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PBH special session at annual meeting of 
the Physics Society of Japan (over 200 participants)  



Contents of my talk

• Microlensing constraints on PBH with Subaru

• Microlensing constraints on PBH with OGLE

• Future prospects for PBHs/LIGO BHs



8.2m Subaru/Hyper Suprime-Cam

• Large aperture (8.2m)
• Wide FoV = 9×full moon
• ~1G pixels (104 CCDs)

Kavli IPMU+NAOJ+Princeton+ASIAA



• In the northern 
hemisphere (not 
accessible from VST, 
DES, LSST)

• Large spiral galaxy
• HSC FoV ~ entire M31
• ~770kpc (!~24.4), 

reachable distance 
(not too far)!

Microlensing search of stars in  
Andromeda Galaxy (M31)



PBH microlensing of M31 star
• <a few Msun BH ⇒ PBH
• Lensed image can’t be resolved with 

optical resolution (~10-8 arcsec) ⇒
only light curve is a signal

• MW/M31 halo ~ 1012Msun (we 
assumed NFW models)

• PBH has a peculiar velocity of 
~200km/s

• ~1000 expected events if PBH is DM 
• Need to monitor brightness of the 

same star as a function of “time” (time 
domain astronomy)
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PBS lensing ⇒ multiple image can’t be resolved ⇒ microlensing 



PBH microlensing on M31 star

101 102 103

dL [kpc]

10°8

10°7

10°6

10°5

ø

Cumulative optical depth of PBH microlensing for a single star in M31

Assumed
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Rule of the game: LC timescale vs. Cadence

time from the start of observation 
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tLC: timescale of light curve

Δtvisit: frequency of visits (cadence)

Design the ML observation satisfying the condition �tvisit ⇠
tLC
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Hiroko Niikura

• Nov 2014
• 90sec exposure each (r-band)
• ~35sec readout
• ~190 exposures
• No dithering
• one clear night (seeing~0.5-0.6’’)
• Also used g-data (from 

commissioning run)

HSC dense-cadence observation of M31 (PI Takada, S14B)

~2 min



Challenges: Pixel lensing
Fluxes from multiple stars are overlapped at each position

Upper left: reference image (0.5’’)
Upper right: target image (0.8’’)
Lower: difference image

Accurate PSF and astrometry 
measurements needed.
HSC pipeline (hscPipe) works! 

dense star region



Procedures: search for ML events
difference image (coadds of 3 exposures)

identify candidates in each diff. image
⇒15,571
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visual inspection of 
individual candidates…
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One microlensing candidate among ~15,000 variable stars …?

ref. target diff. diff.-PSF

Observed light curve of this candidate
Best-fit ML model

~1 hr



Expected number of ML events
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# of source stars 
– depends on 
target gals (M31, 
LMC, Galactic 
bulge), tel. aperture, 
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total 
observation 
time 
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observation)

ML optical 
depth –
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… PBHs
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Expected constraint from M31 HSC 10yr obs.

HSC 10yr ML search for M31

Sasaki, Suyama et al. 2016

(Note 3yr-program ongoing)



Optical Gravitational Lensing Experiment 
(OGLE)

• A long-term monitoring observation of Galactic bulge (1992- ). 
PI Prof. Udalski (Warsaw): Note MOA (Nagoya, Osaka, …)

• 1.3m Warsaw U. Telescope at Las Campanas, Chile



Constraining PBH with microlensing

HSC M31 
PBH 
microlensing 
search

Use OGLE (Optical 
Gravitational Lensing 
Experiment) for PBH 
search

Hiroko Niikura
(U. Tokyo/IPMU
just graduated!)

PBH
1.3m Warsaw telescope (1992-)



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



Spatial distribution of “stars”



Gould & Han 1995:
spatial structure of ”stars”



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
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Microlensing of Galactic bulge
• Microlensing light curve timescale

• Expected event # at a given LC timescale (t_E)
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(old-days) Astronomers very smart!

Niikura, MT+19
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Null test: PBH upper bounds
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?
Why gap? 

Earth mass (free-floating or 
wide orbit planet)
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From today’s arXiv



From LIGO website

a gap in BH mass?



~70Msun BH found! (last week Nature paper)



summary
• Gravitational microlensing is a very powerful probe of  

“compact, invisible objects” including PBH and 
astrophysical BH

• We used the 8.2m Subaru HSC data of M31 to search for 
ML due to PBHs, and obtained the tightest upper bound 
on the abundance of PBHs

• Also used the 5yrs OGLE data (1.3m) to constrain PBH 
– A hint of the Earth-mass PBHs? 

• ML can be used to search for LIGO-counterpart BH of 
~10Msun, if we can have ~10yr data of Galactic 
bulge/disk with HSC or LSST
– The same data allows various science cases (IMF, exoplanets, …)


