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PBH constraints with HSC M31 ML search
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Optical Gravitational Lensing Experiment (OGLE)
• A long-term monitoring observation of Galactic bulge 

(1992- ). PI Prof. Udalski (Warsaw)
• 1.3m Warsaw U. Telescope at Las Campanas, Chile



5-years OGLE data: Mroz et al. 2017
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• 2622 ML events: the ML timescale distribution is provided 
(now >5000 events)



Microlensing of Galactic bulge
• Microlensing light curve timescale

• Event rate of ML for a given timescale per a source star
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Einstein radius (=PBH mass)
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microlensing: multiple image can’t be resolved



Spatial distribution of “stars”



Gould & Han 1995



Earth: rigid rotation ~220km/s

Velocity structure of “stars”

bulge stars
~100km/s

disk stars (vertical)
~30km/s



MW dark matter halo
Dark matter 
(WIMP), 
PBH,….
~220km/s



Astrophysical lenses: stars and stellar remnants
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ML LC timescale: tE [days]
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(old-days) Astronomers clever!
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ML LC timescale: tE [days]
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PBH
MPBH = 10�3M�
fPBH = 1

PBH lenses needed?



Null test: PBH upper bounds
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Fully take into account the likelihood 
(Poisson uncertainty)
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ML LC timescale: tE [days]
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?
Why gap? 

Earth mass (free-floating or 
wide orbit planet)
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ML LC timescale: tE [days]
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PBH
MPBH = 9.5 ⇥ 10�6M�
fPBH = 0.026

Earth-mass scale PBH?
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Earth-mass scale PBH?

Allowed region!
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