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LUKASZ WYRZYKOWSKI - HOW TO FIND BLACK HOLES WITH GAIA AND YOUR HOME TELESCOPE

MASSES OF BLACK HOLES AND NEUTRON STARS

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Black Holes EM Neutron Stars Microlensing
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Dark Matter?

Solar Masse

Non-interacting ’
Systems

LIGO-Virgo-KAGRA | Aa.ron Geller | Northwestern | L.Wyrzykowski | Warsaw

Abbott+2021 Thompson et al. 2019, Liu+2020, Shenar+2022 Sahu+2022
Corral Santana+2016 Rivinius+2020, Jayasinghe+2021 Lam+2022, Mroz+2022
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GRAVITATIONAL MICROLENSING

0Sourcés: background stars (chance: 10-6 in the Bulge, 10-8 in‘the LMC)

* Appearance of two images makes the source brighter and shifted

astrometry - shift photometry - brightening

R I

O Source ])U?\itil)]_

- w—— [ o]t centroid shift

animations by K.Rybicki

miliseconds weeks-months
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FIRST ISOLATED BLACK HOLE FROM MICROLENSING

EINSTEIN RADIUS FROM ASTROMETRY

- MICROLENSING PARALLAX

EINSTEIN RADIUS FROM ASTROMETRY ‘ ' MICROLENSING PARALLAX
. oOuUrce and 1€ns on s | — MOA—2011 BLG-191

OGLE-2011-BLG-0462

Total Defl. (mas)
- '

o

12 14 16 18

Year — 2000

- Sahu+OGLE, 2022
- Lam+OGLE, 2022
Mroz et al. 2022

1] ' tukasz Wyrzykowski




LUKASZ WYRZYKOWSKI - HOW TO FIND BLACK HOLES WITH GAIA AND YOUR HOME TELESCOPE

 GAIA SPACE MISSION




LUKASZ WYRZYKOWSKI - HOW TO FIND BLACK HOLES WITH GAIA AND YOUR HOME TELESCOPE

GAIA SPACE MISSION

» ESA mission
» launched in 2013.
» located inL2 ’

» 10m in diameter

» two 1.4m MIrrors

) d.epth: G~20.5mag 2
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http://gsaweb.ast.cam.ac.uk/alerts/ & ~AMBRIDGE

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*

Gaial8chf N Gaial9cnm

Gaial8dif GaiaZ0bua

*Gaia alerts on
ALL types of
transients:
supernovae,
TDE, Novae,
CVs, RCrB, etc.
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7 hitp:/lgsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr

long-term bright southern event

possibly a fast rotating binary lens
Gaia alone

Reset zoom

L e o e Y
Jul,'19 Jan. 20 Jul. 20 Jan. 21 Jul. 21 Jan, 22 Jul. 22

Observation date (TCB)

Detections O Alert IScans ¢ Untrusted

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



http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr
http://www.astrouw.edu.pl/~krybicki/Gaia20fnr.html

http://qsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr

long-term bright southern event

possibly a fast rotating binary lens
Gaia alone

Reset zoom
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http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia20fnr
http://www.astrouw.edu.pl/~krybicki/Gaia20fnr.html
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY 1 Pilot

Surveys

%,

9,

Gaia,

o,
ZTF

OGLE,
LSST,

tukasz Wyrzykowski
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Surveys ¥ %,
Gaia, -=- ;(0,
ZTF, ¢

OGLE,
LSST,
Brokers 1 l l
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

Surveys "‘\’

please
observe Gaia20fnr
event for 1 year

Brokers l

there was a
supernova in M3,
observe now!

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

Surveys "‘\’

please
observe Gaia20fnr
event for 1 year

Brokers l

there was a
supernova in M3,
observe now!
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~ Surveys $ 0”

-E please Network of telescopes

Brokers 1 l l observe Gaia20fnr

event for 1 year

—
—
*
Observing
requests

supernova in M3,
observe now!
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~ Surveys $ 0”

-E please Network of telescopes

Brokers observe Gaia20fnr
l event for 1 year

there was a

I Archives
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requests

supernova in Mé1,
observe now!
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Surveys"‘\’ 0”
- wm N

H please

observe Gaia20fnr
event for 1 year

Network of telescopes

Brokers

there was a
supernova in Mé1,
observe now!
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Galaz20azc Photometry  INEagess Observe  Observations  Data

Update R IIEEN  List Fits Manage Groups

Names Gaia20azc

Photometry Check for new data

Target Type SIDEREAL
Right Ascension 242.75086
16:11:0.206
Declination 25.00718
+25:00:25.848
Epoch 2000.0

gaia_alert_name Gaia20azc
calib_server_name ivo://Gala20azc
ztf_alert_name

galadr2_id
classification

ZTF18abjndpj

rapidly changing
blazar/quasar

tweet False
jdlastobs 2459073.7281134

Time

fromlast Required Sun
Event Number of Target obs Cadence Observing distance
Name/Aliases RA Dec Observations Impartance  [days] [days] Priarity [deg]

maglast 20.83
priority 5.0

dicovery_date
cadence 1.0

Sun_separation 62.112924142328666

Photometry Spectroscopy pload Observe Observations Data

Manage Groups

Upload a data product

Here you can upload your photometric and spectroscopic cbservations for this target. Please
refer to the BHTOM manual for detalls.

Example CSV formats for and

Instrumental photometry. FITS Is supported for spectra.

Fuor phwwstunmetic FITS prucessing cwouse Uhe vuservalury lun Uee sl Yuu can add o new

. SExtractor format is required for

instrument

Files

Choose Fles BEMESFES)

Data product type Names
Target Type

@ Instrumental photometry file (SExtractor format) ‘
Right A<cension

@ Fits image for photometric processing
® Spectrum as ASCI
® Photometric time-series (CSV)

Dechraton

Gai20cgn
SIDSREAL
3703

00 1 30,340
64 429

+OULSINLE)

Submit an observation to L1

Sart Date*

Constraims®

2411518

242.75086

184.61816

302.35516

343.03385

205.559

-41.10483

25.00718

-63.49726

26.93588

60.66893

64.31565

el
W\ /]
\//

TOM TOOLKIT strasary

3164

444

10852

3316

10.0

299

1.0

1.0

0.5

1.0

1.0

1.0

2931

270.6

223.0

215.1

160.6

107.4

AkondlLab
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Photometry Spectroscopy Upload Observe Observations Manage Groups Publication

Download photometry stats latex table =~ Download photometry stats

Full orbital solution for the binary system in the northern Galactic
disc microlensing event Gaiai6aye*

Eukasz Wyrzykowski~**, P, ] Mrdz“ K. A R\'bulu M. Gromadzki*, Z. Kolaczkowskii3: 224+ M Zicliiski*, P,
THE ASTROPHYSICAL JOURNAL, 899:130 (8pp). 2020 August 20 https:/ /dot.org/ 10.3847 /1538-4357 /abal29 Ziclinski~. N, Britay skn . A. Gomboc™, K. Sokulonl\\l 6 s T, Hodemr L. Abd™, G.F. Aldi?750 A,
© 2020, The American Astronomical Saciety. All righis reserved AlMannaei®* "™, G, .\Ir"mIH A7 Al Q’asnﬂ"’l""' G.C. \nnpam'f* S. \v.uphan“ E. Bachelet™, V. Bakis'", S.
Baker™. S. Barllrl‘--L P. Bendjoya™, K. Bmwnl'*"* LE. Bikmaev . G, Birenbaunt!2, N Blag ormlntJ\J-l S.
Crosntark Blanco-Cuaresma 2. S. Boevd®, A.Z. Bonanos ” ‘v Bozza"' ™' D.M. Bramich™, 1. Brum .R.A. Burenit™ ¥ U.

. ) . ) « 4o Burgaz’', T. Butter Iw“ H. E. (1mc~“" D. B. Caton™, S, Calchi Nnv:m’“ J.M. Carrasco™, A, Cassan’”, V. (L]Y]\ b,
Gala 18d"y: A New FUor in the Cygnus OB3 Association M. Cropper®™, M. Chrusliska™=", G. ClementiniZ, A. Clcnu* D. Cont=. M. Cont#, S. Cross®™. . Cusanc™, G.

Damljanovic™. A. Dapergolas'. G. D' Agd® | J. H. 1. de Brunm. M. Dennefeld™, V. S, Dhillon™™*. M. Dominik*!,
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, 4.1.9 10 11.12 - l4 15 , : 1€ 3 Handzlik™", J. B. Haislip™, L. Hanlon""”, L. K. Hardy™, D). L. Harrison®®®, H.J. van Heerden V. L. Hoerte”s, K.
A. Bodi ", E. Breedl , U. Burgaz , T. Buuu")’ , J. M. C‘l"d\u' V. C"'P‘"‘ G. Damljanovic , L Gezer, Hnch- R. Hudcé‘—"’-—'f‘L M. Hundertmarkl, N. ”'IZIIILL'.L" E.N. lnuganm 26,87 R, lmhL P. Iwanek*,
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a " 1 AT ' S. Leonint®, G. Leto™, F. Lewis™®, Z. Li%, A. Liakosl, S. P. Littlefait™2, J. LuS, C.J. Manser2, S. Mavs, D.
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K. Sérneczky' @, B. Seli’, A Slmon . K. Slsl\dusl\dlte . A. Sédor' K V. Sol\olovsky HOMm, W Qtenulem R. Street® @ K. Menfh, P, Mikolajezyk*®, M. Marrel:, N. Mowlavi®™, D. Mozdziersk™®, 3. Murphy'®, §. Nazarov™, H,
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Sga Llld G. Seabroke*™ B. J. Shuppe R. Schmid
microlensing event Gaia19bld located in the Galactic Disk oskolTE. (= Smodarasdh, . . Sonredta B, van Soclon 7, 7
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LUKASZ WYRZYKOWSKI - TELESCOPE NETWORK FOR TIME-DOMAIN ASTRONOMY

BLACK HOLE TOM - OPPORTUNITIES

» 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!

tukasz Wyrzykowski
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4 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!

4 Astrometric precision of Gaia <1 mas - perfect for microlensing!
4 ~1000 events already found in Gaia with more to come
4 Epoch-Astrometric measurements are going to be available for all sources in DR4 (~2025)

4_Events from Gaia KTér_t_g;jequire ground-based follow-up obseryéﬁbijs: -
global telescope networkfor photometry, large telescopes for spe’cﬁoscopic source typing

-
‘-
- A—

——
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Q Citizen science project by the European Space
/G Agency supporting Gaia Variable stars classification
; @ esa 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

Sed NAl : nsé:\:\?.nce More to come! Stay tuned!

WWWEg diaVahisSpaee



http://www.gaiavari.space
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