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MASSES OF BLACK HOLES AND NEUTRON STARS

Abbott+2021 
Corral Santana+2016

Microlensing

| L.Wyrzykowski | Warsaw

Sahu+2022 
Lam+2022, Mróz+2022

Thompson et al. 2019, Liu+2020, Shenar+2022  
Rivinius+2020, Jayasinghe+2021

Mass Gap?

Dark Matter?

Non-interacting 
Systems
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GRAVITATIONAL MICROLENSING

1915Albert Einstein 
(1879-1955)



Łukasz Wyrzykowski

GRAVITATIONAL MICROLENSING
•Sources: background stars (chance: 10-6 in the Bulge, 10-8 in the LMC) 

•Appearance of two images makes the source brighter and shifted
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astrometric time-series

M =
✓E
⇡E

EINSTEIN RADIUS FROM ASTROMETRY

Sahu+OGLE, 2022  
Lam+OGLE, 2022 
Mróz et al. 2022

photometric time-series

FIRST ISOLATED BLACK HOLE FROM MICROLENSING

MICROLENSING PARALLAX
= 7.9 MSun

MICROLENSING PARALLAXEINSTEIN RADIUS FROM ASTROMETRY



GAIA SPACE MISSION
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GAIA SPACE MISSION
▸ ESA mission 

▸ launched in 2013 

▸ located in L2 

▸ 10m in diameter 

▸ two 1.4m mirrors 

▸ depth: G~20.5mag 

▸ 2 billion sources
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MICROLENSING EVENTS IN GAIA ALERTS http://gsaweb.ast.cam.ac.uk/alerts/

▸ 400 events from 2016-2021 found by Gaia Science Alerts (Hodgkin+2021) 

▸ 1-5 new events found every week in real-time by Gaia Science Alerts* 

*Gaia alerts on 
ALL types of 
transients:  

supernovae, 
TDE, Novae, 

CVs, RCrB, etc.
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GAIA20FNR http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr

http://www.astrouw.edu.pl/~krybicki/Gaia20fnr.html

Gaia alone

#gaia20fnr

▸ long-term bright southern event 

▸ possibly a fast rotating binary lens

still on-going!
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GAIA20FNR http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr

http://www.astrouw.edu.pl/~krybicki/Gaia20fnr.html

Gaia alone with follow-up observations + TESS

#gaia20fnr

▸ long-term bright southern event 

▸ possibly a fast rotating binary lens

no good model found yet!!

still on-going!
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OCTOBER 2022

75 INSTRUMENTS: 

- 73 OPTICAL

- 2 INFRARED

- 20 TELESCOPES 2.0 M+

- 2 MORE IN TESTING
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Surveys

Alerts

Gaia,  
ZTF,  

OGLE, 
ASAS-SN, 

LSST, 
…

LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

user user

Surveys

Alerts

Brokers

Gaia,  
ZTF,  

OGLE, 
ASAS-SN, 
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…
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

user user

Surveys

Alerts

Brokers
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

Gaia,  
ZTF,  

OGLE, 
ASAS-SN, 

LSST, 
…
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

user user

Surveys

Alerts

Brokers

Observing  
requests

please 
observe Gaia20fnr 

event for 1 year

there was a 
supernova in M81, 

observe now!

Gaia,  
ZTF,  

OGLE, 
ASAS-SN, 

LSST, 
…

bhtom. 
space
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

BLACK HOLE TOM https://bhtom.space

https://bhtom.space
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

BLACK HOLE TOM - OPPORTUNITIES https://bhtom.space

▸ for scientists: 

▸ virtual tool for long-term monitoring, 24h coverage 

▸ global telescope 

▸ we will observe your target! 

▸ for telescopes: 

▸ we will tell you which target is of interest for observing 

▸ we will process your data 

▸ we can even operate your robotic telescope!

https://bhtom.space
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SUMMARY

✦ Gaia is the only survey providing time-series of photometry, astrometry and spectroscopy 
for a billion of stars from all over the sky - perfect for microlensing!

✦ Astrometric precision of Gaia <1 mas - perfect for microlensing!

✦ ~1000 events already found in Gaia with more to come

✦ Epoch-Astrometric measurements are going to be available for all sources in DR4 (~2025)

✦ Events from Gaia Alerts require ground-based follow-up observations:  
global telescope network for photometry, large telescopes for spectroscopic source typing



Citizen science project by the European Space 
Agency supporting Gaia Variable stars classification

→ Building community around ESA’s Gaia mission through science 
  engagement 
→ Engaging citizens in classification of the time-series dataset for 
  interesting variable star cases 
→ Possibility of co-authorship of scientific publications (Data Release 4)
→ Collaboration with Zooniverse – the biggest platform for citizen 
  science projects
→ Gamification strengthening of the engagement of general public
→ Inviting open community to discussion and knowledge sharing
→ Attractive storytelling through appealing graphics and illustrations
→ New social media channels

More to come! Stay tuned!

www.gaiavari.space

http://www.gaiavari.space
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WORKSHOPS SINCE 2010

ARCHIVE OF SLIDES AND VIDEOS: HTTP://WWW.AST.CAM.AC.UK/IOA/WIKIS/GSAWGWIKI

2011-	
Cambridge 2012-Bologna 2013-Paris 2014-Warsaw

2010-	
Cambridge 2015-Liverpool 2016-Utrecht

2017-Warsaw 2018-Vipava 2019-Catania 2020	-	on-line 2021	-	Crete 2022	-	Sardinia 2023	-	???

http://www.ast.cam.ac.uk/ioa/wikis/gsawgwiki


CONTACT

BHTOM@ 
ASTROUW.EDU.PL

BHTOM.SPACE 
BH-TOM.ASTROLABS.PL

SLACK. 
BHTOM.SPACE

LW@ 
ASTROUW.EDU.PL


