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OGLE

GW, TDE, lensQSO

Spectroscopy

Photometric follow-up

Astrometric lensing

Gaia DPAC (alerts, micro)

Adaptive optics engineering
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since 2013
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TIME-DOMAIN ASTRONOMY (TDA) IN OPTICON

▸ network of small- and mid-sized telescopes (<2m) 

▸ voluntary time allocation or via local proposals 

▸ most with very small field-of-view (10-20 arcmin) 

▸ robotic (~50) and manual (~50) (+10 controled remotely)

since 2013
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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

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


Łukasz Wyrzykowskihttp://gsaweb.ast.cam.ac.uk/alerts/

10-20 alerts every day since 2014: 
supernovae, CV, microlensing, TDE, PISNe, SLSNe,…

http://gsaweb.ast.cam.ac.uk/alerts/
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160+ events since 2016

MICROLENSING EVENTS IN GAIA ALERTS

K.Kruszyńska June 2019

See Katarzyna 
Kruszynska’s talk



predicted Gaia astrometry 
(real data in 2023)

Mass, Distance, Luminocity 
(nature of the lens)

MICROLENSING BY BLACK HOLES
photometry astrometry

Ground-based photometry 
of currently on-going events
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See Kris 
Rybicki’s 

talk



Gaia Science Alerts

HOW TO FIND BLACK HOLES?
alerts about  

on-going  
microlensing events

astrometric  
time-series (Gaia DR4)

follow-up

- light curves (network of  
telescopes) 

- spectra (VLT, Gemini, SALT) 
- space observations 

(Spitzer)
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GAIA16AYE
20,000 follow-up observations over 2 years

Wyrzykowski+2019(2020), accepted!

(aka AYErs Rock)
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model by  Przemek Mroz and Jan Skowron, OAUW

20,000 follow-up observations over 2 years

• all possible microlensing effects: parallax, finite source, binary rotation
• first ever need to use the full Keplerian motion model of the lens orbit
• impossible to solve without long-term ground-based follow-up
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Wyrzykowski+2019(2020), accepted!



~15kpc

0.8kpc

M1 = 0.4 MSun 
M2 = 0.6 MSun 

P = 2.9 yrs 
incl = 66 deg 

ecc = 0.3

K3 giant 
R=~31 RSun

2.0AU

full orbital solution!

lens source

Wyrzykowski+2019

GAIA16AYE (aka AYErs Rock)



8.4m mirror,   10 sq.deg.   ~25mag survey

Sep 2019



Street+2018, arxiv:1812.03127

LSST will detect 10,000s of microlensing events 
yielding 100s of BHs

Sajadian,Poleski arXiv:1806.06372

https://arxiv.org/abs/1812.03137
https://arxiv.org/abs/1806.06372


HOW TO FIND BLACK HOLES WITH LSST?

astrometric  
time-series  

(WFIRST?, JWST? 
GaiaNIR*)

follow-up

- light curves (network of >2m 
telescopes) 

- spectra (ESO/VLT, Gemini, 
SALT) 

- space (WFIRST?)

alerts about  
on-going  

microlensing events

*Hobbs+2019
arXiv:1907.12535
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CALIBRATION SERVER 1.0 Warsaw

AUTOMATED PHOTOMETRY STANDARDIZATION TOOL

Quasi-homogenous lightcurvesin operation since 2013

PHOTOMETRY 
AND 

ASTROMETRY

CPCS 1.0

Zero-point calibration 
and automated 
best filter determination

PYTHON 
FLASK 
JSON 

CURL APIdeveloped by Sergey Koposov and ŁW

http://gsaweb.ast.cam.ac.uk/followup

http://gsaweb.ast.cam.ac.uk/followup
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CALIBRATION SERVER 2.0 Warsaw

AUTOMATED PSF-PHOTOMETRY AND ASTROMETRY TOOL

Science-ready light curves
in Beta version 
under extensive tests 

but under development  
since 2016…

FITS 
IMAGES

home-made 
ccdphot

developed by Z.Kołaczkowski, P.Mikołajczyk, P. Zieliński
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BLACK HOLE TOM Warsaw

FITS 
IMAGES

CPCS 2.0

Science-ready light curves
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BLACK HOLE TOM Warsaw

FITS 
IMAGES

CPCS 2.0

Science-ready light curves

Multi-telescope 
Observing 
requests
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BLACK HOLE TOM Warsaw

FITS 
IMAGES

CPCS 2.0

Science-ready light curves

Multi-telescope 
Observing 
requests



http://visata.astrouw.edu.pl:8080

acknowledging help from LCO Santa Barbara staff

visata.astrouw.edu.pl:8080


http://visata.astrouw.edu.pl:8080

main list of targets

acknowledging help from LCO Santa Barbara staff

visata.astrouw.edu.pl:8080


Target Map



The target list can be viewed without loging-in!



The target list can be viewed without loging-in!

sort by any of 
the columns

Define your filter 
below the list

default sort by 
observing priority



Filtering

only 6 important 
targets currently 

visible and brighter 
than 17 mag



Observing priority

Gaia19cnm 
Target Importance (Priority)      = 10 (very high)

Required cadence (Cadence)   = 1 day

Last data point taken (Dt)         = 54.8 days ago!


Observing priority = (dt/cadence)*priority = 548


Gaia19duw 
Target Importance (Priority)      = 5 (medium)

Required cadence (Cadence)   = 3 day

Last data point taken (Dt)         = 7.2 days ago


Observing priority = (dt/cadence)*priority = 12




Target grouping

select targets 
and add to your 

groups

add to existing 
groups or create a 

new one

display groups of 
targets



update 
fields, 

but only edit 
priority  

and  
cadence

click here to 
download any new 
photometric points 

from Gaia, ZTF, 
CPCS



Spectra uploading

this tab to upload 
data

select 
spectroscopy

add file

# DATE-OBS: 2019-12-09

wavelength flux

3341.26928710937  1.464014E-16

3345.34836769104  1.447222E-16

3349.4274482727  7.000821E-17

3353.50652885437  4.936740E-17

3357.58560943603  7.570946E-17

example text file



Spectra uploading



Future functions
• upload fits image, psf photometry, send to Calib Server


• schedule observations with LCO, Gemini, LT and other robotic telescopes


• automated notification if target observed, data processed and calibrated


• send observing requests to manually operated OPTICON-TDA telescopes 
(email)


• each user/telescope has a dedicated list based on targets visibility


• different types of users: viewers, submitters, etc.


• robotic triggering of observations if target visible and with high priority


• triggering radio telescopes



Features wanted
• switch between Ra-Dec and l-b map


• add Gaia DR2 image to the background on the map


• automatically query other surveys for their data on a target created, e.g. when creating 
Gaia Alert target, find if ZTF has an object there and request its data


• Gaia DR2 info pull


• auto generate finding charts (for observations and for papers)


• auto generate LaTeX table with data per target, with info on observatories and JDs (for 
papers)


• auto compute exposure time for a given facility


• weather display for all registered facilities


• read archival servers: target info, photometric time-series, spectra, radio (NED, CRTS, 
DASH, others)


• your ideas…
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extra slides



OGLE3-ULENS-PAR-02 - candidate ~12 MSun BH

predicted WFIRST astrometry 
for similar event 

(2025?)

Mass, Distance

ASTROMETRY MICROLENSING

photometry

OGLE photometry from 2001-2008 
and microlensing model

astrometry



HOW TO FIND BLACK HOLES?

Black hole = large mass + dark object

M =
✓E
⇡E

⇡L = ✓E⇡E + ⇡S

FL = Fobs(t)�A(t)FS
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HOW TO FIND BLACK HOLES?

M =
✓E
⇡E

Black hole = large mass + dark object

⇡L = ✓E⇡E + ⇡S

FL = Fobs(t)�A(t)FS

Photometry

Astrometry

Spectroscopy

Gaia, OGLE, 
Spitzer, LCO 

*LSST

Gaia, VLTI,  
speckle imaging, 

*ELT, *JWST,  
*WFIRST

Gemini, SOAR, 
VLT, SALT, *ELT


