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TOPCAT

e What is it?
e What can it do?

Demo

e Pleiades in Gaia DR2 and 2MASS
e Hyades in 3D phase space using TAP

Q-+A

Hands on

e Gaia DR2

Outline




Overview

TOPCAT = Tool for OPerations on Catalogues And Tables
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Characteristics

Aims:

e User-friendly

> Easy to install and run (pure Java — one download file, no library issues)
> Easy to get started

> Simple things fairly obvious

> Complicated things at least well-documented

e High Performance

> Most things are fast
> Handles fairly large tables: millions of rows, hundreds of columns easily (can be much more)

> ... even on modest hardware

e Does the things that astronomers need

> Development is led by community input (mailing list, personal emails, tutorials, feature requests, bug reports...)
> Feedback always welcome!



It can do:
Read /write tables in various formats (FITS, VOTable, CSV, ...)

View data
View metadata

Capabilities

Calculations and simple statistics (expression language)

Visualisation (many options, interactive)

Make/combine/display row selections in various ways (linked views)

Crossmatching (many options)
Access external data services (VO and others)

Talk to other astro tools (SAMP)
Trigger some event when a row is selected

It can't do:

Images, spectra (it's only for tables)
Scripting (but see STILTS)

Very large tables (but see STILTS)
Every ASCII-like format known to man

Write your papers for you




Table Data and Metadata
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Row Selections

Different ways to make single or multiple row selections:

e Select points graphically from a plot (freehand or polygon)

e Select rows from the table view
e Use an algebraic expression

e Combine existing subsets

e Receive from an external application (SAMP)

Linked views mean a selection made one way

iIs visible in other ways

e Perform crossmatch only on items in red giant branch

e Where on the sky is this colour cut?
e Spot outliers

e Identify objects on ds9 image display

Mark Taylor, TOPCAT, Shristi Astro online seminar, 22 August 2020
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Row Highlighting

Row selection i1s coordinated between linked views:

e Click on row in table browser or plot

e Same row is highlighted in other plots & table browser

e Can configure external tools to highlight same object/position (SAMP)
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Calculations

e Expression language used for creating columns, defining selections, making plots etc:

e Straightforward arithmetic syntax (C-like)

e Use column names as variables

e Standard arithmetic operators (+, -, /, *)

e Conditional expressions (q7a:b)

e Standard mathematical functions (abs, max, round, sin, cos, pow, ...)
e Sky coordinates (degrees, sexagesimal, sky distances)

e Astrometry (epoch propagation with/without errors, ...)

e Cosmological distances (redshift, luminosity dist, lookback time, ...)

e Fluxes (Johnson AB Magnitudes, Jansky)

e Time conversions (1508601, MJD, Julian, Besselian)

e ... and more (and it's extensible)

e Examples:

® mag_u - mag._ g
e janskyToAb(flux)
e skyDistanceDegrees(ra, dec, 14.1, -72.9) < 1.2



Visualisation

Very good for interactive exploration of large (or small) datasets:

e Many plot types!

> 2d/3d scatter plots, histograms, HEALPix, density maps, error bars/ellipses, vectors, lines, quantiles, text labels, contours,
KDEs, analytic functions, spectrograms, ...

e Many options!
> Colour, colour maps, shading mode, weighting, marker shape/size line style,
sky projection, sky system, coordinate grid, axis labelling, smoothing, binning, ...
e Highly responsive

> Interactive changes to options update plot immediately

e Special attention to large data sets

> Plot arbitrarily large datasets in fixed memory
> Represent very dense plots in comprehensible ways
> Many options for high-dimensional visualisation

e Publication-quality output?

> Export to PDF, EPS, PNG, SVG (coming soon), ...
> Optional LaTeX annotation

> Script output (STILTS) for reproducibility

> ... but not quite as good as Matplotlib/IDL/R



Visualisation: Plot Types
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Visualisation: Dense plots

Transparent Contour

Density

Different options for shading scatter-plot data.
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Crossmatching

Internal

e Both/all files loaded into TOPCAT

e Works well up to ~1 million rows each

e Pretty fast (<couple of minutes)

e Very flexible (sky, Cartesian, exact, 3D, ellipses,

errors, combinations...)

External

e One or both tables too big to download
e Several options, with different pros and cons:
> CDS X-Match

(any VizieR table, sky match, fast, easy)

> Multiple cone search
(many tables available, sky match, slow)

> TAP
(few tables available, flexible, tricky)
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Virtual Observatory

What is the Virtual Observatory (VO)?

e "All astro archives in your computer”
e A set of protocols that allows software clients to talk to external data services in a uniform way

e In most cases you (the software user) don't need to understand the details, but it's under the hood making data access work

External data access from TOPCAT:

e (Cone Search: positional query of remote catalogue

e Table Access Protocol (TAP): SQL-like queries against remote databases

e Simple Image Access/Simple Spectral Access: positional query of image/spectrum archives
e CDS services: Simbad, VizieR cone/all-sky, X-Match, Hips2fits

e Registry: service discovery

e SAMP: communication with other desktop/web applications



STILTS

STIL Tool Set

e Has pretty much the same capabilities as TOPCAT

e but works from the command line (also JyStilts from Jython)

TOPCAT STILTS
GUI Command line
Interactive Scriptable
Easy to use Reproducible
Good for data exploration | Good for batch/programmed use
Exploratory phase Production phase
fewx 10° rows Unlimited size (for most things)

Typical usage:
e start off with TOPCAT

e maybe move on to STILTS for more specialised requirements

e TOPCAT .. STILTS control helps constructing plot commands



Further

Information

e [here are things | haven't mentioned!

e Full tutorial and reference documentation:

> HTML/PDF manual on web page

http://www.starlink.ac.uk/topcat/ (or Google it)

> Help for Window button on every window

> Help browser includes search tool

> More options in Help Menu (including Help for Window in Browser item )

> Or print out the 500-page manual

e Support by email:

> on list: topcat-user@jiscmail.ac.uk
> in person: m.b.taylor@bristol.ac.uk

> All feedback and questions (even dumb questions) welcome!

Ai Table Formats - Mozilla Firefox | : | : | _

File Edit View History Bookmarks Tools Help
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4.1 Table Formats

TOPCAT supports a wide variety of tabular data formats. In most cases these are file formats for tables stored as
single files on a disk or at the end of a URL, but there are other possibilities, for instance a table you have opened
could be the result of an SQL query on a database.

Since you can load a table from one format and save it in a different one, TOPCAT can be used to convert a table
from one format to another. If this is all you want to do however, you may find it more convenient to use the tcopy
command line utility in the STILTS package.

The format handling is extensible, so new formats can be added fairly easily. All the table input/output is handled
by STIL, the Starlink Tables Infrastructure Library; more detailed descriptions of the IfO capabilities can be found in
its documentation.

The following subsections describe the available formats for reading and writing tables. The two operations are
separate, so0 not all the supported input formats have matching output formats and vice versa.

* 411 Supported Input Formats
o 4111 FITS

o 4.1.1.2 Column-oriented FITS
o 4.1.1.3 VOTable

o 4.1.1.4 ASCII
o
o
o
o

4.1.1.5 IPAC

4.1.16 Comma-Separated Values
4.1.1.7 Tab-Separated Table
4.1.1.8 S5QL Database Queries
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& 8 5AMP control

@ 7 TOPCAT Command-ling Al
& 7 Activation Window

@ 7 Messages Received

@ 6 System properties

& 3 Contral Window

& 3 Toolbar Buttons

& 2 TOPCAT Windows

& 1 Other Windows

1 Subsets window

@ 1 Current Tahle Properties
& 1 Session

@ 1 virtual Observatony Arces

[4]

ﬂ' TOPCAT Help BE | _
File Help

LA SRFEY RS X

Q, | -

o Y

= ’—SAMP

‘|| Message View

A2.4 SAMP Panel

(4]

Messages: Ob | Clients:| wx [

Control Window SAMP Panel

If TOPCAT is running in 5aMP mode, the 5AMFP panel at the bottam of the
Cantrol Window gives a quick wiew of the current status of SAMP
communications. For a discuszsion of the whats and whys of SAMP, see
Section 2. Mote that if not running in SAMP mode {e.g. if in PLASTIC or
no-serwier mode) this panel will not appear. SAMP mode is the default
under narmal circumstances.

The panel is made up of the following main parts:

This shows a graphical representation of any messages which have ||

[*]

[»]




Demo 1: Pleiades in Gaia and 2MASS
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—I| Cone Search

Window Columns

£ @)X

Available Cone Services

Registry Interop Help

Registry: |http:,f,freg.g—\tu.urg,ftap

|+ | o|RegTaP |~ |

Keywords: |gaia drz

A

Match Fields: [v]|Short Name [v]Title [v]|Subjects [¢¥]|ID [¥]Publisher [ | Description

Dec  [24.1167

||degrees |v|(12l]l]l])

Radius: |l

||degrees |v|

vervos: GG~

Accept Resource Lists Cancel | ‘ Find Services ‘
A Short Mame Title
AFl-Gaia AFl's Cone Search Service for the last Gaia Data Release (DEZ2) Gaia DF) ~
AL DRE2Z Gaia DEZ at E5A Gaia, D=
CALADREZ 5 CAlA DRZ Conesearch SURvES [
GORZlight 5C5 Gaia DEZ-light Cone Search Gaia, A
345 Gaia DEZ (Caia Collaboration, 2018) Starsva)
|f247 Distances to 1.23 hillion stars in Gaia DR2 (Bailer-jones+, 2018) |Stars, Pi_]
1] Il | D] |
ArcessURL Description Warsion
http: figaia.ar. uni-heidelaerg. ..
Resource Count 20
Cone Parameters

Cone URL: |http:,f,fgaia.ari.uni—heidelberg.de;cune;search? |
Ohject Name: |p|eiades | | Resolve |
R&  [56.75 | [degrees || g2000) [v] Accept Sky Positions

Acquire Gaia DR2 data in the region of the Pleiades using the Cone Search window

Mark Taylor, TOPCAT, Shristi Astro online seminar, 22 August 2020
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Plane Plot

Window Layers 5Subsets Plot Export Help

[ e |0 0=Esn 0 | @ X

1
=
(=]

pmdec J mas iy
TRy
L) Ll

1
=
(=)

1
i
L)

60t T

k; dill [QG m

vvvvv

Satites STILTS

f Fosition | Subsets | Form |

Table: [1: pleiades-ARI-Gaia-2d [ v |

X |pmra

=[]

¥
S

&+ b . H
= [v] 252 1z pleiadi :
& U n, 2

A'H |pm|:lec

[~][«D]

Position:

x| [2]

Select

Count 94,056 / 110,203

Plot the points in proper motion space,

and select the comoving sub-population graphically to create a new subset
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1| Sky Plot ==

Window Layers 5Subsets Plot Export Help

B @& & ¢ %0 |Ldsh B X
24710 o ;
d 1Al

4| 1 cluster

2405 “

2h48man0 2h47m40 2h47m20 2h47maon

e R A T e R T A R T e S B T T A R e B T A B T T B S T S A T S T A A R T T A R e e A R e A R e AR R R R T A e B

NEIE

[ Position | Subsets | Form |
+ Porm—— rShading 1=~
i3 . Mode: | i auto - EH =
B H = * Mark
bstits STILTS i rCoordinates ]
- i [§ ¥l A/ Skyveco
& vk 1 pleiad : Delta Longitude: |pmra
Delta Latitude: |pmdec |
4] Il I [»]
|Position: 03:47:57, + 24:03:36 | |Count 624 ; 110,203

%] [?] (@selecc TAPan T[HZoom [BFrame [E Zoom

Plot the background and cluster objects on the sky with their proper motion vectors
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—!| Histogram Plot

e

Window Layers 5Subsets Plot Export Help

& 7
parallax f mas

& F el ba)EsaE o X
1.01 T 1
‘H‘l:cluster

5
Satiles STILTS

[ Position | Subsets | Form |

" B
$ ¥ lly 1: preiagy

+ Forms

Suhset:l:E J [ vis

i e ; rReport
HELd .I||||| Histogram -

$ ¥\ Gaussian

Function: 1.0" expi-

Subset:

Mean: 7.103638 | |
Standard Deviation: 1. 1598334

Factor: 1.0

‘]

[*]

Position: 9.07, 0.17

Count 3,322, 110,203
(] Branxyy [Bstretch X/y THFrame X/Y [EH Zoom Iso

Plot a histogram of the background and cluster objects.

Fit a Gaussian to calculate mean parallax hence distance of cluster objects: 1000/7.1 mas ~ 140 pc.
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—/| Plane Plot |J 4|
Window Layers 5Subsets Plot Export Help

FEe € |10 | L e & X
X
5 LAl
* o Lcluster
=
=
= 10
[l
EI
b
a1}
EI
=
E1s
[}
LY
20 '
- -.l..-
-1 0 1 2 2 4 5

aill [QG m

f Fosition | Subsets | Form |

| Table: |1: pleiades- ARI-Gaia-2d | v |
e X |hp_rp |v||EE|
* °
Setiles STILTS | v |phut_g_mean_mag |v| EEI
% %w 1: pleiady :
Position: Count 101,707 f 110,203
o [x] [Bseleac BPanx [BHStretchX THFrameX [BEH ZoomXx H

Plot colour-magnitude diagram using Gaia photometry for cluster and background objects
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Find 2MASS associations for cluster objects using CDS X-Match window

Mark Taylor, TOPCAT, Shristi Astro online seminar, 22 August 2020

—| DS Upload %-Match BE

Window Search Help

-+ @ X

rRemote Table

VizieR Table 1D/ Alias: |2MASS |v| P
Mame: [If246 o0t L]
Alias: ZMASS

Description: 2MMAS5 Point Source Catalogue, output {on a
Row Count: 470,592,970
Coverage: 0.9999797 {order &) 4 o

rLocal Table

Input Table: |1 pleiades- ARI-Gaia-2d | v |

RA column: |ra |v| |degrees |~

Dec column: |dec |v| |degrees |

rihlatch Parameters

Radius: [1.0 |
Find mode:

Rename columns: |Dup|icates |v| Suffix |_x |

Block size: (30000 | EE|
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—!| Plane Plot |J 2| TOPCAT(2): Activation Actions (]

Window Layers Subsets Plot Export Help Window Actions Help

— 7 i k] 7
e P loolEE b @ X * 0 T 7B e s i@ @ X
Activation Actions for 2: plei2mass.fits
15 A | lg -Actions ‘|- Description
- ; ‘|| Displays a cutout from a chosen HiPS survey. This uses the
. . —|_TOPCAT(2): Table Browser 3 M Use Sky Coordinates | || 0o " enice provided by CDS, !
e * ': Y % 2o || Window Rows Help H= Configuration
- > 5 | Display HiP5 cutout .
g : . 1 P [% E @_ x ; §5 RA Column: |ra |v||degrees |v|
=z R ¥ il Dec Column: |dec |v||degrees |v|
oS Table Erowser for 2: 1x2MASS 5 LlDelay | . -
E * ‘mag 8_|mag a_Hmag _Kmag ol il * i|| Field of View: |2.0 |v||arcm|n |v|
F=N » i = LT ) . = L L e Eatatel *
. 947 |36 0.022 0.018 0.022 | AAA 22z [l2 HIPS Survey: [2MASS/color || select |
* a” G948 ME .02 0.027 0.018 A, 222 - : S
e 949 o1 0.023 0.031 0.032 | AAA 22z |1 ® vo:/IEDSIP/2MASS/color
. ° 2ol k) 0.019 0.0:1 0.017 | AAA 2L ||size inPixels: [300 |~/ 2: plei2mass.fits: ZMASS /color 0
951 B49 0.024 0.025 0.031 A 222
0 1 > 2 Q52 |feg 0.032 0.017 0.02 A 111 Window Help
953 P57 0.019 0.029 0.021 A 111
G5 4 158 0,028 0,028 0,033 AbA 222 Invoke now on row 188 x
455 |97 0.03 0.037 0.04 A, 222
956 5?5 0.064 ULIE 2 T TR L
957 b5 0.024 0.031 0.010 | Add 22 [ ——
458 [F19 0,027 .03 0.019 A 222 Seq| Row | Status
- : 959 o6 0.029 0.034 0.025 Ay 222 puyaiasicy.U-strasog.rinips-mage-senices/nips Ait:
EEE Legend + Forms Shading———— SE0 N47 0.038 0.042 0,036 Ay 222 4 458 0K http:ﬁalask:,f.u-StraSbg.frfh!pS-!mage-ser\t!cesfh!psﬁ!t:
- : - - 51 hag 0.079 0.033 0.03 Y 522 5 188 0K http:/falasky.u-strasbg.frihips-image-senvices/hips2fit:
] axes £ o man Mode: | ¥4 weighted |w| —C=1o0 o oo 003 063 A 55 6 456 OK  http://alasky.u-strasbg.frihips-image-services/nips2fit
el STILTS i | ) 562 baz 0.076 0.0%6 0.074 Y 111 7 188 0K http://alasky.u-strasbg.frihips-image-services/hips 2fit:
: Weight: |abs@arallax-7.100 554 bog 0.024 0.03 0.02 B, 222 |l I |
|.:| AL AXS : 965 [308 0.034 0. 048 0.031 Ay 222
- ot Combine: |E[ It .11 r R o' ] = o o R |
5 ¥ S5 2 1x2MA -
RN, : 1 —
: { | III M Total 1,048  Visible: 1,048 Selected: 1 M
. L]
Position: 1.65, -0.16 Count: 1,040 / 1,048 L L

%] [7] (@selecc TAPanXx;y TEStretch X;¥ B FrameX;¥ B Zoom s

Plot colour—colour diagram using Gaia and 2MASS photometry (Gaia bp_rp vs. 2MASS Jmag - Kmag) and investigate outliers.
Colour points using distance from mean cluster parallax; darker ones are PM interlopers.

Set up Activation Action Display HiPS Cutout; use survey 2MASS/color.

Click on point of interest for linked view: in table display and 2MASS imagery in image window.



Demo 2: Hyades in 3D using TAP
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—!| Table Access Protocol (TAP) Query |J 41 |
Window TAP Registry Edit Interop Help

e @ x

l/ Select Service r Use Service r Resume

—!| Table Access Protocol (TAP) Query |J 4|
Window TAP Registry Edit Interop Help

f By Tabhle Properties By Service Prop
2 e X

Locate TAP Service

Keywords: |gaia Use ESA Ga|a TAP service
Match Fields: Table Mame Tabl mr Use Service Resume Job Running Johs .
— [ [ ' Investigate metadata
[ selectea TAP services (12/142) FLE | | [(@Service | ®Schema | @ Table | ® Columns | O FKeys | Hints | Load position and velocity information
o [E TAPYizieR (79/38626) - ivo /ol Name [ ] Descrip | I Mame Type Unit Inclexed |
o IEI ~ ivo:ffesava/gaiat B ATanr s atwise_nemy | ;Dlu.tll:ln;.ld ﬁﬂNCLAR % Eolluuon I{a for nea rby sources:
T %m"ca‘a (42/59) - bvoffuni-heid % gaiadr2 apassdro. || A ETE BIGINT = u::?qﬂﬁi r
= Caia (42/53) - ivoo f fvopdc.obsp nafadr2. apassdrd_n i randurr_1 index BIGIMT v Randorm | |
o O IRSATAP (18/739) - ot firsa ipg BE gaiacrz aux alwise | | oo DOUBLE ot 2] Referenc SELECT ra, dec, pmra, pmdec, parallax,
o B Gavo DC TAP (117165) - o jjor|| ||| BE gaiadr2 awciers_gd| | g DOUBLE _|deg vl |Right asc ) ]
o [ Espsky (41053 - o/ jesavnfesas EE galadr? aux_sso_ork | i|ra_error DOLUBLE  |mas w|  |Standard rad1a1_ve10c1ty 5 bp_rp R
o [E HEASARC (2/978) - v [ /nasa he B galadr? aux_sso_ord=| |det DOUBLE  |ceq v |Declinati
o [ sy apper TAP (2/44) - v /e || ||| B oaiacr2 drl_neighbd—| [dec_error DOUBLE _|mas il [Standard phot_g_mean_mag + 5*loglO(parallax/100) as g_abs
o @ Chiv TAP (25161 - ivi//chivijta B2 gaiadr?.gaia_source parallax DOUBLE  |mas 4 Parallax FROM aiadr2 aia source
o B B TAP_CAT (1/47) - ot/ eso.n ] gaiadr2.gsc23_belst_ E:;:::Zi_igeﬁrremr Eg:lfLE mas % it;r;clilz}r{d g g -
o [ special Astrophysical Observatory BF paiadr2. gsc23 _neig 3 omra == DOUBLE  |mas.yr™ -1 ¥ |Proper WHERE parallax > 15
B gaiadr? hipparcosz ] | o =
: : | i|emra_error DOUBLE  |mas.yr-1 w] |standard|_|
#E gaiadr2 hipparcos2 4| m.?dpl_ | COLRLE  lrmae a1 w1 \Procer m ™| AND parallax_over_error > 5
A 1l 3 . .
(] ] > AND radial_velocity IS NOT NULL
rService Capabilities
Query Language: Max Rows: |3|]l]|]l]l]|] (defaulty |v| Uploads: 100Mb
| ~ADQL Text
]

PRI
1 2

SELECT ra, dec, pmra, pmdec, parallax, radial_velocity,
phot_g_mean_mag, hp_rp
FEOM paiadrZ.gaia_source
HERE parallax > 15
AND parallax_ower_erraor = 5
AND radial_welocity I5 NOT MULL

Examples |DD| | | Info
- -

Selected TAP Service

TAP URL: |http:Hgea.esac.esa.intftap—se
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—I| Cube Plot

—| Define Synthetic Column |J 4|
Window Help
f(z) X
Marme: |Lww |
Expression: |icrsTDGal(astrnmUVW(arrav(ra, dec, parallax, pmra,|
Units: |km,fs |
Description: | |
ucD: | |'|
no UCD

Indexc 105

‘ OK || Cancel

Define a new column uvw giving Cartesian velocity components:

astromUVW(array(ra, dec, parallax, pmra, pmdec, radial_velocity))

Plot in 3D velocity space

Navigate to overdense region - it's the Hyades.

Make a subset and plot it on the sky or a colour-magnitude diagram.

Mark Taylor, TOPCAT, Shristi Astro online seminar, 22 August 2020

i it &

Window Layers Subsets Plot Export Help

=1

€ |10 )Ll

Z: |uvw[2]

S
5 28| @) |

- Frame [ Position | Subsets | Form |

Legend Table: |2: TAP_1_gaiadr2.gaia_source |v|

’Q Axes X |uvw[l]] |v| EEI
Leies STILTS ¥ [uvwii) [~ (4]
§ 38 2 TAPL |v| EEI

|Pusitiun:

| |count 24,564 / 26,043

H [X][?] (Bselecc TBARotate [B Zoom Center Iso

3 Re-center

fBran:
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Do It Yourself!

Work through the tutorial at

https://github.com/mbtaylor/tctuto/releases/download/asterics-vo-school-4/tctuto.pdf

> The first part is what |I've demonstrated today

> Later parts contain other examples and functionality
> Do whichever parts you like!

Full documentation available online (or in topcat):

http://www.starlink.ac.uk/topcat/
http://www.starlink.ac.uk/stilts/


https://github.com/mbtaylor/tctuto/releases/download/asterics-vo-school-4/tctuto.pdf
http://www.starlink.ac.uk/topcat/
http://www.starlink.ac.uk/stilts/

