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MOTIVATION




INFLATION (BASICS)

m In its simplest version, Inflation is exponential expansion of
the universe driven by a scalar field
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WHAT ABOUT THE POTENTIAL?

m CMB observations on the spectral index and
non-Gaussianities restrict the inflationary power spectrum
and hence the inflationary potential, which must be
compatible with SR inflation.

m However, the CMB is only accessible to a restricted range of
scales.

m We know nothing about most of the inflationary potential.
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WHAT ABOUT THE POTENTIAL?

m Any feature in the potential makes the power spectrum grow.

m A growth in the power spectrum makes large fluctuations
more probable — PBH!
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m Cosmological perturbation theory might not be enough to
describe such large fluctuations. Alternatives?




REVIEW OF )N FORMALISM.




GRADIENT EXPANSION

m The characteristic scale of inhomogeneities is larger that the
Hubble horizon scale L > H™
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ON FORMALISM

m The difference in the number of e-folds that each patch
takes to reach some final comoving hypersurface is equal to
the comoving curvature fluctuation (.
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ON FORMALISM IN TERMS OF INITIAL CONDITIONS

m How can we compute 6N?

m We will make use of the separate universe approach in which
each patch (defined by x) follows an homogeneous and
isotropic evolution.
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m The solution is
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m From there, taking into account that ¢epg(X) = deng, We can
invert to obtain
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On FORMALISM AND ITS SIMPLIFICA-
TIONS




dNn FORMALISM

m We can do exactly the same by counting forward in time
from some initial time ng.
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m In this case we have
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m Exactly equivalent!
m Using conservation of probability, the PDF of dn (¢) is
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m What are the advantages of counting forward in time?




INITIAL CONDITIONS FOR 6n
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m Assuming that non-linearities in the field fluctuation are
small, Psg 5-(0¢0, dmo) can be computed with linear
perturbation theory.
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m By construction, Ps s-(d¢o, dmo) must be given at
superhorizon scales.




INITIAL CONDITIONS FOR 6n

Pyn(6n) = / / B sr (3600, 6770) & (51 — Sn(3o, 70)) dSroddro

m Assuming that non-linearities in the field fluctuation are

small, Psy s5-(0¢0,07mo) can be computed with linear
perturbation theory.
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m J¢ and o7 are now random variables rather than quantum
operators.




INITIAL CONDITIONS FOR 6n

B Ps45-(0¢0,0m0) can be written as
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INITIAL CONDITIONS FOR 6n

m Whenever o is small enough to use the separate universe
approach (and hence the 6n formalism), we have
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m Simplifications
» 5n count forward in time and hence allows us to define the
initial fluctuations d¢, and dm, at some given time no.
> §¢o and dm, are completely correlated — we only need to
specify the trajectories of ¢.
> J¢o(dn) is generically simpler to compute than dn(d¢o)




THE SIMPLE FORMULA

m Each trajectory follows
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THE SIMPLE FORMULA

m From
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to compute Psp(dn).

m Note that equation (1) is nothing more than the full
non-linear gauge transformation between §¢, and dn.

m Let us apply this formula!




QUADRATIC POTENTIAL (FULL)

m Equation of motion
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m Most general form of the variances
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QUADRATIC POTENTIAL (FULL)

m We have all the ingredients to solve
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m From where Ps,(dn) immediately follows
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m Impossible to get generically with the traditional method.
m Reduces to well-known PDFs in the case of SR, USR, CR...




THE NON-PERTURBATIVE EQUATION OF
MOTION FOR ( (IN PROGRESS).




THE NON-PERTURBATIVE EQUATION OF MOTION FOR (

m If we choose a gauge gauge in which ¢ = ¢ (5¢ = 0). The
equations of motion in the separate universe approach can
be written as
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m Solving for the lapse function a we find a non linear
equation of motion for (:
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THE NON-PERTURBATIVE EQUATION OF MOTION FOR (

m Surprisingly (or maybe not), this equation of motion seems
to be exactly equivalent to the én formalism.

m In fact our novel solution for 6n = ¢ in case of a quadratic
potential. i.e.
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satisfies the non-linear equation for (.
m This opens a new-possibility to study the non-perturbative
curvature perturbation without need of the dn formalism.

m However, how should the initial conditions be given to our
new equation of motion?




CONCLUSIONS




CONCLUSIONS

m The way of computing the PDF of ¢ with the classical 6N
formalism can be greatly simplified due to
> We can count forward in time
» Initial ¢ and dm, are completely correlated at some initial
time ho.
> No need to compute dn(d¢o)
m Due to this simplification, we have obtained for the first time
the full Ps,(on) for a quadratic potential.
m (In progress) A new non-perturbative equation of motion for
¢ is found, which seems equivalent to the 6n formalism.
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THANK YOU!
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