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~ Time Domain Multi-messer
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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 Astronemy 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
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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

Object Name

A

M81 Basic data : 3
S h Opti - -
B HD 165688 WOlf Rayet Star SIMBAD query around | with radius 2 | arcmin
Go Other object types: * (Ref,HD,...), WR* (MR,WR), IR (2MASS,SSTGLMC), Em* (Hen), V* (Ref), X (2XMM)
ICRS coord. (ep=J2000) : 18 07 56.9612003141 -19 23 56.866361615 (Optical) [ 0.0479 0.0406 90 ] A 2018yCat.1345....0G
. = = . - Interactive AladinLite view
Results for object MESSIER 081 (M81) FK5 coord. (ep=J2000 eq=2000) : 18 07 56.9612003141 -19 23 56.866361615 [ 0.0479 0.0406 90 ]
FK4 coord. (ep=B1950 eq=1950) : 18 04 59.6493172659 -19 24 25.088719244 [ 4.5003 3.9502 90 ]
Gal coord. (ep=J2000) : 010.8000508777768 +00.3944248835444 [ 0.0479 0.0406 90 ]
Overview Cross-IDs (65) Coordinates (47) Redshifts (29) Distances (101) Classifications (117) Notes (48) Diameters (8) Proper motions mas/yr : 0.787 -1.732 [0.090 0.079 90] A 2018yCat.1345....06
Photometry & SED (246) Spectra (44) Images (179) References (2373) External Links Parallaxes (mas): 0.6036 [0.0425] A 2018yCat.1345....00
Spectral type: WN5-6b C 1996MNRAS.281..1638

e Fluxes (8) : U 10.46 [~] C 2002yCat.2237....0D
® QE% ~ B 10.31 [~] C 2002yCat.2237....0D
Vv 9.87 [~] C 2002yCat.2237....0D
3 POSS-II F (North), AAO-SES/SERC-ER (South), Red image R 9.85 [0.02] D 2012yCat.1322....0Z
1o \o Search imaaes G 9.2064 [0.0006] C 2018yCat.1345....0G
5 _13 Te & ‘. 9 J 7.118 [0.018] C 2003yCat.2246....0C '
> 10_ » . Image Credit: Caltech or AAO/ROE H 6.716 [0.027] C 2003yCat.2246....0C O O mss@pssO | spss ¢
10 > K 6.223 [0.024] C 2003yCat.2246....0C
T T T
10 15 20
log(v [Hz])
',-.‘. " .
Selected data and derived quantities for MESSIER 081+t. More information in the tabs above. ) VizieR photomery viewer 0
@ . Search | within radius Max 30 | arcsec
Cross-identifications Essential note

MESSIER 081; NGC 3031; UGC 05318; CGCG 333-007; CGCG 0951.4+6918

Coordinates for Preferred Position

Equatorial (J2000) Galactic Identifiers (22) :. . . . - R
An access of full data is available using the icon Vizier near the identifier of the catalogue

RA, Dec RA, Dec [Deg] Unc Semi-major,minor ["] Unc PA [deg] Reference Lon, Lat [deg]
09h55m33.1730s, +69d03m55.061s 148.888221, 69.065295 1.57E-03, 3.50E-04 90 1995A]....110..880] 142.091841, 4( HD 165688 i Hen 3-1594 MR 83 UCAC4 354-117192 L
; . - WR 110
Preferred Redshift & Derived Quantities [Ho = 73 km/sec/Mpc], @matter = 0.27, Qvacuum = 0.73] Redshift-inde| ALS €016 a@ #IC §8928 \a: #EML 725808 @ N
z (Helio) V (Helio) [km/s] Reference V (CMB) [km/s] Hubble Distance (CMB) [Mpc] # Measurement BD-19 4854 . ure as28 SSTGLMC G°1°-8°°°+?°-3943 @ 2301 J180756.9-192356 )
P11 2931 i
-0.00011 +/- 0.00001 -33.876552 +/- 3.897302 1991RC3.9.C...0000d 48 +/- 7 0.66 +/- 0.11 101 coo-19 469 ® L m 6259-2666-1 Gaia DR 4095125220807894400
GEN# +1.00165688 1s 4678 ' UBV 15399
Classifications S N 3
GSC 06259-02666 ' 2MASS 718075695-1923568 B UcAC2 24414003 '
Object Type Morphology Reference Activity Type Reference Other
) References (137 between 1850 and 2019) (Total 137)
G SA(s)ab 1991RC3.9.C...0000d Flat-Spectrum Radio Source, 2007ApJS..171...61H SA(s)ab;LINER Simbad bibliographic survey began in 1850 for stars (at least bright stars) and in 1983 for all other objects (outside the solar system).
Quick-look Angular & Physical Diameters Foreground Galactic Extinction (2011ApJ Follow new references on this object
Passband Diameter ["] Reference Diameter [kpc] Ax [mag] V Ax [mag] K
Ref ies :
RC3 D_0 (blue) 1652.50 1991RC3.9.C...0000d 29.43 0.220 0.024 elerence summaries
Quick-look Photometry & Luminosities (brightest flux in each spectral region) from: {1850 Jto: $currented
Spectral region Band Apparent mag or flux Reference Absolute Mag or vLy [W] Ly [Lo(bol)] Display | or select by : (not exhaustive, explanation here) In tabIeJ TitlelAbstractheywordJ Score]
X-Ray 2-10 keV (BeppoSAX) 3.10E-11 +/- 0.40E-11 erg/cm”2”//s 2007A&A...472..705V 5.01E+33 +/- 6.59E+32 [W] 1.30E+07 +/- 1
uv 3320 A (OAO) 8.95 +/- 0.08 mag 1982ApJ...256....1C -18.85 +/- 0.10 [mag] 1.34E+09 +/- 1
Visible \Y 8.73 Jy 2007ApJ...655..863D 7.68E+36 [W] 2.00E+10 Collections of Measurements
Near-IR H_tot (2MASS LGA) 4.090 +/- 0.018 mag 2003AJ....125..525] -23.71 +/- 0.07 [mag] 1.81E+10 +/- &
Far-IR FIR (IRAS) 3.65E-12 W m~-22 1988ApJS...68...91R 5.86E+35 [W] 1.52E+09
distance : 2 M : 3 PLX : 3 MK : 5
Radio 57.5 MHz 2.4 +/- 0.6 Jy 1990ApJ...352...301 2.23E+29 +/- 5.60E+28 [W] 5.80E+02 +/- 1
tDerived quantities are based on the median redshift-independent distance when available, otherwise the preferred redshift is used with the selected cosmological parameters (which can be changed in search options). dlsplay selected measurementsJ dlsplay all measurementSJ ClearJ
Cosmological params can be changed in search options.




~ Cross-matching — Ake)

 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

. SEm— Login PI
@b'MﬂtCh Ser vice | X-match | Tables management Documentation
Select below the two tables to cross-match. @ @

@ Then, choose cross-match method and sky area in options.

Finally, click on Begin the X-Match to launch the computation.
-

Choose tables to cross-match

’ O
BENEIr il ==

TOPCAT

D@z ¥ Wedo X Qw De

-Table List

VizieR || SIMBAD || My store VizieR || SIMBAD | | My store
1: anonymous154150978507

./ Show options

Visualize and manage your cross-match jobs

' Table 1 Table 2 Options Begin Status Actions

No job in list

For the selected job(s): = [l - 38/911M

-Current Table Properties

Label: anonymous1541509785078.xml

Location: /Users/angm/Downloads/anonymous1541509785078.xml
Name: anonymous1541509785078.xml
Rows: 128

Columns: 12

Sort Order: G

Row Subset:  All
Activation Actions: 0/ 0O

-SAMP

Messages: O Clients: @ D ﬁ




- 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 -
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)y Challenges

" Time Domain Astrone

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)




Tlme Domaln Astrcno_y Challenges

e

To characterise and classify sources...

e Visualisation & navigation thought the data

* Visualisation & navigation
=) sequences of images, spectra, photometry, positions, ... and all interoperable
= tools




Visualisat

Select a collection... and enter target: anonymous A

MAST Observations by Object Name or RA/Dec ¥ BD+19 706 Search & Login...
Collections > Hubble Studies >

‘Explore ‘ GuidedTours  Search  Communities  View  Settings

& Install Windows Client 4%74-‘

.\"
¢ Data Sets: Catalogs & Images I Single Image: Add/Modify... Help

IRSA DATASETS SEARCH TOOLS

Eq-12000.
Image Pixel:

Login
®

About Collections... Show Examples... Random Search Advanced Search Account Info... 1
; . B e 2 @ & @ @ | Backaround wonitor TN
[3) a - - ‘ < \ P ." N e N ) p
[E‘UploadTargetLlstJ User Manual/Help | Leave Feedback | About This Sie 't § N/ - - . : - H QQRQAQ |9 |eo®ME | =0 B0 | SEME ©
Up Level Monocerotis V838 Supernové 1987A° | Nebulae Hubble's Largest NGC 300 Full ACS Field of Composite Image Visible-Light Image % .y
Home Page | 4" MAST: BD+19 706 AstroView ) v ) M Slet 2t b M (401450 ¢ 2015) SEE %
— — r Layers ; - ; - - — - - - —
o Kaa? . . . ' . NA ISAGE: region: 81.384676 -68.91: X ||Wise: Atlas, B1 ra dec con clat err_maj err_min err_ang designation im j_cmsig Jj_msigcon
554 Total Rows ‘ NGC 1555, radius: 0.20000° E] gé ‘ Footprints: Al v .V 04:21:59.429 +13;32:06.61 5 @sn 3 (deg) (deq) (arcsec) | (arcsec) (mag) | (mag) (mag)
0 ss/deg ¢
Filters «} 4 List View | = Album View M J 81.279334 -68.919395 05h25m07.04s -68d55m09.82s 0.14 013 2 05250704-6855058 16.027 0.089 0.089
¥ Mercury — 81.370766 -68.836624 05h25m28.98s -68450m11.855 0.18 0.16 1 05252898-6850118 13.504
Y i Edit Columns... Table Display: All v Show Preview: [: Show Cutout: j 81.412929 -68.839584 05h25m39.10s -68d50m22.50s 0.20 0.16 84 05253910-6850225 16.360 0.137 0.137
Clear Filters  Edit Filters...  Help... ) Venus 81.437965 -68.844025 05h25m45.11s -68d50m38.49s 0.17 0.17 135 05254511-6850384 16.324 0.133 0.133
X 0 Actions Mission ~ Instrument Project Filters 81.314225 -68.904945 05h25m15.41s -68d54m17.80s 0.07 0.07 45 05251541-6854178 15.19 0.072 0.073
- Keyword/ Text Filter « Earth 81.368899 -68.837242 05h25m28.54s -68d50m14.07s 0.09 0.08 3 05252853-6850140 14,330 0.053 0.054
: A 1 H vee SWIFT uvoT M2 81.500049 -68.893616 05h26m00.01s -68d53m37.02s 0.32 0.27 83 05260001-6853370 16.490 0.140 0.140
Filter All Columns X0 ¥ Mars 81.419247 -68.914131 05h25mA40.625 -68d54m50.875 0.06 0.06 45 05254061-6854508 15.304 0.062 0.064
» 81.591179 -68.839294 05h26m?21.88s -68d50m21.465 0.16 0.14 45 05262188-6850214 16.409 0.126 0.126
ul 2 H e SWIFT UvVoT VW2 ) ¥ Jupiter 81.586821 -68.806202 05h26m20.84s -68d53m46.33s 0.06 0.06 45 05262083-6853463 14.670 0.039 0.041
‘ . 81.337872 -68.843903 05h25m21.095 -68d50m38.05s 0.07 0.07 45 05252108-6850380 15.509 0.052 0.054
| Product Type Sat £1.394806 -68.906075 05h25m34.755 -68d54m21.875 0.06 0.06 %0 05253475-6854218 14.142 0.034 0,036
Name Quantity | 3 H "e SWIFT uvoT UvW2 ¥ Saum 81.409027 -68.876686 05h25m38.175 -68d52m36.07s 0.20 0.18 177 05253816-6852360 16.475 0.163 0.163
81.600449 -68.830826 05h26m24.11s -68d49m50.97s 0.15 0.14 106 05262410-6849509 16.200 0.124 0.125
) (364 of 364 ) Uranus 81.330078 -68.820193 05h25m19.22s -68d49m45.09s 0.19 0.17 83 05251521-6849450 16.433 0.129 0.130
j Image T 4 Il!;/ e SWIFT UvoT UvVMmM2 81.657667 -68.909805 05h26m37.84s -68d54m35.30s 0.07 0.07 17 05263784-6854352 15.465 0.084 0.085
7] spectrum (114 of 114 N « Neptune 81.471096 -68.948822 05h25m53.065 -6856mS5. 765 0.07 0.07 45 05255306-6856557 15.425 0.055 0.057
) ) 81.317534 -68.908012 05h25m16.21s -68d54m28.84s 0.17 0.15 8 05251620-6854288 16.384 0.147 0.148
[ timeseries (70 of 70 | 5 I% s SWIFT uvoT U ! ¥ Pluto 81.562626 -68.883179 05h26m15.03s -68d52m59.44s 0.2 020 8 05261503-6852554 16.040 0.104 0.104
) cube (60f6 81.585997 -68.867485 05h26m20.645 -68d52m02.955 0.07 0.06 86 05262063-6852029 15.393 0.057 0.058
B @ sky
B 6 & e PS1 GPCl PS1 g =
| Mission Time Scrubber
: 7 e PS1 GPC1 PS1 200
Name Quantity 0 @
. IS . . . . . . . - [
™ . :
:] HST (232 of 232 8 2 eee PS1 GPC1 PS1 r 150 .
" st 165 B ¥/ - . . - g S | RERE
Pisces P X Label/Unit -] 5 PSR VA Ay SO Y A— L — P g— a - .'... R, R A S I e il el o gy e, e,
K2 (71 of 71 | 9 H "o PS1 GPC1 PS1 y Sky ¥ ["Digitized Sky Survey (Color) "% 4 1 0f 80 ’ < g - _..'-* Tor TSR NS TR ik (L T -~ & .-l"_. LT ."..- : [ '_':. - J'. facke i i
I Y: e ang Cols . . . 1.
q 50
JIUE (48 of 48 — - —r—— — - ————— T — i —— ——— e - — - p—— - — .
A PS1 PC1 PS1 z ; i ¥ P ¥ Label/Unit . ’ . . . . - .o . -
[]ps1 (25 of 25 O X IP‘/ 5 Ghe S v @ v @ : Ja 0 .-‘ PRAPTRLY LR U S PLL, PP -0 Y L LR PTG AL (UL IR, PR Bl B BN T T
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Show 3 More - t H ! ot ! d Supernova Dust Supernova Dust CGCG 436-030 NGC 520 RA: 00h00m00s @ Grid  Style: (8) Unconnected Points r2, deg
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+ NASA Portal
+ Goddard Space Flight Center
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Aladin sky Atias

Overview

Overview

Aladin Desktop

SkyView

The Internet's Virtual Telescope

SAOImage DS9 is an
astronomical imaging and
data visualization application.
DS9 supports FITS images
and binary tables, multiple
frame buffers, region
manipulation, and many scale
algorithms and colormaps. It
provides for easy

SAOImageDS9 Version 7.6

DS9 version 7.6 is now available on the Download page. New to version 7.6 is the new
Windows 32/64 bit and MacOS High Sierra ports. Please see the What’s New page for

more details. Note: version 8.0rc6 is now available here

Tweets by @sA0imageDss @

§"’3 SAOImageDS9
WY @SAOImageDS9

New beta release of SAOImageDS9

Aladin Lite . . . communication with external . .
o SkyView is a Virtual Observatory on the Net generating images analysis tasks and is highly %o BN View Pama B Zeam et "Cal ager NI ANSS 10y 8.0rc6 is now available at
Information of any part of the sky at wavelengths in all regimes from Radio configurable and extensible e g3z ms ds9.si.edu/site/Beta.html

Aladin is an interactive sky atlas allowing the user to visualize digitized

to Gamma-Ray.

via XPA and SAMP.

. en francais astronomical images or full surveys, superimpose entries from astronomical DS9 is a stand-alone s , Oct 19, 2018
) ) ) ) - - . application. It requires no —— - ~—
catalogues or databases, and interactively access related data and informatior Quick SkyView Image: installation or support files. Al — T Ty

from the Simbad database, the VizieR service and other archives for all known
astronomical objects in the field.

Preview with
Aladin Lite
in your browser

Download
Aladin Desktop
on your machine

The Aladin sky atlas is available in two modes: Aladin Desktop, a regular application and Aladin Lite an HTML
javascript web widget.

Interfaces and Software

SkyView Query Form

Non-Astronomers Page

Coordinates or Source: Survey: | DSS $| Go

Check the SkyView Blog for the most recent news.

Local Data Status: available

Remote Data Status
green = Remote Data are available
red = Remote Data are unavailable

2MASS SDSS Galex WISE SDSS7
UKIDSS FIRST TGSS AKARI
SkyView Version: 3.4.2

Visit the SkyView Image Gallery

versions and platforms
support a consistent set of
GUI and functional
capabilities.

DS9 supports advanced
features such as 2-D, 3-D and
RGB frame buffers, mosaic
images, tiling, blinking,
geometric markers, colormap
manipulation, scaling,
arbitrary zoom, cropping,
rotation, pan, and a variety of
coordinate systems.

The GUI for DS9 is user
configurable. GUI elements
such as the coordinate
display, panner, magnifier,
horizontal and vertical graphs,
button bar, and color bar can
be configured via menus or
the command line.

inear  lag  power | souare roet | sewered | sseb s | Pistagum

"~ M

§"’3 SAOImageDS9
WY @SAOImageDS9

SAOImageDS9 is now available as
OpenSUSE
binariesds9.si.edu/site/Beta.html

Oct 8, 2018

& SAOImageDS9 Retweeted
Franco Vazza
@franco_vazza

Replying to @S AOImageDS9

Indeed! Maybe I'm asking too much, is
there already the possibility of producing

SAOImageDS9 development has been made possible by funding from the Chandra X-ray Science Center (CXC) and the High Energy Astrophysics

Science Archive Center (HEASARC) with additional funding from the JWST Mission office at Space Telescope Science Institute. If you are writing a
nanar and wniild lika ta rita QRANTIManaNQQ wa rarnmmand tha fallnwinAa: 2NNAadace 208 ARQ 1

Documentation Links




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

= (see talk by G. Greco)
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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 ¢ e 2.05e+4 GHz
1.0e-14 ‘5 G * L Energy :
0, LI ° 8.49e-2 eV
& o0 ® e Flux density or F(v) :
2.13e+0 Jy
o * o % vF(v) :
. "TXa 4.38e-13 W.m2 U d d . A t' - -
T nder dev.: A time (series) viewer
o = .00e-11 erg.s™'.cm™.uym
1.0e-14 : o ‘ = (]
Lo = Plot photometry against time
g o8 5 o ¥k
r;/ I < o jﬁ%‘t’j e
°§ 25
1.0e-1§ . I :
= 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)
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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-'
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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




" Time Domain Astronemy 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 ;)




