New viable models of inflation and PBH formation

Inflationary dynamics

The action for canonical single-field models of inflation reads

S=/d4x\/—_g(%R—%(8“¢)2—V(¢)) c=h=Mp=1, (1)

where ¢ is the inflaton field, and V/(¢) is its potential. The Hubble rate, H = a/a, and ¢
satisfy the equations

: 1.
b+3HO+ Vs =0, 3H = 4%+ V(9), (2)
and the first and the second Hubble flow parameters are defined by
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The curvature perturbation in the comoving gauge, (k(t), can be expressed in terms of

the Mukhanov-Sasaki variable, vy, as (, = vi/z, where z = a¢/H. Thus, () o a°.
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Our model

The basic a-attractor models are divided into two types depending upon the global shape
of the inflaton scalar potential,

2
E-type: V ~ (1 — exp (— \/ 3% I\L)) . and T-type: V ~ tanh? ¢\//gijl . (4)

The E-type potential can be modified to include PBH production [DF, Ketov, 2023] as

V(g) = ?—IMZM% [1—y—0y 2+’ (B—y)]°, y=exp (— \/%qb/MPl) . (5)

This potential can be rewritten in terms of the new dimensionless parameters

exp( —¢) exp (z —¢)
. (6)
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Two extrema are symmetrically located around the inflection point y; as y=, = y; (1 + o).



The power spectrum of scalar perturbations in the slow-roll approximation is

H2

Pr= 8m2e (7)

It is of primary interest when calculating the observable predictions of an inflation model.
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Reconstruction of inflation potential from GW signal

GW signal . Power spectrum s Scalar potential
Qaw (k) Pc(k) V(¢)

The present GW energy density computed in the second order is given by
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where x = ‘/75(5 +d), and y = ‘/7—(5 — d), and the functions /. and /s are given by

(s> + d? — 2)2
(s = @)’

Iy = —
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(2 — d?)? —qz

see [Espinosa, Racco, Riotto, 2018], and [Kohri & Terada, 2018].
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The procedure of reconstruction is ambiguous. Nevertheless, it is possible to

systematically identify the power spectra corresponding to a specific GW energy density
curve [DF, Kiihnel, Stamou, 2024], [LISA Cosmology Working Group, 2025].



Reconstruction of scalar potential from GW signal

A curvature perturbation during inflation, (x(N), can be expressed in terms of v as
Cr = vi/z, where z = a - ¢’. The variable v, obeys the Mukhanov-Sasaki (MS) equation
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