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Are LIGO/Virgo black holes dark matter?

Number of papers with 
the "primordial black holes" phrase
in the abstract in NASA/ADS



Gravitational microlensing



Gravitational microlensing
Microlensing event timescale

tE ~ 1 yr (stellar black holes)
tE ~ 70 d (stars)
tE ~ 1 d (planets)



Black holes as dark matter before LIGO/Virgo

Microlensing experiments have ruled 
out compact objects (primordial 
black holes, MACHOs, etc) in the 
mass range 10-10 – 10 M⊙ as a 
dominant component of dark matter

Tisserand et al. 2007
Wyrzykowski et al. 2011
Niikura et al. 2019



Black holes as dark matter before LIGO/Virgo

Microlensing experiments have ruled 
out compact objects (primordial 
black holes, MACHOs, etc) in the 
mass range 10-10 – 10 M⊙ as a 
dominant component of dark matter

tE = 2 yr   for M = 100 M⊙

tE = 6 yr   for M = 1000 M⊙

tE = 20 yr  for M = 10000 M⊙

Tisserand et al. 2007
Wyrzykowski et al. 2011
Niikura et al. 2019



OGLE: Optical Gravitational Lensing Experiment

• in operation since 1992
• since 2010 as OGLE-IV (Udalski et al. 2015)
• over 20,000 microlensing detections
• over 100 exoplanets discovered

Warsaw 1.3-m
@ Las Campanas, Chile

Milky Way





OGLE observations of the LMC

These fields were 
observed for 20 years.

Δt (yr) Area 
(deg2)

# stars 
(million)

OGLE-III &
OGLE-IV 20 42 33

OGLE-IV 
only 11 280 29

Mróz et al. (2024), ApJS 273, 4



Searches for microlensing events

• 62 million light curves in the OGLE 
database

• 80 million source stars in the LMC

• 500-1100 epochs per each light curve

• detected 13 short-timescale events
(tE < 200 days)

• lenses located in the LMC itself and 
Milky Way disk
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Searches for microlensing events
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database
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Limits on the PBH abundance

Mróz et al. (2024), Nature 632, 749

Assuming a monochromatic 
PBH mass function:
f < 1.1%    for M = 10 M⊙

f < 3.0%    for M = 100 M⊙

f < 11%    for M = 1000 M⊙

(95% confidence limits)



Planetary-mass PBHs

brown dwarfs
and stars

planets

OGLE events
(Mróz+2017)

KMTNet events
(Gould+2022)

MOA events
Sumi+2023

• Microlensing experiments found several very-short timescale events 
that may be due to free-floating or wide-orbit planets

• Implies that FFPs are common: 7+7
-5 FFPs/star (from 1 M⨁ to 13 MJup)

• Could they be planetary-mass primordial black holes?



Planetary-mass PBHs



High-cadence observations of the LMC & SMC

• after the pandemic, we initiated 
high-cadence observations of 
the LMC (5 fields) and SMC (4 
fields), in total 35 million source 
stars

• cadence of 16-20 min

• observations carried out in the 
2022/2023 and 2023/2024 
observing seasonsMróz et al. (2024), ApJL 976, 19



Results from the high-cadence survey

No short-timescale 
microlensing events 
in the high-cadence data!

Mróz et al. (2024), ApJL 976, 19



Limits on planetary-mass PBHs
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Summary



Expected number of events
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Expected number of events from known stellar populations in the Milky Way and LMC: 13-20
Observed number of events: 13



Expected number of events



Does the Milky Way halo model matter?

Jiao+ 2023

• Default Milky Way halo model is based on 
the contracted halo model of Cautun+ 
(2020), which was fitted to the Gaia DR2 
data
Mhalo = 1 x 1012 M⊙within 200 kpc

• Recent works (Jiao+2023, Ou+2024) claim 
that the MW rotation curve has a Keplerian 
decline at R > 20 kpc based on the Gaia 
DR3 data

• Koop et al. (2024): Outer MW disk is in 
disequilibrium, so these measurements 
are biased!



Does the Milky Way halo model matter?

• Even if I use the MW halo models of 
Jiao+2023 or Ou+2024, I get essentially 
the same contraints

• Why? The expected number of events is 
proportional to the microlensing optical 
depth:
𝜏 = 4.4 × 10-7 (Cautun+2020, default)
𝜏 = 4.2 × 10-7 (Jiao+2023)
𝜏 = 4.1 × 10-7 (Ou+2024)



Does the clustering matter?

Expected number of events as a function of 
the cluster mass (Petač+ 2022)

Petač+ 2022, Gorton & Green (2022):

The effects of clustering are negligible 
if PBHs are formed from the collapse 
of large gaussian curvature 
perturbations. Such clusters are 
sufficiently extended that the PBHs 
within them act as individual lenses.



Does the extended mass function matter?

Extended mass function from Carr et al. (2021):
We should have detected over 500 microlensing events.



Thermal history of the universe models

Phase transitions in the primordial 
quark-gluon plasma lead to 
different PBH masses:

W±/Z0 decoupling: ~10-6 M⊙

quark-hadron transitions: 1, 30 M⊙

e+e- annihilation: ~106 M⊙

Carr et al. (2021) PBH mass spectrum



Please don't say that MACHO detected PBHs

Some papers still quote 
MACHO (Alcock+2000) 
results as evidence for PBH 
dark matter – not confirmed 
by EROS and OGLE



Please don't say that MACHO detected PBHs

Some papers still quote 
MACHO (Alcock+2000) 
results as evidence for PBH 
dark matter – not confirmed 
by EROS and OGLE

5/17 events reported by 
Alcock+2000 are variable 
stars

MACHO-LMC-7
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