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Single-field slow roll inflation is (most probably) a 
simplified model:  

• It assumes a single-field slowly rolling down its 
potential; 

• It assumes all other fields decoupled during inflation; 

• Assumes a minimal coupling to gravity.

reality, inflation ends at some finite time, and the approximation (60) although valid at early times,

breaks down near the end of inflation. So the surface ⌧ = 0 is not the Big Bang, but the end of

inflation. The initial singularity has been pushed back arbitrarily far in conformal time ⌧ ⌧ 0, and

light cones can extend through the apparent Big Bang so that apparently disconnected points are

in causal contact. In other words, because of inflation, ‘there was more (conformal) time before

recombination than we thought’. This is summarized in the conformal diagram in Figure 9.

6 The Physics of Inflation

Inflation is a very unfamiliar physical phenomenon: within a fraction a second the universe grew

exponential at an accelerating rate. In Einstein gravity this requires a negative pressure source or

equivalently a nearly constant energy density. In this section we describe the physical conditions

under which this can arise.

6.1 Scalar Field Dynamics

reheating

Figure 10: Example of an inflaton potential. Acceleration occurs when the potential energy of

the field, V (�), dominates over its kinetic energy, 1

2
�̇
2. Inflation ends at �end when the

kinetic energy has grown to become comparable to the potential energy, 1

2
�̇
2 ⇡ V . CMB

fluctuations are created by quantum fluctuations �� about 60 e-folds before the end of

inflation. At reheating, the energy density of the inflaton is converted into radiation.

The simplest models of inflation involve a single scalar field �, the inflaton. Here, we don’t

specify the physical nature of the field �, but simply use it as an order parameter (or clock) to

parameterize the time-evolution of the inflationary energy density. The dynamics of a scalar field

(minimally) coupled to gravity is governed by the action
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�
= SEH + S� . (61)

The action (61) is the sum of the gravitational Einstein-Hilbert action, SEH, and the action of a

scalar field with canonical kinetic term, S�. The potential V (�) describes the self-interactions of the
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Figure 10: The Einstein frame potential corresponding to the random function F (zi) shown in Figure 9. Yellow
and light green valleys are inflationary directions with V > 0, blue valleys correspond to V < 0.

F (zi), the more of these minima fit near the boundary, the greater is the variety of inflationary valleys

we are going to obtain. If a typical size of such sharp minima is equal to �z, the number of di↵erent

inflationary valleys slowly bending towards di↵erent Minkowski or dS minima should be proportional

to (�z)n�1, where n is the total number of the di↵erent moduli. For �z ⌧ 1 and n � 1, one can get

an exponentially large variety of di↵erent possibilities, reminiscent of the string theory landscape.

It is instructive to compare this scenario with the more conventional multi-field scenario. If one

assumes that from the very beginning we deal with a random Einstein frame potential without any

symmetries protecting its flat directions, one may conclude that such flat directions are rather unlikely,

see e.g. [32]. On the other hand, the more chaotic is the function F in terms of the original conformal

variables zi, and the greater number such fields we have, the greater is the variety of inflationary

valleys which naturally and nearly unavoidably emerge in the scenario outlined in our paper.

Now let us turn to the predictions of this class of theories. As we already mentioned in the previous

section, barring some fine-tuning of initial conditions and parameters of the theory, the field ✓ usually

has plenty of time to roll down to one of the inflationary valleys, and after that the classical evolution

is entirely determined by the single-field evolution of the field '. The main reason is that the speed

of motion of both fields ✓ and ' is suppressed by the same exponent e�
p

2/3', but the range of the

evolution of the field ✓ is �✓ = O(1), whereas the evolution of the field � may start at its indefinitely

large values, as one may conclude by looking at Figure 10. As a result, the field ✓ typically rolls down

exponentially closely to the minimum of its potential long before the last 60 e-foldings of inflation, see

(3.20), and the subsequent evolution is determined by the field '. This leads to universal observational

predictions 1� ns = 2/N , r = 12/N2, just as for the single-field attractors studied in [1].
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observational predictions of these models do not depend on n. Its basic representative �1 tanh
2('/

p
6)

is the simplest version of the class of conformal chaotic inflation models proposed in [1]. Rather

unexpectedly, inflation is possible in a very broad class of models of this type, including models with

very steep potentials V (�) in terms of the original field variable �. Moreover, almost all such models

have nearly identical observational consequences, in the leading order in 1/N , thus belonging to the

same universality class [1]. Recently these conclusions have been confirmed by explicit calculations of

ns and r in the next-to-leading order in 1/N [26].

To gain intuitive understanding of these features of the new class of models, following [1], let us

consider an arbitrary non-singular potential V (�) = F
�
�/

p
6
�
, as shown in the upper panel of Fig. 2,

and then plot the same potential in terms of the canonically normalized field ' in the Einstein frame,

shown in the lower panel of Fig. 2. As we see, the potential looks extremely flat upon switching to

the canonically normalized field ', which exponentially stretches and flattens the potential close to

the boundary of the moduli space, sending this boundary to infinity, in terms of the field '.1 In the

next sections we will generalize this mechanism for the multi-field model case.

Figure 2: Basic mechanism which leads to inflation in the theories with generic functions F (z). The potential
V in the Einstein frame can have an arbitrary shape in terms of the original conformal variable z, which becomes
�/

p
6 in the gauge � =

p
6; see e.g. the potential V (�/

p
6) in the upper panel. If this potential is non-singular

at the boundary of the moduli space |z| = 1 (� =
p
6), it looks exponentially stretched and flat at large values

of the canonically normalized field '. This stretching makes inflation very natural, and leads to universal
observational predictions for a very broad class of such models [1].

1
Other ways of flattening of the inflaton potentials were proposed in [27].
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Planck Collaboration: Cosmological parameters
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Fig. 1. Planck 2018 temperature power spectrum. At multipoles ` � 30 we show the frequency-coadded temperature spectrum
computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters fixed to a best fit assuming
the base-⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum estimates from the Commander
component-separation algorithm, computed over 86 % of the sky. The base-⇤CDM theoretical spectrum best fit to the Planck
TT,TE,EE+lowE+lensing likelihoods is plotted in light blue in the upper panel. Residuals with respect to this model are shown in
the lower panel. The error bars show ±1� diagonal uncertainties, including cosmic variance (approximated as Gaussian) and not
including uncertainties in the foreground model at ` � 30. Note that the vertical scale changes at ` = 30, where the horizontal axis
switches from logarithmic to linear.

it is not possible to inter-calibrate the spectra to a precision of
better than 1 % without invoking a reference model. The fidu-
cial theoretical spectra CTh

` contained in CTh are derived from
the best-fit temperature data alone, assuming the base-⇤CDM
model, adding the beam-leakage model and fixing the Galactic
dust amplitudes to the central values of the priors obtained from
using the 353-GHz maps. This is clearly a model-dependent pro-
cedure, but given that we fit over a restricted range of multipoles,
where the TT spectra are measured to cosmic variance, the re-
sulting polarization calibrations are insensitive to small changes
in the underlying cosmological model.

In principle, the polarization e�ciencies found by fitting the
T E spectra should be consistent with those obtained from EE.
However, the polarization e�ciency at 143 ⇥ 143, cEE

143, derived
from the EE spectrum is about 2� lower than that derived from
T E (where the � is the uncertainty of the T E estimate, of the
order of 0.02). This di↵erence may be a statistical fluctuation or
it could be a sign of residual systematics that project onto cali-
bration parameters di↵erently in EE and T E. We have investi-
gated ways of correcting for e↵ective polarization e�ciencies:

adopting the estimates from EE (which are about a factor of
2 more precise than T E) for both the T E and EE spectra (we
call this the “map-based” approach); or applying independent
estimates from T E and EE (the “spectrum-based” approach). In
the baseline Plik likelihood we use the map-based approach,
with the polarization e�ciencies fixed to the e�ciencies ob-
tained from the fits on EE:

⇣
cEE

100

⌘
EE fit

= 1.021;
⇣
cEE

143

⌘
EE fit

=

0.966; and
⇣
cEE

217

⌘
EE fit

= 1.040. The CamSpec likelihood, de-
scribed in the next section, uses spectrum-based e↵ective polar-
ization e�ciency corrections, leaving an overall temperature-to-
polarization calibration free to vary within a specified prior.

The use of spectrum-based polarization e�ciency estimates
(which essentially di↵ers by applying to EE the e�ciencies
given above, and to T E the e�ciencies obtained fitting the T E
spectra,

⇣
cEE

100

⌘
TE fit

= 1.04,
⇣
cEE

143

⌘
TE fit

= 1.0, and
⇣
cEE

217

⌘
TE fit

=

1.02), also has a small, but non-negligible impact on cosmo-
logical parameters. For example, for the ⇤CDM model, fitting
the Plik TT,TE,EE+lowE likelihood, using spectrum-based po-
larization e�ciencies, we find small shifts in the base-⇤CDM
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Fig. 1. Planck 2018 temperature power spectrum. At multipoles ` � 30 we show the frequency-coadded temperature spectrum
computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters fixed to a best fit assuming
the base-⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum estimates from the Commander
component-separation algorithm, computed over 86 % of the sky. The base-⇤CDM theoretical spectrum best fit to the Planck
TT,TE,EE+lowE+lensing likelihoods is plotted in light blue in the upper panel. Residuals with respect to this model are shown in
the lower panel. The error bars show ±1� diagonal uncertainties, including cosmic variance (approximated as Gaussian) and not
including uncertainties in the foreground model at ` � 30. Note that the vertical scale changes at ` = 30, where the horizontal axis
switches from logarithmic to linear.

it is not possible to inter-calibrate the spectra to a precision of
better than 1 % without invoking a reference model. The fidu-
cial theoretical spectra CTh

` contained in CTh are derived from
the best-fit temperature data alone, assuming the base-⇤CDM
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dust amplitudes to the central values of the priors obtained from
using the 353-GHz maps. This is clearly a model-dependent pro-
cedure, but given that we fit over a restricted range of multipoles,
where the TT spectra are measured to cosmic variance, the re-
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in the underlying cosmological model.
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Fig. 1. Planck 2018 temperature power spectrum. At multipoles ` � 30 we show the frequency-coadded temperature spectrum
computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters fixed to a best fit assuming
the base-⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum estimates from the Commander
component-separation algorithm, computed over 86 % of the sky. The base-⇤CDM theoretical spectrum best fit to the Planck
TT,TE,EE+lowE+lensing likelihoods is plotted in light blue in the upper panel. Residuals with respect to this model are shown in
the lower panel. The error bars show ±1� diagonal uncertainties, including cosmic variance (approximated as Gaussian) and not
including uncertainties in the foreground model at ` � 30. Note that the vertical scale changes at ` = 30, where the horizontal axis
switches from logarithmic to linear.
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Fig. 1. Planck 2018 temperature power spectrum. At multipoles ` � 30 we show the frequency-coadded temperature spectrum
computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters fixed to a best fit assuming
the base-⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum estimates from the Commander
component-separation algorithm, computed over 86 % of the sky. The base-⇤CDM theoretical spectrum best fit to the Planck
TT,TE,EE+lowE+lensing likelihoods is plotted in light blue in the upper panel. Residuals with respect to this model are shown in
the lower panel. The error bars show ±1� diagonal uncertainties, including cosmic variance (approximated as Gaussian) and not
including uncertainties in the foreground model at ` � 30. Note that the vertical scale changes at ` = 30, where the horizontal axis
switches from logarithmic to linear.

it is not possible to inter-calibrate the spectra to a precision of
better than 1 % without invoking a reference model. The fidu-
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` contained in CTh are derived from
the best-fit temperature data alone, assuming the base-⇤CDM
model, adding the beam-leakage model and fixing the Galactic
dust amplitudes to the central values of the priors obtained from
using the 353-GHz maps. This is clearly a model-dependent pro-
cedure, but given that we fit over a restricted range of multipoles,
where the TT spectra are measured to cosmic variance, the re-
sulting polarization calibrations are insensitive to small changes
in the underlying cosmological model.

In principle, the polarization e�ciencies found by fitting the
T E spectra should be consistent with those obtained from EE.
However, the polarization e�ciency at 143 ⇥ 143, cEE

143, derived
from the EE spectrum is about 2� lower than that derived from
T E (where the � is the uncertainty of the T E estimate, of the
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bration parameters di↵erently in EE and T E. We have investi-
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2 more precise than T E) for both the T E and EE spectra (we
call this the “map-based” approach); or applying independent
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Fig. 1. Planck 2018 temperature power spectrum. At multipoles ` � 30 we show the frequency-coadded temperature spectrum
computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters fixed to a best fit assuming
the base-⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum estimates from the Commander
component-separation algorithm, computed over 86 % of the sky. The base-⇤CDM theoretical spectrum best fit to the Planck
TT,TE,EE+lowE+lensing likelihoods is plotted in light blue in the upper panel. Residuals with respect to this model are shown in
the lower panel. The error bars show ±1� diagonal uncertainties, including cosmic variance (approximated as Gaussian) and not
including uncertainties in the foreground model at ` � 30. Note that the vertical scale changes at ` = 30, where the horizontal axis
switches from logarithmic to linear.
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[Domenech & Kamionkowski JCAP 11 (2019) 040] 
[Ballardini & Finelli JCAP 10 (2022) 083] 
[Antony et al., PRL 130 (2023) 11]

• Other anomalies such as “lensing excess”
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Idea: evolve the statistical distribution function of the 
fields rather than the fields themselves.

In analogy with particle physics, we can approach the 
problem with a path integral formulation:
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     Correlators can be computed through functional               
     derivatives 

TSPT diagrammatic 
expansion
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Temporal evolution is encoded in Liouville’s equation  
for the conservation of probability
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[Blas et al., JCAP 07 (2016) 052] 
[Blas et al., JCAP 07 (2016) 028] 

[Vasudevan et al., JCAP 09 (2019) 037]

<latexit sha1_base64="K4xiwi5Nhdru2SbDgwngG5ouXME="></latexit>

PL (k) = P nw
L (k) + Pw

L (k)

Decompose the linear power spectrum into a smooth 
(non-wiggly) and an oscillatory part

IR enhanced diagrams can be separated thanks to a 
power counting in the soft limit.  

<latexit sha1_base64="fyyVbBMiczIdNZG/eXMxMaDAiKA="></latexit>

DqP
w
L (k) =

(q · k)
q2

[exp (q ·rk0)� 1]Pw
L (k0)

����
k0=k
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Pw,LO
�� (k) = +

+ + . . .
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Pw,LO
�� (⌘, k) = g2 (⌘) e�g2

(⌘)SPw

L (k)
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PNLO

�� (⌘, k) = g2 (⌘)
h
P nw

L (k) +
�
1 + g2 (⌘)S

�
e�g2

(⌘)SPw

L (k)
i

+ g4 (⌘)P 1�loop

��

h
P nw

L (k) + e�g2
(⌘)SPw

L (k)
i

…and can be consistently resummed to give LO and NLO power spectra

IR maximally enhanced diagrams: 
daisy diagrams
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…and can be consistently resummed to give LO and NLO power spectra

IR maximally enhanced diagrams: 
daisy diagrams

How to compute them?
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Linear feature template:
<latexit sha1_base64="nSWtjPvfUYdnrcJ4lfsOM4B93u4="></latexit>

�P lin
⇣ (k) = Alin sin

✓
!lin

k

k⇤
+ �lin

◆

1

[Starobinsky, PRL 55 (1992) 489] 
[Adams et al.,  PRD 64 (2001) 123514] 

[Chen et al., JCAP 06 (2007) 023] 
[Chen et al., JCAP 04 (2008) 010]
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(q · k)
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e±i!link/k⇤
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translation operator

[Starobinsky, PRL 55 (1992) 489] 
[Adams et al.,  PRD 64 (2001) 123514] 

[Chen et al., JCAP 06 (2007) 023] 
[Chen et al., JCAP 04 (2008) 010]
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Computation of nonlinear damping
<latexit sha1_base64="qqezgIin5Cdr6+vFWcu02AlO0jg="></latexit>

SPw
L (k) = +

1

2
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qkS

d3q

(2⇡)3
P nw
L (q)

(q · k0)2

q4
(Tq � 1) (T�q � 1)Pw

L (k0)

�����
k0=k

=

Z

qkS

d3q

(2⇡)3
P nw
L (q)

(q · k0)2

q4
[1� cosh (q ·rk0)]Pw

L (k0)

�����
k0=k

3

[Starobinsky, PRL 55 (1992) 489] 
[Adams et al.,  PRD 64 (2001) 123514] 

[Chen et al., JCAP 06 (2007) 023] 
[Chen et al., JCAP 04 (2008) 010]
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2

Z

qkS

d3q

(2⇡)3
P nw
L (q)

(q · k0)2

q4
(Tq � 1) (T�q � 1)Pw

L (k0)

�����
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Z
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(2⇡)3
P nw
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…which finally gives:
<latexit sha1_base64="MUt1MHb4K3Wl2EPB+N5mTfLo0NU="></latexit>

SPw
L (k) = Pw

L (k)
k2

6⇡2

Z kS

0
dq P nw

L (q)


1� j0

✓
!lin

k⇤
q

◆
+ 2j2

✓
!lin

k⇤
q

◆�
⌘ k2⌃lin (k)P

w
L (k)

[Starobinsky, PRL 55 (1992) 489] 
[Adams et al.,  PRD 64 (2001) 123514] 

[Chen et al., JCAP 06 (2007) 023] 
[Chen et al., JCAP 04 (2008) 010]
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<latexit sha1_base64="MlOqckOv613/wz5v1AKaJfHI5io="></latexit>

�P log
⇣ (k) = Alog sin

✓
!log ln

k

k⇤
+ �log

◆

[Chen et al., JCAP 04 (2008) 010] 
[Flauger et al., JCAP 06 (2010) 009] 
[Flauger & Pajer, JCAP 01 (2011) 017] 
[Chen, JCAP 12 (2010) 003]
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What happens adding more steps? 

<latexit sha1_base64="dY0t6d8ZX0g98YlphnFxVv56myI="></latexit>

Tq
h
e±i!log ln(k/k⇤)

i
=

1X

n=0

(q ·rk)
(n�1)


±i!log

(q · k)
k2

e±i!log ln(k/k⇤)

�

=
1X

n=0

(q ·rk)
(n�2)
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±i!log

"
±i!log

(q · k)2

k4
+

q2

k2
� 2

(q · k)2

k4

#
e±i!log ln(k/k⇤)

)

[Chen et al., JCAP 04 (2008) 010] 
[Flauger et al., JCAP 06 (2010) 009] 
[Flauger & Pajer, JCAP 01 (2011) 017] 
[Chen, JCAP 12 (2010) 003]
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Computation of nonlinear damping (strong approximation)
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SPw
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6! 2
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0
dq Pnw
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"
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$

+ 2 j 2
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k
q
$%

" k2! log (k) Pw
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What happens adding more steps? 
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[Chen et al., JCAP 04 (2008) 010] 
[Flauger et al., JCAP 06 (2010) 009] 
[Flauger & Pajer, JCAP 01 (2011) 017] 
[Chen, JCAP 12 (2010) 003]
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Mixed oscillatory terms 
Addition of primordial oscillatory features generates 
interference with BAO  

<latexit sha1_base64="PGHEcqX/aV2enMIdMp6miRORcrI="></latexit>

Pw (k) ! Pw
BAO (k) + Pw

X (k) + Pw
BAO (k) ! PX

! (k)

<latexit sha1_base64="82hx/1s1ddoJIq4ZF9t0JkyUSEc="></latexit>

S
!
Pw

BAO (k) ! P lin
! (k)

"
=

=
k2

2
ABAO (k)

#
! lin (k) Pw

lin (k)|" lin + # / 2
$ lin ! k ! $ BAO

! ! lin (k) Pw
lin (k)|" lin + # / 2

$ lin + k ! $ BAO

$

Thanks to trigonometric relations we can describe it 
as a superposition of 

<latexit sha1_base64="w7WlgpH10Rg+aBMNHpApYr0yYWI="></latexit>

Pw
BAO (k) ! P lin

! (k) =
1
2

ABAO (k)
!

Pw
lin (k)|" lin + # / 2

$ lin ! k ! $ BAO
! Pw

lin (k)|" lin + # / 2
$ lin + k ! $ BAO

"

Computation of dampings mimics what 
happens for single oscillatory terms. 
Subtleties arise for the logarithmic case, but 
still allow for a consistent description. 



Usually neglected because subdominant. It misses 
a specific characterisation of its impact  

7

NICOLA BARBIERI (UNIFE) — 04/11/2024

Mixed oscillatory terms 
Addition of primordial oscillatory features generates 
interference with BAO  

<latexit sha1_base64="PGHEcqX/aV2enMIdMp6miRORcrI="></latexit>

Pw (k) ! Pw
BAO (k) + Pw

X (k) + Pw
BAO (k) ! PX

! (k)

<latexit sha1_base64="82hx/1s1ddoJIq4ZF9t0JkyUSEc="></latexit>

S
!
Pw

BAO (k) ! P lin
! (k)

"
=

=
k2

2
ABAO (k)

#
! lin (k) Pw

lin (k)|" lin + # / 2
$ lin ! k ! $ BAO

! ! lin (k) Pw
lin (k)|" lin + # / 2

$ lin + k ! $ BAO

$

Thanks to trigonometric relations we can describe it 
as a superposition of 

<latexit sha1_base64="w7WlgpH10Rg+aBMNHpApYr0yYWI="></latexit>

Pw
BAO (k) ! P lin

! (k) =
1
2

ABAO (k)
!

Pw
lin (k)|" lin + # / 2

$ lin ! k ! $ BAO
! Pw

lin (k)|" lin + # / 2
$ lin + k ! $ BAO

"

Computation of dampings mimics what 
happens for single oscillatory terms. 
Subtleties arise for the logarithmic case, but 
still allow for a consistent description. 



NICOLA BARBIERI (UNIFE) — 04/11/2024

Mixed oscillatory terms 

8

! 0.10

! 0.05

0.00

0.05
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! 0.005
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! 0.01
0.00
0.01

! lin = 101.0

! 0.10
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0.00
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k [h Mpc! 1]

! 0.01
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! lin = 101.8
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k [h Mpc! 1]

Difference between 
matter power spectrum 
(with primordial linear 
oscillations) and power-
law PPS divided by the 
non-wiggly power 
spectrum (upper panels) 

ratio of the NLO matter 
power spectrum with 
mixed term to that 
without (middle panels) 

Differences between the 
theoretical spectra at 
NLO, and the simulations 
(lower panel).
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Scale dependent amplitudes

<latexit sha1_base64="wkVx+7nbv+WuUju9NaoRCqAVkPk="></latexit>

Pw,LO
!! (! , k) = g2 (! )

!
e! g2 ( " )k 2 ! WP

lin (k ) cos
"
g2 (! ) k2 ö! WP

lin (k)
#

Pw
WP ,lin (k)

! e! g2 ( " )k 2 ! WP
lin (k ) sin

"
g2 (! ) k2 ö! WP

lin (k)
#

Pw
WP ,lin (k)

$
$
#+ $ / 2

%

Oscillatory templates are enriched with scale 
dependent amplitudes… 

…new features appear in the computation of the 
spectra.
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Figure 4 . As in Þg. 3 for the primordial linear oscillations with power-law amplitude with n = ± 0.5,
k! = 0 .05 Mpc! 1, and log10 (! log ) = 0 .8, 1.4.

5 Conclusions

In this work, we have presented a comprehensive analysis of the impact of primordial oscil-
latory features on the matter power spectrum within the framework of TSPT. Our results
extend previous studies by including a detailed treatment of the nonlinear evolution of these
features, providing new analytical insights into their behaviour at di! erent scales, and com-
paring these predictions with results from N-body simulations using the COLA method.

We derive new contributions to the nonlinear matter power spectrum, in particular the
mixed term between primordial oscillations and BAO, as well as corrections arising from a
scale-dependent envelope modulating the oscillation patterns. These corrections, although
small, represent an important reÞnement of current theoretical models, bringing us closer to
a full characterisation of the nonlinear imprints of primordial features.

The inclusion of IR resummation techniques, as implemented in TSPT, has proved es-
sential to handle long-wavelength perturbations that signiÞcantly a! ect the power spectrum,
especially in the presence of oscillatory features. The good agreement between our analytical
results and N-body simulations underlines the robustness of the formalism and highlights the
importance of using such perturbative techniques for future analyses of primordial features.
[Mettere qui il pezzo]
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(with primordial linear 
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non-wiggly power 
spectrum (upper panels) 

Differences between the 
theoretical spectra at LO 
and NLO, and the 
simulations (lower panel).
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As scale dependence increases, the amplitude 
corrections grow larger. 

For extreme values of the envelope parameters this can 
spoil the pour counting defined in our methodology, 
making the whole computation unreliable.
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Leading corrections to the damping factors

Check that relative corrections 
to the power spectrum  does not 

exeed a small percentage of it 
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• We have applied TSPT formalism to compute LO and NLO matter power spectrum for            
non-standard effects as features in the PPS of scalar perturbations; 

• We include to the standard description the mixed term between features and BAO, and the 
contribution of scale dependent amplitudes refining the modelling of nonlinear damping; 

• All the results have been tested against dark matter simulations. We found them in agreement 
for all those scales relevant for galaxy clustering analysis ; 

• We aim to perform a precise validation of our results with realistic simulations for upcoming 
LSS surveys, such as DESI and Euclid.

k < 0.3hMpc! 1
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