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and… an inflation without the inflaton?
• In DB, Jimenez, Matarrese & Ricciardone, 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,         
Eʹ ≪ m/2. 



Instability of dS? [Mottola point of view]

•  As Antoniadis+ (2007) points out, based on particle creation 
Mottola (1985) and the fluctuation-dissipation theorem Mottola 
(1986a) or, equivalently, on thermodynamic considerations Mottola 
(1986b), dS spacetime is unstable and the time scale of this 
instability can be exponentially large given any initial perturbation. 

This occurs because the geometry of the gravitational field is coupled to the 
energy-momentum stress tensor and this quantity, in turn, governs the 
dynamics of the gravitational field.
Consequently, the quantum fluctuations of the vacuum or, equivalently, the 
effects of particle creation are linked to a background gravitational field. 



Instability of dS 
- 

thermodynamic 
considerations: 

Alicki point of 
view

In Alicki+ (2023a, b)] using an approach related 
to quantum thermodynamics:

- they provide a natural mechanism for the 
irreversible relaxation of the cosmological 
constant, 
-  and dS decay, in order to escape the 
inflationary epoch, without the need for 
subsequent reheating, and 
- suggest an alternative way to generate the 
primordial perturbations which could arise 
from the thermal fluctuations described by the 
power spectrum. 



About perturbations?
• In DB, Jimenez, Matarrese & Ricciardone, 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
• We consider pure dS metric, which is in Cartesian coordinates, 
ds2	=−dt2	+	e2t/α(dx2	+	dy2	+	dz2),	

where α	≡(3/Λ)1/2 and Λ/8πG	is the vacuum energy. 
• We assume Einstein gravity and the following perturbed 

second order metric 
𝑔!! = −𝑎" 1 + 𝜓" ,	

𝑔!# =
𝑎"

2
𝜔"# ,

𝑔#$ = 𝑎" 1 − 𝜙" 𝛿#$ + 𝜒%#$ +
1
2
𝜒"#$ ,

where 𝑎 𝜂 = −1/𝐻&𝜂.



Now a first question that we can make…

• Unless the "background" vacuum energy (by Mottola et al.) or 
coherent states (by Dvali et al.) Λ/8πG	and	if	we	exclude	any	
(perturbative)	contributions	on	the	right-hand	side	of	Einstein's	
equations,	is	it	possible	to	obtain	solutions	for, e.g., 𝜓" and 𝜙", 
which depend only on 𝜒%#$?

No, we can’t…
Indeed, if we try to solve the Einstein Equations for 𝜓" and 𝜙" we 
get as inconsistence on the solution for 𝜙" (and, at the same time 
𝜓"=0).



SCALAR PERTURBATIONS FROM 
TENSOR MODES
For generality, on the RHS of Einstein’s equations, we allow for the presence 
of a stress-energy tensor which accounts for the sum of the cosmological 
constant driving our dS expansion plus a generic fluid, with energy density 
ρ, isotropic pressure 𝑝, four-velocity 𝑢" and anisotropic stress tensor 𝜋#

", 
namely

                                                                                      .

NOTE: by using the idea by Dvali et al 2013 and 2017 this seemingly-classical system quantum 
mechanically as the mixture of the two “Bose-gases”: 
1) the quantum coherent state that describes  Λ; 
2) a cosmological fluid that plays the role of a cosmic clock! Precisely, this compositeness acts as a 

quantum clock (that becomes classical at scales larger than horizon) that imprints measurable 
effects into cosmological observables. 

These effects are cumulative and gather the information throughout the entire duration of inflation.



When 𝜓! = 0 and  𝜙! = ℱ"/4

Let me focus only on the first terms in

then we have

where  



At super-horizon scales, still assuming 𝜙$ is const. , where we left 𝑤 and 𝑐%  generic

for 𝜁$ we find

Now we need to know the value of 𝑐% and 𝜌̅&' at a given mode 𝑘. 
It is transparent that 

𝑤 − 𝑐%$ > 0
for the scalar fluctuations to be larger than the tensor ones. This can be achieved by 
the same gravitons produced during de Sitter phase. For this particle (fluid) radiation, 
the scalar perturbations will no longer grow [Dvali + 2013, 2017]. 

This provides a natural route to end inflation!

For 𝜙! is const., is it possible to have 𝜓V ≠ 0?
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inflation.
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to a more in-depth study 
of Non-Gaussianity for 
this type of model.
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E.g., Quantum Fisher Cosmology (QFC)

• Along this line of reasoning, an attempt is done in Gomez and 
R. Jimenez (2020, 2021a, 2021b), in a framework termed QFC. 
It has been shown that the tilt of the primordial scalar power 
spectrum can be predicted to be 𝑛)	= 0.9672  just by 
considering the Heisenberg uncertainty principle in measuring 
time in dS



A model Independent Prediction for the Spectral Index of Scalar Fluctuations

Step 1: Focus on quasi de Sitter modification of the effective frequency of spectator modes. 
Start with the Schroedinger eq.

and In simplest slow-roll approximation

(by definition, for convenience)

the pure quasi de Sitter contribution to the oscillator energy  is given by 

Choosing a pivot 𝑘!and 𝐻( then 𝛿!"#𝐸$ = (3𝛿 + 𝛿$)𝐻%$(𝑘%𝜂)$&



Step 2: use the quantum variance defined by the quantum Fisher 
information to identify the corresponding quantum contribution to the 
oscillator energy. This is done by defining at first order (same order in ℏ as 
the quasi de Sitter contribution; recall that the Fisher piece is statistical in 
origin) this contribution in pure dS as 

With 𝛿"(𝑘) defined by the Quantum Fisher F

Using the same pivot scale k0 and H0 we get 



Step 3: The final step requires to identify, locally, both contributions: namely the quasi de Sitter and the quantum 
Fisher. Since our task is to predict the value of the quasi de Sitter parameter δ we look for the value of δ such that δF E2

= δqdSE2. This equation identifies the value of the slow roll parameter that agrees with the quantum Fisher estimation. 
This leads to the equation 

There is a unique solution that fixes the region of slow roll at large scales, the fixed point region 
1 − 𝑛' = 2𝛿 = 0.0328

AT 𝑘!𝜂=0.1

= 𝛿!"# 𝐸$ = (3𝛿 + 𝛿$)𝐻%$(𝑘%𝜂)$&
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Write papers



Denario

- input.md —-> Description of the problem, data…etc
- idea.md —-> Description of the idea
- methods.md —-> Description of the research plan
- results.md —-> Description of the results
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