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COLLIDING BLACK HOLES EMITTING GRAVITATIONAL WAVES

Mass: 80 Sunsartists impression



ELECTROMAGNETIC BLACK HOLES

Mass: 21 Sunsartists impression of Cyg X-1

BH ACCRETES MATTER FROM ITS COMPANION STAR



Mass: 7 Sunsreal data
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GAIA SPACE MISSION
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GAIA SPACE MISSION

▸ ESA mission

▸ launched in 2013  

(planned to operate until 2025)

▸ located in L2

▸ 10m in diameter

▸ two 1.4m mirrors

▸ depth: G~20.5mag

▸ 2 billion sources

▸ Photometry, astrometry and spectroscopy

▸ Data published through Gaia Data Releases 

(DR3: June 2022, DR4: ~2025)
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GAIA SPACE MISSION



GAIA DR3 MICROLENSING EVENTS

Maja Jabłońska, Andrzej Krupka, LWhttps://youtu.be/o17MoMTbwy0

GAIA MICROLENSING EVENTS (2014-2018)

https://www.youtube.com/watch?v=o17MoMTbwy0


BHTOM TELESCOPE NETWORK
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▸ since 2013, built for Gaia Alerts



BHTOM TELESCOPE NETWORK
LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

add your telescope!

▸ since 2013, built for Gaia Alerts
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BHTOM TELESCOPE NETWORK ▸ since 2013, built for Gaia Alerts

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES



GAIA23BAY ▸ Example bright alert in the Eagle constellation
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GAIA23BAY

the star does not change

its brightness for years

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ Example bright alert in the Eagle constellation



GAIA23BAY

alert - sudden rise

in brightness

and another one

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ Example bright alert in the Eagle constellation

the star does not change

its brightness for years



GAIA23BAY

Gaia-only data

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ Example bright alert in the Eagle constellation



GAIA23BAY

what happens next?

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ Example bright alert in the Eagle constellation

Gaia-only data



GAIA23BAY

tylko Gaia Gaia+network of small telescopes
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▸ Example bright alert in the Eagle constellation



GAIA23BAY

tylko Gaia Gaia+network of small telescopes

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ Example bright alert in the Eagle constellation

microlensing model



GAIA23ATS ▸ Example alert in Pisces Australis

Gaia-only data
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GAIA23ATS ▸ Example alert in Pisces Australis

two months

with no data

Gaia-only data
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GAIA23ATS

Gaia+network of small telescopes

complemented

by small telescopes

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

two months

with no data

Gaia-only data

▸ Example alert in Pisces Australis



▸ coordination of long-term monitoring of targets


▸ any time-domain target can be added


▸ dynamical prioritarization of target


▸ robot-friendly with API end-point

BHTOM https://bhtom.space

automated target grabbing

target prioritarization

target details with all archival and multiwavelength data

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES



BHTOM - FROM IMAGE REQUEST TO SCIENCE-READY LIGHT CURVES
▸ Automatically upload your FITS images - PSF photometry done for you!


▸ Standardisation of observations from any filter to Gaia Synthetic Photometry


▸ Downloadable and science-ready 

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

We process data from any camera!

CCD or CMOS



BHTOM - FROM IMAGE REQUEST TO SCIENCE-READY LIGHT CURVES

Gaia22dkv -planetary microlensing eventSN2023ixf

▸ Automatically upload your FITS images - PSF photometry done for you!


▸ Standardisation of observations from any filter to Gaia Synthetic Photometry


▸ Downloadable and science-ready 

LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES



BHTOM - PUBLICATION
LUKASZ WYRZYKOWSKI - HOW TO HELP GAIA SPACE MISSION FIND BLACK HOLES

▸ All observers acknowledged as co-authors
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▸ All observers acknowledged as co-authors
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WORKSHOPS SINCE 2010

RECORDINDS: 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-Malta

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


Merci pour votre attention! 

HTTP://SLACK.BHTOM.SPACE/

HTTP://BHTOM.SPACE

LW

@ASTROUW.EDU.PL

BHTOM Łukasz Wyrzykowski

Astronomical Observatory, 

University of Warsaw, Poland

(pron. Woo-cash  Vi-zhi-kov-ski)

We welcome new telescopes

and new targets!

http://slack.bhtom.space/


extra slides



Łukasz Wyrzykowski 

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…



Łukasz Wyrzykowski 

user user

Brokers

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…



Łukasz Wyrzykowski 

user user

Brokers
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…



Łukasz Wyrzykowski 

user user

Brokers

Observing  
requests

please 
observe Gaia20fnr 

event for 1 year

there was a 
supernova in M81, 

observe now!

bhtom. 
space

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…



Łukasz Wyrzykowski 

user user

Brokers
Network of telescopes

DATA
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

bhtom. 
space

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…

Observing  
requests



Łukasz Wyrzykowski 

user user

Brokers
Network of telescopes

DATA
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

bhtom. 
space Archives

DATA

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…

Observing  
requests



Łukasz Wyrzykowski 

user user

Brokers

Science-ready data products

Network of telescopes

DATA
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

bhtom. 
space Archives

DATA

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…

Observing  
requests



Łukasz Wyrzykowski 

user user

Brokers
Network of telescopes

DATA
please 

observe Gaia20fnr 
event for 1 year

there was a 
supernova in M81, 

observe now!

publications

bhtom. 
space Archives

DATA

Science-ready data products

Surveys

Alerts

Gaia, 

ZTF, 


OGLE,

ASAS-SN,


LSST,

…

Observing  
requests



Łukasz Wyrzykowski 

PUBLICATIONS USING BHTOM
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PUBLICATIONS USING BHTOM

ChatGPT suggests titles of papers


