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ΛCDM: The standard cosmological model  

Just 7 
numbers…..

describe the Universe composition and evolution
Homogenous background Perturbations

WMAP2003





challenges

Big data; 
Cosmology is 
special we 
only observe 
one sky; we 
only fit 
models

Evidence Likelihood prior

Exp(accuracy-complexity)

What is a prior? What to 
use?



Model selection question: Bayesian 
Evidence

 
When comparing two models or hypotheses 
use
the Bayesian evidence  and the Bayes factor priorLikelihoodEvidence

Exp(accuracy-complexity)

M1: too simple, 
unlikely to generate the data

M3: too complex, 
can generate many other cases,
 why this one? 

M2: just 
right

Goldilocks 1 D 
example

Heavy dependence on prior 
choice



      Coincidences



The Essence of IWI
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From Verde et al.



…inflation without the inflaton?
● In 2412.14265, we focus on how scalar perturbations are generated in a 

model-independent fashion, within a purely quantum physics framework. 
● We propose a novel scenario in which scalar perturbations, that seed the 

large-scale structure of the Universe, are generated without relying on a 
scalar field (the inflaton).

● In this framework, inflation is driven by a de Sitter space-time (dS), where 
tensor metric fluctuations (i.e., gravitational waves) naturally arise from 
quantum vacuum oscillations, and scalar fluctuations are generated via 
second-order tensor effects

● We show that scalar perturbations arise as a second-order effect from tensor 
perturbations and can become significantly enhanced, allowing them to 
dominate over the linear tensor modes, which are inherently present in dS.



Generation of second-order
scalar modes from tensor perturbations

● The generation of these tensor perturbations was first studied in Tomita (1971, 
1972) and Matarrese, S. Mollerach and M. Bruni (1998).

● Recently, a quantitative analysis of such tensor-induced scalar perturbations 
was done in Bari+(2022, 2023) for post-inflationary epochs. Our scenario relies 
on a similar mechanism to generate the scalar perturbations. 

● In addition, the instability of dS space [see, e.g., Mottola (1985), Antoniadis+ 
(2007), Polyakov (1982, 2007, 2012), Dvali+ (2007, 2014, 2017), Alicki+ (2023a, 
b)] provides both a natural way for a graceful exit from inflation and also the 
means to end into a radiation dominated epoch.



● If one describes dS as a quantum 
coherent state composite of gravitons, 
then the self-coupling of gravitons— as 
well as their coupling to other relativistic 
particle species, such as those in the 
Standard Model (SM), which must always 
be present—leads to quantum scattering 
and decay of the constituent gravitons of 
dS. 

● In this case, the final quantum state 
cannot be described as a coherent state, 
and there will no longer be the dispersion 
relations of the free quanta propagating 
on a classical dS background. 

If dS metric as process of scattering and decay of the 
gravitons: Dvali et al. point of view

Higher order process of particle 
production, in which the produced 
particles recoil against all remaining 
gravitons. In particular, this allows for 
produced particles of low energies E,         
E′ ≪ m/2. 



About perturbations?
● In 2412.14265 we introduce a  novel mechanism where we derive the exact 

expressions for the second-order scalar potentials and the scalar power 
spectrum resulting from second-order tensor perturbations. 

● We demonstrate that the latter agrees with the expected nearly 
scale-invariance from observations, opening the way for numerous potential 
follow-up studies and extensions.

Note that here the considered fluid unavoidably arises from the vacuum 
expectation value of the second-order contribution to the Einstein’s tensor 
from gravitational waves (GW), which on sub-horizon scales leads to 
non-vanishing energy, pressure and anisotropic stress (this point is raised also 
in Dvali + 2013!!).



SCALAR PERTURBATIONS FROM 
TENSOR MODES

 



Now a first question that we can 
make…

 



SCALAR PERTURBATIONS FROM TENSOR 
MODES

 

 



 

 

 



Cosmological perturbation theory

● Linear order                   
    

➢ We use the following perturbed line element

Perturbations are dynamically decoupled

● Second order                   
    

Perturbations can be sourced by the                              
coupling of first-order perturbations

[Malik K. A., Wands D. [0809.4944]
Kodama H., Sasaki M. (1984),
Matarrese S. et al. (1998)]
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➢ Inflation is driven by de Sitter (dS) space-time



Second-order Einstein equations

➢ Assume Einstein gravity

➢ Energy-momentum tensor

➢ Equation of motion for the potential at second-order 

Primordial tensor 
power spectrum Scalar power spectrum

[Tomita (1971, 1972), 
Matarrese et al. (1998), 
Bari et al. (2022), Bari et al. (2023)]
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Scalar power spectrum

➢ Large scale limit

➢ Primordial power spectrum of scalar fluctuations

➢ Tensor power spectrum in de Sitter

where             is the Hubble constant during inflation

Inflation without an Inflaton - R. Jiménez, M. Traforetti, M. Abdelaziz - BIG Meeting, November 7th 2025



Observational constraints

➢ Amplitude of scalar perturbations

➢ Tensor-to-scalar ratio

At CMB scales:

[Planck 2018 results, 
Tristram et al. (2021),
Galloni et al. (2022)]

➢ Spectral tilts at 68% confidence level (CL)

at 95% CL

at 95% CL
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Scale-invariance ?

[Bertacca et al. (2024)]

➢ Let us take only the first contribution

➢ Rescaling of the momenta

➔ Every term in the kernel is homogeneous of degree 4
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Scale-invariance ?

➢ It is exactly scale-invariant !

➢ Dimensionless scalar power spectrum

➢ Putting everything together …

Change of variables
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Scalars bigger than tensors?

➢ Naively we would expect

From observations Free parameter
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➔ tensor-to-scalar ratio                  ?

➔ Simple testable framework



Scalars bigger than tensors?

➢ Caveat

outside the horizon

inside the horizon

● number of e-folds

Free parameter
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Power spectrum
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Preliminary Results

For example
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Quantum break-time

[Dvali et al. (2017)]

➢ When applied to the inflationary stage:

number of species
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➢ This imposes a consistency condition 

For example: If                                      and                        ,
                        saturate the bound only if the Universe were               years old.

➔ Maximum number of e-foldings



Quantum break-time

[Dvali et al. (2017)]

➢ In our framework:

➢ Maximum number of allowed species
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fixed to match CMB constraint

➔ The longer inflation lasts, 
the lower the bound on the energy scale
and the more species it houses



Preliminary Results

Reference value
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Non-Gaussianity

Motivation

The Second order Scalar modes are sourced by quadratic Linear tensor modes, 
Because of that (If GW are Gaussian) our potential is chi-squared distributed, 
hence intrinsically NG. 

In Abdelaziz et. al Phys.Rev.D 112 (2025) 2, 023505, It was shown that 
tensor-induced density perturbations arising from quadratic modes of G indeed 
have a large NG signal.Inflation without an Inflaton - R. Jiménez, M. Traforetti, M. Abdelaziz - BIG Meeting, November 7th 2025



Bispectrum
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Bispectrum
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Bispectrum
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Bispectrum
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For:

● We present the numerical results for the 
bispectrum on a plane of (k1/k3, k2/k3), 
keeping k3 fixed and ordering the momenta 
as k1 ≤ k2 ≤ k3.

● The Bispectrum peaks in squeezed 
configurations naturally due to the k6 
factor in front of the integral.

Preliminary Results
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The NG signal is peaking in the equilateral configuration as sourcing occurs primarily around horizon 
crossing, and the bispectrum peaks when the sourcing momenta are equal in magnitude.

Preliminary Results



Conclusions and future prospects

➢ Model-independent picture of inflation with a simple framework.
➢ Scalar perturbations reproduce the characteristics that we expect from 

observations.
➢ We have shown how to connect our analysis to the concept of quantum 

break-time of de Sitter and the number of particle species.
➢ Intrinsic non-Gaussianity of the tensor-induced scalar potential is expected 

and could be a powerful observable. 
➢ We have shown that the signal is peaking in the equilateral configuration as 

GWs are frozen outside the horizon and start the sourcing at horizon-entry.
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➢ Solve the problem in a more complete way accounting for the time dependence.
➢ Account for the observed scalar spectral tilt.




