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Self-introduction,

or a biased view of what theoretical cosmologists are recently interested in
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Approach to Cosmic Inflation in light of
Stochastic Calc., Prim. Black Hole, and Grav. Wave ‘

Our universe is thought to start with an accelerated expansion phase called Inflation. It can source various cosmic
structures (e.g., galaxy) from quantum fluctuation, but its expansion mechanism has not been explained. As a possible
sourced object, Primordial Black Hole ([R%575v7ii-)l) has attracted attention as a candidate of Dark Matter (FEEYIE).
Gravitational Wave (E£/1)K) is also attractive because it can be directly detected now. I have proposed a powerful
algorithm to evaluate their production by applying Stochastic Calculus (F&=£###7), and am approaching to the inflation
mechanism from these viewpoint.

Research Topic:

-mass black hole

Black Hole

Grav. Wave
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Thermal History
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% infation

Starobinsky ‘80
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Metric-Affine Grav.
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Primordial BH

Carr & Hawking 74
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Primordial BH

Carr & Hawking 74

Radiation D.  pwmemermannn,

- almost arbitrary mass
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- almost zero spin
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Motivations of PBH
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Motivations of PBH
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Massive than

stellar BHs found
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Motivations of PBH
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Motivations of PBH
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Motivations of PBH
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What If Planet 9 Is a Primordial Black Hole?

Jakub Scholtz®' and James Unwin®”
"nstitute for Particle Physics Phenomenology, Durham University, Durham DHI 3LE, United Kingdom
2Department of Physics, University of Illinois at Chicago, Chicago, Illinois 60607, USA
and Department of Physics, University of California, Berkeley and Theoretical Physics Group,
LBNL and Mathematics Sciences Research Institute, Berkeley, California 94720, USA

Introduction.—As of this year, two gravitational anoma-
lies of similar mass but very different origins remain to be
explained. First, there is a growing body of observational
anomalies connected to the orbits of trans-Neptunian
objects (TNOs) [1-3]. These observations have been taken
as evidence of a new ninth planet in our Solar System,
called Planet 9 (P9), with mass Mg ~ 5—15M 4 and orbiting
around the Sun at a distance of 300-1000 AU [4]. Second,
gravitational anomalies have also been recently observed
by the Optical Gravitational Lensing Experiment (OGLE).
OGLE reported an excess of six ultrashort microlensing
events with crossing times of 0.1-0.3 days [5]. The lensing
objects are located toward the galactic bulge, roughly 8 kpc
away. These events correspond to lensing by objects of
mass M ~ 0.5M g — 20M g [6] and could be interpreted as
an unexpected population of free floating planets (FFPs) or
as primordial black holes (PBHs).

SUPPLEMENTARY MATERIAL

A. SIZE OF THE PBH

The Schwarzschild radius of a black hole is given by

2G M, M,
rH = GCQBH 24.5cm< BH) . (15)

5Mg

In Figure 1 we provide an exact scale image of a 5 Mg
PBH. The associated DM halo however extends to the
stripping radius r; o ~ 8AU, this would imply a DM
halo which extends roughly the distance from Earth to
Saturn (both in real life and relative to the image).

FIG. 1. Exact scale (1:1) illustration of a 5Mg PBH. Note that a 10Mg PBH is roughly the size of a ten pin bowling ball.
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How can we realize these HIERARCHICAL mass spectra?
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Double Inflation

Kumekawa, Moroi, Yanagida ‘94
Izawa, Kawasaki, Yanagida 97
Kawasaki, Sugiyama, Yanagida ‘98
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Extreme case
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Implication to String Theory?

dS swampland conjecture  Ooguri & Vafa+ 18

“dS vacua will be unstable in UV-complete theories”

M]%I V' 2 , WV
cv="R (=) 20 or ny=My— - 0()

each inf. phase CANNOT continue long * enough inf. in total by multistage

*CMB scale?  Kogai & YT 20
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Ptb. approach

coordinate so that ptb. only in Metric!
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_ Stochastic Form.

Starobinsky ‘86
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(conserved) ON Form.

Starobinsky ‘85

delayed
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Stochastic ON

Fujita, Kawasaki, YT, Takesako 13
Vennin & Starobinsky 15

c.f. stock price in finance
When are you expected to achieve the goal?

Finance in (Cosmic) Inflation!
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Flat Inflection
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take much time!
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large C » PBH?
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Conclusions

Self-introduction

Gravity is metric-affine?

Multistage inflation?

Stochastic approach to inflationary ptb.
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Higgs inf.
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Testability

large scalar PTB.
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2ndary tensor PTB.
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