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- Time Domain Multi-messenger Astronomy
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Abbott et al. 2017

X-shooter spectra in the kilonova in NGC 4993 over 12 days.
Image credit: ESO/Pian et al./Smartt & ePESSTO.




- Time Domain Astronomy Challenges

To characterise and classify sources...

Multi-wavelength / messenger approach is (sometimes) needed
Follow-up observations and reaction time for that can be crucial
Visualisation & navigation thought the data
Coordination & transmission of information

The VO should match user’s needs
So, what is available through the VO?




- Time Domain Astronomy Challenges

To characterise and classify sources...

* Multi-wavelength/messenger approach is (sometimes) needed

 Multi-wavelength/messenger

» Combining data from missions covering different wavelength ranges
= Source identification
=) Cross-matching techniques




-

~ Minimum infermation.about objects
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= Which objects around this area are already known and have a classification?
= Give me a minimum information about this object / list of objects (e.qg. it’'s a Galaxy at redshift z
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’ CrOSS-matChing —AypOlnt

 Positional cross-correlation of sources in 2 tables (VizieR tables, simbad, user uploaded lists)
 Result in different formats (VOTable, CSV or ASCII)

* Programatic access too (http API)

* New developments for a multi-catalogue cross-match
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~ Cross-matching
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Positional cross-match performance, radius 5”

Table 1 Table 2 Comfi:;t:tion ge?\zf:tliton Rseiszglt Total time
jgj’,\j’g:vi 4§g"MAZSWS 3 min 7 min 19 GB 10 min

22"7‘2‘743 G;ﬁ'%ﬁ?; 16 min 65 min 193 GB 81 min

Tycno-2 S"\gﬁﬂAD 6 sec 25 sec 1 GB 35 sec
40k"li;°:szfon ] S"\QEAD 1 second 4 seconds | 10 MB 5 sec

Under dev.: add the time as a possible information to cross-matches =



~ Time Domain Astronamy Challenges

To characterise and classify sources...

* Follow-up observations & reaction time for that can be crucial

* Follow-up observations
= Transmission of events: VOEvent, more on Friday
= Planning observations: visibility, available telescope time (see next talk by E. Kuulkers)




- Time Domain Astronomy Challenges

To characterise and classify sources...

e Visualisation & navigation thought the data

* Visualisation & navigation
=) sequences of images, spectra, photometry, positions, ... and all interoperable
= tools
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= Aladinlite implementation for GW localisation in the sky
= Background image can be DSS, 2MASS, WISE, XMM, Fermi,...
= We can overlay catalogues of interest

(@2J Interactive Detection Skymap

@ Return to the Virgo homepage Go to the LIGO Open Science Center

The interactive skymap shows the lacalizaticns of the various gravitational-wave detections in the sky and helps to understand the impartance of multimessenger astronomy.

(52000 +) 1R GW170817 | ,.

LIGO LocALIZATION ¥ f¥ Using the skymap

Click on the various opticns below to display information relating to each detection.

e = e

o

7L1GO AND VIR6Q LOCALIZATION'\,

- I N

GW170817 - LA/H1 only

GW170817 - LI/H1/W1

e

GwW170B17 - (GRB170B17A) Initial Fermi GBM localization
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| T .:j
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\ K g ( GRB 1 7 0817 A) INMAL Fzm GBM GW170B17 - S5817a/AT2017gfo Transient sky position

GW170814 - H1/L1

GW170814 - H1/

GW170814 - Refined skymap
BW170608 - Refined LIGO lacallization

GW170104 - Refined LIGD locallzation
Fold: 155.8°

GW151226 - Refined LIGO localization

&l Backgrounds GW150914 - Refined LIGO localization

If you want to see the extension of these sky regions through the constellations you can select an artistic
background image — Constellations.

You can also select various background images at different wavelengths, cembining the electromagnetic
data with the gravitational-wave information: < Mellinger (default) = WISE = 2MASS . DSS color ~ XMM
Fermi

= (see talk by G. Greco)




Visualisation-of photometry -

= Search all the photometry available around a position in the sky
= Plot photometry against wavelength
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~ Time Series view {(Aladin beta)

- . » ‘b- r -
R - - g, ¢

0 X Aladin v10.0 *** BETA VERSION (based on v10.089) ***

Available data — 401 / 22291 command [ e T Projecion [RTEENT oo coer
L . [ay AW
in view = out view DSS M PanSTARRS §5DSS m2MASS mWISE i GALEX j§AKARI g Gaia jSimbad gNED gYourName + —‘-j—'—’- :

= (Coverage of a survey

DSS2 color Xy T oy ] [

[ 4 (__'ollecri(m?. E : nl-;_,_:'f:',_- .:' ‘ ’Wr g:_:l-::'; select . . M OC
. l’ia)?f ray r Ak D it 4 }f::* % *lf'*l:‘J A ( "'@ In S p ace.
i X\ s il Lt T "
dist
-; False color X-ray image : ';;E:t U nder dev_ :

Cone Search of the SSC Int
Cone Search with Cross Lir
Epic Image SIAP of the SSC
Epic Spectra SSAP of the S
Cone Search of the SSC Int

= Temporal coverage
Searen of te 55 of a survey: TMOC
B Cone Search of the 55C

Epic Image SIAP of the SSC | | ‘ Si m ple ope rations

Epic Spectra SSAP of the S

@ TAP interface of the 3XMN @ SUCh as u n ion g

Cone Search of the XMM-P filter G
I@ Optical spectra of the XMA A | 7 AcA f - . f'l
B Catsion o s of e e intersections, filter
B VizieR S DS/ S ACASSS
= — |} :
I R S, a catalogue by
15 L) cos P/ 2MASSE
.. * | | o 0 cos /P 0552 /3 temporal coverage,
B X-High-Energy data ’I’ IH | ’ I . “”m
Vv i 1997-02-20 1998-07-05 1999-11-17 2001-03-31 [ o .=
‘ opac. — ¢ I +
i OIS (11 )
2 O ~ NGC 1846

o | C Under dev.: combine

_—————— both spatial and

R, 4 temporal coverages

{c) 2018 Universite de Strasbaurg./CNRS - developed by COS, distributed under GPLv3 Osel ) 3375src 4views 455Mb N




- Time Domain Astronomy Challenges

To characterise and classify sources...

e Coordination & transmission of information

e Coordination & transmission
= collect what was observed, when, in which wavelength, ...
= alerts, emails, webpages, references,...
= See today’s and tomorrow’s afternoon sessions




- Summary .+

* To enable access, discovery and interoperability the VO is based on standards
e The Time Domain standards needed for time domain multi-messenger astronomy are:
= Existing (e.g. VOEvent)
= or under development:
> Definition of the minimum metadata for time
> Temporal coverage (T-MOC), space + time coverage
> Quick light-curve viewer
> Visibility & Observation locator — see next talk ;)




