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What is a time series?

Zoom in



  

How to get time series



  

How to get time series
Depends on what you want...

WISE Mid-Infrared photometry
VISTA Near-Infrared photometry

Gaia Optical photometryASAS-SN optical photometry

And many others...



  

Gaia time series
Gaia portal at ASI:

 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

Gaia only query

GaiaSource VariRRLyrae for list_of_varaibles_RRab.dat epochPhotometry

VariCepheid for list_of_varaibles_T2C.dat

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series
Gaia portal at ASI:

 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

Globular cluster omega Cen: has many RRLs plus 
a few T2Cs, all at the same distance. 
A great laboratory for variable stars and stellar evolution
(TRGB, [Fe/H] spread)

list_of_varaibles_T2C.dat

list_of_varaibles_RRab.dat

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series

RA DEC

Everything but the red one

epochPhotometryLightCurveFile

Gaia portal at ASI:
 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series

RA DEC

Everything but the last one: variRRLyraefindFreq1HarmonicFile

epochPhotometryLightCurveFile

Gaia portal at ASI:
 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

Everything but the red one

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series

You will get two files

Table of properties Time series tar file

Gaia portal at ASI:
 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series

You will get two files

Table of properties Time series tar file

The time series archive has a complicated structure: to unzip it, follow these 
steps from command line (unix):

tar --strip-components=7 -xvf result_*.list.tar
ls *zip | awk '{print "unzip "$1}' > unzip_files
source unzip_files

Gaia portal at ASI:
 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series

You will get two files

Table of properties Time series tar file

The time series archive has a complicated structure: to unzip it, follow these 
steps from command line (unix):

tar --strip-components=7 -xvf result_*.list.tar
ls *zip | awk '{print "unzip "$1}' > unzip_files
source unzip_files

Gaia portal at ASI:
 http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form 

...or read through the data file: epochPhotometry_epochPhotFile gives the 
path to the time series

http://gaiaportal.asdc.asi.it/DR3/GODR3/query/form


  

Gaia time series
Structure of a light curve file:

rpObsTime           rpFluxOverError     rpMag

Uncertainty on magnitude for each point: 2.5 / ( ln(10) * rpFluxOverError )

We are interested in the Rp band (RRLs do not obey PLs in G, Bp)

Take your time to inspect the whole time series (e.g., other bands)

Code to read time series: module read_gaialcv_dr3_gaiaportal in 
gaia_lcvs_dr3.py (you will find also read_gaialcv_dr3_gaiaarchive for time 

series downloaded from https://gea.esac.esa.int/archive/)

Code at: 
https://drive.google.com/file/d/16Ir7gYxkaN2T2qk9Z6dmIXheENmVHZRt/view?
usp=sharing

https://gea.esac.esa.int/archive/
https://drive.google.com/file/d/16Ir7gYxkaN2T2qk9Z6dmIXheENmVHZRt/view?usp=sharing
https://drive.google.com/file/d/16Ir7gYxkaN2T2qk9Z6dmIXheENmVHZRt/view?usp=sharing


  

Gaia table of sources
Structure of a source table file (RRLs):

variRrlyrae_sourceId        variRrlyrae_pf



  

Gaia table of sources
Structure of a source table file (RRLs):

variRrlyrae_sourceId        variRrlyrae_pf

variCepheid_sourceId        variCepheid_pf
Structure of a source table file (T2Cs):



  

Gaia table of sources
Structure of a source table file (RRLs):

variRrlyrae_sourceId        variRrlyrae_pf

variCepheid_sourceId        variCepheid_pf
Structure of a source table file (T2Cs):

WARNING 1: sourceIds are LONG INTEGERS (“Int64” in python). Some 
programs may read them as INTEGERS and lose the real ID.



  

Gaia table of sources
Structure of a source table file (RRLs):

variRrlyrae_sourceId        variRrlyrae_pf

variCepheid_sourceId        variCepheid_pf
Structure of a source table file (T2Cs):

WARNING 1: sourceIds are LONG INTEGERS (“Int64” in python). Some 
programs may read them as INTEGERS and lose the real ID.

WARNING 2: some time series may have very few points (10 or less). 
These are not easily usable for fourier fitting. Check them.



  

Mean magnitude estimate

Phasing: fold the 
lightcurve with pulsation 

period

f
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Remainder of the 
division by 1: just pick 

the decimal figures
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Phasing: fold the 
lightcurve with pulsation 

period

Either use the previous fit or calculate 
a new one of higher order (fits for 
period estimate are usually of low 
order for computational reasons)

Mean magnitude estimate

f
i
 = ((t

i
-t

0
)/P) % 1

Remainder of the 
division by 1: just pick 

the decimal figures

https://drive.google.com/file/d/1ysZTlVAUuzP0NrT
h95rvatcyk1gZNqdo/view?usp=sharing
 

Code for fourier series fit

f

V
/B

 [m
a

g]

https://drive.google.com/file/d/1ysZTlVAUuzP0NrTh95rvatcyk1gZNqdo/view?usp=sharing
https://drive.google.com/file/d/1ysZTlVAUuzP0NrTh95rvatcyk1gZNqdo/view?usp=sharing


  

Mean magnitude estimate
Mean magnitude is a 

logarithmic quantity --> intensity 
average over the cycle

I
i
 = 10^(-0.4*mag

i
)

for each phase point of the fit (i)

One cannot calculate <mag> 
integrating the fit as it is: all the 

points of the fit must be 
converted to intensity



  

Mean magnitude estimate
Mean magnitude is a 

logarithmic quantity --> intensity 
average over the cycle

I
i
 = 10^(-0.4*mag

i
)

for each phase point of the fit (i)

One cannot calculate <mag> 
integrating the fit as it is: all the 

points of the fit must be 
converted to intensity

Now you can calculate the 
mean intensity <I>...

<I> = (S
i=1,n

 (I
i
)) / n



  

Mean magnitude estimate
Mean magnitude is a 

logarithmic quantity --> intensity 
average over the cycle

<mag> = -2.5 log10(<I>)   

I
i
 = 10^(-0.4*mag

i
)

for each phase point of the fit (i)

<I> = (S
i=1,n

 (I
i
)) / n

One cannot calculate <mag> 
integrating the fit as it is: all the 

points of the fit must be 
converted to intensity

Now you can calculate the 
mean intensity <I>... … and convert back to 

magnitudes



  

err<mag> = (S
i
 (mag

i
 – mag

fit_value_i
)2/(n-1))1/2

Empirical (mag
i
)

Fit (equispaced, mag
i
)

Point on the fit interpolated 
at the same phase of 
empirical point (mag

fit_value_i
)

n: number of phase points

Mean magnitude estimate
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Empirical Period-Luminosity (PL) 
relations

With periods and mean magnitudes...

PL relations in omega Cen

Type II 
cepheids

RRLs 
(fundamental)



  

Amplitude estimate

s

Ampl = max(fit) – min(fit)
NOT max(data) – min(data)
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Bailey diagram

● Independent of distance and reddening
● Best way to separate RRab /RRc
● Sequences corresponding to different stellar populations
● Position depends on metallicity

Fabrizio+(2021)

Increasing 
metallicity
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Bailey diagram

● Independent of distance and reddening
● Best way to separate RRab /RRc
● Sequences corresponding to different stellar populations
● Position depends on metallicity

Fabrizio+(2021)

Increasing 
metallicity

Too large, 
investigate



  

Good work
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