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A broad range of single field models of inflation are analyzed in light of all relevant recent cosmological
data, checking whether they can lcad to the formation of long-lived Primordial Black Holes (PBHs)
as candidate for dark matter. To that end we calculate the spectral index of the power spectrum of
primordial perturbations as well as its first and second derivatives. PBH formation is possible only if
the spectral index ng(ko) increases significantly at small scales. Since current data indicate that the
first derivative as of the spectral index is negative at the pivot scale, PBH formation is only possible
in the presence of a sizable and positive sccond derivative (“running of the running”) 8s. Among the
three small-ficld and five large-ficld models we analyze, only the “running-mass” model allows PBH
formation, for a narrow range of parameters.

1 Introduction

Inflation dynamically resolves many cosmological puzzles of the big bang model. On the other hand,
the generation of a spectrum of primordial fluctuations in the early universe is a crucial ingredient of
all inflationary models. These fluctuations can explain the generation of all (classical) inhomogeneities
that can be seen in our universe. In addition, each inflationary scenario makes accurate predictions to
discriminatc between the various candidate models. One such prediction is the possible formation of
PBHs. For this gencration mechanism to be efficient, one typically needs a “bluc” spectrum. In this way,
one can hope that the density contrast is sufficiently large that the resulting PBH production is significant
and can be used as a powerful constraint on the spectrum of inflationary primordial fluctuations. On the
other hand, since the production of PBHs take place on scales much smaller than those probed by the
CMB anisotropy and LSS formation, they are also a unique cosmological probe.

For single—field inflation models, the relevant parameter spacc for distinguishing among models is
defined by the scalar spectral index ng, the ratio of tensor to scalar fluctuations r, the running of
the scalar spectral index as and we introduce a new parameter as “running of running of the spectral
index”, B3s. The goal of this paper is to make use of the recent observational bounds derived from the
combined data of WMAPT data, Baryon Acoustic Oscillations, He, South Pole Telescope and Clusters
! to discriminate among the wide range of inflationary models, by checking if they can produce high
density fluctuations at the scale relevant for long—lived PBHs.

2 Primordial Black Holes and Inflation Models

PBHs are black holes that result from the collapsc of density fluctuations in the early universe where a
lower threshold for the amplitude of such homogeneities is dg, ~ 1/3 at the timc of radiation domination
(RD). We have focused in our study 2® on PBHs which form in the RD era after inflation and we also
considered the standard case of PBHs formation, which applies to scales which have left the horizon at
the end of inflation. We only consider gaussian and spherically symmetric perturbations and we use
Press—Schechter formalism. We study the possibility of PBH formation in two different categories of
inflation modecls; small-field models and large-ficld models which their potentials arc given as following:

351



2.1 Small-field models
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3 Summary and Conclusions

The formation of PBHs with mass larger than 10! g, whose lifetime exceeds the age of the Universe, will
be produced at sufficient abundance to form the cold Dark Matter if the spectral index at scale kppy; is
about 1.37 for the threshold value 6y, = 1/3. This spectral index is much above the valuc measured at
much larger length scales in the CMB. PBH formation thercfore requires significant positive running of
the spectral index when k is increased. We compared this with the values of the spectral index and its
running derived from current data on large scale structure. At the pivot scale of the data set one finds
ng(kpivot) = 0.9751 as central value. The first derivative ag(ko) would then need to exceed 0.020 if it
alone were responsible for the required increase of the spectral index; this is more than 3¢ above the
current central valuc of this quantity. However, the second derivative (the “running of the running”) of
the spectral index is currently only very weakly constrained. We showed in a model-independent analysis
that this easily allows values of n(kpgn) large enough for PBH formation, even if the first derivative of
the speciral index is negative at CMB scales. We applied this formalism 2 to a wide class of inflationary
models, under the constraints imposed by the data. We classified the inflation models in small-field and
large field models. We have shown that only one small -field model, the running mass model 3, allows
sizable positive running of running of the spectral index, and is thus a good candidate for long -lived
PBHs formation. In contrast, all the large—field models we studied predict small or negative values for
the second derivative of the spectral index, and thus predict ncgligible PBH formation due to the collapse
of overdense regions seeded during inflation.
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