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~ Time Domain Astronomy

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

* A hot topic but a new field?



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

* The Great Debate of 1920 on the Scale of the Universe (Curtis, Shapley)
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* Observations of Cepheids showed the Universe
is composed of many galaxies like our own.

The first standard candles
period-luminosity relation
Leavitt law

™>Thanks to Leavitt law and the discovery of Cepheids in Andromeda

Pickering 1912
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The study of variability of astronomical objects over different time-scales

* The Great Debate of 1998 on the Nature of the Universe (Peebles, Turner)

* Observations of SNe la first direct evidence of

the cosmic acceleration

Standard candles

luminosity — decay time relation

Riess et al. 1998; Perlmutter et al. 1999
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~ Time Domain Astronomy

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,...



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

* What time-scales are we talking about?
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' Time Domain Astronemy

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

* What time-scales are we talking about?
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EXTraS Collaboration, De Luca, A. et al. 2016



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

* What time-scales are we talking about?
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- Time Domain Astronomy

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

* What time-scales are we talking about?

=) Characterisation and classification of sources on the basis of their variability
= Multi-wavelength approach is (sometimes) needed
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The study of variability of astronomical objects over different time-scales

* What time-scales are we talking about?

= Multi-messenger approach is (sometimes) needed

ELIGO

ND [IGHT

GW170817

LIGO and Virgo make first detection of gravitational waves produced by
colliding neutron stars

Discovery marks first cosmic event observed in both gravitational waves
and light.
For the first time, scientists have directly detected gravitational waves —

ripples in space-time — in addition to light from the spectacular collision of two
neutron stars.

The discovery was made using the U.S.-based Laser Interferometer
Gravitational-Wave Observatory (LIGO); the Europe-based Virgo
detector; and some 70 ground- and space-based observatories.



THE ASTROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 Abbott et al.
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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

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

Characterisation & classification of sources on the basis of their variability
Multi-wavelength / messenger approach is (sometimes) needed
Follow-up observations and reaction time for that can be crucial
Visualisation & navigation thought the data

Analysis of variance of phenomena

Coordination is crucial - transmission of information



~ Time Domain Astronomy Challenges

TD Astronomy Virtual Observatory DATA Challenges

(-D Classical \ ) Cross-matching; (-' Planning ) r j
classification techniques observations = visualise
= Al ML, DL = Source =) Transmission = coordinate
L techniques J L identification D k of informationJ \ J

TD Astronomy Challenges?

TD Astronomy DATA Challenges

& )

=) period search

methods
\_ Y,




" 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 and-the IVOAS

Who is the IVOA?

* 6 Working Groups, 7 Interest Groups
= There is a Time Domain Interest Group
= Completely open to participation

How to join the IVOA?

» 2 interoperability meetings per year
= Next meeting in Paris
= Register to email lists for discussion of topics

http://ivoa.net/ ]



" The VO'and the IVO ‘; ,

Who is the VO? g O ﬁ BEXIE] Chinao

ﬂo is integrated in many Astronomy data centres am

archives
* Often behind the scenes...
* Huge benefits from shared software components

* VO enables many scientific capabilities, just not
possible otherwise

k-AII sky astronomy j




" 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



Does the VIO meet Time Domain Astronomers needs?

C» j (. h r‘ Planning A ( \ ( \

Classical = Cross-matching _ o
classification techniques observations = visualise = period search

= Al, ML, DL = Source = Transmission =) coordinate methods

L techniques ) | identificaion  J | of information JAW VAW )

TD Astronomy Challenges?

TD Astronomy DATA Challenges

TD Astronomy Virtual Observatory DATA Challenges

What is available through the VO?



* Time Domain Astronomy Challenges

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

Characterisation & classification of sources on the basis of their variability
Multi-wavelength / messenger approach is (sometimes) needed
Follow-up observations and reaction time for that can be crucial
Visualisation & navigation thought the data

Analysis of variance of phenomena

Coordination is crucial - transmission of information



~ Time Domain Astronomy Challenges

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

Characterisation & classification of sources on the basis of their variability

Characterisation & classification
* Big Data
* Heterogenous Data
= (Classical techniques
= Al, ML, DL techniques
= BoF on Monday & Session 7 & 8 on Tuesday
= |VOA Knowledge Discovery Interest Group (K.L. Polsterer & M. Graham)



~ Time Domain Astronomy Challenges

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

Multi-wavelength/messenger approach is (sometimes) needed

Multi-wavelength/messenger

Combining data in a coherent way from different missions covering different wavelengths
* Big Data

* Heterogenous Data

=) Source identification

= Cross-matching techniques



~ Minimum infermation.about objects

Object Name
M81 .
Basic data :
Search Opt - |
b e bpen HD 165688 -- Wolf-Rayet Star SIMBAD query around| with radius 2 arcmin
Go Other object types: * (Ref,HD,...), WR* (MR,WR), IR (2MASS,SSTGLNC), Em* (Hen), V* (Ref), X (2XMM)
1CRS coord. (ep=J2000) : 18 07 56.9612003141 -19 23 56.866361615 (Optical) [ 0.0479 0.0406 90 ] A 2018yCat.1385....06
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 25.08871924¢ [ 4.5003 3.9502 90 ]
; y . . PR Gal coord. (ep=J2000) : 010.8000508777768 +00.3944248835444 [ 0.0479 0.0406 90 ]
Overview Cross-1Ds (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.135....06
Spectral type: WNS-6b C 1996MNRAS.281..1635
L3 Fluxes (8) : U 10.46 [~] C 2002yCat.2237....0D
O QE% ~ B 10.31 [~] C 2002yCat.2237
: V 9.87 [~] C 2002yCat.2237.
POSS-II F (North), AAO-SES/SERC-ER (South), Red image R 9.85 [0.02] D 2012yCat.1322
= Search images G 9.2064 [0.0006] C 2018yCat.1345
) J7.118 [0.018] C 2003yCat.2246
2 Image Credit: Caltech or AAO/ROE B 6.716 [0.027) C 2003ycat. 2246 e e
K 6.223 [0.024] C 2003yCat.2246....0C v )
log(v [Hz])
Selected data and derived quantities for MESSIER 081t. More information in the tabs above. S VizeR photometry viewer @)
Cross-identifications Essential note @ . Search | within radius vzx30  arcsec

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

Coordinates for Preferred Position .

Equatorial (J2000) Galactic Identifiers (22) :_ . N . . -

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, 4C D 165688 Hen 3-159¢ R 83 veace 354-117192 B
Preferred Redshift & Derived Quantities [Ho = 73 km/sec/Mpc], @matter = 0.27, Qvacuum = 0.73] Redshift-inde| s 1678 ® ) HIC 88628 @ oo r1aa0n @ , VR 110
2 (Helio) V (Helio) [km/s] Reference V (CMB) [km/s] Hubble Distance (CMB) [Mpc] # Measurement B-19 45 @ ate ase2e @ SSTGLIC G010.8000+00.3943 & 21004 J180756.9-192356
-0.00011 +/- 0.00001 -33.876552 +/- 3.897302 1991RC3.9.C...0000d 48 +/-7 0.66 +/- 0.11 101 ce-19 6469 ¥ Jea 2931 nic 6ass-2665-1 Gaia DR 4095125220807854400
GENE +1.00165688 15 4678 @ UBY 15399
Classifications ,
GSC 06259-02666 a 2MASS J18075695-1923568 a 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, 2007ApS..171...61H SA(s)ab;LINER ‘Simbad biblographic survey began in 1850 for stars (at least bright Stars) and in 1983 for ailother objiects (outside the solar system).
Quick-look Angular & Physical Diameters Foreground Galactic Extinction (2011ApJ Follow new references on this object
Passband Diameter ["] Reference Diameter [kpc] A [mag] V. Ay [mag] K
Reference summaries :
RC3 D_0 (blue) 1652.50 1991RC3.9.C...0000d 29.43 0.220 0.024
Quick-look Photometry & Luminosities (brightest flux in each spectral region) from: 1850 Jto: Scurrentveg
Spectral region Band Apparent mag or flux Reference Absolute Mag or vLy [W] VL [Lo(bol)] Display | or select by : (not exhaustive, explanation here) In table| Title|Abstract|Keyword| Score
X-Ray 2-10 keV (BeppoSAX)  3.10E-11 +/- 0.40E-11 erg/cm~2//s 2007A8A...472..705V 5.01E+33 +/- 6.59E+32 [W] 1.30E+07 +/- 1
w 3320 A (0AO) 8.95 +/- 0.08 mag 1982ApJ...256....1C -18.85 +/- 0.10 [mag] 1.34E+09 +/- 1
Visible v 8.73 y 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-2~ 1988ApIS...68...91R 5.86E+35 [W] 1.52E+09
distance @ 2 M3 rix ;3 w5
Radio 57.5 MHz 2.4 +/-0.6Jy 1990Ap]...352...301 2.23E+29 +/- 5.60E+28 [W] 5.80E+02 +/- 1
+oerved on the med avallable, otherwise the prefered redshit 1 used with the selected cosmological parameters (which can be changed n search aptions), display selected | display all | | clear
Cosmaogical params can be hanged n search otions,




~ Collect and eombine data
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homogenize — e.g. cone-search



= 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

. Login PI
@-Match Service [EFFY  tubic mansgoment | Documsnaion
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.

TOPCAT
Choose tables to cross-match

@ ¥ ([Wedo &§mX &w 0e

Current Table Properties

[—]
552 ]

o
e
UL =Rz

VizieR || SIMBAD | | My store

i Table List
VizieR || SIMBAD | | My store

) Show options

1: anorymousT5:4150978507 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
Table 1 Table 2 Options Begin Status Actions
o job in list P O @@ 0 N
| Messages: Clients:
For the selected job(s): | (1} | || 23 [/ LY




 Cross-matching = e

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

Add the time as a possible information to cross-matches?




" Time Domain Astronomy Challenges

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

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

Follow-up observations & reaction time
Coordination of observations

* Where & when?

e Multi-national collaborations

= Planning observations

= Transmission of events
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XMM-NEWTON MULTI-TARGET VISIBILITY CHECKER

+

European

HES* e e 1 ES0 — Reaching New Heights in As
@ Observatory 1 " B . — Reaching New Heights in Astronomy

+ : . . k N =Tl =" w3 O =
% $ - o M. rarget Name 131 Aot 1750)
) T
Public Science  User Portal _ G s I SIMBAD Lookup] NED Lookup
- 5 20a2017 : Object Visibility — STARALT
Science Users Information

Observing Faciities Staralt is a program that shows the observabili

ISAAC NEWTON GROUP 10 TELESCOPES %

[YOU CAN LOOKUP SIMBAD OR NED AGAIN, OR RUN THE VISIBILITY CHECKER USING THE RESULTS RETURNED BELOW Abou( ING ¥ Astr

vy~ D ~ Public Information v Search:
Home > Astronomy > Object Visibility

of objects in various ways: either you can plot

altitude against time for a particular night (Staralt) or plot the path of your objects across the sky for
Futre Fcitios and Developmert[JROUNNSYY y Almanac - Sky Calendar a particular night (Startrack). or plot how altitude changes over a year (Starobs). or get a table with
s SIMBAD LOOKUP RESULTS: the best observing date for each object (Starmult). For further information, click on the "help” button
evi 250 Telescopes
< 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 aumiebottomelthelnage
Polces and Pocedures 1700 sre oy it hese resuts, compite the sty Datals”snd Sutit
PrR———— Seect e, objectcoordinates and dosening period; then press Compute oAt Mode s
Phase 1 Proposls [l is provided s Nates for Skycalc by Jonn Thorstensen.
— 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,
parnhn ] RA(00:42:44330 | Decimel degrees or HHMMSS S (eg: 1330525) Startrack only.
Site: | Paranal Obsenvatory (VLT) v Dec |+41:16:07.50 | Decimal degrees or DDMM:SS S (eg: -01:50:27.0) La Silla Observatory (C ) v
(e Dates (yyyy mm dd): STy DETALS Select one above or specify your own site with this format:
. S Observatol Longitude(®East) Latitude(®) Altitude(metres) UTC offset(hours)
Obsenvg Toosand Sevices  [ECRSUPYIVRTIPY) Tol2017 1115 I B i e e s ol
i
ESOETC's O - Revolution Range ® First Revolution 3369 default is AO17 revolution range: 3368 to 3551
5 ject Coordinates (J2000) ==
Instumenta Characteristcs - Last Revolution 3551 Formats can be any of these:
Arcives and Calogoes RA[05 23 34.5 Dec:|-69 45 22 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
Calendars and Calculators 20 Aor 2019 | name ddd.ddd dd.ddd
compute| To Date 8 s B B B
o bete 30 Apr 2019 name must be a single word with no dots. avoid using single numbers. Every entry
e Virimun visiity 5000 (i i h i b s, Dt S000) must be in the same format, do not use different formats with different entries. We
imum in must b vist iss
Astocimatoogy provided by courtesy of John Thorstensen, Darimouih College.Jof . ':;";"'“;“:";d a maximum of 100 targets per submission
Submi Coordinates
Visiting Astronomers Altitudes, Lo Silla Observatery 289.2700E —29.2567N, 2347 m above sea level
Science Sofware XMM-NEWTON AO17 TARGET VISIBILITY CHECKER !»‘1"'~=‘ 40T 240 20T oo™ aheoT 2N St aharm T Sy
[ r——— Moon (doshed) 7 i List of objects:
Coprdmates 1 Object 50.00° —70.20°
Science Archive Facilty VIEWING CONSTRAINTS FOR XMM-NEWTON I s .
Mumination: 42X 0° |
Stience Actvties Quarter: 4

See also Object Observability - Airmasses - Daily Almanac - Ephemerides

700k -
Numbars below curves

Observailit for 0523 345 49 4522 ey
) / h carrasponain ook -
servability for 03.23 34 The ESO Sky Calendar Tool L o)

[T | w51 [orep010 2e-bpeavi

Paranal Observatory (VLT) so°f -

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.

Altitude

a0f -
SEARCH RESULTS PER TARGET

Shoun: local eve. date, moon phase, hr ang and sec.z at (1) eve. tuilight, -1z
(2) natural center of night, and (3) morning tuilight; then comes number of =
nighttine hours during which object is at sec.z less than 3, 2, and 1.5. 4 =
Night (and tuilight) is defined by sun altitude < -13.0 degrees. e ‘Rounded Vis. (8] = T e 20°| -ig
20180628 1028 25000 078 13 742 e 2
Date (eve) moon  eve cent o night hessec.z: o0 1031 75000 anr s ) =
KA osecz WA secz HA secz Qa5 02 1023 7500 087 782 T 107 B E]
WTNv3 F o652 31 245 L6 412 L5 80 6.0 33 ) T o 77 o 3
WMl NS4 24 18 L5 R 15 18 67 38 200 180705 1229 ie072s 1005 = awr 3 s £
meares 21 150710 1000 75000 aer e 2 T3 2 o 2 A 3 o
SECal provided by coutesyof John Torstnse, Darnouts Clleg. Joln Thorstense Qaroutc E e emazs = E = = o Niean Seter Zone Time, starting aight 12 10 2017

Different services have different inputs / outputs
Facilitate the work by having same inputs / outputs




Integral Target and
Scheduling Information

All executed | | Current revolution ( ) | | Future schedule

Schedule for revolution 1872

(this list is also available in csv-format, click here to download)

Rev

1872
1872
1872
1872
1872
1872
1872
1872
1872

Starttime (UTC)  End time (UTC)
2017-10-10 13:29:15 | 2017-10-10 17:1
2017-10-10 17:13:34  2017-10-11 07:56:55
2017-10-11 08:16:46 | 2017-10-11 11:58:32
2017-10-11 12:26:36 | 2017-10-11 12:56:36
2017-10-11 13:27:21 | 2017-10-11 14:29:17
2017-10-11 15:00:12 2017-10-11 17:38:07
2017-10-11 18:41:00 2017-10-12 08:01:56
2017-10-12 09:06:18  2017-10-12 12:47:54
2017-10-12 13:16:06 2017-10-12 14:49:58

12600
50000
12600
1800
3600
9000
45000
12600
5400

Exp. time (s) Targe

Revolution [EvZN to B [Show... | show plot

Ra (J2000) Dec (J2000) Pattern Pl

Gal. Bulge region | 17:45:36.00 -28:56:00.0 HEX Erik Kuulkers
Galactic Center 17:52:11.21 -25:21:49.7 5x5 Seq Joern Wilms
Galaxy (I=0,b=0)  17:42:23.76 -29:38:02.4 HEX Rashid Sunyaev
Galaxy (1=0, b=-30) 20:02:16.80 -41:20:31.2 HEX Rashid Sunyaev
Galaxy (1=0, b=-30) 19:59:40.80 -41:05:16.8 HEX Rashid Sunyaev
Galaxy (I=0, b=-30) 19:59:40.80 -41:05:16.8 HEX Rashid Sunyaev
GRS 1915+105 19:15:11.79  +10:56:45.7 | 5x5 Seq Jerome Rodriguez
=0) | 17:50:46.80 -28:55:30.0 HEX Rashid Sunyaev

30) 20:07:12.96 -40:00:10.8 HEX Rashid Sunyaev

09-006-2017 18148129
Su seare:

Foalintaesy o0z choarving
2017.268:22:10:00 (15-0C7-2017 2
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inelis 17280000
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» Short Term Schedule
XMM-NEWTON SHORT-TERM SCHEDULE

Background: The planning and scheduing procedure is described n Sect. 8.2 of the Polcies and Procedures.In addion, the process of scheduling XMM-Newton
observations is described in A guided tour t the schedulng of an XMM-Newton o
Description: ) Observation . target 3
(P
Especillyfor

. Detals
an be seen when cicking on the ObsiD.
Caveats: 2,8.3,and 522 of the Polcies and ntrgenes ofay oo a0

8 2 es).
The Observation weer ca b choked 0500 what was ackaly dor

SOCHOME ~ OPERATIONS TEAMLOGIN ~ SCIENCE TEAMLOGIN ~ TOOTEAMLOGIN  LINKS
Scheduling Unit o Scionco Spoctral
ob N hedul Dogin U7 End UT U Id  Iovestigat Bxp # Target  Instrume Mode Aportures  Dlements
Serving scheaules - - - -
9 2017208 23100100 23:35:07 1483571 Lockwood  Z1-001 DARK STIS/A02 TINET PaeXS0e  MIRVIS
2017.268 06:30:55 1476735 Sing 35001 WASP-69  COS/NUV ACQ/SE PSA c20L
Short Range Observatory Schedule  pounioss 2017.281 06:30:55 1476735 Sing 35002 UASP-69  COS/NUV ACO/PE PSA e
“This is the confirmed schedule of NUSTAR bservations. This sequence of observations has been ploaded to the spacecraft and will execute w720 06i3088 1rcasn biny o ey oy A v o
autonomously unless interrupted by a new schedule, Target of Opportunity, or instrument and spacecrat anomalies. This schedule will cover 2017.268 uax)mss 1476735 sing 5-005 UASP-63  COS/PUV TINE-T PSA a1
Various time ranges depending on the exposure time goal of the abservations, but will usually be for a period of at least one week. 2007288 2314 :5 o m 55 wens s v man6 oot e A o
1268 23114145 06130+ ing . . e
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 23114145 0 476735 Sing 35008 WASP-69  COS/FUV TINE-T PSA G108
occultation and the SAA passage time where detector background is increased. The end time of the observation is the start of the slew to the e e g:‘;:‘;i fotieeed :;: Tioos o sn::;gi: st e
next target. Please examine the NuSTAR As-Flown Timeline (AFT) for the log of past observations. 2017.289 00100100 00:28:32 148193F Riley  JF-003 DARK STIS/CCD ACCUN F26XSOLP  MIWVIS
2017.269 00100 6:10 1453330 Bourque  30-001 DARK-NN  WECD/OVI ACCH 738
Table Header Explanations 2017.289 00 00:46:10 1453330 Bourque 30001 DARK-N  WPCI/OVI ACCUN 37N
2017289 00139146 01:08:18 1481930 Riley  J0-001 D STI5/CCD ACCUK NIRVIS
Observation  Notes m}!_ 2017.289 00:39:46 01:08:18 14819JC Riley 36-002 DARK STIS/CCD ACCUM MIRVIS
— 1289 00139146 01:08:18 14819C Riley  JG-003 DARK S718/CED ACCUN IRVIS
s s I Keoir 226702 | 2109099 s : sl i My gmme S
1420001  1420001/0022 Public [2017:283:01:11:23[2017:283:02:40: 1211001 Sol_17282_AR2683_POS11 || 195.15715 | -6.38520 |[3.4]| Too Q20 MSIHC Beurdie  3C-001 DN WRCH/OVI AN rem
1561 oy 2 =
[2017:283:02:40:32][2017:283:04:20:00] oaunzuo Sol_17282_AR2683_POS12 || 195.21879 | -6.41062 |[3.4] Too 156126 1482190 Riley 50001 BIAS s1s/cED ACCUN IRvIS
1420009 1420009 / 0011 \—‘ 01156126 1482190 Ril =
1420009 = 1561 dley 50001 BIAS STI8/CCD ACCUN WIRvIS
[2017:283:04:20:32[2017:283:05:50:00][90311213001][ Sol_17282_AR2683_POS13 || 195.28046 || -6.43604 |[3.4]| Too 2 01is6ia 16110 ALley 20001 athe rre/cen heeo e
| X 01156124 1482190 Riley  90-001 BIAS 715/ o Accux 1RvIS
1420021 1420021 /0039 b el m 202.557500 || 34.180500 [55.3]  Legacy ¥ 2 01:56:24 1462190 Riley  9U-00 BIAS s1s/ceD AccuK IRvIS
+283:06: - g 2 ey 2017.209 01127112 01:56:24 1482190 Riley  50-001 BIAS STI8/cCD ACCUN NIRVIS
¥ :56:24 1482190 Riley  9U-001 BIAS ST18/cCD ACCUN NIRVIS
1420021 1420021/0038 ¥ 7112 01:56126 1482190 Riley  SU-001 BIAS STIs/CCD ACCU WIRVIS
2017269 01:27:12 01:56:2¢ 1482190 Riley  SU-001 BIAS s1s/cCD Accun 1avIS
1420021 1420021 / 0040 2o czipasizocdd| 2303078232 (392007670 22,0 (1 298] 2017.209 01:27:12 01:56:2¢ 1482190 Riley  50-001 BIAS ST15/cCD ACCU NIRVIS
1420021 Survey 20171269 01:27:12 01:56:24 14 U-001 BIAS S18/cCD ACCUN IRVIS
[2017:285:21:00:00][50301320002 NGC_6440 267.218083 || -20.358944 |[a9.5]_ To0 2017.289 01127112 01156124 U-001 DIAS STIS/CCD ACCUK HIRVIS
1420021 1420021/ 0040 |2017:285:21:00:00150301320002) 2017.289 01127112 01156126 50-001 BIAS S7I/CCD ACCUK 1RvIS
2/4) 2017289 01127112 01156124 50-002 B1AS S1/cCD ACCU NIRv
bos RS 19159105 ss870813 || 10.04578 |o1.o] coordinated 2017.269 50-002 B1AS s1/cED ACCUN IRVIS
. . : % 2017.269 2 STI8/CCD ACCU wiRvIs
1420029 1420029/ 0008 bbees 2017.269 145160 Golinowski F0-001 BIAS ACS/WFC. AccuN Pso2x
B regox
1420021 1420021 / 0041 [2017:286:08:35:06][2017:286:19:30:00][50160701002] 2MASX118560128p1538059 [284.00210000] 15.63200000 |[23.3] 017,208 1451670 Colimousi F0-002 DARK acs/ure cem wre oo
2017.269 145161 Golinowaki F1-001 DARK ACS/WEC ACCUK WeC P50
201 11{}2017:287: UGC06728 176.316800 || 79.681500 [61.4  Legacy PegoN
1420021 142002110042 | | | sy A U ..
Pe6oN
[o17:288:03:20:00]60368001002]  Noc_t14a || 43.80083 || -0.18361 |22,
mn 288:23:00:00) ozomomo ESO 103m3s 279.568458 || -65.4275 503
[ = 09-0ct-2017 16148129 - Prolininary HST Observing Timline Report for SHS:  172888A4
201 : H | axoeetdomos 28025179 || -5.59625 |s9.7]  PRe%e SHS Start: 7017.268:22:10100 (15-00D-2017 22:10:00), End: 2017.296:00:00:00 (23-061-2017 00
[2017:290:06:00:04|[2017:290:17:00: ao'HsmsosnaozH 2E1739d1m1210 [265.47600000-12.19700000][23.5|_BAT AGN
[2017:290:17:15:01][2017:291:04:20:00|30363001002]| GX_3p1 266.98333 || -26.56361 |[21.8]
Scheduling Unit Scionco tral
i VB S04 Twestiset Drp # Tarset  Tesirese Mode Jpertures  Biemems
Long Range Observatory Schedule  oownieas 2017209 1451872 Golimowski F2-001 BIAS Acs/wPe AccuM
This is the latest NuSTAR long-term schedule. Observations have been sorted into one-week intervals, taking into account Sun, Moon, required 017,289 02438456 0308418 145162 Golimoweki F2-002 DARK core acem e s
exposure time, and other constraints, So the date is the Monday of the week i which the observation is scheduled to begin. PéGoN
£.g. An observation with a date 2017-12-18 in this table s scheduled to have the observation starting sometime between 2017-12-18 2017209 03110131 03:40:05 1451083 Golimouskd £3-001 DARK acs/me Acem wre oo
00002 and 2017-12-25 0000Z. 2017289 03:10:31 03:40:05 14510F3 Golimovski F3-002 DARK Acs/wEe AccM wee P50z
6608
Currently the schedule is driven by the large number of observations coordinated with other observatories and the need to complete the NUSTAR 2017289 03146100 04:48:35 1483582 Lockuood  22-001 STIS/Z TINE-T F26XS0L RvIS
Guest Observer programs. The exposure goal for targets allotted within one week may appear to fill more then the available NuSTAR exposure SRIT.AE8 S3u00: 34 ;Z‘::‘:: AMAEE  Shanshan ;:';:; :m:zg m:;g: ﬁﬂ ﬁg"“”'s "ﬁ"
time in that week (average is 330 ks per week) but many observations start in one week and complete in the following week. : 149234 0810114 2003 v earov: Ao wvts PaIm
2017.789 01149118 08201143 104 TOKGTRN__ WPCA/IVT ACCIN VIS Paw
Targets of opportunity and any instrument or spacecraft anomalies may aiso cause the observing times of targets to shift. This long-term
g .

schedule is our present estimate of the future order of observations. Please be aware of the uncertainties.

ToO = Target of Opportunity DT =
X16 = XMM-Newton GO cycle-16 €18,

irectors Discretionary Time  NO3 = NuSTAR GO cycle-3 115 = INTEGRAL GO cycle-15
handra GO cycle-18  ELS/GLS = Extragalactic/Galactic legacy surveys

What object has been (or will be) observed when
and in which wavelength?

2 9
tha browser bufferfrom the contons o any provious sassons
124200uT
UTC Obs | UTC Obs
Stat | End PN MOS1) om
Rown  Obs RA | DEC | PA Prime.
TargetName e Dur Dur. Dur. Dur. Dur. Dur Pl
ERE hhimmiss dd:mmss ddd.dd VYY1 ™ Instr. =R R
. 2017-10-292017-10-30
ESOO1BG09 | 082407 | 774657 8863 I, o0 /10 0 EPIC 167 181 | 181 | 182 162
2760801870801 HDB1809 | 092746 -06:04:17 | 9200 2‘:"1“92‘:;72'(‘,‘739 EPC| 95 | 109 108 | 110 110
3276056131201 zetaPuppis | 080340 | 40:0036 | 11200 01 OZ2NTIOM R |aas| 449 449 | 450 | 450
276 " 0SS " 2017-10-282017-1028 gy |
5276 0803850401 4077 sy | 102714 | 435417  tiosga PTGINNE S epic 255 269 | 269 | 270 | 270
3276 (0803240201072637.95+304558.0 072637 | +30:45:58 | 9137 21T IOZ2NTIOM epic 115 129 129 130 | 130
2750801990201 O4ST6739 | 0457:33 | 673906 msvm”‘“m";“’ EPIC 434 448 | 448 | 443 | 449
3275 0801990401 2620171027
2750801990401 04496903 | 044934 | 69:03:34 13862 291 G2 AOT epic g5 439 439 | 440 | 440
3275 (0803952601 o s sns | 082619 |431:48:48 | 101.78 2017 1028%0171025 gpic 360 7.4 | 374 | 375 | 375
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" Time Domain Astronomy Challenges

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

* Visualisation & navigation thought the data

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



~ Time Domain Astronomy Challenges

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

Analysis of variance of phenomena

Analysis of variance
=» period search methods
= phase folding, binning, fitting...
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+ NASA Portal
+ Goddard Space Flight Center

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Aladin sky Atias

SAOImage DS9 is an
astronomical imaging and

SAOImageDS9 Version 7.6
Jata visualization application.

589 supports FITS images DS9 version 7.6 is now available on the Download page. New to version 7.6 is the new
and binary tables, multiple Windows 32/64 bit and MacOS High Sierra ports. Please see the What's New page o «m» s a0ImageDS9
rame buffrs region . more details. Note: version 8.0rcé is now available here & 9
- anipulation, and many scale n
The Internet's Virtual Telescope algorithms and colormaps. It

arovides for easy New beta release of SAOImageDS9

Sommunication with external 8.0106 s now available at
SkyView is a Virtual Observatory on the Net generating images analysis tasks and is highly

ds9.si.edu/site/Beta. htm

B sonfigurable and extensible
of any part of the sky at wavelengths in all regimes from Radio 2onfigurable and o
to Gamma-Ray.

Tweets by @saoimagepss @

Overview
Aladin Deskiop Overview

Aladin Lite

Olma

Information

Aladin is an interactive sky af
astronomical images or full surveys, superimpose entries from
catalogu
from the Simi

as allowing the user to visualize digitized

89 s a stand-alone o Oct 19, 2018
" Spplication. It requires no e —
Quick SkyView Image: nstallation or support files. All . e T .
Coordinates or Source: Survey: | DSS 4| Go Help versions and platforms - ras et | sesarns - . (™ SAOImageDS9
Support a consistent set of & @sr0ima
w Olma
301 and funclional 9

istronomical

+ en frangais

5 or database:
abase

s, and interac
the VizieR service

ively access related data and informatior

nd other archives for all known

s in the sapabiliies. SAOImageDS9 s now available as
OpenSUSE
Check the SkyView Blog for the most recent news. . 259 supports advanced
Local Data Status: available ‘eatures such as 2-D, 3-D and binariesds9.si.edu/site/Beta.htm

Download Preview with Remote Data Status 2GB frame buffers, mosaic

- Ia| Aladin Desktop Aladin Lite OreentIRemote|Datalare available e s o g Oct8, 2018
M’ “ | on your machine in your browser Interfaces and Software red = Remote Data are unavailable manipulation, scaling,
r arbifrary zoom, cropping,
—-— - 2MASS SDSS Galex WISE SDSS7 “otation, pan, and a variety of
The Aladin sky atlas is available in two modes: Aladin Desktop, a regular application and Aladin Lite an HTML UKIDSS FIRST TGSS AKARI >oordinate systems.
javascript web widget. SkyView Query Form SkyView Version: 3.4.2 e GUI for DS s user g iranco va?f

sonfigurable. GUI elements
such as the coordinate
sisplay, panner, magnifier,
oizonta and verlcal graphs. - Indeed! Maybe I'm asking too much, is
aution bar, and color bar can :

Visit the SkyView Image Gallery 26 configured via menus or there already the possibility of producing

b d

Documentation Links ‘& command fine. SAOImageDS9 development has been made possible by funding from the Chandra X-ray Science Genter (CXC) and the High Energy Astrophysics

Documentation Links Science Archive Center (HEASARC) with additional funding from the JWST Mission office at Space Telescope Science Insttute. If you are writing &

Replying to @SAOImageDS9

Non-Astronomers Page
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Imaging Observations Source Catalogues & wrecraL
- suzaxy
- Neweon
- xm-omwy
XMM-OM(Oprican

0 Stew

(@) Interactive Detection Skymap

ESO Archive Science Portal
ESA Sky allows for discovery and access of data observed by ESA space missions
- - ALMA Science Archive
GW170814 interactive skymap displays the localisation on the sky of the gravitational wave event jointly

G W 1 708 1 4 I n te ract I ve s kv m a D detected by LIGO and Virgo observatories, and announced in September 2017.

o " HEASARC Xamin system for discovery and data retrieval
Skymap Viewer shows probability contours for gravitational wave events from LIGO/Virgo
JVO Portal v2
Gamma Sky, a portal to gamma-ray sky (developed by C. Deil and A. Voruganti)
SETI uses Aladin Lite to display targets currently observed (development by J. Richards)
J-PLUS DR1, a portal to access data of the First Data Release of the Javalambre-Photometric Local
Universe Survey (J-PLUS)

] CEFCA images navigator and images tours
—-— ARCHES Walker, an Outreach tool showcasing astronomical objects in different wavelengths (ARCHES
GWI70817 - SSS17a/AT2017gfo Transient sky position project)

MOPRA Radio Telescope Pointing and Status

JUDO2 (JAXA Universe Data Oriented)

Akari explore tool

CASSIS atlas of Spitzer Infrared Spectra

GLIMPSE 360

CADE (Centre d'Analyse de Données Etendues) uses Aladin Lite to provide previews of the HEALPix maps
they publish (Example for CGPS data)

ADS All-Sky Survey makes use of Aladin Lite to display heatmaps of SIMBAD objects cited in the literature.

/7 T1GO anp VireQ LOCALZATIONN,

ol ol P

\GRB170817A) Eiv Faly Locaizarion
% (GRB170817A) InmaL Fenm GBM

PreLmary LIGO H1 LocaLizaTion

@ Backgrounds

f you want to see the extension of
background image . Constellations.

You combining
data information: « Mellinger (default)  WISE  2MASS ., DSS color ¢ XMM
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Hierarchical visualisation ofiimages and catalogues

= HiPS — Hierarchical approach to data
= The more we zoom the more detail we get

Something similar for time and treat light-curves in a lite way?
Hierarchical approach to light-curves?
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Visualisation of photometric. _.at‘a_: photometric viewer

.

> settings » share

Target | [[2mass ][ aao |[ AkaRT ][ Astrosat |[ BOK | cana [ cFHT |[ cose ][ ctr0 |[ DENIS ][ Euclid |[ cala ][ eaLex ][ ccpo  |[ Gemir
3C 273
Radius (in arcsec) s [ Generic |[ Geneva |[ etc ][ Herschel ][ Hipparcos |[ HsT ][ 1ac80 [[mne ][Nt J[ras [ 1s0 |[1ve_ ][awsT ][ Keck ][ Kepler

[ kPnO ][ Lascumbres |[ Lasilla |[ LBT |[ Lco |[[iek [ Liverpool ][ LssT ][ McD ][ Misc ][ Mko [[mmT ][ Msx ][ nRT ][ noao
m [not ][ oaF [[oar J[losn ][ P200 |[ Patomar ][ PaN-STARRS |[ Paranal |[ 5A0 |[ Scorpio |[ skyMapper | [[EXYN[ SOFIA |[ Special |[ Spitze

K [ sTELLA [ subaru |[swit |[Tcs ][ o1 |[Tess ][ mo [[tne  ][vo [ tvcro |[ukirt ][ vart ][ wrrsT ][ wHT ][ wisE
o [wirn_ ]
3C 273 (12 29 6.695+02 03 8.662), -

radius : 5 arcsec SLOAN filters:

Mouse position:

Wavelength :
F"z‘%‘;ﬁg éHZ SLOAN/SDSS.u 3561.8 3594.9 3048 4028 558.4 1568.5 SLOAN SDSS u
1.0e-13 Energy : SLOAN/SDSS.g 4718.9 4640.4 3783 5549 1158.4 3965.9 SLOAN SDSS g
FIS)-(“:;"@;VM R SLOAN/SDSS.r 6185.2 6122.3 5415 6989 1111.2 3162.0 SLOAN SDSS
2.13e+0 Jy SLOAN/SDSS.i 7499.7 7439.5 6689 8389 1044.6 2602.0 SLOAN SDSS i
"Fi"s)ée P SLOAN/SDSS.z 8961.5 8897.1 7960 10833 1124.6 2244.7 SLOAN SDSS z
= o .m
F(A):
_ 1 em2um-!
3.00e-11 erg.s™'.cm™.pym Filter Plots
1.0e-14 3
2 ' 25 . . 1 —— SLOAN/SDSS.u
g o8 3 Y wSuit —— SLOAN/SDSS g
= g o o :!’\‘% * . i —— SLOAN/SDSS.r
s z o ® 0.8
> o . . SLOAN/SDSS . i
25
¢ 0.6 SLOAN/SDSS .z
1.0e-14 . I > B
0 = \
L 1
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1229 6.695+02 03 8.662 \
(] |
o 0= T T T B — - r 1
° 3000 4000 5000 6000 7000 s000 000 10000
1.0e-1§

Wavelength (A)

T i Implement something similar for time — A time (series) viewer
Need to annotate time properly




Select a collection...
MAST Observations by Object Name or RA/Dec | ¥
About Collections...

[:E Upload Target List ]

Home Page | s’ MAST: BD+19 706

554 Total Rows ‘ NGC 1555, radius: 0.20000°
Filters «|| 2 List View
Clear Filters  Edit Filters... Help... Edit Columns...
. [
- Keyword/Text Filter
il
Filter All Columns x| P O
] 2
~ Product Type
Name Quantity O 3
[[]image (364 of 364 0 4
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[] timeseries (70 of 70 [ 5
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IRSA DATA SETS SEAROH TooLs HELP
Time Series Tool: Viewer
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Column Selection VYLib_neowise yr123.... Images - (O]
Mission: WISE/NEOWISE
Time Column:  mjd Image display: © W1 w2 w3 w4
Value Column:  wimpro Cutout Size (arcmin): 5 9.9
Period:
Period Finder... 9.95

Input Data *

ra dec

237.8207956 -15.7511113
237.8207582 -15.7511303
237.8207854 -15.7511301
237.8207840 -15.7511112
237.8208089 -15.7511636
237.8207717  -15.7511047
237.8208158  -15.7510579
237.8208005 -15.7511214
237.8207782  -15.7511067
237.8207921 -15.7511252
237.8207638 -15.7511278
237.8207902 -15.7511246
237.8207836 -15.7511146
237.8207848 -15.7511138
237.8208014 -15.7511415

Image Count: 1 3

WISE-W1-46245b146 size: S(arcmin) 2.736x

44 P Ppla-s7orsn ?EE%‘\® ’

frame_num scan_id src  wimpro wilsigmpro wirchi2 w2mpro v o
146 46245b 38 9.978 0.015 5.260e-01 5.941
146 46253b 47 10.193 0.015 3.047e+00 10.211 ’g‘ 10.05
146 46257b 37 9.985 0.015 8.211e-01 10.018 E
121 462602 32 9.951 0.015 7.834e-01 5.917 v g 101
121 462682 32 10.063 0.017 1.154¢+01 10.104 0. E
121 462722 40 10.113 0.017 1.134¢+00 10.139 0. *
121 462763 a1 9.921 0.019 2.647e+01 10.004 0. 10.15
142 46365b 37 10.111 0.016 1.370e+00 10.121 0.
156 517542 44 10.215 0.016 1.046e+00 10.206 0.
156 51758a 38 9.973 0.017 5.715e-01  5.962 0. 102
156 51762a 40 9.934 0.018 2.947¢+00 9.975 0.
64 51767a 30 10031  0.016 1.635¢+00 10031 O, 10.25
63 51765a 58 10.124 0.018 5.140e-01 10.085 0.
156 51770a 44 10.216 0.015 5.066e-01 10.225 0. 56 700
132 517733 48 10.128 0.017 5.247e-01  10.119 0.

Os 7

Sorted by column: mjd ascending

56 800

WISE-W1-46253b146 size: S(arcmin) 2.736x

WISE-W1-46257b146 size: 5{arcmin) 2.736x |
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Target Match @ N
WISE-W1-462602121 size: 5(arcmin) 2.736x i

Measurements as
a function of time

Simultaneously
visualize single-
epoch images,
Find the period of
variability.

Works for data
coming from
WISE/NEOWISE
and PTF




* Time Sefies view {Ala

[ XON )
Available data - 401 / 22291
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B Image ’7
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X-ray images on band 2
X-ray images on band 1-;
ﬁo False color X-ray image
X-ray images on band 0.5
Cone Search of the SSC Int
Cone Search with Cross Lir
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Epic Spectra SSAP of the S!
Cone Search of the SSC Int
TAP interface of the 3XMN
Cone Search of the SSC Int
Epic Image SIAP of the SSC
Epic Spectra SSAP of the S!
TAP interface of the 3XMN
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Optical spectra of the XM\
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[ ]
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2 Y

coll. sort view filter

.

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

) [N LD
DSS W PanSTARRS | SDSS m2MASS W WISE jyGALEX W AKARI jGaia jSimbad NED jYourName + ‘_;_—"__)U L
DSS2 color EIRIN
select|
pan
g n dist
phot
3 s /‘ﬂ
L tag
ez 23.31°x 8953
) filter
/4
Cross
[
b BEER
|
x=y M AEE) xcatdb /
15 WA cos /i
r A2 cps/ P/ DSS2 /ad
1997-02-20 1998-07-05 1999-11-17 2001-03-31
fruns) \’.",‘ J [0=[0em 88 & _¢_ |—| size —:m:“’
- (=2l g 6 superimposed objects - click . 4
grid study north multiview  match ° SUPErmposed objects click ‘Search ‘
opac. -
recno | nlStar| Field | OGLE Mode RA12000 DE1Z2000 | <Imags|<\Vnags- Pe zoom =
[ LMC174.8| 25386| 10720 05 37 40.44|-68 50 42,2 949 0.66
| LMC174.4| 203590|10 05 40 49.18| -8 23 20.1 L0050 0.41
H LMC182. 7 462(10 05 41 24.80|-68 43 05.6 3.002|  0.67
| LMC178.1| 39563|10/20 05 42 12.10|-71 08,2 7.964| 0.6807 =
[ LMC190. 8 312|F/10 05 48 44.19| -9 25 40.5 L0259 1.02] prop
| LMC212.3 518| 10 06 11 31.81|-69 07 25.6 L0040 0,30
L

(c) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3

6sel / 3375 src  433Mb E—

For all catalogues
available through
Aladin + users

Measurements as a
function of time

Simultaneously
visualize the
catalogue positions
in the sky

Background image
can be any available
through Aladin +
users
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000 Aladin v10.0 *** BETA VERSION (based on v10.089) ***
Available data - 401 / 22291 command [ R - ET Pojecion [MGEENT ooocees
AEADIRN
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Cone Search of the SSC Int
Cone Search with Cross Lir
Epic Image SIAP of the SSC
Epic Spectra SSAP of the S!

£ survey in time:
Cone Search of the SSC Int 1

TAP interface of the 3XMN - :
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Epic Spectra SSAP of the S!
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' S AcA /58
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coll. sort view filter

Combining both spatial and temporal coverages

(c) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3 Osel /3375src  4views 455Mb E‘




~ Time Domain Astro‘m@y.Ché”?ngeS

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

e Characterisation and classification of sources on the basis of their variability
* Multi-wavelength/messenger approach is (sometimes) needed

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

e Visualisation & navigation

* Analysis of variance of phenomena

e Coordination & transmission of information

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

= Communication and sharing in time domain multi-messenger astronomy is needed
= |f this is a must then lets get together and do it together as a community
= This is exactly the vision of the VO (my point of view)




What are the Time DO‘ma,ig5,‘coh_al.Ienges in the VO

1 31 1 1

Display measurements as a function of time
Simultaneously visualize single-epoch images
Combine it with other data (description of time)
Find the period of variability

Combine spatial and temporal coverages
Coordination and transmission of information

|

|

The principle of the VO and the IVOA is to help the user to share information

Using standards is very helpful and it works (all astronomers use it even if they
don’t know it!)

It is not one tool to govern them all
We work in international collaborations and everyone can join




~ Useful links «

IVOA: http://ivoa.net/

Time Domain Interest Group:
http://wiki.ivoa.net/twiki/bin/view/IVOA/lvoaVOEvent

List of available VO applications and VO-compliant Tools & Services for astronomers:
http://ivoa.net/astronomers/applications.html

IRSA Time Series viewer
https://irsa.ipac.caltech.edu/irsaviewer/timeseries

More tutorials on VO services & tools:
http://www.euro-vo.org/?g=science/scientific-tutorials




