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I°’rimordial Black Hole : well-Rnown to you
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Motivations of PBH
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Massive than

stellar BHs found

Event mi /Mg m /Mg  M/Mg Xeff
GW150914 35.6%% 30.6739 28.671¢ —0.017012
GW151012 23.3*140 136%4l 152720 0.047938
GW151226 13.7t8% 77+22  89+03  (.18+0%
GW170104 31.0772 20.1*%2  21.5721  -0.047017
GW170608 10.9%33 7.6713 7902 003019
GW170729 50.67168 34.3%1 3575 (0.3602
GW170809 35283 23.8%32 250!  0.07701
GW170814 30.7-3] 25.3%37 24204 0.0773
GWI170817 1.467012 1.277009 1.186*0%1  0.00+9%
GWI170818 35.5%7> 26.8*3 26721  -0.09+713
GW170823 39.6%,%° 29.4%64  29.3*2  (.087039

LIGO/Virgo 2018
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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?
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1. Introduction. As of this year, two gravitational
anomalies of similar mass but very different origins re-
main to be explained. First, there is a growing body
of lobservational anomalies connected to the orbits of
trans-Neptunian Objects (TNOs) [1-3]. These observa-
tions have been taken as evidence of a new ninth planet
in our solar system, called Planet 9 (P9), with mass
Mgy ~ 5 — 15Mg and orbiting around the Sun at a dis-
tance of 300—1000 AU [4]. Second, there is set of gravita-
tional anomalies recently observed by theOptical Grav-
itational Lensing Experiment (OGLE). OGLE reported
an excess of six ultrashort microlensing events with cross-
ing times of 0.1 — 0.3 days [5]. The lensing objects are
located towards the galactic bulge, roughly 8kpc away.
These events correspond to lensing by objects of mass
M ~ 0.5Mg — 20Mg |6] and could be interpreted as an
unexpected population of free floating planets (FFPs) or
as Primordial Black Holes (PBHs).

Mpph | 8]
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SUPPLEMENTARY MATERIAL

A. SIZE OF THE PBH

The Schwarzschild radius of a black hole is given by

).

2GMBH (MBH
TBH = ~ 4.5cm

C2 5M@

(15)

In Figure 1 we provide an exact scale image of a 5Mg
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.




How can we realize these HIERARCHICAL mass spectra?
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PBH non-detection
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PBH non-detection
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Double Inflation
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Kumekawa, Moroi, Yanagida 1994
Izawa, Kawasaki, Yanagida 1997
Kawasaki, Sugiyama, Yanagida 1998

not short inflation

{
large PTB at the onset




Extreme Case - 4 hilltop inflation
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Testability

large scalar PTB.

v

2ndary tensor PTB.
(stochastic GWs)
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Implication to String Theory?

dS swampland conjecture  Ooguri & Vafa+ 2018

“dS vacua will be unstable in UV-complete theories”
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cy=—" (7) 2 0() or =M= 5= 0()

each infl. phase CANNOT continue long * 60 e-folds in total by multi-phase

- CMB scale?

P 1B by curvaton Kogai, YT in prep.
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Conclusions

— interesting mass regions for PBH are hierarchical

- multi-phase inflation can realize them simultaneously

cf. dS swampland conjecture may support multi-phase inflation

- testable by GW



