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Overview

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

● ADQL
○ Basic commands and hands-on exercise

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

● 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

● What can’t we do with TOPCAT?

○ Images and spectra (tables only!)

○ Do astronomy for you



TOPCAT – start window



Most important 
button!

TOPCAT – start window



Open a 
table Visualise/

manipulate table

Plotting 
tools

Crossmatching 
tools

Available 
functions

TOPCAT – start window



TOPCAT – open a table

You can keep “auto” here but it 
might fail sometimes and then you 

have to set the correct format of 
your table

Select path where 
table is located, e.g. 

your share folder



TOPCAT – tables



TOPCAT – browse table entries



TOPCAT – table metadata



TOPCAT – column metadata



TOPCAT – create new column

Column names 
become variables

Column names 
should not contain 
mathematical 
operators and 
spaces!



TOPCAT – most important math operators
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Simple 
expression

Use of 
functions

Missing values = 
empty table entries

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

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)Add another table

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

Here goes query
Provides simple queries that 
can be adapted

Spectroscopy group will use 
this catalogue



ADQL queries

Set to Asynchronus if query times out

Select this to see names of columns



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)]

Column names

1

1

Instead of TOP a * can be used to select everything that fulfills criteria 
or until maximum number of entries is reached

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 gaiadr3.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(POW(pmra,2)+POW(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 
way 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 
way 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 gaiadr3.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 gaiadr3.gaia_source AS b USING(source_id)

You can find this number in your 
table list



ADQL queries – Exercise: variable 
sources in Gaia

● Variability index: 
● phot_g_mean_flux_error/phot_g_mean_flux*sqrt(phot_g_n_obs)

1. Select all stars that fulfill the following conditions:

Parallax >= 0.1
parallax_error/parallax<=0.3
phot_g_mean_mag<16
bp_rp<0
Varindex>0.1

Should result in 109 objects

Select variable sources in Gaia and crossmatch the result 
with the catalogue of known hot subluminous stars.



ADQL queries – Excersise: variable 
sources in Gaia
2. Download the catalogue of hot subluminous stars and crossmatch 
this with the table from the query

Select VizieR catalogue service



ADQL queries – Excersise: variable 
sources in Gaia

Select these settings

This will give you two catalogues: 
_knownhsd and _hotsd. Use 
_knownhsd for the crossmatch



ADQL queries – Excersise: variable 
sources in Gaia
3. Plot a Colour Magnitude Diagram (CMD) of the stars in the ADQL 
query table and the targets from the crossmatch. Use the columns 
bp_rp and phot_g_mean_mag



ADQL queries – Excersise: variable 
sources in Gaia

Are these 
reasonable?

10 objects



Now create the target lists for your 
projects



Spectroscopic selection

Parallax>=0.1
Absolute magnitude<=3.7
bp_rp<=0.05
phot_g_mean_mag<=11
Tangential velocity>=100

phot_bp_rp_excess_factor>=1.0+0.015*bp_rp²
visibility_periods_used>=8
phot_g_mean_flux_over_error>=50
phot_bp_mean_flux_over_error>=20
phot_rp_mean_flux_over_error>=20
4.74*pm/(parallax+parallax_error)>=30
Ruwe<=1.4
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