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sCosmological perturbations are fundamental to establish any predictive model of the Universe
s T hey provide the seeds for cosmic background radiation anisotropies and for large scale structure formation
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The CMB leaves room from deviations from a power law spectrum,
Planck 2015 results. XX. Constraints on inflation
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Enhancement mechanisms of the primordial curvature specitrt

Features Iin the spectrum of primordelirvature perturbations
couldalsoproduce primordial black holes (PBH)

There are scenarios which can enhance the spectrum:

sMulti-fields

sSlowroll violationin single field
sModification of gravity

sA combinationof the above



In presence of anisotropy the equation using SESS takes the form
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while using the standard approach we obtained
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The equations we have obtained are completely general.

They can be applied to modified gravity theories, multi-fields systems, or
any combination of these models!




The momentum dependent effective sound speed (MESS) is defined as

where 6 P. and 85, are the Fourier transforms of the comoving pressure
and energy density respectively.

In absence of anisotropy, using MESS and manipulating the Einstein’s
equations in Fourier space we get
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while in the standard approach there is a source term
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Important note:

The MESS V. is not simply the Fourier transform of the SESS v.!



In presence of anisotropy, using MESS and manipulating the Einstein’s
equations in Fourier space we get
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The equation with MESS is model independent.

MESS can be treated as an effective quantity in data analysis, without
assuming any model.

Using the standard approach we get
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The equations we have obtained are completely general.

They can be applied to modified gravity theories, multi-fields systems, or
any combination of these models!



Some notation foscalarmperturbations : No gauge fixing

ds® = — (1 + 2A)dt* + 2a0; Bdx"dt+
+ a? {0:;; (1 +2C") + 20,0, E'} dzdx’ ,

TOTAL energy momentumtensor 7% = —(p+5p) , 1% = (p+ P)O;(v+ B)
Includes matter, : . . . 1 . 3
Vector, scalar fields, T“j = (P + .§P)5@j + 5*k8kajﬂ — 5525 A I1Il.

comovinglices gauge:(TV,) = () — q=0P, I=lp, =4, 4=B.(=Cr=E,
ds* = —(1 4 2v)dt* + 2a0;p d" dt+
+a? {6;;(1 +2¢) +20;0;v} da'da’
(T%)c=—=(p+8) , (T%)c=(P+a),




Standard definitions of entropy in the comoving gauge and uniform density gauge
SP,, = cu(t)26p + sP™d ® 0 demee Adiabatic sound speed
SP. = cs(t)?6p. + s P4 Comoving curvature pertubation sound speed
a(t,x’) = cs(t)?B(t, %) + I (t, z")

But é.the one in the comoving gauge it
¢ = &) = cs(t)* + Acy(t)?,
[ = T(t2") =T(t,2") - Ac(t)*B(t, ")

Comparing it to the SESS we can get the relation between them
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Relation of SESS with entropy and anisotropy
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The SESS encodes the effects of entropy and
anisotropy, but for anisotropy there is also an extra
source term In the eguations of motions.



Most general equation for any system including anisotropy and entropy effects

SESS Without SESS
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The first and second order equations are obtained using the following important relations, obtained from
Manipulating the Einstein's equations in the comoving gauge. The Poisson eq. Is more used in the
modified gravity theories literature
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L(g,x) = K(¢,x) + G(¢, x)0¢
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The unitary anaomovinggauge do NOdoincide



Gauge transformations

0p — 0 — @' 0T,
A— A—Hor — ot
B — B+ 61 — 62,
C — C+ Hor,
E—FE—ox.
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Comovinggauge
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As predicted by the MESS formalism the sound speed is
momentum dependent



Relation between the curvature in the unitary
andcomovinggauge
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Spectrum enhancement

A=[eC¢ +E (¢ +E)]



Effects on PBH formation
 =const = ( =R =const TR — const == ( — cornst
3= PPBH
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