SVO

Time series and the VO

Enrique Solano

Spanish Virtual Observatory
CAB (INTA-CSIC)

Urbana . May 2012 IVOA Interop.



Why is important to publish time series in the
VO?

Votivation I: The number of time series has
enormously increased in the last years.

Motivation IlI: Foster new science with this vast
amount of data.
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Ground-based projects (I)

> 10 000 0000 light
curves

18 million light curves in the
LMC and the Milky Way
bulge.

SuperWASP

18 million light curves

(r) G]-J]TJ FROS Experiment

> 40 million objects



Ground-based projects (II): robotics

Description

Gamma-Ray
Bursts

Service
observations

Photometric
monitoring

Education
All-sky surveys

Exoplanet
searches

Supernovae
search

Asteroids
Spectroscopy
Astrometry
AGN, Quasars
(Micro-)Lensing
Other uses

Number of
Ref.'s

Ky

28

16

20
12

18
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Percentage
20.3%
17.7%

10.1%

12.7%
7.6%

11.4%

7.0%

5.7%
2.5%
2.5%
2.5%
0.6%
5.1%

» 120 robotic
telescopes already in
operation (or in the
near future)

> Small / medium size

» Professionals and /
or amateurs. 2> AAVSO

» Follow-up of satellite
alerts (e.g. Gaia)



Ground-based projects (III):
digitization of photographic plates =

DASCH Digital Access to a Sky Century @ Harvard

Opens the window to phenomena that vary on a time-scales of
decades (an order of magnitude longer than presently).
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= No match with any of the common variability classes. May
suggest extremely short-lived evolutionary stages.



Ground-based projects (IV): the future

LSST: highest priority for ground-based
astronomy (US decadal survey).
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Space-based projects

Unprecedented photometric accuracy and time sampling:
CoRoT, Kepler

HAT-P 7 nght Curves

Ground-based Measurements
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Space-based projects (II)

New spectral regions: \WISE

The future: Gaia

Multi-epoch, multi-
color photometry for
10”9 sources.
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Long-term variability analysis

RR Lyr: study of the Blazhko effect with datasets of
100+ years.



Discovery and characterization of
extrasolar planets
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Asteroseismology

I Horologii

1.1 1.15
Mass (in solar units)

1.2

without

[Fe/H] Age
30% 86%
18% 0.8%




Main conclusion:

Time series are important and
should be published in the VO.



VO developments in the Time Series
domain

Standards:

VOEvent

Standardization of transient alert protocol
and astronomical telegrams.

IVOA Recomm. since Nov. 2006



Time Series: Access protocols

Time series: 1-D data

SSAP: the natural “simple” protocol (TAP could also work).
Only used for spectra so far.

Just a few modifications

Proposal SVO

SSA:

* New Dataset.TimeAXxis needed for light curves in
native format (FITS, ASCII, ...)

* New Dataset.Type possible value: “TimeSeries”
* New Access.format values: "timeseries/fits”

* Char.SpectralAxis.Coverage.Bound.Extent set
as recommended.




How to access time series services in the VO?

Important: More than just time vs flux...:
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How to access time series services in the VO?

More than just time vs flux...:

Swift/XRT data of GRB 110921A
cyan: WT settling - red: PC
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How to access time series services in the VO?

More than just light curves...:
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Other changes in VO standards

d Re

File Edit View Operations Plastic SAMP Help
n Server Selector e - e o
\ EDIT
= .

ET: Query by Service Query by params

Green services are online and

Tree 1[
Wave Unit
i ‘ Query
|micron | International Ultraviolet Explor TARGET.NAME hd 141569

= ‘ Simple Query
l Flux Unit { t The I AL Opt fonitoring nl-) ! ln“::osQl.J__- 49062042,-3.92121111

Jv | Optical spectra of the XMM-Newton Optical Follow-uy SIZE 1

= ‘ o Advanced Query
| Optical spectra of the XMM-Newton Optical Follow-uy Service Specific Query

RedShift 0.00]

SSA Service for Optical Spectroscopy in the CDF-S
De-reddening SSA Service for zZCOSMOS Bright Spectroscopic Obsé

>~"\". 0.00 |_| ST-ECF Hubble Legacy Archive High-Level Spectra | |
) ST-ECF Hubble Space Telescope Spectra
Y-axis error

- | Spectrum interpolator for the ELODIE library
X-axis error

Graphic Mode

Query Outlook

r

Refresh Add SSA/TSA




VO tools for Time Series

VAO Time-Series tools

Pathfinder. Many other functionalities still
to come.

‘ ID Points
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Step B. Click on the desired light curve, and an interactive light curve plot page will appear as below.
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