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TIME-DOMAIN ASTRONOMY (TDA) IN OPTICON

since 2013

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

Imagery ©2018 NASA, TerraMetrics

tukasz Wyrzykowski



TIME-DOMAIN ASTRONOMY (TDA) IN OPTICON

since 2013

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

Imagery ©2018 NASA, TerraMetrics

tukasz Wyrzykowski



TIME-DOMAIN ASTRONOMY (TDA) IN OPTICON

since 2013

» 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)
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Gaia Science Alerts Verification

RETALSANDREGIRISATION Statusof Gaia
First Alerts and preliminary results from the
Verification Phase | Gaia alerts follow-up campaigns |
Science with Gaia transients: Supernovae, Microlensing,
Novae, TDEs, CVs, YSOs | Current/planned
multi-wavelength transient surveys

and synergies
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Further details at: http://www.ast.cam.ac.uk/ioa/wikis/gsawgwiki/index.php?title=Workshop2012:main
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tukasz Wyrzykowski

Andreja Gomboc

Simon Hodgkin

Kasia Kruszynska Organizing
Nada Ihanec i the follow-
Tanja Petrushevska up
Katja Bricman

Aurora Clerid’ =

S
’ New

photometric

calibration

server

Workshop Ogranizing Comitee
tukasz Wyrzykowski (Warsaw)
Giuseppe Leto (INAF)

Simon Hodgkin (Cambridge)
Kasla Kruszyfiska (Warsaw)
Nada Ihanec (Warsaw)

Flavia Calderone (INAF-OACT)
Giancarlo Bellassal (INAF-OACT)

tukasz Wyrzykows
Simon Hodgkin
Krzysztof Rybicki
Katarzyna Kruszyniska WaR

More information and registration
https://tinyurl.com/gsaw10

SRON

Netherlands Institute for Space Research

ARCHIVE OF SLIDES AND VIDEOS:

B ot O

update on the

Gaia mission
| update on the
jprovements in
the Gaia Alerts

Gaia Alerts
highlights and

synergies with
radio, X-ray and
high energy

new members
of the
telescope
network

new
photometric
calibration
server

organization
of the follow-up

future
plans


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

%c Gaia Photometric Science Alerts

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

Scan coverage on 09 Oct 2019
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« last 7 days

I ] ,Older alerts

(fading with age)

Number of scans
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http://gsaweb.ast.cam.ac.uk/alerts/

' MICROLENSING EVENTS IN GAIA ALERTS

160+ events since 2016

See Katarzyna
Kruszynska’s talk

no

O Disk(80)
@® Bulge(84)

tukasz Wyrzykowski



MICROLENSING BY BLACK HOLES

See Kris
Rybicki’s
talk

HID-2450000 [days]

e

S

N

*

7

.

8100 8150 8200 8250 8300 8350 8400 8450 8500 Q

HJD - 2450000 é\
Ground-based photometry predicted Gaia astrometry

-of currently on-going events (real data in 2023)

Mass, Distance, Luminocity
(nature of the lens)




HOW TO FIND BLACK HOLES" '

alerts about ‘- A f0||QW up
_ on-going - . - Ee e Sy
. mlcrolensmg events . -light curves (network of

telescopes) f
- spectra (VLT Gemini, SALT)} ;
- Space observatlons i

(Spltzer)
- Gy, I astrometric | | .'
., time-series (Gaia DR4) " &
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GAIAT GAYE (aka AYErs éock)

20,000 follow-up observations over 2 years

PR S 'Y
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57500

’ Gaia
ASAS-SN
Loiano M.Chruslinska
LCO F.Lewis
Ondrejov M.Jelinek
LT A.Gomboc
UBT60 V.Bakis
BAS 2
AUT25 V.Bakis
Kryoneri A.Liakos
TRT-TNO S.Awipan
LOTIm H.Lee
CrAO S.Nazarov

57700

PIRATE U.Kolb
Bialkow P.Mikolajczyk
T60 O.Erece

Loiano G.Altavilla
APT2 G.Leto

AAVSO

Bialkow Z.Kolaczkowski
Leicester K.Wiersema
TRT-GAO S.Awipan
Ostrowik M.Pawlak
WiseC28 N.Hallakoun
PIRATE M.Morrell
Loiano J.Klencki

57800

MIJDJ[days]
ptSm L.Hardy
TJO U.Burgaz
Loiano P.Iwanek
Montarrenti Observatory
ASV1 G.Damljanovic
C2PU J.P.Rivet
Mercator Geneva Group
Skinakas P.Reig
LCO D.Russell
Krakow50 S.Kurowski
UCLO-CI14E S.Fossey
Ostrowik K.Rybicki

Wyrzykowski+2019(2020), accepted!
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57900 58000
D.Conti
WHT K.Rybicki
LCO K.Rybicki
T100 H.Esenoglu
ASV2 G.Damljanovic
Loiano F.Cusano
Aries130 G.Damljanovic
Foligno R.Nesci
SAI A.Zubareva
LCO R.Street
OHP M.Dennefeld
RTT150 [.LKhamitov

58100

OHP M.Pawlak
LOTIm C.Ngeow
Wiselm G.Birenbaum
T60 I.Khamitov
UCLO-C14W S.Fossey
Aristarchos K.Sokolovsky
T60 Y.Kilic

BAS 50/70
Swarthmore24 E.Jensen
Bialkow D.Mozdzierski
DEMONEXT M.Penny
SKYNET S.Zola

tukasz Wyrzykowski



GA' A'l GAYE CLEVAVES LS A’ock) h

20,000 follow-up observations over 2 years
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model by Przemek Mroz and Jan Skowron, OAUW

* 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

Wyrzykowski+2019(2020), accepted! b ey



GAIA16AYE (aka AvErs Rock) p—
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K3 giant.
full orbital solution! ,- (e R ?,RS‘;H

’

M1=O.4 MSun- = ' : i “Jv S 0%
M2 = 0.6 Msun _ : ' :
P=29yrs .
Incl = 66 deg
ecc=0.3

-Wyrzykowski+2019
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PREDICTION ON DETECTION AND CHARACTERIZATION OF GALACTIC DISK MICROLENSING

The Diverse Science Return from a Wide-Area Survey
EVENTS BY LSST

of the Galactic Plane

R.A. Street, M.B. Lund, S. Khakpash, M. Donachie, W.A. Dawson,
N. Golovich, L. Wyrzykowski, P. Szkody, T. Naylor, M. Penny,
N. Rattenbury, M. Dall’Ora, W.I. Clarkson, D. Bennett, J. Pepper,
M. Rabus, M.P.G. Hundertmark, Y. Tsapras, R. Di Stefano,

S. Ridgway, M. Liu, E. Lin,

with the support of the \
LSST Transient and Variable Stars Collaboration.

SEDIGHE SAJADIAN 2, RADOSEAW POLESKI *

Draft version June 19, 2018

up=-0.65, t,=158.2, tg=95.0, mpase,=23.3, f,=1.00

Nov 2018

- Street+2018, arxiv:1812.03127

23.

)

risst — magnitude
N

N

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

time (day)

No. of detected events (deg~™ yr‘

Galactic longitude (deg)
L

10~2 10-!

Galactic latitude (deg)


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

HOW TO FIND BLACK HOLES WITH LSST”
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CALIBRATION SERVER 1.0

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

AUTOMATED PHOTOMETRY STANDARDIZATION TOOL

Network Data storage

of telescopes

Zero-point calibration
and automated
best filter determination

lllllllllll

L - : §:
& FLASK NI

JSUN = e me “ -
CURL API

tukasz Wyrzykowski


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

CALIBRATION SERVER 2.0

AUTOMATED PSF-PHOTOMETRY AND ASTROMETRY TOOL

Network Data storage

of telescopes
home-made -
ccdphot

Photometric
standardization

pomy  EQuatIoN(2] — y = 004721 + 11.9352 —— RMS = 0.0070 — N = 4

)
st 0 et

in Beta version

under extensive tests Science-ready light curves

Lght cuve of vo TGt St

® V AMSS
. 5 Ess

but under development ik -
since 2016... A ,
’ ' \\‘vm‘dsdﬁ.

chaten st b coi

L
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tukasz Wyrzykowski



BLACK HOLE TOM

Data storage

Network

of telescopes I g I

TOM TOOLKIT sxevaten LC&

Photometric
standardization
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Science-ready light curves

Ught curve of vo "Caa 'St

tukasz Wyrzykowski



BLACK HOLE TOM

Data storage

Multi-telescope
Observing
requests

H

TOM TOOLKIT  siervators

Photometric
standardization

s EQuation|2) — y = 0.04725 + 11.9352 —— RMS = 0.0070 — N = &)

--------------

tukasz Wyrzykowski



BLACK HOLE TOM

Data storage

Multi-telescope
HiE g
requests v
TOM TOOLKIT sévaeny LCéE

Photometric
standardization

s EQuation|2) — y = 0.04725 + 11.9352 —— RMS = 0.0070 — N = &)

--------------

tukasz Wyrzykowski



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

@BHTOM Targets Target Grouping About User 2

Black Hole TOM

(Image courtesy of Ute Kraus.)

Welcome to Black Hole TOM, built using the . Github . To build your own TOM (Target Observation Manager), check out the

The Black Hole TOM 1.0 is an interface for viewing and sharing observational data of microlensing events, and for requesting and managing
observations with the network and OPTICON telescopes.

acknowledging help from LCO Santa Barbara staff



visata.astrouw.edu.pl:8080

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

@BHTOM Targets Target Grouping About User 2

main list of targets

Black Hole TOM

(Image courtesy of Ute Kraus.)

Welcome to Black Hole TOM, built using the . Github . To build your own TOM (Target Observation Manager), check out the

The Black Hole TOM 1.0 is an interface for viewing and sharing observational data of microlensing events, and for requesting and managing
observations with the network and OPTICON telescopes.

acknowledging help from LCO Santa Barbara staff



visata.astrouw.edu.pl:8080

Target Map

ﬂBHTOM Targets Target Grouping About Lukasz Wyrzykowski

17 Targets  Create Targets ¥  Update All Targets  Export Filtered Targets
+ -




The target list can be viewed without loging-in!

@BHTOM Targets Target Grouping About Lukasz Wyrzykowski
Time
Last fromlast Required Sun
Event Number of Gaia Target obs Cadence Observing distance
@ Name/Aliases RA Dec Observations [mag] |Importance [days] LEVS Priority [deg]
[ 241.1619 -41.10483 337 18.54 10.0 68.6 1.0 686.0 22
[ 227.93683 -57.0571 89 17.85 10.0 54.8 1.0 547.9 40
[ 23464341 -51.24145 24 20.56 5.0 56.9 1.0 284.3 33
[ 197.55161 -58.80407 3667 18.28 5.0 52.0 1.0 260.2 55
[ 296.90816 14.2932 9173 14.07 10.0 14.9 1.0 148.8 54
[ 226.43808 -57.63583 63 18.38 5.0 54.5 ) 68.2 41
[ 325.46012 51.9293 4643 13.37 8.0 8.1 1.0 64.7 96
[ 302.36516 29.93588 245 17.65 9.0 6.6 1.0 59.6 69
[ 332.27348 57.74831 192 14.3 9.0 3.1 1.0 279 102
298.19944 42.07147 2038 17.04 5.0 7.2 3.0 12.0 76
[ ] 290.98676 14.08804 8071 16.12 5.0 0.4 5.0 0.4 50




The target list can be viewed without loging-in!

Targets T tG ' About Lukasz Wyrzykowski
£ BHTOM g arget Grouping Abou sort by any of ukasz Wyrzykowski
the columns Time
Last fromlast Required Sun
Event Numbe; of Gaia Target obs Cadence Observing distance
@ Name/Aliases RA Dec Observations [mag] |Importance [days] LEVS Priority [deg]
[ ] 241.1619 -41.10483 337 18.54 10.0 68.6 1.0 686.0 22
[ ] 227.93683 -57.0571 89 17.85 10.0 i éﬁﬁ: sort b&o 547.9 40
. 23464341 -51.24145 24 2056 5o opserving priority 2843 33
[ ] 197.55161 -58.80407 3667 18.28 5.0 52.0 1.0 260.2 55
[ ] 296.90816 14.2932 9173 14.07 10.0 14.9 1.0 148.8 54
[ ] 226.43808 -57.63583 63 18.38 5.0 54.5 4.0 68.2 41
[ ] 325.46012 51.9293 4643 13.37 8.0 8.1 1.0 64.7 96
[ ] 302.36516 29.93588 245 17.65 9.0 6.6 1.0 59.6 69
[ 332.27348 57.74831 192 14.3 9.0 3.1 1.0 279 102
298.19944 42.07147 2038 17.04 5.0 7.2 3.0 12.0 76
[ ] 290.98676 14.08804 8071 16.12 5.0 9.4 5.0 9.4 50

Define your filter

below the list

Filter targets



Sun separation

Filter targets

Maglast

Event
Name/Aliases RA

Number of
Dec Observations

Importance

from last
obs

[days]

Sun
distance

[deg]

94.11385

16.96586 3679

10.0

9.9

166

139.74432

-51.67762 88

AY

8.3

89

99.85635

-0.36987 55

4.0

301.39949

26.16769

3.0

332.27348

57.74831

9.0

290.98676

14.08804

5.0

296.90816

14.2932

189.38565

-66.11136




17.8

17.9

18.2

18.3

18.4

Observing priority

Gaia19cnm

Target Importance (Priority)
Required cadence (Cadence)
Last data point taken (Dt)

= 10 (very high)
=1 day
= 54.8 days ago!

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

L]
¢ i

Wt o0

2015 2016 2017 2018 2019

2020

L
185 ee 38 ez .3 e

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

Jan 2018 Jul 2018 Jan 2019 Jul 2019 Jan 2020



Target grouping

@BHTOM Targets Target Grouping About Lukasz Wyrzykowski
Time
display groups of Last fromlast Required Sun
Event targets Gaia Target obs Cadence Observing distance
8@ Name/Aliases RA Dec ions [mag]l  Importance  [days] LEVS Priority [deg]
[ 241.1619 -41.10483 337 18.54 10.0 68.6 1.0 686.0 22
[ 227.93683 -57.0571 89 17.85 10.0 54.8 1.0 547.9 40
o 54341 -51.24145 24 20.56 5.0 56.9 1.0 284.3 33
select targets
,and add o YOUrs 5151 5580407 3667 1828 5.0 52.0 1.0 260.2 55
groups
- 296.90816 14.2932 9173 14.07 10.0 14.9 1.0 148.8 54
[ 226.43808 -57.63583 63 18.38 5.0 54.5 4.0 68.2 41
[ 325.46012 51.9293 4643 13.37 8.0 8.1 1.0 64.7 96
[ 302.36516 29.93588 245 17.65 9.0 6.6 1.0 59.6 69
332.27348 57.74831 192 14.3 9.0 3.1 1.0 279 102

PN [ VT g LIV T o1 W= eT0]e]3¥-d Targets for spectroscopy .



@BHTOM Targets Target Grouping About

Lukasz Wyrzykowski

Gaial9 bsy Spectra  Images Data  Schedule Observations

NVGEICRE:-C8M Delete Target

Names Gaia19bsy
Target Type SIDEREAL
Right Ascension 296.90816
19:47:37.958
Declination 14.2932
+14:17:35.520
Epoch Of Elements 2000.0

Check for new data

gaia_alert_name Gaia19bsy
ivo://Gaia19bsy
ztf_alert_name ZTF18aczojlw
gaiadr2_id 4317386033190228864

calib_server_name

classification Microlensing with parallax
effect or binary lens

2020

tweet
jdlastobs
maglast
priority
cadence

Sun_separation

Tags

J2000 + FESHERESREISEE S

False
2458812.6227315
14.07

10.0

1.0
54.4753044756923

Current Visibility of the target

Comments

No comments yet.
Comment

Comment

=~ (LCO) Siding Spring
(LCO) Sutherland
(LCO) Teide
(LCO) Cerro Tololo
(LCO) McDonald
(LCO) Haleakala
(GEM) Cerro Pachon

~TAA

(GEM) Maunakea




Spectra uploading

ﬂ BHTOM Targets Target Grouping About Lukasz Wyrzykowski
Gaial 9ceq Overview  Spectra  Images Schedule Observations
Update Target Upload a data product

Names Gaia19ceq Files

Target Type SIDEREAL No file chosen this tab to upload

Right Ascension 141.53714 Tag data
09:26:8.914 @ Photometry

Declination 24.0607 @ Fits File
+24:03:38.520 ® Spectroscopy add file

Epoch Of Elements 2000.0 @ Image File

Sun_separation 120.723435388509 e

dont_update_me False Data select

# 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




& BHTOM

Spectra uploading

Targets Target Grouping About

Gaial9ceq

Names
Target Type
Right Ascension

Declination

Epoch Of Elements

Sun_separation
dont_update_me
cadence

priority

maglast
jdlastobs

tweet
classification

gaiadr2_id
ztf_alert_name

calib_server_name

gaia_alert_name

Overview

Spectra
Gaia19ceq

SIDEREAL

141.53714

09:26:8.914

24,0607

+24:03:38.520

2000.0

120.723435388509
False

5.0

3.0

18.27

2458806.198

False

Possible QSO, TDE

ZTF18acpddav
ivo://Gaia19ceq
Gaial19ceq

Lukasz Wyrzykowski

Data Schedule Observations

5000 6000

Wavelength (angstroms)

e Talals

Ta
7000
FUUU




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 I-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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ASTROMETRY MICROLENSING

OGLE3 ULENS PAR 02 - candldate ~12 MSun BH

OGLE photometry from 2001-2008 predicted WFIRST astrometry

affdrmicrolensing model for similar event

Mass, Distance
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~ Black hole = large mass + dark object =~~~
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