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Are LIGO/Virgo black holes dark matter?

2016PhRvL.116t1301B 2016/05 cited: 1055 @ =
Did LIGO Detect Dark Matter?

Bird, Simeon; Cholis, llias; Mufoz, Julian B. and & more

2016PhRvL. 11711015 2016/08 cited: 812 F =
Primordial Black Hole Scenario for the Gravitational-Wave Event GW150914
Sasaki, Misao; Suyama, Teruaki; Tanaka, Takahiro and 1 more

2017PDU....15..142C 2017/03  cited: 574 = =

The clustering of massive Primordial Black Holes as Dark Matter: Measuring their .

distribution with advanced LIGO
Clesse, Sébastien; Garcia-Bellido, Juan
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Gravitational microlensing
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Gravitational microlensing
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Black holes as dark matter before LIGO/Virgo

e Microlensing experiments have ruled
e out compact objects (primordial
Lo-1 black holes, MACHOs, etc) in the
gi mass range 10"°-10 Mg as a
& dominant component of dark matter
< 1072
;Tisserand et al. 2007
| Wyrzykowski et al. 2011
10-3 Niilkural et a}l. 2919 |
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Black holes as dark matter before LIGO/Virgo

e Microlensing experiments have ruled
e out compact objects (primordial

Lo-1 black holes, MACHOs, etc) in the
gi mass range 10"°-10 Mg as a
& dominant component of dark matter
. 1072 ¢ :

;Tisserand et al. 2007 tE = 2 yr for M = 100 M@
o " | te=6yr forM=1000Mg
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~ OGLE: Optical Gravitational Lensing Experiment
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* inoperation since 1992 ‘ o
- since 2010 as OGLE-IV (Udalski etal. 2015) _
* over20,000 microlensing detections '-%e\\’0‘°\- .
+ over100 exoplanets discovered W S
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OGLE observations of the LMC

1 1000
1 Area # stars
| - MO | (degr) | (mitiion)
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Z only
°
0 s
_qc_ﬁ.
7
These fields were
observed for 20 years.

Mréz et al. (2024), AplS 273, 4



Searches for microlensing events

Mrdz et al. (2024), AplS 273, 4
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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



Detection efficiency

Mroz et al. (2024), AplS 273, 4

Searches for microlensing events

109 ¢

[y
o
AR

102

™ |
v
/
i f 8 yr
- —— OGLE-III + OGLE-IV -
OGLE-IV only

vl Lo vl Lol R T

1 10 100 1000 10000

Event timescale (days)

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
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Limits on the PBH abundance

0 . .
107 Assuming a monochromatic
PBH mass function:
f<1.1% forM=10Mg
10—1 -
B f<3.0% forM=100Mg,
3 f<11% for M= 1000 Mg
c . . .
- (95% confidence limits)
OGLE-Ill + OGLE-IV 95% limits on PBHs: )
strict (no PBH lenses observed) This work i
-- relaxed (Cautun+ (2020) MW model) (OGLE-III + OGLE'IV)_
----- relaxed (Han & Gould (2003) MW model)
10—3 L ! \ |_ A A |_ A ) |_ ! ) ] ! ) ]
10712 107° 10-° 103 10° 103

M (Mo)

Mréz et al. (2024), Nature 632, 749



Planetary-mass PBHSs
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* 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 Mg to 13 Mjup)

* Could they be planetary-mass primordial black holes?
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Planetary-mass PBHSs

2019PhRvD..99h3503N 2019/04  cited: 302 [E) =
Constraints on Earth-mass primordial black holes from OGLE 5-year microlensing events
Niikura, Hiroko; Takada, Masahiro; Yokoyama, Shuichiro and 2 more
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High-cadence observations of the LMC & SMC

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

e  cadence of 16-20 min

* observations carried outin the
§ 2022/2023 and 2023/2024
observing seasons

Mréz et al. (2024), ApJL 976, 19
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Results from the high-cadence survey
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No short-timescale
microlensing events
in the high-cadence data!



Limits on planetary-mass PBHs
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Mroz et al. (2024), ApJL 976, 19



Summary
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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
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Does the Milky Way halo model matter?

* Default Milky Way halo modelis based on
the contracted halo model of Cautun+
(2020), which was fitted to the Gaia DR2
data
Mhato = 1x 1012 M5 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 etal. (2024): Outer MW disk is in
disequilibrium, so these measurements
are biased!

- Einasto @ -—— Bulge - Dust — Total
--------- Baryon - Disc Gas {  This work

liao+ 2023 |

"3 10 15 20 ~25 30




Does the Milky Way halo model matter?

. Even if | use the MW halo models of .
Jiao+2023 or Ou+2024, | get essentially

the same contraints
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* Why? The expected number of events is
proportional to the microlensing optical
depth:

T=4.4x 107 (Cautun+2020, default)
T=4.2x107 (Jiao+2023)
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Does the clustering matter?

Petac+ 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 PBHSs
within them act as individual lenses.

—— Ngbs
1 Unclustered
CTT0 My=108 M,
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Expected number of events as a function of
the cluster mass (PetaC+ 2022)
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Does the extended mass function matter?
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Extended mass function from Carr et al. (2021):
We should have detected over 500 microlensing events.



Thermal history of the universe models

10° =

101k

102

103 F

OGLE-IV

high-cadence fields

108 1074

OGLE-III
+OGLE-IV

1 104 108

Carretal. (2021) PBH mass spectrum

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

W*/Z° decoupling: ~10° M,
quark-hadron transitions: 1, 30 M

e*e” annihilation: ~10° M,



Please don't say that MACHO detected PBHs
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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
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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



	Slajd 1: Limits on primordial black holes as dark matter from two decades  of the OGLE survey
	Slajd 2
	Slajd 3: Are LIGO/Virgo black holes dark matter?
	Slajd 4: Gravitational microlensing
	Slajd 5: Gravitational microlensing
	Slajd 6: Black holes as dark matter before LIGO/Virgo
	Slajd 7: Black holes as dark matter before LIGO/Virgo
	Slajd 8: OGLE: Optical Gravitational Lensing Experiment
	Slajd 9
	Slajd 10: OGLE observations of the LMC
	Slajd 11: Searches for microlensing events
	Slajd 12: Searches for microlensing events
	Slajd 13: Limits on the PBH abundance
	Slajd 14: Planetary-mass PBHs
	Slajd 15: Planetary-mass PBHs
	Slajd 16: High-cadence observations of the LMC & SMC
	Slajd 17: Results from the high-cadence survey
	Slajd 18: Limits on planetary-mass PBHs
	Slajd 19: Summary
	Slajd 20: Expected number of events
	Slajd 21: Expected number of events
	Slajd 22: Does the Milky Way halo model matter?
	Slajd 23: Does the Milky Way halo model matter?
	Slajd 24: Does the clustering matter?
	Slajd 25: Does the extended mass function matter?
	Slajd 26: Thermal history of the universe models
	Slajd 27: Please don't say that MACHO detected PBHs
	Slajd 28: Please don't say that MACHO detected PBHs

