. [11, 12]. The
field excursion is computed using Eq. (17). In our anal-
ysis, we also assume the so-called inflation consistency
relation (nt = −r/8) which still holds in the Mukhanov
phenomenological model ††. In order to compute the al-
lowed regions in the derived parameter spaces (r, ns) and
(r,∆φ), we make use of the CAMB Boltzmann code [31],
deriving posterior distributions for the cosmological pa-
rameters by means of a MCMC analysis, performed using
CosmoMC [32].

The basic data set used for our numerical analyses in-
cludes the Planck CMB temperature anisotropies data
[33, 34] together with the WMAP 9-year polarization
data [35]. The total likelihood for the former data is

†† For recent cosmological analyses relaxing this condition, see
Ref. [30].
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Parameter Physical Meaning Prior

Ωbh
2 Present baryon density 0.005→ 0.1

Ωch
2 Present Cold dark matter density 0.001→ 0.99

Θs Ratio between the sound horizon and the angular diameter distance at decoupling 0.5→ 10

τ Reionization optical depth 0.01→ 0.8

log (1010As) Amplitude of the primordial scalar spectrum 2.7→ 4

α Phenomenological parameter of the Mukhanov parametrization Eq. (1) 0→ 2.5

β Phenomenological parameter of the Mukhanov parametrization Eq. (1) 0→ 1

N? Number of e-folds at horizon crossing 50→ 70

TABLE I. Uniform priors on the cosmological parameters used in the CosmoMC analyses of the Mukhanov parametrization.

obtained by means of the Planck collaboration publicly
available likelihood code, see Ref. [34] for details. The
Planck temperature power spectra reaches a maximum
multipole number `max = 2500, while the WMAP 9-year
polarization data is analyzed up to a maximum multipole
` = 23 [35]. We shall refer to the basic data set in the
following as CMB data.

We have also considered the BICEP2 measurements of
the tensor-to-scalar ratio r = 0.2+0.07

−0.05 [6, 7]. These mea-
surements are included in our analysis by post-processing
the chains that were previously generated, using the like-
lihood code released by the BICEP2 experiment, includ-
ing the 9 bandpowers from multipoles ` ∼ 45 to ` ∼ 300.
The recent estimates of the galactic dust polarized emis-
sion carried out by the Planck collaboration in Ref. [10]
have also been included in our numerical fits. For the
former purpose, we have added the dust power spectrum
measured by Planck in the 40 < ` < 120 multipole range,
DBB
` ≡ `(`+ 1)/2πCBB` = 1.32× 10−2µ K2, to the the-

oretical B-mode spectra in the same multipole range, in
order to evaluate the likelihood of the total signal re-
sulting from the addition of gravitational lensing, pri-
mordial B-modes, and dust B-mode contributions. The
statistical and the interpolation-induced uncertainties of
the Planck dust analysis are accounted for by including
them in the BICEP2 covariance matrix. We then use
this Planck dust plus BICEP2 likelihood to postprocess
the chains previously obtained by the Planck tempera-
ture and WMAP9 polarization likelihoods. We multiply
the original weight of each model by the Planck dust
plus BICEP2 likelihood, using the new weights to derive
the allowed cosmological parameter regions by Planck
CMB data, Planck dust polarization measurements and
BICEP2.

In Fig. 1, we plot the 68% and 95% confidence regions
in the plane of the derived parameters ns and r. We
also superimpose the region covered by the Mukhanov
parametrization for 40 ≤ N∗ ≤ 70, see Eqs. (2a) and (2b).
We represent the MCMC results for the three possible
data combinations. Notice that CMB data alone shows
a mild preference for the Branch I region (with a negli-

gible tensor-to-scalar ratio r), since there is no 68% CL
allowed contour in the Branch II region. The inclusion of
BICEP2 measurements to CMB data isolates the Branch
II region as the allowed one at 95% CL, favoring infla-
tionary scenarios with a relatively large tensor-to-scalar
ratio, like for instance chaotic inflationary models. How-
ever, once that the galactic polarized dust emission from
the Planck experiment is taken into account in the BI-
CEP2 likelihood, there is no difference between Branch I
and Branch II regions, as both regions are equally allowed
by the data.

Figure 3 shows the 68% and 95% CL allowed regions
in the plane of the derived parameters r and ∆φ. As
previously stated, to derive ∆φ, we have used Eqs. (17).
We also plot the theoretical relationship Eq. (21), for
40 ≤ N? ≤ 70. Notice that the area covered by this
relationship perfectly agrees with the parameter regions
preferred by current cosmological data. Notice as well
that CMB data alone favours relatively small inflaton
excursions, as this is the expected behaviour in sce-
narios in which r is tiny, like for instance in Starobin-
sky models, belonging to Branch I. The inclusion of
BICEP2 data favours instead large inflation excursions
i.e. ∆φ/MP ∼ 20, at 95% CL. Such large excursions
have been argued to render the validity of effective field
theory questionable. In this regime, non-renormalizable
operators On+4 = cnφ

n+4/Mn
P are expected to domi-

nate the inflationary potential, compromising its flatness,
even in the regime of validity of classical general relativity
V � M4

P . Suppressing such operators is only possible if
the shift symmetry φ→ φ+ c is only broken softly at the
renormalizable level. However, since in general this sym-
metry is a mere global symmetry, it is likely to be badly
broken by gravity, producing the non-renormalizable op-
erators On+4. Furthermore, embedding the theory in a
framework where shift symmetry descends from a local
symmetry leads to inconsistencies [36].

However, for sub-Planckian inflaton excursions the
problems discussed above are less severe. Fortunately,
once the Planck dust polarization measurements are in-
cluded in the analyses together with CMB and BICEP2
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data, the small excursion region becomes allowed at
95% CL and therefore trans-Planckian field values are no
longer absolutely required to explain observations. This
is the second main result of this study.

B. The Hubble Flow Formalism

We have performed as well an analysis of the 6 × 106

models resulting from integrating the Hubble flow equa-
tions, using the priors Eqs. (15). For each of these mod-
els, we have computed the likelihood by means of the co-
variance matrices resulting from three different MCMC
runs with flat priors in ns, r and αs

‡‡. The former three
runs correspond to the three possible data combinations
considered in this study, namely, CMB data alone, CMB
plus BICEP2 measurements, and finally, CMB plus BI-
CEP2 plus Planck dust polarization measurements. The
covariance matrices were previously marginalized over
the remaining cosmological parameters that are irrele-
vant for our purposes.

Figure 4 shows the analogue of Fig. 3 but for the Hub-
ble flow analysis in the (r,∆φ) plane. The models de-
picted are allowed at the 95% CL by the three different
data sets. We also include in Fig. 4 the theoretical pre-
diction from Eq. (21) for 40 ≤ N? ≤ 70. Notice that the
allowed regions for the inflationary Hubble flow approach
almost coincide with those arising from the Mukhanov
parametrization, and consequently these two approaches
are equivalent from the point of view of data analyses.

VI. DISCUSSION AND CONCLUSIONS

Unraveling the source of primordial curvature pertur-
bations is one of the key purposes of modern cosmol-
ogy, both from the theoretical and observational view-
point. The inflationary paradigm is the leading mech-
anism that provides such initial conditions. In this re-
gard, when testing the inflationary predictions against
cosmological measurements, the approach used to de-
scribe inflation is crucial. The most familiar picture is
based on the dynamics of a friction-dominated scalar
field. However, this description, although useful, is al-
ways model-dependent as the predictions for the cosmo-
logical observables will largely depend on the inflationary
potential. Furthermore, when embbeded in a consistent
fundamental theory, the shape of this latter is usually
difficult to understand. In this work, we focused on two
model-independent approaches, that might alleviate the
above problems. The first one is a pure theoretical for-

mulation, the Mukhanov parametrization, in which infla-
tion is described via an effective equation of state. The
second approach is a pure phenomenological one, which
deals with the reconstruction of the inflationary trajec-
tory via the slow-roll hierarchy. We showed that the al-
lowed parameter regions arising from fitting these two
approaches to current CMB data (temperature and po-
larization) agree with the expected fixed-point solutions.
Remarkably, the parameter regions recovered from both
model-independent methods are almost identical. Our
results thus suggest that these two approaches are the
most suitable ones to constrain the inflationary param-
eters, as they are independent of the inflaton potential
details while ensuring a successful inflationary period.

Another problem that we touched upon in this work
is the issue of super-Planckian inflaton field values. Such
large excursions have been argued to cause the break-
down of effective theories (see e.g. [38, 39]). At small in-
flaton values, the effective theory approach makes sense,
and no additional fine-tuning is required to make the po-
tential flat. However, once the inflaton reaches super-
Planckian values, it is really difficult to justify the ab-
sence, or at most the extreme suppression, of higher or-
der non-renormalizable terms in the inflaton potential,
without the knowledge of a UV-complete theory. The
BICEP2 collaboration [6] has claimed the detection of
B-modes on large scales. If the primordial nature of this
signal is confirmed, then it would constitute an unmis-
takable smoking gun of inflation. Furthermore, the am-
plitude of the detected signal suggests that, if we insist
on describing inflation as a scalar field dynamics, then
the regime of super-Planckian excursions should be con-
sistently understood. In this work, we have reconstructed
the inflaton excursion using the two approaches described
above. Our analyses indicate that the inflaton excur-
sions required to explain the BICEP2 data can take sub-
Planckian values once the galactic dust polarized signal
measured by Planck is accounted for. As a consequence,
the validity of effective field theories to describe inflation
as a scalar field dynamics still holds. The forthcoming
polarization data release from the Planck collaboration
will fortunaltely shed light on this crucial issue.

VII. ACKNOWLEDGMENTS

O.M. is supported by the Consolider Ingenio project
CSD2007-00060, by PROMETEO/2009/116, by the
Spanish Ministry Science project FPA2011-29678 and
by the ITN Invisibles PITN-GA-2011-289442. We also
thank the Spanish MINECO (Centro de excelencia
Severo Ochoa Program) under grant SEV-2012-0249.

‡‡ The authors of Ref. [37] performed a MCMC analysis consid-
ering the Hubble flow parameters as free parameters, deriving
constraints on ns, r and αs. However, the resulting cosmological
constraints on these derived parameters are not significantly af-

fected, and their bounds were similar to those found in the case
in which the parameters ns, r and αs are free parameters in the
Monte Carlo. Therefore, we shall use the likelihood in terms of
ns, r and αs rather than in terms of the Hubble flow parameters.
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