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Overview

● Topcat
○ Basic overview
○ Table visualisation/manipulation
○ Visualisation tools
○ Crossmatching

● ADQL
○ Basic commands

● Exercise: the Pleiades open cluster

● Exercise: cross-match with ATLAS – creating our target list for 
photometry

● Exercise: some ADQL queries

● Creating our target list for spectroscopy
○ Defining the region of interest
○ ADQL query
○ Observational constraints



● Website: http://www.star.bristol.ac.uk/~mbt/topcat/

● Manual: http://www.starlink.ac.uk/topcat/sun253/

● Why TOPCAT?

○ Easy to use
○ Easy to learn
○ Easy to investigate data — good for exploratory analysis
○ Simple things obvious, complicated things documented
○ Easy to install and run
○ Fast
○ Copes with large data sets

http://www.star.bristol.ac.uk/~mbt/topcat/
http://www.starlink.ac.uk/topcat/sun253/


● What can we do with TOPCAT?

○ Read/write tables in multiple formats

○ View/edit data

○ View/edit metadata

○ Plot data

○ Crossmatch — efficient and very flexible

○ (Simple) Calculations

○ Access Virtual Observatory (VO) services

○ Trigger some event when a row is selected

○ Talk to other astro tools (SAMP)



TOPCAT – start window



Most important button!

TOPCAT – start window



Open a table
Visualise/manipulat

e table

Plotting 
tools

Crossmatching 
tools

SAMP info

Available 
functions

TOPCAT – start window



TOPCAT – open a table

It's necessary to 
set the correct 
table format



TOPCAT – tables



TOPCAT – browse a table



TOPCAT – table metadata



TOPCAT – column metadata



TOPCAT – create new column



Simple expression

Use of functions

Missing values

TOPCAT – create subsets



TOPCAT – create column based on subset

If statement



TOPCAT – Visualisation tools

histogram

Add another 
histogram

Add function 
(e.g. Gaussian)



TOPCAT – Visualisation tools

Plane plot

Add another 
histogram

Add function 
(e.g. Gaussian)



TOPCAT – Visualisation tools

Add another 
histogram

Add function 
(e.g. Gaussian)

Can contain 
operations and 

functions

Plane plot



TOPCAT – Visualisation tools

Add another 
histogram

Add function 
(e.g. Gaussian)

Labels, position of 
legend, font, etc. 

can be altered

Plane plot



TOPCAT – Visualisation tools

Add another 
histogram

Add function 
(e.g. Gaussian)Style (marker size 

and type, colours) 
can be altered

Plane plot



TOPCAT – Visualisation tools

Overlay a model 
from an input table

Plane plot



TOPCAT – Visualisation tools

Sky plotting

3D plotting



TOPCAT – Crossmatching

Match two 
local tables

Match local table 
to survey (e.g. 
SDSS, Gaia…)Query using 

ADQL



ADQL queries

● ADQL = Astronomical Data Query Language

● Useful tutorial http://docs.g-vo.org/adql-gaia/html/

● A dialect of SQL

Very basic summary of a query:

SELECT [TOP (number of rows)] [source table index].(variables you need)
FROM (table you're querying) [AS (table index)]
[WHERE (condition 1) AND (condition 2) OR (condition 3)]
[ORDER BY (variable)]

http://docs.g-vo.org/adql-gaia/html/


ADQL queries – SELECT: ORDER BY

● Useful to select brightest, fastest, etc. from a table

● E.g.: 50 brightest stars in Gaia DR2

● E.g.: 20 highest proper motion stars in Tycho



ADQL queries – SELECT: ORDER BY

● Useful to select brightest, fastest, etc. from a table

● E.g.: 50 brightest stars in Gaia DR2

SELECT TOP 50 source_id, phot_g_mean_mag, parallax, bp_rp 
FROM gaiadr2.gaia_source
ORDER BY phot_g_mean_mag

● E.g.: 20 highest proper motion stars in Tycho

SELECT TOP 20 source_id, parallax, phot_g_mean_mag,      
              SQRT(POWER(pmra,2)+POWER(pmdec,2)) AS pm
FROM gaiadr1.tgas_source
ORDER BY pm DESC



ADQL queries – SELECT: WHERE clause

● WHERE introduces a logical expression, in a similar to 
other languages, with operators AND and OR.

● E.g.: stars brighter than 12, closer than 50 pc.



ADQL queries – SELECT: WHERE clause

● WHERE introduces a logical expression, in a similar to 
other languages, with operators AND and OR.

● E.g.: stars brighter than 12, closer than 50 pc.

SELECT source_id, phot_g_mean_mag, parallax, bp_rp
FROM gaiadr2.gaia_source
WHERE phot_g_mean_mag < 12.0 AND parallax > 20.0



ADQL queries – SELECT: JOIN USING

● For joining two tables with a same column

● E.g.: get Gaia DR2 proper motions for stars with known 
source_id



ADQL queries – SELECT: JOIN USING

● For joining two tables with a same column

● E.g.: get Gaia DR2 proper motions for stars with known 
source_id

SELECT source_id, a.phot_g_mean_mag, a.parallax, 
       a.bp_rp, b.pmra, b.pmdec
FROM TAP_UPLOAD.t6 AS a
JOIN gaiadr2.gaia_source AS b USING(source_id)



ADQL queries – Geometries

● Useful for searching a radius around given coordinates

● E.g.: get Gaia DR2 proper motions for stars with unknown 
source_id (3" search)



ADQL queries – Geometries

● Useful for searching a radius around given coordinates

● E.g.: get Gaia DR2 proper motions for stars with unknown 
source_id (3" search)

SELECT b.source_id, a.NAME_SDCAT, b.pmra, b.pmdec
FROM TAP_UPLOAD.t10 AS a
JOIN gaiadr2.gaia_source AS b ON 1=CONTAINS (
     POINT('ICRS', a.RAJ2000, a.DEJ2000),
     CIRCLE('ICRS', b.ra, b.dec, 3./3600.))

● Note: same thing could be done with a TOPCAT crossmatch, 
but that is not always the case (e.g. if a table is not listed for 
crossmatching).



Exercise 1

From the tutorial at 
http://andromeda.star.bris.ac.uk/topcat/tutorial/

(click on "VO" at the top bar menu)

http://andromeda.star.bris.ac.uk/topcat/tutorial/


Creating our photometric target list

● Now that you have familiarised yourself with TOPCAT, we can create a list 
of targets for photometry!

● We want to observe hot subdwarf stars with suspected variability.

● We are going to use a table containing 40,000+ hot subdwarf and 
candidates:

http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sdCats_comb
ined_GaiaV11_specV44.csv

● To identify candidate variables, we will use the ATLAS catalogue:

https://archive.stsci.edu/prepds/atlas-var/

(download the “Object Table” )

* This table is 7GB in size! If the download takes too long, download instead:

http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/ATLAS_cat.fi
ts

http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sdCats_combined_GaiaV11_specV44.csv
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sdCats_combined_GaiaV11_specV44.csv
https://archive.stsci.edu/prepds/atlas-var/
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/ATLAS_cat.fits
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/ATLAS_cat.fits


Creating our photometric target list

● Step 1: import both tables to TOPCAT.

● Step 2: select only relevant columns from the ATLAS table.

○ There are 197 (!) columns in this table – they describe many 
parameters in the variability search algorithm run by ATLAS.

○ Using the column metadata shortcut, deselect all columns, then 
select only:

■ ATO_ID

■ ra and dec (we need those to do a crossmatch)

■ fp_period

■ fp_fitrms

■ fp_fitchi

■ CLASS (this is the type of variation ATLAS identified)

We are interested in short period binaries.
These parameters describe the fitted period, 

root-mean-square, and chi-square of the 
short-period algorithm in ATLAS.



Creating our photometric target list

● Step 3: cross-match both tables



Creating our photometric target list

● Step 4: create a subset with objects worth observing for our science 
case, taking into account the time and site constraints (for next week 
in Ondřejov).

○ You can use staralt: http://catserver.ing.iac.es/staralt/index.php

(Ondřejov location: 14.781ºE 49.915ºN 500m, UT-offset +2)

○ We want objects that do have a short period determined.

○ Preferably objects whose period can be covered in one night.

http://catserver.ing.iac.es/staralt/index.php


Creating our photometric target list

● Step 4: create a subset with objects worth observing for our science 
case, taking into account the time and site constraints (for next week 
in Ondrejov).

○ We want objects that do have a short period determined.

○ Preferably objects whose period can be covered in one night.



Creating our photometric target list



Creating our photometric target list

● To determine the best targets, you can also inspect the light curves and 
perform a period search.

● At 
http://www.astro.physik.uni-potsdam.de/~pelisoli/lightcurves/ATLAS/dat/ 
you can find a Jupyter notebook containing instructions, as well as the 
code, to perform a Lomb-Scargle periodogram and phase-fold the data.

The data is available in this same directory.

http://www.astro.physik.uni-potsdam.de/~pelisoli/lightcurves/ATLAS/dat/


Exercise – ADQL queries in TOPCAT

● Draw the Gaia DR2 HR diagram
(absolute magnitude MG = G - 5 log(d[pc]) + 5
as a function of colour GBP - GRP)
for 100.000 stars closer than 100 pc.

○ Which variables do you need to select?

○ From which table?

○ How to limit this for 100.000 stars?

○ How to limit this to d < 100 pc?

● Inspect this diagram. Is there something odd with it? Why?

SELECT TOP 100000 source_id, phot_g_mean_mag, bp_rp, 
parallax FROM gaiadr2.gaia_source WHERE parallax > 10.



Exercise – ADQL queries in TOPCAT

● Retrieve the variables parallax_over_error, 
phot_bp_mean_flux_over_error, 
phot_rp_mean_flux_over_error, 
phot_bp_rp_excess_factor, 
astrometric_chi2_al, 
astrometric_n_good_obs_al, and 
astrometric_excess_noise for the stars in the table 
resulting from your previous query. Hint: use JOIN USING.

● Create a subset with objects showing 
parallax_over_error < 5.

How does the HR-diagram look like with only these objects?

SELECT source_id, a.phot_g_mean_mag, a.bp_rp, a.parallax, 
parallax_over_error, phot_bp_mean_flux_over_error, 
phot_rp_mean_flux_over_error, phot_bp_rp_excess_factor, astrometric_chi2_al, 
astrometric_n_good_obs_al, astrometric_excess_noise FROM 
TAP_UPLOAD.T12 AS a JOIN gaiadr2.gaia_source AS b USING(source_id)



● Now you know how important quality control parameters are!

● Use the following conditions to further improve your HR-diagram:

parallax_over_error > 10

astrometric_excess_noise < 1.0

phot_bp_mean_flux_over_error > 10

phot_rp_mean_flux_over_error > 10

phot_bp_rp_excess_factor < 1.3+0.06*power(bp_rp,2)

phot_bp_rp_excess_factor > 1.0+0.015*power(bp_rp,2)

astrometric_chi2_al/(astrometric_n_good_obs_al-5) 
     < 1.44*max(1, exp(-0.4*(phot_g_mean_mag-19.5)) )

parallax_over_error > 10 && astrometric_excess_noise < 1 && phot_bp_mean_flux_over_error>10 && phot_rp_mean_flux_over_error>10 && 
phot_bp_rp_excess_factor < 1.3+0.06*pow(bp_rp,2) && phot_bp_rp_excess_factor > 1.0+0.015*pow(bp_rp,2) && ( 
astrometric_chi2_al/(astrometric_n_good_obs_al-5)<1.44 || 
astrometric_chi2_al/(astrometric_n_good_obs_al-5)<1.44*exp(-0.4*(phot_g_mean_mag-19.5)) )

Check out this paper: https://arxiv.org/abs/1804.09366 if you 
want to understand more about where all of these parameters 
come from.

https://arxiv.org/abs/1804.09366




Creating our spectroscopic target list

● Now that you have familiarised yourself with TOPCAT, ADQL, 
and some Gaia DR2 parameters, it is time to create our list of 
targets for spectroscopy!

● We want to observe bright candidate hot subdwarf stars 
identified in Gaia. Spectra can confirm (or rule out) their nature.

Step 1: identify the position of these stars in the HR-diagram.

Step 2: define a colour-cut.

Step 3: do a query in Gaia recovering stars within your colour 
cut, also using quality control parameters.

Step 4: validate your query. Does the result make sense?

Step 5: observational constraints (brightness, RA and DEC).



Creating our target list - STEP 1

● Plot the HR-diagram for the comparison sample

Sample C: 
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/SampleC.vot

● Overplot the known hot subdwarfs from Prof. Geier's catalogue

Catalogue:

www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalogue_v44.
csv

http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/SampleC.vot
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalogue_v44.csv
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalogue_v44.csv


Creating our target list - STEP 1



Creating our target list - STEP 2

● Define a colour-cut. Where to these stars concentrate?

?? < MG < ??

?? < GBP - GRP < ??



Creating our target list - STEP 2

● Define a colour-cut. Where to these stars concentrate?

?? < MG < ??

?? < GBP - GRP < ??



Creating our target list - STEP 2

● Define a colour-cut. Where to these stars concentrate?

2 < MG < 6.5

-0.7 < GBP - GRP < 0.05



Creating our target list - STEP 3

● Write an ADQL query in Gaia recovering stars within your colour 
cut, also using quality control parameters:

parallax_over_error > 5

astrometric_excess_noise < 1.0

phot_bp_mean_flux_over_error > 10

phot_rp_mean_flux_over_error > 10

phot_bp_rp_excess_factor < 1.3+0.06*power(bp_rp,2)

phot_bp_rp_excess_factor > 1.0+0.015*power(bp_rp,2)

astrometric_chi2_al/(astrometric_n_good_obs_al-5) 

     < 1.44*max(1, exp(-0.4*(phot_g_mean_mag-19.5)) )



Creating our target list - STEP 3

● Write an ADQL query in Gaia recovering stars within your colour 
cut, also using quality control parameters.

SELECT source_id, ra, dec, parallax, phot_g_mean_mag, bp_rp
FROM gaiadr2.gaia_source
WHERE parallax_over_error > 5
AND phot_bp_mean_flux_over_error>10
AND phot_rp_mean_flux_over_error>10
AND phot_bp_rp_excess_factor < 1.3+0.06*power(phot_bp_mean_mag-phot_rp_mean_mag,2)
AND phot_bp_rp_excess_factor > 1.0+0.015*power(phot_bp_mean_mag-phot_rp_mean_mag,2)
AND ( astrometric_chi2_al/(astrometric_n_good_obs_al-5)<1.44
    OR 
astrometric_chi2_al/(astrometric_n_good_obs_al-5)<1.44*exp(-0.4*(phot_g_mean_mag-19.5)) )
AND bp_rp > -0.7 AND bp_rp < 0.05
AND 5+5*log10(parallax/1000)+phot_g_mean_mag < 6.5 and 
5+5*log10(parallax/1000)+phot_g_mean_mag > 2.0



Creating our target list - STEP 4

● Overplot the result of your query on the HR-diagram. Is 
everything where it is supposed to be?



Creating our target list - STEP 4

● Overplot the result of your query on the HR-diagram. Is 
everything where it is supposed to be?



Creating our target list - STEP 4

● Make a sky-plot of the objects in your query. Anything weird?



Creating our target list - STEP 4

● Make a sky-plot of the objects in your query. Anything weird?



Creating our spectroscopic target list

● Congratulations! You have done some proper science.

However, you were too slow… "someone" has already published a catalogue 
of candidate hot subdwarfs in Gaia:

Geier et al. 2019:

The population of hot subdwarf stars studied with Gaia. II. The Gaia DR2 
catalogue of hot subluminous stars

http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalog
ue_gaia_v11.csv

There are things taken into account in the published catalogue that we did 
not discuss here (e.g. problems in crowded areas), so, from here on, we will 
use the published catalogue.

https://arxiv.org/abs/1810.09321
https://arxiv.org/abs/1810.09321
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalogue_gaia_v11.csv
http://www.astro.physik.uni-potsdam.de/~pelisoli/AstroWorkshop/sd_catalogue_gaia_v11.csv


Crowded areas are problematic

In blue = in our query, but not in the final catalogue. Essentially 
the disc and the Magellanic clouds! These regions need stricter 

quality control cuts.



Creating our spectroscopic target list

● Open the catalogue in TOPCAT.

● What is the brightness constraint for our telescope?

● What is the declination constraint given our location?

● What is the constraint in right ascension for this time of year?

○ You can use staralt again.

Our locations is approximately: 12.97ºE 52.41ºN 32m 
UT+2

http://catserver.ing.iac.es/staralt/index.php


Creating our spectroscopic target list

● Open the catalogue in TOPCAT.

● What is the brightness constraint for our telescope?

● What is the declination constraint given our location?

● What is the constraint in right ascension for this time of year?


