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How to constraint models of 
inflation

• The use of effective field theories in cosmology is very 
extensive since it is a useful guide to parametrise many 
models

• Theoretical priors can drastically change estimation of 
cosmological parameters
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Planck Collaboration: Constraints on primordial non-Gaussianity

dominant operators that respect some underlying symmetries.
The procedure thus determines a unifying scheme for classes
of models featuring deviations from single-field slow-roll infla-
tion. Typically the equilateral and orthogonal templates repre-
sent an accurate basis to describe the full parameter space of
EFT single-field models of inflation, and therefore we will use
the constraints on f

equil
NL and f

ortho
NL .

As a concrete example, let us consider the Lagrangian of
general single-field models of inflation (of the form P(X,') mod-
els, where X = gµ⌫@µ� @⌫�) written with the EFT approach:
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The scalar perturbation ⇡ generates the curvature perturbation
⇣ = �H⇡. In this case there are two relevant inflaton interactions,
⇡̇(@i⇡)2 and (⇡̇)3, producing two specific bispectra with ampli-
tudes f

EFT1
NL = �(85/324)(c�2

s � 1) and f
EFT2
NL = �(10/243)(c�2

s �
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h
c̃3 + (3/2)c2
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i
, respectively. Here M3 is the amplitude of

the operator ⇡̇3 (see Senatore et al. 2010; Chen et al. 2007b;
Chen 2010b), with the dimensionless parameter c̃3(c�2

s � 1) =
2M

4
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2
s/(ḢM

2
Pl) (Senatore et al. 2010). The two EFT shapes can

be projected onto the equilateral and orthogonal shapes, with the
mean values of the estimators for f

equil
NL and f

ortho
NL expressed in

terms of cs and c̃3 as
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where the coe�cients come from the Fisher matrix between the
theoretical bispectra predicted by the two operators ⇡̇(r⇡)2 and
⇡̇3 and the equilateral and orthogonal templates. Notice that DBI
models reduce to the condition c̃3 = 3(1 � c

2
s )/2, while the non-

interacting (vanishing NG) case corresponds to cs = 1 and M3 =
0 (or c̃3(c�2

s � 1) = 0).
We then proceed as in the two previous analyses

(PCNG13; PCNG15). We employ a �2 statistic computed as
�2(c̃3, cs) = uT(c̃3, cs)C�1u(c̃3, cs), with vi(c̃3, cs) = f

i(c̃3, cs) � f
i

P

(i={equilateral, orthogonal}), where f
i

P
are the joint estimates

of equilateral and orthogonal fNL values (see Table 6), while
f

i(c̃3, cs) are provided by Eq. (58) and C is the covariance ma-
trix of the joint estimators. Figure 19 shows the 68 %, 95 %, and
99.7 % confidence regions for f

equil
NL and f

ortho
NL , as derived from

from the T +E constraints, with the requirement �2  2.28, 5.99,
and 11.62, respectively (corresponding to a �2 variable with two
degrees of freedom). In Fig. 20 we show the corresponding con-
fidence regions in the (c̃3, cs) parameter space. Marginalizing
over c̃3 we find

cs � 0.021 (95 %, T only) , (59)
and

cs � 0.021 (95 %, T+E) . (60)

There is a slight improvement in comparison with the constraints
obtained in PCNG15 coming from the T + E data.
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Fig. 19. 68 %, 95 %, and 99.7 % confidence regions in the param-
eter space ( f

equil
NL , f

ortho
NL ), defined by thresholding �2, as described

in the text.
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Fig. 20. 68 %, 95 %, and 99.7 % confidence regions in the single-
field inflation parameter space (cs, c̃3), obtained from Fig. 19 via
the change of variables in Eq. (58).

8.2. Multi-field models

Constraints on primordial NG of the local type lead to strong
implications for models of inflation where scalar fields (di↵erent
from the inflaton) are dynamically important for the generation
of the primordial curvature perturbation. In the following we test
two scenarios for curvaton models.

Basic curvaton models The simplest adiabatic curvaton mod-
els predict primordial NG of the local shape with a nonlinearity
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Constraining the EFT of 
Inflation

• Is it possible to constrain the EFT of inflation using positivity, 
analyticity and causality?

• Deep in the horizon              the 
dynamics is the same as in flat 
space
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Figure 7. Gray contours show the 68%, 95% and 99.7% confidence intervals for equilateral (f equil
NL )

and orthogonal (forth
NL ) shapes in the bispectrum (1.5) from Planck 2018 [46]. The red contours are

the same Planck likelihood, but with the additional prior of perturbative unitarity of Atree
2!2 for at

least some range of !s and |ps| which qualifies as subhorizon (1.7), as shown in Figure 6. The 68%
confidence interval in {f

equil
NL , f

orth
NL } is a factor of ⇡ 3 smaller with the additional assumption that

subhorizon physics is approximately single-field and weakly coupled.

partial wave expansion of the 2 ! 2 scattering amplitude to include preferred-frame e↵ects

(a breaking of boosts due to a constant time-like n
µ),
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we have shown that unitarity requires |det amsub(!s, ⇢s)|< 1 for any finite submatrix of am and

for any centre-of-mass velocity, ⇢s. Applying these new constraints to the EFT of Inflation,

we have shown how the leading order Wilson coe�cients {cs,↵1,�1} are related to the strong

coupling scales (at which perturbation theory breaks down) for s (the internal interaction

energy) and c⇡|ps| (the energy in the centre-of-mass motion). Combining Planck observational

constraints on the equilateral and orthogonal bispectrum shapes with the prior that inflation

is approximately single-field and weakly coupled on subhorizon scales (i.e. the regime (1.7) in

which mode functions behave as plane waves) results in an improvement of the 68% confidence

interval by a factor of ⇡ 3. For comparison, Simons Observatory (due to begin taking data in

early 2020s) has a goal sensitivity [47] which would improve this interval by a factor of ⇡ 3.6,

while the later CMB-S4 experiment [48, 49] forecasts an improvement by a factor of ⇡ 6.0.

One of our main observations is that the EFT cuto↵s in energy and momentum need not

be the same in EFTs with broken boosts. In fact, we have shown that they must necessarily

di↵er in the presence of Lorentz-violating cubic interactions (like ⇡̇
3). It is worth pointing
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k

aH
→ 1

• Crucially there is no analyticity, hence the bounds 
are not necessarily true

Grall, Melville ‘21
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Causality
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GR(x→ y) = 0 for (x→ y)2 > 0• Microcausality

Usual argument requires Lorentz invariance

• EFT description (low frequency). Infrared 
causality
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cs = 1

Modified 
propagation

Localised 
source

• Diagnose by looking at time delay
<latexit sha1_base64="koecYFbBk3h0c6pnpJ6HIo0IAo0="></latexit>

!T = →i↑in|Ŝ† ω
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Figure 1: Frequency–space contours in the quartic–stabilized case.
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Consider fixed FLRW background

Applications to Cosmology

Field with background

experiences spatial shift

Similar ideas (same at LO) Bittermann, Mc. Loughlin, Rosen



Causality in Inflation
• Let’s consider the following EFT
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Figure 1. We show the numerical power spectrum as a function of the momentum k, given the following

time dependence in the parameter ↵1: 1 + ↵1 = (1 � ↵f ) tanh(w(N � N0))2 + ↵f , where ↵f = 10�3 and

w = 1/3. We have assumed c
2
s = 1 and " = 10�3. N0 denotes the (arbitrary) e-fold time around which the

transition happens.

cannot enhance the spectrum by means of the friction e↵ect discussed above, as it only makes

the non-constant mode of ⇣ fall even more rapidly as N grows. The enhancement of the power

spectrum from a change in c
2
s was discussed in [12] in analogous terms. There, it was pointed out

that a small sound speed, leading to a large �2
⇣

/ 1/cs (as required for abundant PBH formation)

can lead to strong coupling and the loss of validity of the e↵ective theory. In that case, the strong

coupling condition (2.32) reduces indeed to c
4
s & �2

⇣
[15], which provides a lower bound on cs. In

the following, we we will explore further the possibility of enhancing the power spectrum through

a change in the sound speed, as well as possible ways to avoid strong coupling issues.

4 Enhanced power spectrum from a ghost-inflation phase

In Ref. [12] it was pointed out in the context of PBH formation that the strong coupling problem

that arises when one tries to enhance the power spectrum to large values by sending cs ! 0 may

be addressed by considering a modified dispersion relation in this limit, and specifically the case of

ghost inflation [20].12 This is because a change in the dispersion relation for the low-energy degrees

of freedom can raise the cuto↵ of the theory, extending the regime of validity of the e↵ective

description. In the following, we discuss in detail this possibility. In particular, we consider the

case in which the system transits from a slow-roll regime into a ghost-condensate-like phase. This

is possible provided that M̂
3
1 is appropriately chosen. The robustness of the transition is ensured by

the assumed WBG symmetry [21, 32]. As we will see, this type of transition, which modifies the

12Another possibility consists in invoking the appearance of new degrees of freedom that provide a UV completion

to the e↵ective theory, see Appendix C.

14

• This model can produce PBH’s within the regime of the EFT

• In general a only      can only lead to  

• Using more parameters in the dispersion relation allows to increase  
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Causality in Inflation
• Let’s consider the following EFT
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• Solve the modes in WKB
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• Let’s keep constant 

Bounds on constant parameters
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• Not all parameters of 
the theory are causal
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Conclussions

• Using causality we can constrain some of the growth of 
the power spectrum


• This rules out most of the sensitive cases when PBH can 
be formed in this model


• Can we use this to constrain other interesting cases (for 
example leading to GWs)


• Future work - Constrains on non Gaussianity using 
causality


