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The study of variability of astronomical objects over different time-scales

* What type of variable phenomena?
* Periodic: binary orbits of stars/extrasolar planets, stellar rotation, stellar pulsation...

* Transient: supernovae, gamma-ray bursts, novae, X-ray bursts, transits, gravitational
microlensing, flares, tidal disruption events...

e Stochastic: accretion in CVs, X-ray binaries, ...
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The study of variability of astronomical objects over different fime-scales
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The study of variability of astronomical objects over different fime-scales

* What time-scales are we talking about?
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= Characterisation and classification of sources on the basis of their variability

= Need to make explicit
= Spatial characterisation: position, precision
= Spectral coverage for a multi-wavelength approach
= Type of Observable : flux, radial velovity, ...




~ Time Domain Multi-messer
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THE ASTROPHYSICAL JOURNAL LETTERS, 848:L.12 (59pp), 2017 October 20 Abbott et al.
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Visualisation-of the sl

= AladinLite implementation for GW localisation in the sky
= Background image can be DSS, 2MASS, WISE, XMM, Fermi,...
= We can overlay catalogues of interest

(@) Interactive Detection Skymap

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

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

5 v 1 s
32000 4 115488

LIGO LocaLzation |+ A Using the skymap

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

#LIGO AND VIR6Q LOCALIZATION

GW170817 - L1/H1 only

GW170817 - L1/H1/V1

GW170817 - (GRB170817A) Initial Fermi GBM localization v v

GW170817 - (GRB170817A) Final Fermi GBM localization

GW170817 - SSS17a/AT2017gfo Transient sky position

GW170814 - H1/L1

GW170814 - Refined skyma
GW170608 - Refined LIGO localization

GW170104 - Refined LIGO localization
FoV: 155.8°

GW151226 - Refined LIGO localization

() 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, combining the electromagnetic
data with the gravitational-wave information: & Mellinger (default) - WISE ., 2MASS . DSS color (, XMM |
Fermi
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Visualisation-of photometry
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= Search all the photometry available around a position in the sky
= Plot photometry against wavelength

v settings » share

Target 13C 273 J

Radius (in arcsec) s
or @

3C 273 (12 29 6.695+02 03 8.662),
radius : 5 arcsec

L Mouse position:
o Wavelength :
e 1.46e+1 ym
‘-’2 o L Frequency :
e ¢ %s o 2.05e+4 GHz
¢ oo ® e Flux density or F(v) :
e x Fz(\./"):%e.‘.o N n [ [
& P v :
4ase 3w Under dev.: A time (series) viewer
o T i' 3.00e-11 erg.s .cmZ.ym™"
. ’ [ [
"3 = Plot photometry against time
=3 o8 3
: } Do e
" ¢ { 25
1.0e-1§ . .- I
o =, 0
Arcse
i Center (R.A.+Dec.):
12 29 6.695+02 03 8.662
1.0e-1§

o
1.0e+0 1.0e+1 1.0e+2 1.0e+3 1.0e+4 1.0e+5 1.0e+6
Wavelength (um)




- Time Series V|suaI|s tion tools
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O ® Aladin v10.0 *** BETA VERSION (based on v10.089) ***

Available d - 401 / 22291 Command_ Frame ICRS - Projection X [~ an '“'-'-—.'wD-'
e DN For all catalogues

J L.“.l j'."" |
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(c) 2018 Université de Strasbourg/CNRS — developed by CDS, distributed under GPLv3 6 sel / 3375 src  433Mb E



~ Time Setries view

Aladin v10.0

[ BON |
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*** BETA VERSION (based on v10.089) ***
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= (Coverage of a survey
in space: MOC

Under dev.:

= Temporal coverage
of a survey: TMOC

Simple operations
such as union,
Intersections, filter
a catalogue by
temporal coverage,

Under dev.: combine
both spatial and
temporal coverages
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Interoperability for time

Data Access, Discovery an

* Need of unambiguous declaration of metadata associated to time values
*  Minimum metadata

* time scale (TT, TAI, TDB, TCB,...)

* reference position (topocenter, barycenter,...)

o offset (random values subtracted to the time values)

Under dev.: A standard way to annotate data to allow for interoperability

International International
, Virtual
20\ Virtual Observatory

/' Observatory Alliance

Alliance
VOTable Format Definition
Version 1.4

A Proposal for a TIMESYS Element in IVOA Working Draft 2019-01-31

VOTable

Version 1.1

This version:
http://www.ivoa.net/Documents/V0Table/20190131/
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" Time domain model
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Dataset - - e M. Cresitello, L.Michel,
Metadata e s A.Nebot, F. Bonnarel,

Time Series: In terms of current models

T — Timeseries 7 M.Louys

0.1

Cube IM e e A comprehensive

1
i
NDImage - - -
esScCription o Uuitl-
SparseCube ” SimpleTime Series 4 Time SeriesOfProduct
1 {:One Observable MUST have <<Subset>>
TimeMeasure: {cube:SparseCube.data:ts:Record}
+data |, dependent=FALSE }
DaraAxis NDPoint " Record
0.1

+ dependent : boolean

T + observable

MeasurementAxis o Observable
l 2]
meas Photometric measure and coords to be defined in PhotDM? or Spectral? model.
+measure
N ,0..1 Comment
Measure ““|Identifier (name)
PhotometricMeasure
. 0.1
i<<Subset>> Comment
{meas:CoordMeas ure.coord:ts:PhotometricCoord}
CoordMeasure {meas:CoordMeasure error-meas Ermor1D} Photometric system type
+ error - < [eg VEGAMag, ABMag, STMag]
+ coord : sfring
.
Error 0.1 1
T PhotometryFilter
Comment AN
ctralLocation : RealQuantity €
idth : S_Bounds - flux0
Position TimeMeasure spectralCoordMeasure GenericCoordMeasure _—,
Comment L
b Effective Wavelength
TransmissionCurve dent : RealQuantity
PhotometricCoord art - RealQuantity
Comment AN
VA
T T
7] ! Wavelength Min
SpaceCoord TimeStamp PhysicalCoordValue _
Fux

TransmissionPoint Access Comment L

+ spectralValue : RealQuantity + reference : string Wavelength Max

— +transmissionValue : RealQuantity + format : sfring
Coordinate Magnitude + size -real




' TAP metadata profile fer Time series

* A suggestion to access time series of any kind ( spectra, images, cubes, etc.)
* Based on the principles of ObsCore and EPN Core
e data product type and curation
 List metadata characterising all axes : Time, Space, Spectral, Polarimetry, Observable

- Current proposal discussed https://wiki.ivoa.net/internal/IVOA/TimeSeries/
- compare with EPN -TAP description
- validate on other projects ( eg. GASP, exoplanets data sets , etc)



https://wiki.ivoa.net/internal/IVOA/TimeSeries/TimeseriesMetadataforTObsTAP-proposal.pdf

Thanks

27/03/2019




