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Outline

• Time Domain Astronomy: concept and examples
• Dedicated missions to study the variable sky
• Measuring time 
• Combining data: mapping to a pivot format
• Time for VizieR: collecting metadata 

 2



Presentation titledd/mm/yyy

What is time domain astronomy?
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• Phenomena varying with time and having or triggering a follow-up observation 
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Credit wiki: 400 year sunspot history, including the Maunder Minimum
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https://starchild.gsfc.nasa.gov/docs/StarChild/questions/cepheids.html

What is time domain astronomy?
• Phenomena varying with time and having or triggering a follow-up observation 

• Sunspots varying along the year —> solar activity cycle
• Magnitude changes in Cepheid variables —> determination of distances
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Image from Nature volume 554, pages 497–499
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• Magnitude changes in Cepheid variables —> determination of distances
• SN spectral changes with time after the explosion —> classification, chemical 

composition, progenitor?
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• Phenomena varying with time and having or triggering a follow-up observation 
• Sunspots varying along the year —> solar activity cycle
• Magnitude changes in Cepheid variables —> determination of distances
• SN spectral changes with time after the explosion —> classification, chemical 

composition, progenitor?
• Binary Pulsar timing —> determine masses, test theories of relativistic gravity 
• Orbital period variations of cataclysmic variables —> angular momentum loss
• …

• Thanks to higher sensitivity of cameras/telescopes and long-term follow-up (over 
decades), we are able to discover that objects we once thought to have steady 
emission are variable:
• For long term follow-up see e.g. DASCH project http://

dasch.rc.fas.harvard.edu/project.php
• All these can be relevant at all wavelengths from radio to gamma-rays and from 

time scales varying from seconds to years

What is time domain astronomy?
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What is time domain astronomy?
• Characteristic Time Scales of objects of different nature

(a) Typical observed X-ray flux plotted against variability time scale for a variety of source types (colour-shaded regions) and for the prompt and afterglow 
fluxes for GRBs detected by the Swift mission (individual points). Black points are swift Burst Alert Telescope (BAT) GRBs (with the T90<1 s in red), green 
points are Swift X-ray Telescope GRB afterglow fluxes. AGN, active galactic nucleus; SFXT, supergiant fast X-ray transients. (b) Taken from Kulkarni [5] 
and shows the optical phase space of cosmic explosive events and their characteristic time scales. Image credits: (a) Julian Osborne and (b) Shri Kulkarni. 
(Online version in colour.) 



Presentation titledd/mm/yyy

Dedicated missions to study the variable sky
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Stripe 82
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Dedicated missions to study the variable sky

• There are dedicated missions but… 
• Compiling data from different missions can also lead to interesting results: 

• DASCH project (looking back in time for over 100 years!)

• So, what astronomers call “Time series” can depend on the astronomer you ask. 

• We can distinguish:
• data coming from one origin 
• data coming from different missions
➡need to bring coordinates to a common frame 
➡need to bring time to a common scale
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How do we measure time? 
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• What is time? 
• How do we measure it? 

• Time Scale: “A time scale is simply a well defined way of 
measuring time based on a specific periodic natural phenomenon”.
• SI (atomic) second: 9,192,631,770 cycles of the radiation 

corresponding to the ground state hyperfine transition of 
Cesium 133 (BIPM 1998). Since 1950 but before that…

• Based on the rotation of the Earth (1 day)
• Where do we measure it?

• Reference:  Earth? Satellite? Another planet? Satellite? 
Barycentre of the solar system? 
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How do we measure time? 

Representations of Time Coordinates in FITS (Rots et al. 2015)
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Comparing data
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• How do we compare times? 
• Keep track of the time system used —> what exactly?
• Bring to a standard pivot format —> which among all?

• What needs to be kept track of in a time system 
• Where
• How
• Offsets in data (observations after GRB on date XXX)
• Format (JD, ISO, random,…)
• Units

• How are we keeping track of time series data in VizieR
• What are our plans for the future? 
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Meta data
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• How have we been doing it in in VizieR: 
• Mostly text describing (MJD, HJD, … offsets,…) ? 
• Some ucds
• kept track of format and units

• What are our plans for the future? 
• Describe the needed fields in tables with metadata
• Similar as what is already done for the filters or for coordinates

• What are the needed fields? VizieR metadata tables.
• How will be know what the time systems is? that is, how to find the information?

• For specific missions (big tables) it should be relatively easy to find. 
• For smaller catalogues and tables? First guess: caption or the tables. 
• If we don’t know it? What next? 

• Are there default values which we could use without loosing too much precision? 
• Or should the corresponding fields be left empty? 
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Metadata associated to time in VizieR 
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Metadata associated to time in VizieR 
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Metadata associated to time in VizieR 
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Metadata associated to time in VizieR 
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• But this is outrageous! That’s too much! Crazy astronomers really need this? 

• Yes, we do, take as example where we mix information of data taken at different seasons 

• But… shortcuts without loosing information are possible. 
• If we don’t know —> set to UNKOWN and there will be default values that will be set to 

the different columns. 

• Diagnostic of effort should be carried out: 
• number of tables with information on time ?
• How to proceed?

• VizieR Time Domain Crunch Session 
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Metadata associated to time in VizieR 


