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Spectral distortions as a probe of PBH scenarios
&
Lightness @ Prague Based on arXiv: 21xx.xxxx, 2104.12792, 1912.01061

17/09/2021 with Tasinato, G.

EUROPEAN UNION = \
European Structural and Investment Funds o .
Operational Programme Research,
Ogan Ozsoy-CEICO

Development and Education YOUTH AND SPORTS




0 PBH abundance is sensitive to the shape of the power spectrum around
1ts peak & might require a non-perturbative treatment.

O Non-Gaussianity can influence PBH abundance

O Impact of Quantum diffusion on the power spectrum around the peak
scale ?

In this talk:

Can we probe the PBH formation mechanism by focusing on larger scales,
well away from the peak scale?

- A universal feature present in PBH forming scenarios that we may
utilize to test the underlying mechanism, independently on the details of
non-linear PBH formation associated with the peak.



Super-horizon growth of scalar perturbations
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O Super-horizon solutions, k£ — 0

ZSZT/,) FO(k) ——p 2(a) = zjexp U(Hg)dlna]

Rk(T)ch —|—C'2/

O Slow-roll violation, for super-horizon growth

n < —2 -~ decaying pump field, to resurrect the decaying modes




Systematic gradient expansion
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lag| > 1 for decaying pump field, as in PBH forming scenarios
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Growth can be characterized by {AN ; 77(:}




A universal feature: dip 1n the power spectrum
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Ho: the scale that exit the horizon at 79 =¥  kpeax =~ 3Ho

A dip in the power spectrum is a universal feature: kpeax =~ 100 kqip




Consistency Conditions: S-Field Inflation
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Cons. Conditions: S-Field PBH forming scenario
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distortions as a probe of PBH scenarios

Energy injection caused by Silk damping of the acoustic waves in the
pre-recombination plasma heats photons and leads to spectral distortions.

n(v) = {6h”/<kBT) — 1} - — [eh”/(kBTHﬁ — 1} -

Initial conditions are set on super-horizon scales:
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distortions as a probe of PBH scenarios

(uT') is sensitive to primordial bispectrum:
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Allow access to more squeezed configurations compared to <TTT> :
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(ppt)  is sensitive to primordial bispectrum:
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distortions as a probe of PBH scenarios
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distortions as a probe of PBH scenarios
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Detectibility of and 1ts 1mplications

Cumulative Signal to Noise ratio:
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Seeds of SMBH via accretion and mergers



Conclusions & Outlook

O Squeezed NG present around kaip < kpeak 1n PBH generating inflationary scenarios
might lead to observable Cl“T: Mppn =~ 1 — 100 Ms (seeds of SMBH)

- (uT') an independent observable induced on much larger scales than the peak (kpeak)
associated with PBH production.

- It can be utilized to distinguish between astrophysical vs primordial origin of BH.

- Can be utilized as a tool for model comparison: e.g Single vs Multi-field

Qutlook:

+ Bispectrum also has support for equilateral configurations. Corresponding
predictions on C’;‘T should be carried.

T . : :
- Expected C;" for scenarios that can generate SGWB induced via enhanced scalar
fluctuations, 1.e at SKA scales.
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Models without a dip
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Particle production in a spectator axion-gauge field sector boosts the power

spectrum at small scales.




A hybrid model with a pronounced dip
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PBHs from non-perturbative effects

_ Pe(ky) =2.2 x 1077
10 k. =0.05 Mpc™?
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PBHs can be formed through the gravitational collapse
of large fluctuations upon horizon re-entry during

RDU.

*Multimode code: Price et.al. arXiv: 1410.0685



PBHs 1n non-attractor scenarios

comoving scales
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superhorizon

ko Chonp = constant

L1 Cr ~ BHC

reheéting Qs today




Characterizing the spectral profile

O  Spectral profile of fluctuations is generically studied numerically,
1.e model by model basis

O However, non-attractor scenarios have shared features:
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PBH Abundance (Press-Schecter)

Mass Function
Shape dependent®
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