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X-shooter spectra in the kilonova in NGC 4993 over 12 days.
Abbott et al. 2017 Image credit: ESO/Pian et al./Smartt & ePESSTO. -



~ Time Domain Astronomy Challenges/Needs

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 (IVOA) should match user’s needs
So, what is available through the VO?




" The VO ‘anld the IVO ‘; ,

What is the VO?

GAstronomicaI datasets, tools, services should work seamlessly together)

What is the IVOA?

e An organisation that debates and agrees the technical standards that are needed to make the VO possible
» Afocal point for VO aspirations, a framework for discussing and sharing VO ideas and technology
* Promoting and publicising the VO




The VO'andthe IVOAs

Who is the IVOA?

http://ivoa.net/

* 6 Working Groups, 7 Interest Groups

= There is a Time Domain Interest Group
= Chair & Vice-chair: A. Nebot & D. Morris

= Completely open to participation

How to join the IVOA?

-

e 2 interoperability meetings per year

= Next IVOA meeting in Groningen 11-13 Oct.
following ADASS 6-10 oct.
https://www.adass2019.nl/ivoa/ivoa-participants/

= Register to email lists for discussion of topics

= Asking me directly can work too ada.nebot@asto.unistra

~

.




Who is the VO?

* VO is integrated in many
Astronomy data centres and
archives

e QOften behind the scenes...




" The VO'and the IVO "

Who is the VO for?

ﬂ Research astronomers \

* Data Centres and Archives
» Software developers
e Educators

Idea of the VO?

(In a seamless way for the user:

* Data discovery & access
* Visualisation & analysis

- .. )

\ * Through Services & tools J

e Research astronomers — Time Domain Astronomers



~ Time Domain Astronomy Challenges/Needs

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 (IVOA) should match user’s needs
So, what is available through the VO?




~ Time Domain Astronomy Challenges/Needs

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



-

1 about objects

= Which objects around this area are already known and have a classification?
=) Give me a minimum information about this object / list of objects (e.g. it's a Galaxy at redshift z

Object Name A

M81

Basic data : X
Search Opti - |
» Search Options HD 165688 -- Wolf-Rayet Star SIMBAD query around| with radius 2| aremin
Go Other object types: * (Ref,HD,...), WR* (MR,WR), IR (2MASS,SSTGLMC), Em* (Hen), V* (Ref), X (2XMM)
ICRS coord. (gp=J2000) : 18 07 569612003141 ~19 23 56866361615 (Optical) [ 0.0479 0.0406 90 ] A 2018yCat.1345....00
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 | Interactive AladinLite view
FK4 coord. (ep=B1950 eq=1950) : 18 04 59.6493172659 -19 24 25.088719244 [ 4.5003 3.9502 90 |
Gal coord. (ep=12000) : 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. 1385.....06
Photometry & SED (246) Spectra (44) Images (179) References (2373) External Links Parallaxes (mas): 0.6036 [0.0425] A 2018yCat.1345....06
Spectral type: WN5-6b C 1996MNRAS.281..1635
L3 Fluxes (8) : U 10.46 (=] € 2002yCat.2237
@ QEB" 810,31 (-] € 2002yCat.2237

V 9.87 (-] C 2002yCat.2231.

POSS-II F (North), AAO-SES/SERC-ER (South), Red image

10°
T 1]° we ‘m Search images
: Image Credi: Catechor AO/ROE g
K 6.223 (0.024] € 2003yCat. 2266
log(v [Hz])
Selected data and derived quantities for MESSIER 081t. More information in the tabs above. ' VizeR photometry viewer @)
@ Search  within radius o0 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) : ! ) ) _ o
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 %0 1995A)....110..880) 142.091841, 4¢ i 165688 Hen 3-1594 83 veace 356-117192 @
Preferred Redshift & Derived Quantities [Ho = 73 km/sec/Mpc], @matter = 0.27, Qacuum = 0.73] Redshift-inde| ns e @ aic sasze oo 718000 , "o
2 (Helio) V (Helio) [km/s] Reference V (CMB) [km/s] Hubble Distance (CMB) [Mpc] # Measuremeni BD-19 4854 s1e ggszs SSTGLHC G010.8000400.3943 2004 J180756.9-192356
-0.00011 +/- 0.00001 -33.876552 +/- 3.897302 1991RC3.9.C...0000d 48 +/-7 0.66 +/- 0.11 101 ceo-19 6469 e e e2s9-2666-1 @ Gaia DR2 4095125220807894400
GENY +1,00165688 15 4678 @ UBV 15399
Classifications )
GBC 06259-02666 2MASS J18075695-1923561 UCAC2 24414003 L
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, | 2007Ap]S..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 Ay [mag] K
RC3 D_0 (blue) 1652.50 1991RC3.9.C...0000d 29.43 0.220 0.024 Reference Sunmarieel
Q Y & Luminosities (brightest flux in each spectral region) fom: (1850 Jto: SourrentYeq
Slesiel GEim Eand (e ) P (e (R (s el (18] Uk (s{Ce] Display  or select by : (not exhaustive, explanation here) In table| TitlelAbstractiKeyword] 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
[ 3320 A (OAO) 8.95 +/- 0.08 mag 1982Ap)...256....1C -18.85 +/- 0.10 [mag] 1.34E+09 +/- 1
Visible v 8.73Jy 2007Ap)...655..863D 7.68E+36 [W] 2.00E+10 Collections of Measurements
Near-IR H_tot (2MASS LGA) 4.090 +/- 0.018 mag 2003A)....125..525) -23.71 +/- 0.07 [mag] 1.81E+10 +/- &
Far-IR FIR (IRAS) 3.65E-12 W mA-27 1988ApJS...68...91R 5.86E+35 [W] 1.52E+09
atstance 12 (i3 (Pix:3 mk:5
Radio 57.5 MHz 2.4 +/-0.6Jy 1990Ap)....352...301 2.23E+29 +/- 5.60E+28 [W] 5.80E+02 +/- 1
Ierved quantites sre . o in search opions). display selected ] display all measurements| | clear

Cosmological params can b changed in éarch aptons




" Cross-matching — A,

e (CDS dev. F. X. Pineau et al.

e Result in different formats (VOTable, CSV or ASCII)

* Programatic access too (http API)

* New developments for a multi-catalogue cross-match
* Available through TOPCAT and stilts too

CDS X-Match Service

@)

Choose tables to cross-match

VizieR || SIMBAD | | My store

¢ Show opt
Visualize and ge yOour cro: h jobs
rListotXomatclijobs.
| Table 1 Table 2 Options Begin Status Actions
‘ 0 job in list

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.

VizieR || SIMBAD | | My store

Login P

Positional cross-correlation of sources in 2 tables (VizieR tables, simbad, user uploaded lists)

TOPCAT

[ ) o
| aBly Bl aez g Whedo &€ X &w ae

Table List

1: anonymous154150978507

For the selected job(s): | L} 38 /911 M

| L

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/ 0
SAMP
Messages: O Clients: @ @ D ﬂ




 Cross-matching = e

Positional cross-match performance, radius 5”
Table 1 Table 2 Comﬁrl:‘t:tion gelr:::felljtlit)n R:izzlt Total time
3395,3232 ;gnMAfms 3 min 7 min 19 GB 10 min
22"72?/,8 G;’_",'ﬁﬁ:; 16 min 65 min 193 GB 81 min
R Smg',?/,AD 6 sec 25 sec 1GB 35 sec
40kL:)sotSf;ifons S"\QZAD 1 second 4 seconds | 10 MB 5 sec

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




~ Time Domain Astronomy Challenges/Needs

To characterise and classify sources...

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

Follow-up observations

= Transmission of events: VOEvent, IVOA Standard
=) VOEvent Standard for Fast Radio Bursts FRBs, Petroff et al. 2017
= Damien Dornic yesterday mentioned: VOEvent Standard for Neutrino ! :)
=) VOEvent Standard for other science / mission specific field?

= Planning observations: visibility, available telescope time 2 IVOA Standards in process
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Planning o

+ | European

i = ¢ R £SO — Reaching New Helghts in Ast
@ Observatory 1 : ) . — Reaching New Heights in Astronomy

bt : e e ll==gmE o =

P o i . : Target Name 131
Public Science User Portal Coneact R €3 SIMBAD Lookup][NED Lookup

20a2017 Flassa note: thare i 8 20 sacond tmeout snould SIMBAD o NED nct resgond. Object Visib

~ Public Information ¥ Search:

Home > Astronomy > Object Visibility

ity — STARALT

Staralt is a program that shows the observability of objects in various ways: either you can plot
altitude against ime for a particular night (Staralt), or plot the path of your objects across the sky for
a particular night (Startrack). or plot how altitude changes over a year (Starobs). or get a table with

Science Users Information
Object Observability

Future Facities and Development  [EEWAPNNTQ!

Obsening Faies

s N N SIMBAD LOOKUP RESULTS: the best observing date for each object (Starmult). For further information, click on the "help” button
ervi 50 Telescopes
e aadBB 15 10 provides objct ovsenvabilytables based on e, bjectcoordinats and observing period. T are iven o th kocal e, nclucing Gayight saving times when appcabe gthelbotiompfiholpage
Polces and Pocedures 1700 sre oy it hese resuts, compite the sty Datals”snd Sutit
Seect e, objectcoordinates and dosening period; then press Compute
Telestope Tine Alocaon TARGET DETAILS Mode Staralt v
Phase 1 Proposls [l isprovided s Nates for Sycak by Jonn Tnarstensen
Torget Name M3 1 Target name or identiferfor utput eg: Abell 1750) Night 12 v | [October v | [2017 v | or date when the local night starts. Starait,
. RA|00:42:44.330 | Decimal degrees or HHMM:SS S (eg: 13:30:525) Startrack only.
tes | Paranal Observalory MLT) M Dec +41:16:07.50 | Decimal degrees or DDMM:SS'S (eg: 01:5027.0) La Silla Observatory (Chile) =
Datt dd): Select one above or specify your own site with this format:
sy mm o VISIBILITY DETAILS Observatory Longitude(°East) Latitude(®) Altitude(metres) UTC offset(hours)
Observing Tools and Services From: 2017 10 20 To:|2017 1115 secteit Ex.: 280.2767 -30.2283 2725
o ecteiter
. Revolution Range ® First Revolution 3369 default is AO17 revolution range: 3368 to 3551
. Object Coordinates (J2000) ==
e cranciics [ B2 Last Revolution 3551 Formats can be any of these:
e — J et |- or name hh mm ss *dd mm ss
Date Range FromDate (01 May 2018 | defauitis AO17 range: 01 May 201 30 Apr 2018 name hh:mm:ss tdd:mm:ss
30 Aor 2019 | name ddd.ddd dd.ddd
ToDate 30 Apr 2019 name must be a single word with no dots. avoid using single numbers. Every entry
Lz Minium visiilty 5000 (i fme th b must e e Defaut s S000 ) must be in the same format, do not use different formats with different entries. We
imum in must b vist iss
SkyCalc provided by coutesy o John Thrstensen, Darmouth College 0 ) ':;";"'“;“:";d almsodmumiofil Boltargetsjpegeubmission
- Submi Coordinates
Visiting Astronomers Altitudes, La Silla Observatory 289.2700E —29.2567N, 2347 m above sea level
‘Science Sofware XMM-NEWTON AO17 TARGET VISIBILITY CHECKER LIS e 27907 22407 20T oo™ aMaom 2ham Sham e L siise
or s e i POAT
[rrr———r——" Moon (doshed): | 90 7 : List of objects:

Cordnates:
Stience Archive Facilty VIEWING CONSTRAINTS FOR XMM-NEWTON " 4™ +18%15 .
Wumination:  4z%  S0°
Science Acties

Quarter: 4+

See also Object Observability - Airmasses - Daily Almanac - Ephemerides e
Numbers below curves
are Moon distance

the

rability _ Gin degrees) ot Eo E
Observability for 0523 34.5 -69 4522 The ESO Sky Calendar Tool e e san

S5t [0ty 0re 5 A
Paranal Observatory (VLT) " o

soof -

Altitude

RA & dec: 523 34.5, -69 45 22, epoch 2000.0
site longhlat: 44 41 36.8 (h.n.s) lest, -24 37 30 North.

a0f -
SEARCH RESULTS PER TARGET

Shoun: local eve. date, moon phase, hr ang and sec.z at (1) eve. tuilight, 30°f -~ Foo s
(2) natural center of night, and (3) morning tuilight; then cones number of 1 7 =
nighttine hours during which object is at sec.z less than 3, 2, and 1.5, =
Night (and tuilight) is defined by sun altitude < -18. degrees. | pmstem Dersvoney ) st oo o Meovton oot 207 R
Dote (eve) moon  eve cent morn night hrsfsec.z: 560 0100628 1248 ieaa a1 T 20 H =

B sec.z HA sec.z WA secz 3 <L5 3358 20180701 1262 20180752 1023 a7 7 A N - -2
WM F 6% 31 245 L6 A2 L5 80 68 33 0 aears 38 o o5 1 3
WMy N 54 24 14 15 007 L5 78 67 38 2001 [aotearos 1228 X s H H 13

s s 21e w00 o e I TN T DN

SkyCale provided by courtesy of Joha Thorstensen, Dartmouth College. John Thorstensen@dartmouth ed st [ar 207 wearatess o &3 oo zora o i 2rime 7. rcana Hewian 2.'34, ot Taascepen, La P,

Different services have different inputs / Outputs Object Visibility Simple Access Protocol

Facilitate the Work by having same inputs / outputs Aitor Ibarra, Richard Saxton, Jesus Salgado et al. 2019
http://www.ivoa.net/documents/ObjVisSAP/index.html

' 1 Object S0.00° —70.20°




Integral Target and

Jas,m,zun 18148129 ---  Prelininary ST Obse:
48 Stacts 2017, BHALI210100 (15-00T 3017 221104007 g 2017.256160,00:00 (23-061-2017 00100100)

g 2 SOCHOME ~ OPERATIONS TEAMLOGIN ~ SCIENCE TEAMLOGIN ~ TOOTEAMLOGIN  LINKS
Scheduling Information
Scheduling Unit Principal Scionco Spoctral  Exposure
Observing schedules Dogin UT End UT U 1d  Iwestigat Bxp # Target  Instrume Modo Apertures  Eloments  Tine(sec)
Schedule: |All executed | | Current revolution ( ) | | Future schedule Revolution [EYZN to KEYZN B | Show...| show plot 9 2017288 23100100 23135107 1483521 Lockwood  21-001 DARK STIS/AA TINE-T F2eNSOLR | MIRVIS 1300.00
Short Range Observatory Schedule  bowress TI208 23114045 06130.05 TG Sing 36002 WAGBO  coBGV A/ Pah G230 X
s i the confirmed scheue o NUSTAR observatons. Tis sequence of bservatons s been uploaded to the spacecrat and wil execute s s wm o o mes oo gz
s h d I f I t' 1872 autonomously unless interrupted by a new schedule, Target of Opportunity, or instrument and spacecraft anomalies. This schedule will cover 45 06130155 1476735 Sing 35-005 WASP-69  COS/FUV TIME G130
c e u e or revo u Ion various time ranges depending on the exposure time goal of the observations, but will usually be for a period of at least one week. 0 o ‘;21::=:: ::1:;;; i’“‘; ;Z's:_‘; ::;;';: ::;;$ :;;::
The times reported here are the start and end of the on-target period (ay of year UTC). The estimated exposure time takes into account Earth 2017.268 23:14:45 06:30:55 : 3 69 cos/Fov c130n
occultation and the SAA passage time where detector background i increased. The end time of the observation is the start of the slew to the 2017269 00100100 00120132 smis/ee s
(this list is also available in csv-format, click here to download) next target. Please examine the NuSTAR As-Flown Timeline (AFT) for the log of past observations. 2017289 00100400 00128132 sm1s/cco MIRVIS
30-001 DARK-NK  WPC3/ 73
Table Header Explanations Sa.001 oawrwn w3/ ovt 7N
szrs/ce NIRVIS
Rev Start time ) End ti C) Exp. time (s) Targe Ra (J2000) Dec (J2000) Pattern PI Observation Notes !_ sis/cco MIRVIS
. . . [2017:281: Kepler 262.671620 || -21.491957 |[60.§ o By mraro i
1872 2017-10-10 13:29:15 2017-10-10 17:10:51 12600 Gal. Bulge region | 17:45:36.00 -28:56:00.0 HEX Erik Kuulkers 1420001 1420001 /0022  Public [2017:283:01:11:23([2017:283:02:40:00][90311211001]| Sol_17282_AR2683_pOS11 || 195.15715 || -6.38520 ||3.4] Too 001 oA e/t T
o -~ ; o o ) 2017:283:02:40:32]2017:283:04:20:00]50311212001] S0l_17282_AR2683_POS12 641062 ||34]  Too v o
1872 2017-10-10 17:13:34 2017-10-1107:55:55 50000 Galactic Center | 17:52:11.21 -25:21:49.7 5x5 Seq Joem Wilms 1420009 1420009/ 0011 s s stz son SNV Teosia] Moy e 4601w [ W o sivis 8
-16: -58- - .42 .38 i 15/ ccp 1RvIS 0.0
1872 2017-10-11 08:16:46 2017-10-11 11:58:32 12600 Galaxy (I=0,b=0) | 17:42:23.76 -29:38:02.4 HEX Rashid Sunyaev 1420021 1420021 /0039 brammm o - e || s || e 2017269 01:27:12 01156124 smis/ce Rv1S 000
; Survey J017.2 011271z oliserns STIS/cb AceM TammSOe WIS olo0
1872 2017-10-11 12:26:36 2017-10-11 12:56:36 1800 Galaxy (1=0, b=-30) 20:02:16.80 -41:20:31.2 HEX Rashid Sunyaev 1420021 1420021 /0038 2017.289 0127212 01156126 STIS/CCD ACCUN F26XS0LP  MIRVIS 0.00
) ot 421939120649) 2303874232 | 392007671 22,0 Legacy iﬁil'iii Ei,iliii Eiii:iii Seis/ced acen Taviseie  Minvis oioo
1872 2017-10-11 13:27:21 2017-10-11 14:29:17 3600 Galaxy (=0, b=-30) | 19:59:40.80 -41:05:16.8 HEX Rashid Sunyaev 1420021 1420021 /0040 Survey s BTI8/0CD AOCUM F2eESOlr  KIRVIS 020
: P02 el 2o B2 o [ i mrmmommm o on
1872 2017-10-11 15:00:12 2017-10-11 17:38:07 9000 Galaxy (I=0, b=-30) 19:59:40.80 -41:05:16.8 HEX Rashid Sunyaev 1420021 1420021/ 0040 2/4) STIS/ccp AccuM Faexsome  MIRVIS 000
[2017:285:21:20:06(/201 GRS_1915p105 288.79813 10.94578  |[21.9| oo pated it rrecrd Minvis S
1872 2017-10-11 18:41:00 2017-10-12 08:01:56 45000 GRS 1915+105 | 19:15:11.79 +10:56:45.7 5x5Seq Jerome Rodriguez 1420029 1420029 / 0008 285:21: =D - - 2| win MW Mley | W02 DS gmsjem Ao mmsus  kmis 0.0
regox
1872 2017-10-1209:06:18 2017-10-12 12:47:54 12600 Galaxy (1=0,b=0) | 17:50:46.80 -28:55:30.0 HEX Rashid Sunyaev 1420021 1420021/ 0041 e i win ] | aisesien gl wroi] sl | sy FOL7-209 01140100 02:09:22 LSIORO. Golimouski FO-002 DARK  ACS/MEC AccoM wRe Teon 100050
201729 02:09:22 02:38:56 14519F1 Golimouski F1-001 DARK ACS/WEC ACCUK WeC P50 0.50
1872 2017-10-12 13:16:06 2017-10-12 14:49:58 5400 Galaxy (I=0, b=-30) 20:07:12.96 -40:00:10.8 HEX  Rashid Sunyaev 1420021 1420021/0042 201 o I H uscos728 WS || PEED | [ Sots 285 02209022 02301 24stors corisomeet 11002 max acopume. accon wme reio
:267:15:50:11]2017:268:03:20:00]60368001002] NoC_1144 || 43.80083 || -0.18361 2. e
mm ESO_103m35 279.58458 || -65.4275 |50.3]
[ = 09-060-T0N7 WIS o prelisinary UST Obperving Ciselise Report for SIS i7agtn
201 g H AX_ 280.25179 -5.59625 ||59.7| constrained SMS Start: 2017.288:22:10:00 (15-0CT-2017 22:10:00), End: 2017.296:00:00:00 (23-0CT-: 2n11 00:00:00)
[2017:290:17:00: ao'HsmsosnaozH 2E1739d1m1210 [265.47600000-12.19700000][23.5|_BAT AGN
[2017:291. 20:00|30363001002 GX_3p1 266.98333 -26.56361 ||21.8|
» Short Term Schedule 2 I I Schoduling Unit Principal Scionco tral  Exposure
XMM-NEWTON SHORT-TERM SCHEDULE Deain UPBad UF 014 Tvestiout Dep # Targer  Insirems Node Apertures  Tiesnts  Time(sec)
Long Range Observatory Schedule  oownicas 3 " e noemn
This is the [atest NUSTAR long-term schedle. Observations have been sorted into one-weeK intervals, taking nto account Sun, Moon, required 2017.289 02538556 03:08:18 145172 Colimowski F2-002 DARK. acs/ure ncemd wee oo 1000.50
exposure time, and other constraints, So the date is the Monday of the week in which the observation is schedued to begin. Peson
Background: The planing and scheduing procedure is descrbed in S .2 of the Pocies and Procedures n addton, the process ofscheduing XMM-Newton

observations is descrived in A guided tour o the g o an XM Newtor

Descripton: . ‘
rolr Espocilyfor
om Dot
can b soen when cicking on the ObelD.
et
Cavets 62,63, and5.2.2 ofthe ol and Procecres). Contingances of ny ype and
s o og Browsercanbe
aercearing
e browserbufer o th cotens of any pevius sessions
124200 T (
UTC Obs | UTC Obs.
Surt | End PN MOS1 MOS2 RGS1 RGS2 OM
B G Targot Namo R o8 i s g g YWYy yyyymm- 7 Dur Dur. Dur. Dur. Dur. Dur. Pl
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What object has been (or will be) observed when and in which
wavelength?

Observation Locator Table Access Protocol, Aitor Ibarra, Jesus Salgado et al. 2019

http://www.ivoa.net/documents/ObsLocTAP/20190227/index.html




~ Time Domain Astronomy Challenges/Needs

To characterise and classify sources...

Visualisation & navigation thought the data

Visualisation & navigation
=) sequences of images, spectra, photometry, positions, ... and all interoperable
= tools
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*  GW localisation in the sky in Aladln using MOC IVOA standard
* Background image can be DSS, 2MASS, WISE, XMM, Fermi,...
 We can overlay catalogues of interest, query Simbad, ... by region

pec p map,
Spe (rf l h ld ([0 1]) a
press the CREATE button ethe result

Proba skymap GW170817_skymap.fits - "00 00 00.00000 +0.

Probability threshold : |0.9

CREATE | | Reset | Close | @

180° x 180°

= https:/emfollow.docs.ligo.org/userguide/tutorial/aladin.html ]



Astronomy Picture of the Day and the New York Times.

in AladinLite

e L.

The CDS is very pleased that our Aladin and Aladin-Lite tools are being used to visualise the sky locations of GW170814, and that the images are on )

www.virgo-gw.eu/skymap.html

apod.nasa.gov/apod/astropix.html

www.nytimes.com/2017/09/27/science/black-holes-collision-ligo-virgo.html

(32000 ) 05 47 271462 -00 14 3873

LI_GO AND VIRGO LOCALIZATION

GW170814
REeFINED LOCALIZATION

FoV: 171.62°

Cenne DE DONNEES
ASTRONOMIQUES DE STRASBOURG

M Using the skymap

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

oo oy aeten | o | ropumte
GW170814 - L1/H1/V1

GW170814 - refined skymap

GW150914

oo o | .

[ Backgrounds

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: gMellinger (default) WISE
2MASS DSS color XMM Fermi




Tutorial on usage of VO tools for EM follow-up of GWs

:Jupyter weyter A (> = O 8 X

nbviewer

Fourth ASTERICS School

International Virtual Observatory school

Observatoire Astronomique de Strasbourg, France

Astronomy ESFRI & Reseqrch Infrastructurd Cluster

Electromagnetic follow-up of gravitational-wave events

by G. Greco giuseppe.greco@uniurb.it, E. Chassande-Mottin ecm@apc.univ-paris7.fr and M.Branchesi marica.branchesi@gmail.com and many others

The tutorial focuses on some basic strategies for working with gravitational-wave sky localization maps in the context of electromagnetic follow-up activities. Here
we propose the usage of Aladin, TOPCAT and GWsky. The following main topics are addressed.

1. Gravitational-Wave sky localization map: visualization and tiling
2. Access to existing catalogs using the Multi-Order Coverage map (MOC)
3. Planning for EM follow-up observations



Visualisation-of the skyin AladinLite

(M2JJVIRGD

Public Alerts
User Guide

Primer on public alerts for

astronomers from the LIGO and
Virgo gravitational-wave
observatories.

Navigation

Getting Started Checklist
Observing Capabilities
Data Analysis

Alert Contents

= Working with Sky Maps
« Multi-Order Sky Maps
(For Advanced Users)

< Additional Tools | Change Log —

Sky Map Visualizations and Credible
Regions in Aladin

In this section, we demonstrate working with gravitational-wave sky localizations in
Aladin Desktop. The following main topics are addressed.

MOC and GW Sky Localizations
¢ Running Aladin Desktop
Loading a GW Sky Localization
Building a Credible Region

o Area Within a Credible Region

MOC and GW Sky Localizations

The enclosed area within a given probability level contour of a GW sky map can be ef-
fectively described with a Multi-Order Coverage (MOC) map [1]. MOC is a standard of
the Virtual Observatory which provides a representation of arbitrary regions on the unit
sphere using the HEALPix sky tessellation.




 Visualisation-of sky caverages

* Coverage maps based on MOC IVOA standard are created from positions

= We know where but we don’t know when!
=) Need to add the time dimension

SPACE COVERAGE




- ST-MOC:*Connecting sp: eand time coverages

* The STMOC = Space Time MultiOrder Coverage

* Merge together both dimensions in a unique MOC in order to have simultaneously space

and time coverage

2 years of CDS&Co R&D

driven by the IVOA Time
Domain Interest Group

= https://wiki.ivoa.net/twiki/bin/view/IVOA/lvoaVOEvent#Time_Series_Data

SPACE
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ST-MOC:*Connecting 'sfp.gge,.and time coverages

* Possibility of extremely fast
=) computations (generate from catalog, images, regions)

The only thing you need is a list of positions and times, spatial and temporal resolution)
= operations (unions, intersections,...)

E.g. Have these two telescopes observed the same sky region within this interval of time?

)T L LT

™ : hhﬁlJHl'tl I T

160 Vg
11 11 | |
y-ray
[ [ I 1 n il
X-ray S
. " | 1 |
Does it remind you of o —
sssssss
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- ST-MOC:*Connecting sp. ,.__i‘__?_te_;_,.and time coverages

e Example use:
e What is the 2MASS mission coverage in space & time ?
* Are there common observations in space and time for XMM and Chandra missions ?
* Which observations are available for this Gravitational Wavelength probability area detected at
this epoch ?
* What are the LSST alerts in this sky region and in this interval of time?



e IVOA Note with technical details (Durand, Fernique, Nebot et al 2018)

* Precomputed for 150 catalogues in VizieR (and more to come!)
http://alasky.u-strasbg.fr/footprints/STMOC/

* Precompute for solar system body ephemerides

Available in MOCPy
Jupyter Notebook showing examples

P g€ks / Space & Time coverages.ipynb Find file = Copy path
mocpy 0.7.0 documentation » APl » mocpy.STMOC « previ 1
y i #lery.vizier to get all the info of the matching observation... 3227284 on 21 Aug
Page Contents mocpy.STMOC
mocpy.STMOC
Previous topic class OGPy sToc
Time-Spatial Coverage class.
mocpy.TimeMOC
Attributes: N
Next topic max_depth B ‘ Raw Blame History [J " I
mocpy.WCS max_time .
This Page min_time o
Show Source .
Space & Time coverages
Method:
eserialization(hdulist) This notebook shows:
e (self, other)
;;;;;;;; (filename)

1. How to create Space-Time coverages of the 2MASS image catalog and the XMM_DRS8 catalog
2. How to compute the intersection of two Space-Time coverages
3. How to filter a catalog by a Space-Time coverage
4. How to save a Space-Time coverage in a FITS file
first_dimension(self, moo) . 1 acom 5. How to vizualize Space-Time coverages within a specific time frame

= Where can | find more info ? @ IVOA
https://wiki.ivoa.net/twiki/bin/view/IVOA/lvoaVOEvent#Time_Series_Data []

rom_times_positions times, time_depth, lon, ...)

ntersection(self, other)




 Visualisation of data: search, find and retrieve

Whia
v

s

KEY POINT: IVOA Standardisation of time annotation

Time Scale: UTC, TT, TAI, TCB,...
Format: JD, MJD, ISO, truncated 1S0,...
Offset: e.g. JD-XXX (e.g. Gaia...)

Reference position: Topocentre, Geocentre, Barycentre,... (light-travel correction)

TIMESYS element in VOTables (Demleitner, M., Nebot, A., Bonnarel, et al. 2018)



~ Time Domain Astronomy Challenges/Needs

To characterise and classify sources...

Coordination & transmission of information

Coordination & transmission
= collect what was/will observed, when, in which wavelength, ...
= alerts, emails, webpages, references,...

= A multi-messenger platform ?



 Summaty .~

* To enable access, discovery and interoperability the VO is based on standards
* The Time Domain standards needed for time domain multi-messenger astronomy are:
= Existing (e.g. VOEvent, TAP, VOTable, MOC, HiPS...)
= or under development:
> Definition of the minimum metadata for time (TIMESYS in VOTables)
> Space + time coverage (STMOC)
> Visibility & Observation locator (ObjVisSAP & ObsLocTAP)



