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PBH as a DM candidate = P, ~ 1072 >> PCMB

Enhancement of P = USR inflationary model

If C is large, is perturbation theory still valid?

Kristiano & Yokoyama arXiv:2211.03395: loop correction larger than
the tree-level = ruling out PBHs

@ In our work, we include all the interactions and we renormalize P
with counterterms

The validity of PT depends on the duration of the transition
between SR and USR



Model of inflation

@ Background evolution

~ . SR-USR (AN) - SR + smooth transitions (6/V)

@ Fluctuations

: Scalar dof in the scalar field: d¢-gauge

N

@ In our model, at leading order in e = —H/H? (< 1), the interactions
are LD /—g V(¢) ~ a* V393 + a* V4 do*

d(n=2),2 9 1 n”?
Vo = —H?(1? —9/4 Vo)~ ———— 2="4 I
2 (I/ 9/ ), dr-(=2) 14 2 + 5 377 + 5 + 2H

e We impose that 2 = const. = V34 ~ AV2S(T — 7)

" SN—0 . . .
e Instantaneous transitions: 12 ~—— +3/dN = interactions diverge
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In-in formalism

@ Our goal is to calculate P at one-loop
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@ In-in formalism:
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@ The one-loop diverges in the UV = we regularise with a cutoff Ayy
@ Counterterms to absorb the divergences: Hg ~ 6(;32

O(HY) o&o = OH}): o O o o e o
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Results: Analysis of the validity of perturbation theory

@ Is perturbation theory valid? = We need to compare Pél with Pg

N —
£ el @ The validity of PT depends on the
AN 19 R values chosen for {AN 0N}
B0 | e IfdN>0.1 = PTis valid!
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@ The one-loop contribution grows as 6N decreases (12 ~ 1/6N)



Dependence on dN in the 6N — 0 limit

@ In previous work, the one-loop is finite in the limit 6N — 0
@ Dominant interaction in the (-gauge

/
SO /d4xM,2>a2eZC’C2
@ This interaction induces a cubic and a quartic interaction Hamiltonian

/ "2

The term H ~ (7]’)2 ¢* is responsible for the divergence of P when
ON — 0

Including the induced quartic term, the result coincides with that
calculated in the d¢-gauge



@ We analyse a SR - USR - SR model with smooth transitions /N

@ We introduce all the relevant interactions and the counterterms that
absorb the dependence of P on the regulator

PT Break

e @ We obtain that for a large parameter
N space {AN,JN}, perturbation theory is
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@ The one-loop power spectrum grows if 6N decreases, being divergent
in the limit )N — 0



