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Black Holes of Known Mass

X-Ray Studies

y! Gifts from the Universe
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Primordial Black Hole (PBH)
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e Need a large primordial
fluctuation of O(0.1) at very
small scales

e |[nomata, Kawasaki+
proposed such an
inflationary scenario

e Don’'t need unknown
particle (a minimal
model?)

Inomadta, Kawasaky+ e (Can be counterparts of
LIGO GWs (Sasaki et al.

16): need f_PBH>~1%
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Another gift! Strong lensing of
an individual star at z=1.5

Lensmg by galaxy cluster and compaot object

Images of host galaxy
(z=1.49)

Stellar Images: .
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Adding compact objects (stars, NSs, BHs, ... ) even by a tiny mass fraction
(in intracluster or intergalactic space) distrupts the smooth macro-cluster
caustic into a network of corrugate micro-caustics

Transients due to macro-caustic magnification: ~long (~a few 100 years)

Transients due to micro-caustic magnification: short
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Magnification
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summary up to here

e Very interesting results! a new way to study BHs

e Clear evidence: existence of “compact” objects in
front of two images for a single source star (in
intracluster or inter-galactic space)

o What are the compact objects?
— Compact objects as a source of intra cluster light (ICL)
e |CL is still uncertain; not know yet how much light exists in ICL

e Stars and stellar remnants (NSs, BHs) would be expelled from tidally-
destroyed galaxies in a cluster region

e However, surviving stars in ICL should be old and small (<1.5Msun)
(the dynamical crossing time of a galaxy across a cluster is ~Gyrs,
while a life time of massive stars is <<~Gyrs

e Massive objects such as BHs (stellar remnants) are needed?

— ~30Msun PBHs help or are needed?



Simulated light curves (assuming the fixed amount of compact mass)
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~30Msun PBHs needed?
Speralb + 1% PBH
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Cluster + ICL

w/o PBHs

Image plane Source plane

Cluster + ICL + 1000 PBH (30 Msun each)




Backup



Another theory paper: Venumadhav et al. 17
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Belczynski et al. 16, 17
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