Data mining with
TOPCAT and
ADQL

Creating a target list

Max Pritzkuleit
Research workshop on evolved stars
27.08.2024



Overview

@® Topcat
O Basic overview
O Table visualisation/manipulation
O Visualisation tools
O Crossmatching

® ADQL
O Basic commands and hands-on exercise

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

@® Creating our target list for spectroscopy
O Defining the region of interest
O ADQL query
O Observational constraints



Tool for OPerations on Catalogues And Tables

Does what you want with tables

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

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

® Why TOPCAT?

ONONONONONONG.

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?
O Read/write tables in multiple formats
View/edit data
View/edit metadata
Plot data
Crossmatch — efficient and very flexible

(Simple) Calculations

O O O O O O

Access Virtual Observatory (VO) services

® What can't we do with TOPCAT?
O Images and spectra (tables only!)

O Do astronomy for you
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TOPCAT - start window
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TOPCAT - start window
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TOPCAT - open a table

t“-_-.'ﬂ + Load Mew Table W N
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I] E, System Browser
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| rlLoading Tables

Select path where
table is located, e.qg.
your share folder

You can keep “auto” here but it
might fail sometimes and then you
have to set the correct format of
your table




TOPCAT - tables

TOPCAT - =
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E:;ECurrent Table Properties
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Mame:
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TOPCAT - browse table entries

n TOPCAT _ o x

File Views Graphics Joins Windows VO [Interop Help
B (B]u8ez# Weldo ¥&@X &~ oe
) |

[Table List——————\—— /| -Current Table Properties

L: sd_catalogue_vd4.csv | Label: [sd_catalogue_v44.csv |

2: SampleC.vot Location: (home/octans/pelisoli/Documents/sdOB_catalogue,/sd_catalogue_v44.csv
Name:
Rows: 3,613

Columns: 300

Sort Ordern: G| |v|

Row Subset:

Activation Actions: 1/ 2

B 5735w Messages: O | Clients: |(8) & |

TORCAT(2): Table Browser,

Window Subsets Help
IR
Table Browser for 2; SampleC.vot
source_id ra clec parallax prmra prmdec phot_g_me...|phot_bp_m...|phot_rp_m... bp_rp teff_val radius_wval |radial_welocity
1 | 5255215443991096192 147.86761 | -61.24324 14.45812 12.03787 -59,37827 | 15.9087 17.5931 14.6429 2.9502 4061, 37 -
2 | 5256330686560451584 151.56722 | -60.97767 11.94937 -22.95639 71.97418 | 16.0123 17.8669 14._7033 3. 16366 3719.83 |=|
3 | 525A38545598A316288 151.27972 | -60.70841 12.54169 31.90794 B0.6TET4 B.8B8798 9.196804 B.46277 0.733274 5956, 1.07332 -7.42609
4 | 5253416396637155072 153.5164 -61.03644 12.63063 | -105.39727 -45.1931 15.137 15.5149 13.956 2.55884 3806.61
5 | 5253387156502079744 152.8841 -51.23938 10.00575 | -104.01756 50.83408 7.99488 8.28995 7.58982 0.700138 6150.75 1.89712 78.49139
6 | 525A36A489408398336 150.23835 | -60.96456 13.98831 -94.56353 119.33368 | 15.208 16.5438 13.9581 2.88572 3942.28
7 | 5251098523021221376 144,83717 | -61.32796 15.20927 -42.29215 19,4506 4.43662 4.46872 4.54535 -0.076632 9450,
8 | 5257162462774502440 145.37644 | -80.51155 19,28591 | -186.61478 102.95347 | 11.8907 12,6408 10,7458 1.89492 4121.07 0.501863 15.92912
9 | 5258941548688757888 153.40899 | -57.19364 13.65926 -19.40082 B84.64139 | 15.0713 16.5366 13.8802 2.6564 3866.73
10 | 5258898488554176384 151.52451 | -57.25391 32.38492 48.46716 -52.36505 | 12.7897 14,1319 11.6591 2.47282 3764.82
11 | 5259661897522600688 151.14651 | -57.02871 11.71382 | -114.0676 60.93288 | 14.3115 15,8704 13.0872 2.78321 3683.46
12 | 5258429379357599232 152.07547 | -58.19864 14.42705 -4._00739 -13.83841 6.47879 5.80914 6.04574 0.763399 6011.5 2.77489 -10.38242
13 | 5255092876977182976 153.85899 | -59.60026 15.45247 -59.49345 11.34791 | 15.459 18.0891 15.1948 2.89426 4120.11 - |




TOPCAT - table metadata

' TOPCAT _ o x
File Views Graphics Joins Windows VO Interop Help

B kR e # wWle oo s&X &

rTable List——— §§ r rent Table Properties
[1: sd_catalogue_v44.csv ||
2: SampleC.vot :

Label: |sd_cata|ogue_v44.csv

& OPCA hle P ate =

Window Parameters Display Help
@ 0 @B X

Table Parameters for 2;: SampleC.vot

ame Walue Description
_———— |Name result_1547025393811 Table name
I-? {3324 M Column Count |13 Mumber of columns
Fow Count 242582 Mumber of rows
QUERY_STATUS [0k
FROVIDER ARl (Astronomisches Rechen Institut - Heidelberg, Germany) ARI's TAP access to the Gaia Archive.
QUERY ELECT source_id, ra, dec, g.parallax, pmra, pmdec, g.phot_g_...

Name: |[QUERY

Class: 5tring
Shape:

Units:

Description:

uco:

Uty pe:

Value: |cp) £cT spurce_id, ra, dec, g.parallax, pmra, pmdec, g.phot_g_mean_mag, phot_bp_mean_mad,




TOPCAT - column metadata

TOPCAT
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i Row Subset
Activation Actions:

ocation: {home/octans/pelisoli/Documents/sd0OB_catalogue/sd_catalogue_v44.csv

: 5,613

|v|

|rsamep

Messages: |

v | Clients: |@ %@;
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Window Columns Display Help
O ® =
@ D= 5 EA 2+ B@X
Table Columns for 2: SampleC.vot
& Index Visible Mame $ID Class Linits Description UCD Datatype | VOTable 1D
4] [] Index 0 Laong Tahle row index
1 1 (] source_id $1 Laong long col_0
2 2 [v] ra §2 Double | deg Fight ascension pos.ed.ra;meta.main double  |col_1
3 3 v] dec §3 Double | deg Declination pos.ed.dec;meta. main double | col 2
4 4 v parallax t4 Double | mas Farallax pos. parallax double | col_3
5 5 v pmra $5 Double | mas/yr | Froper maotion in right ascension direction | pos.pm;pos.eq.ra double | col_4
& [&] v pmdec 113 Double | mas/yr | Proper motion in declination direction pos pm;pos. eq.dec double | col 5
7 7 v phot_g_mean_mag 7 Float mai G-band mean magnitude phot.mag; stat. mean;em.opt | float col_&
8 3 M phot_bp_mean_mag | 58 Float mag Integrated BF mean magnitucle phot.mag; stat.mean float col 7
] 9 ] phot_rp_mean_mag t9 Float mag Integrated P mean magnitude phot.mag; stat.mean float col 8
10 10 ] bp_rp 10 Float mag BP - EF colour phot.color float col 9
11 11 [w] teff_wval 11 Float . Stellar effective temperature phys temperature. effective float col_10
12 12 [w] radius_wval $12 Float solRad | Stellar radius phys. size. radius float col 11
13 13 ] radial_welocity $13 Doukble | km/s Fadial wvelocity spect.dopplerVeloc. opt double  |col_12




TOPCAT - create new column

s

Window Help

@

&

=
Wind Columns Display Help

O ™ =
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Table Columns for 2: SampleC.vot

Name
Expression
Units

Description
uco

Ind

X

Column names
become variables

[le e 0 =
B |pm
: |sqr‘t( powiomra, 2) + pow(pmdec, 2))
g |mas,f\er’i i

|
|
| Column names
|

y A
: [Tortaffroper motion
y A y A

pm /) Ad

roper Motion n-equatorial and related quantities

Cancel

should not contain
mathematical
operators and
spaces!

& Index Visible Mamg/ 1o Class Linits Description UCD Datatype | VOTable ID
4] [] Inclex / 4] Laong Tahle row index
1 1 (] suurce_i/ / $1 Laong long cal_0
2 2 [v] ra / / §2 Double | deg Fight ascension pos.ed.ra;meta.main double  |col_1
3 3 v] dec/ / §3 Double | deg Declination pos.ed.dec;meta. main double | col 2
4 4 M pJalIax / 54 Double | mas Farallax pos.parallax double | col_3
5 5 v pmra $5 Double | mas/yr | Froper maotion in right ascension direction | pos.pm;pos.eq.ra double | col_4
& [&] v pmdec v 113 Double | mas/yr | Proper motion in declination direction pos pm;pos. eq.dec double | col 5
7 7 v phot_g_mean_mag 7 Float mai G-band mean magnitude phot.mag; stat. mean;em.opt | float col_&
8 3 M phot_bp_mean_mag | 58 Float mag Integrated BF mean magnitucle phot.mag; stat.mean float col 7
] 9 ] phot_rp_mean_mag t9 Float mag Integrated P mean magnitude phot.mag; stat.mean float col 8
10 10 ] bp_rp 10 Float mag BP - EF colour phot.color float col 9
11 11 [w] teff_wval 11 Float . Stellar effective temperature phys temperature. effective float col_10
12 12 [w] radius_wval $12 Float solRad | Stellar radius phys. size. radius float col 11
13 13 ] radial_welocity $13 Doukble | km/s Fadial wvelocity spect.dopplerVeloc. opt double  |col_12




TOPCAT - most important math operators

Real Expression in TOPCAT
+ +

/ /

log(5) log10(5)

J5 sgrt(5)

10° pow(10,5)



TOPCAT - create subsets

E Define Row Subset =
Window Help

Simple
expression
) | Subset Name:

Expression: [G_Gaia < 10|

|| TOPCAT(1): Row Subsets o x -

Window Subsets Display Interop Help

CERICEEITNCICIEE e

Row Subsets for 1: sd_catalogue_v44.csv

Define Row Subset =

Window Help

_1ID |A” Name | Siz;slgi Fralcgg;i Expression E‘@E Use Of
. functions
Subset Name: |fast| |v|
Expression: [abs(RY) > 400
N:] Define Row Subset =

n Window Help . .

2] TOPCAT Missing values =
File Views Graphics Joins Windows [VO Interop Help ‘ f(=z) @ X ‘

empty table entries

al®@ Blw 8le]: 2 Whle ol s

Subset Name: |noRVdata| -

~Table List—————————— i|-Current Table Properties Expression: [NULL_RV

Location: [home/octans/pelisoli/ Documents/sdOB_catalogue/

Name:
Rows: 5,613
Columns: 300

Sort Order: G| |v|

Row Subset:

Activation Actions: 1 [ 2

| |
; |
|1: sd_catalogue_v44.csv | i Label: [sd_catalo --
b ; [sd. gue_v44.csv C 1
2: SampleC.vot : | SI “ ance

| -sAmP

Messages:| O | Clienls:|@ %‘%} | ﬁ




TOPCAT - create column based on subset

Define Synthetic Column

Window Help

@)

3

X|

Description: |

If statement

Name: |Observe?

Expression: |(fast && bright) 7 "yes" : "no"

Units: |

ucD: |

no UCD
Index: 301
| OK || Cancel
& OP hle Co =
WindowColumns Display Help
O ® =
G D =2 B A 8 B X
S— |
Table Columns for 2: SampleC.vot
& Index Visible Mame $ID Class Linits Description UCD Datatype | VOTable 1D
4] L | Index 0 Laong Table row inclex
1 1 (] source_id $1 Laong long col_0
2 2 [v] ra §2 Double | deg Fight ascension pos.ed.ra;meta.main double  |col_1
3 3 v] dec §3 Double | deg Declination pos.ed.dec;meta. main double | col 2
4 4 v parallax t4 Double | mas Farallax pos. parallax double | col_3
5 5 v pmra $5 Double | mas/yr | Froper maotion in right ascension direction | pos.pm;pos.eq.ra double | col_4
& [&] v pmdec 113 Double | mas/yr | Proper motion in declination direction pos pm;pos. eq.dec double | col 5
7 7 v phot_g_mean_mag 7 Float mai G-band mean magnitude phot.mag; stat. mean;em.opt | float col_&
8 3 M phot_bp_mean_mag | 58 Float mag Integrated BF mean magnitucle phot.mag; stat.mean float col 7
] 9 ] phot_rp_mean_mag t9 Float mag Integrated P mean magnitude phot.mag; stat.mean float col 8
10 10 ] bp_rp 10 Float mag BP - EF colour phot.color float col 9
11 11 [w] teff_wval 11 Float . Stellar effective temperature phys temperature. effective float col_10
12 12 [w] radius_wval $12 Float solRad | Stellar radius phys. size. radius float col 11
13 13 ] radial_welocity $13 Doukble | km/s Fadial wvelocity spect.dopplerVeloc. opt double  |col_12




TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools
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TOPCAT - Visualisation tools

TOPCAT
File Views Graphics Joins Windows VO Interop Help
B Beie:® Wel@osEmX &
y 4

rTable List

[1: sd_catalogue_v44.csv

2: SampleC.vot

“rCurrent Table Properties

Label: |sd_cata|ogue_ﬁ4.csv \

Location: fhome/octafis/pelisoli/Doc
MName:
Rows: 5,613

Columns: 300

Sort Order:

Row Subset:
Activation Actions:

ents/sdOB_catalogue/sd_catalogue_v44.csv
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rSAMP

Messages:‘ /
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TOPCAT - Crossmatchi
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[L: sd_catalogue_v44.csv | Label |sd_catalogue_v44.csv

/ A
J
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2: SampleC.vot Location: fhomefnctansfpellsnllfDuc
MName:
Rows: 5,613

Columns: 300

Sort Order: ﬁ|

Row Subset:

Activation Actions: 1 / 2
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using
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ADQL queries

gﬂ b4 Table Access Protocol (TAP) Query VoA X gﬂ - Table Access Protocol (TAP) Query VoA X
Window TAP Registry Edit Interop Help Window TAP Registry Edit Interop Help

[ Select Service | Use Service | Resumejob [ Runningjobs | [ selectservice | UseService | Resumejob | Running Jobs |

[~ Locate TAP Service - Metadat:

l/ By Table Properties r By Service Properties | Find:|

‘[ ® columns r O FKeys r Hints |
® Service ® Schema @® Table

Name:

|
I(eywords:| | | And | Name [ | Descrip

Match Fields: Table Name Table Description Service B gaiadr3.commanded_scan law

- . FR gaiadr3.dr2_neighbourhood gaiadr3
| Cancel || Find Services | B2 gaiadr3.frame_rotator_source Tables:
i iadr3.gaia_crf3_xm 91
All TAP services (123 - £ gaiadr3.gaia_crf3_ o
7 o170 ] F gaiadr3.gaia_source Description:

& TAPVizieR (58170) - ive
3 vsA TAP (2900) - i
[ wsA TAP (2162) - ivo:/iwf /
I3 HEASARC (1023) - amin
[ 1RsA TAP (944) - ivou/s
& wraAU OSATAP (799) -

Gaia Data Release 3

L FR gaiadr3.gaia_source_lite

EE gaiadr3.gaia_source_simulation
FR gaiadr3.gaia_universe_model

FR gaiadr3.galaxy_candidates

FR gaiadr3.galaxy_catalogue_name
FR gaiadr3.gold_sample_carbon_stars

SSA(652) - ivou/fwfau. .
- GAUL nr]'rnpr):m - .I. B gaiadr3.gold_sample_fgkm_stars
= GAIA (246) - ivo @ gaiadr3.gold_: sample oba stars
— imcde LA
4| pDS-PPL TAP (209) - vo:/pd
& ARI-Gaia (203) - ivo://uni rService Capabilities

@ Gala@AIP TAP Ser\r|ce{2[]3]
5 EsAsky (120) - ivo:
[E EsASky Legacyﬂ]g]-
& ESO TAP_CAT (106) - iv
B skyMapper TAP (95) -

@ APPLAUSE (Archives of Photographic PLates for Astronomical USE) TAP Service (83) - ivo:
B voucat (71) - ivc
|5 pS1DR2 TAP (69)

[ i |
[ Selected TAP Service
TAP URL:|

Query Language: |ADQL-2.0 | | Max Rows: 3000000 (default) |« Uplk1 00Mb
rADQL Text A N
wose sy | QG \

Provides simple queries that Spectroscopy group will use
can be adapted Here goes query  this catalogue




ADQL queries

Select this to see names of columns

B #

Window TAP Registry Edit Interop Help

Table Access Protocol (TAP) Query

Select Service | Use Service r Resume Job rRunningJohs |

“Meatadat

Find:|

| ® Columns | O FKeys

Name [_| Descrip

Hints

® Service

® Schema @® Table

2 gaiadr3.commanded_scan_law

FR gaiadr3.dr2_neighbourhood

B2 gaiadr3.frame_rotator_source

B2 gaiadr3.gaia_crf3_xm

= gaiadr3.gaia_source

B2 gaiadr3.gaia_s _lite

2 gaiadr3,ga®_source_simulation

E ga .gaia_universe_model
gaiadr3.galaxy_candidates

FR gaiadr3.galaxy_catalogue_name

FR gaiadr3.gold_sample_carbon_stars

FR gaiadr3.gold_sample_fgkm_stars

@ gaiadr3.gold_: sample oba_ stars

inded anld 1

Gaia Data Release 3

rService Capabi

Query Language: ADQL-2.0 | | Max Rows: 3000000 (default) |+ | Uploads: 100Mb

rADQL Text

~E==E|
1

S

e T\

| | Info |

Set to Asynchronus if query times out




ADQL queries

@® ADQL = Astronomical Data Query Language

@ Useful tutorial http://docs.g-vo.org/adgl-gaia/html/
@® A dialect of SQL

Column names

Very basic summary of a query:

1
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)]

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

iSELECT TOP 50 source_id, phot_g_mean_mag, parallax, bp_rp i
. FROM gaiadr3.gaia_source |
' ORDER BY phot_g_mean_mag |

____________________________________________________________________________________

SELECT TOP 20 source_id, parallax, phot_g_mean_mag,
SQRT (POW (pmra,2)+POW(pmdec,2)) AS pm

FROM gaiadrl.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 i
' WHERE phot_g_mean_mag < 12.0 AND parallax > 20.0



ADQL queries - SELECT: JOIN USING

@® Forjoining two tables with a same column

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



ADQL queries - SELECT: JOIN USING

@® Forjoining 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)

|la|® g

=)
£l

rTable List

E si_catalogue_v44.csv

2 5ampleCvot

You can find this number in your
table list




ADQL queries - Exercise: variable
sources in Gaia

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

@ Variability index: Vo = @ X JPobs,G

® phot_g_mean_flux_error/phot_g_mean_flux*sqrt(phot_g_n_obs)

1. Select all stars that fulfill the following conditions:
iParallax >= 0.1
iparallax_error/parallax<=0.3
' phot_g_mean_mag<16
| bp_rp<o '
' Varindex>0.1

Should result in 109 objects



ADQL queries - Excersise: variable
sources in Gaia

2. Download the catalogue of hot subluminous stars and crossmatch
this with the table from the query

TOPCAT
File Views Graphics Joins Windows Interop Help
= el o R o @@
-Table List “|rCurrent Table Properties
: Label:
Location:
Mame:
Rows:
Columns:
Sort Order: |
Row Subset |
Activation Actions:
A ~SAMP
= : ot | (8) &k
Ii 66 / 3524 M I | Messages: O | Clients: @‘i@._ﬁ; | ﬁ
J

v

Select VizieR catalogue service




ADQL queries - Excersise: variable

sources in Gaia

This will give you two catalogues:

__knownhsd and _hotsd. Use
_knownhsd for the crossmatch

Select these settings

gﬂ b4 VizieR Catalogue Service
Window Help

2 @8 X

[ VizieR Server

Server: |hl:t|:|'_H\Jrizier.ulstrashg.fnr

[~ Row Selection
) Cone Selection

Object Name:

1y

Resolve

RA: (J2000)
Dec: (J2000)
Radius:

Maximum Row Eouﬂunlimited |v|

™ Column Selecti
Output mns: |standard | - |

%Iogue Selection
By Category | By Keyword |/Sunre5rs rMissions |

Keywords: |culpan |
[ ] Sub-Table Details [ | Include Obsolete Tables
| Search Catalogues ‘ | Cancel Search ‘
ty | Density Description
69 0lCa | +
76 0|Hot subdwarf stars studied with Gaia (Culpan+, 2022)
[ 0[Hot subluminous stars 500pc volume-limited sample (Dawson+, 2024)

1] Il |




ADQL queries - Excersise: variable
sources in Gaia

3. Plot a Colour Magnitude Diagram (CMD) of the stars in the ADQL
guery table and the targets from the crossmatch. Use the columns
bp_rp and phot_g mean_mag



Are these

reasonable?

ADQL queries - Excersise: variable

sources in Gaia

16

—
ra

phot_g_mean_mag { mag

.30

—
()]

L]

® ADQL query
® Crossmatch

.25

.20

15

bp_rp £ mag

-0.5

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

Selection
criteria

phot_bp rp _excess_factor>=1.0+0.015*bp_rp?
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

Quality cuts
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