Abell 1656: the Coma Cluster of galaxies
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VO Tools used: Aladin, Topcat

Aladin and Topcat are powerful VO tools to explore the nature of a system
of galaxies when data needs to be gathered from different sources. In
particular, Aladin and Topcat allow us to quickly verify the consistency of
catalogs with the image of the system. Possible biases or problems of the
catalogs that may not be apparent in tabular form can be spotted fairly
easily with Aladin and Topcat.

Here we examine the Coma cluster of galaxies, Abell 1656 (A1656), since it
gives us ample flexibility to experiment quick view analyses with different
data sets and images.

Note 1. Aladin and Topcat need to be both up and running
Note 2: a list of abbreviations used in what follows is available in the last
slide
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We begin with Aladin and load the image of A1656 from the colored Allsky
SAIAGEE {1& {d2NBSe o5{{0vd 2S ySSR
1.1Mpc at the distance of A1656) .

~
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1 Aladin
load image:
location: A1656
Allsky  opt
zoom 4x (suggested)
check field of view of the display:

draw a 4006 vector having activated th
next to the stack

delete the plane of the vector: select the plane

with a click, then right - click to get the menu and
select NnDel eteo



Aladin v7.0
File Edit Image Catalog Overlay Tool View Interop Help

Allsky opt +Allsky IR #DSS * Simbad * NED +PPMX *2MASS

DSS colored

rawing

SS colored © ;
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We now load the catalog of the Sloan Digital Sky Survey (SDSS) and plot
only galaxies (SDSS class = 3). We will transmit the table of SDSS galaxies to
Topcat.

Aladin
load SDSS Catalog:
Catalog server ->surveys - >select SDSS - DR7 with
target al656, radius 40’
keep only SDSS galaxies ( cl =3):
select SDSS plane (click plane in the stack)
Catalog - >create filter - >advanced mode - >columns in
loaded catalog: ${ cl }=3 {draw}
- > Apply filter - > Export
rename filter edShS&daaxes @ : fi
select plane Filter.src - > right click ->

properties: type SDSSyalaxies nbe 0
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Properties of the filter "Filter0"
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A filter allows you to customize and constrain the display of catalogue planes in Aladin

Properties of the filter Filter0
Beginner mode | Advanced mode

Choose a predefined filter

Predefined filters | ---- v

Or enter your own filter definition

eg: ${Bmag}<10 {draw red square}

@& Available columns = | =] &3

[ rmag |[ e_rmag |[ imag |[ e_imag |

: [ T © | MX + 2MASS
[ zmag |[ e_zmag |[RAJ2000 | DEJ2000 |
[obsDate |[ @

‘ Close ‘

9 Pick: ‘ Columns L- ‘ ‘ UCDs L~ ‘ ‘Act(ons L | | Maths... | | Units L-
(
Av ${cl}=3 {draw} -
Co
:_lierlpr 77\ @ Available math operators/...
ExamPIESI Operators
' [rr=jr=(
C3 -
[save filter| [Load filter| = J = { = 1 =
& C L
& ‘ In ‘ abs ‘ deg2rad ‘ rad2deg
‘ Export | Create a new plane with all filtered sources ‘ = ‘ — ‘ aian ‘ - )
Close ‘
= a— peory ) T
=) ——
@Alading L (ICRS, na12 59 48.70 +27 58 50.0 Grab oooed
images|
mage = All columns
m Survey Radius 40"
bz .
SkyNlew You can pick up a survey name from the list below
:EKIDSS Name Description Nb of KRows
-
= 2MASS-PSC The 2MASS Point Source Catalogue (2003) 470993
oan 2MASX The 2MASS Extended Source Catalogue (2003) 1648
2 CMC14 The Carlsberg Meridian Catalog 14 (-30<Dec<+50) 95858
T GSC2.3 The GSC-ll Catalog, Version 2.3.2 (2006) 945592
PPMXL PPMXL catalog of positions and proper motions (2... 910469
UCAC3 The USNaval CCD Astrograph Catalog (2009) 100765
USNO-A2 The USNO-A2.0 Catalog 526281
— USNO-B1 The USNO-B1.0 Catalog 1045913
A‘Eyives__ ASCC-25  All-Sky Compiled Catalog of 2.5M* (2003) 2501
~J Tycho-2 The Tycho-2 Catalog (08-Feb-2000) 2540
Oti‘ B/DENIS The DENIS database (3rd Release 2005 version) 355220
'].ers'“ SDSS-DR7  The SDSS Photometric Catalog, Release 7 (2009) 357175
4 IRAS IRAS catalnns 500
grid
[ Reset |[ clear | [ suBmIr | [ close | @

&

ws |1 X3
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Aladin
Start Topcat and broadcast table to Topcat :
Tools - >VOTools - >Topcat
select SDSSgalaxies (click plane in the stack)
Interop - >broadcast selected plane - >Topcat

Topcat receives a table with about 27,000 rows that we label SDSSgalaxies.
We explore the main characteristics of the table and check if there are
problems like records without data or bad entries in general.

Topcat
Control window ( CW:. change label t o SibSSgalaxies 0

View column names and info (check/uncheck to hide):
CW >Views - >Column information -
Explore table with the Table Browser:

S N
I on
sev

verify parameter Adquality of datao:
CW>sort AQo: few nQ=20, al | ot her
veri fy parameter nAmode of observat
CW>sort fAimodeo: mostly fAmode=10,

(we keep them for now)

etc

etc



= | TOPCAT [ -E1 S | |2 ToPCAT(): Table Columns =l ERES
File Views Graphics Joins Windows VO [nterop Help File Columns Display Help
B
aBly EuEe::zeeEm uwE & 06 | |+e
rTable List i|\rCurrent Table Properties Table Columns for 1: SDSSgalaxies
n < i - [ Visible MName 8D Class Units Description
12505 ek es Label: [sDSSgalaiies = 0 []  |index 50 Long Table row index
Location: Aladin:lli294/sdss7 1 O v 51 String Link to the VizieR record with all details
Name: /294/sdssT 2 v] mode 52 Short [1,2] 1: primary (357,175,411 sources), 2: secondary (65,058,969 so
Rows: 27.069 3 ] cl $3 Short Type (class) ofthe object (type) (1)
Columns: 20 (12 apparent) = 4| T[] [sDSS  [s4 String Recommended SDSS name, based on J2000 position
§ 5 ¥ m_SD35 |85 Character [*] The asterisk indicates that 2 different SD33 objects share the sa
sort Order: 4 5] vl |sp 56 Double » Speciroscapic redshift (when SpObID=0) (7)
Row Subset: 7 v] umag 57 Float mag 7 Model magnitude in u filter (u) (5)
= 8 L] e_umag |58 Float mag 7 Mean error on umag (err_u)
Activation Action: | (no action) || Broadcast Row Rd ) v] gmag 39 Float mag 7 Model magnitude in g filter (g) (5)
r SAMP 10 [] e_gmag [$10 Float mag ? Mean error on gmag (err_g)
11 (v rmag 311 Float mag 7 Model magnitude in rfilter (r) (5)
I 421248 M i M3553995:| O | Clients:‘ ol @@‘ | § 12| [] |e rmag [$12 Float mag ? Mean error on rmag (err_r)
: 13 imag $13 Float mag 7 Model magnitude in i filter (i) (3)
14 e_imag [§14 Float mag 7 Mean error onimag (err_i)
& . 15 zmag $15 Float mag 7 Model magnitude in z filter (z) (5)
liJ TOPCAT(1): Table Browser = @ Exg 16 [ e_zmag |[§16 Float mag 7 Mean error on zmag (err_z)
File Subsets Help 17 v] RAJ2000 |$17 Double deg Right Ascension ofthe object (ICRS) (ra)
18 [v] DEJ2000 |$18 Double deg Declination of the object (ICRS) (dec)
19 L] ObsDate |$19 Double yr Mean Observalion date
20 [v] Q $20 Short Cuality of the observation: 1=bad 2=acceptable 3=good 4=missing §
Table Browser for 1: SDSSgalaxies 4] i I D
mode SD33 m_3D33 Zsp umag gmag rmag imag zmag F
3454 1 |J125840 74+275513.4 0,1673 | 19,807 18,154 17,201 16,748 16,464 1
24444 1 |J130015.66+283617.6 0,17904 | 19,91 17,844 16,616 16,151 15,792 1
7042 1 |J125902.15+282806.3 0,18371 | 20,91 5,719 17,53 17,068 16,732 1
3313 1 | 125833 76+2740287 0,18385 | 20,43 18,636 17,593 17,194 16,96 1
9350 1 [J130043.92+281132.0 0,18962 | 20,855 18,344 17,601 17,141 16,733 1
19927 1 [J125750.01+275045 5 0,19048 | 21,402 5,741 17,458 16,93 16,547 1
1388 1 |J125922 39+280745 1 0,1944 | 20,37 5,763 17,844 17,363 17,185 1
2282 1 [J125831.70+275110.3 0,20956 | 20,642 5,722 17,445 16,326 16,58 1
12669 1 130127 78+2741356 0,21316 | 21,309 19,043 17,693 17,18 16,363 1
20785 1 [J130050.76+282511.7 0,22167 | 20,919 19,046 17,724 17,238 16,335 1
21191 1 [J130111.28+282016.4 0,22208 | 20,33 5,749 17,649 17,153 16,326 1
21038 1 [J130153.14+282503.0 0,22229 | 20,58 18,533 17,347 16,28 16,604 1
2065 1 | 125900 54+274602.7 0,22875 | 19,72 18,591 17,692 17,242 16,334 1
12675 1 [J130128.14+275106 6 0,2425 | 18,215 17,976 17,659 17,415 17,336 1
13324 1 [J130150.04+274702.7 0,25563 | 21,954 21,203 20,179 19,377 19,363 1
17389 1 |J125713.86+281303.3 0,25999 | 20,862 18,996 17,519 16,335 16,658 1
20224 1 |J125803.78+275601.7 0,26119 | 21,556 19,221 17,837 17,204 16,754 1
14578 1 |J125840.31+273954 1 0,28305 | 22,224 13,558 17,992 17,436 17,109 1|
<] I [ [*]
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of tables much larger than the one we are using for A1656.

Topcat
Explore the whole Table:
CW >Row Statistics window ( RSW _E_
Explore subsets of the whole Table:
CW >Subsets - >type expression for selection - >read RSW

Note: in the RSW, use menu "Display" to check the
parameters to be displayed in the RSW

For clarity, discard dummy subsets after having read info
from Row Statistics.
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|&] TOPCAT

File Views Graphics Joins Windows VO Interop Help
¥ =
a3y B oe =z

r Table List §§ rCurrent Table Properties

1: SDSSgalaxies Label: [SDSSgalaxies

: Location: Aladin:lli294/sdss7
Hame: II294/sdss7

il
]
”
i
il

Rows: 27.069 ry .
Columns: 20 {12 apparent) = TOPCAT(L): Row Subsets
Sort Order: G File Subsets Display Interop Help
[=] L] o —AH
' - - o -—
Row Subset: |All ofp 2 R B = ) 4
: Activation Action: {no action) [ ] Broa
5 Row Subsets for 1: SDSSgalaxies
ii FSAMP D Mame Size Fraction Expression
i _1 All 27069 100%
|£: | TOPCAT(1): Row Statistics 2 zsc 521 2%
File Export S5Statistics Display Help
B H e X
Row Statistics for 1: SDS5galaxies l
Mame Mean 3D Minimum Maximum nGood nBad Median
mode 1, a, 1 1 521 0 1 |~
SDSS J125653.1...] J130246.1... 521 4]
m_sD3s 521 0
Z5p 0,060836 0,093852 -0,00061 1,07871 521 0 0,02508
umag 18, 6924 1,49753 14,725 26,022 521 0 18,73 1
gmag 17,0273 1,41271 12, 764 21,203 521 0 17,17 T
rmag 16,2617 1,32762 11,474 20,179 521 ] 16,485
imag 15,8908 1,31815 11,527 19,377 521 ] 16,127
Imag 15,6308 1,33322 11,14 19,363 521 ] 15,883
RAJZ2000 194,521 0,336261 1594,22141 195,659242 521 4] 194,51
DEJ2000 27,9541 0,271825 27,33322 28,63255 521 0 27,9433 |

Subset for calculations: H




Using the Row Statistics Window and the Subset Window we find that SDSS
redshifts are useful for an analysis of Coma since the mean redshift of
Coma is z=0.023, is well within the SDSS redshift range.

Topcat
Select galaxies with positive redshifts:
CW >Subset window ( SW - > Add new subset: @
expression ->ifxsp > 00, nazsg =
View Table statistics for galaxy subset with zsp >0:
RSW?> view subset zZsp - >
520 galaxies, nbad =0,

max rPmag=20.395,
median z=0.02515
Coma at about z=0.023 => zsp useful column!



We now need to determine how complete the redshift sample is with
respect to the SDSS photometric catalog. Redshifts are much more useful if
they constitute a complete, or, in our case, at least a nearly complete
sample.
Topcat
Extract table for zsp subset from All SDSSGalaxies :
Table browser ( TB) - > Subsets - >Apply subset Zsp
Sizeof zsp sample:
CW> Sel ect tzapol-ee SW: 520 records
Extract table for rPmag limited subset, with
rPmag_lim =rPmag_max=20.395:
CW > SW- > create new subset ->
expression: rPmag <= 20.395 name=rPmag20
Size of rPmag20 sample:
CW> Select tabl e -&8BW Al2YrecOrds

Completeness=13%, not good enough.

The zsp catalog is not complete enough, but it may be sufficiently
complete to a brighter rPmag limit. In order to explore this possibility we
plot the histograms of both the redshift catalog and the photometric
catalog for rPmag=20.395.



5 Topcat
Open Histogram window (HW:
HW> X - Axis: rPmag
check only subsets zsp and rPmag20

Inspection of the histograms shows that the completeness of the redshift
sample would increase dramatically with an rPmag limit of
rPmag_lim=17.77. Within this limit completeness rises to an acceptable
80%

Topcat
Create subsets of SDSSgalaxies and zsp with
rPmag<17.77:
CW> sel ect t abl-e SWédatenew subset with
expression: rPmag <=17.77, name=rPmagl7/
Cw> Sel ect t abl-e SWeééeatenew subset with
expression: " rPmag <=17.77 && zsp > 0", name=zspl’/

Subset rPmag has 594 records, subset zsp has 487 =>
completeness=83% OK!

IMPORTANT NOTHEpcat expressions do not differentiate small/capital letters ans SDSS
contains both rpmag and rPmag. If you have all columns of SDSS in your table, use $ID of the
column rather than its name
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We now have to check the results of our catalog manipulation on the
DSS image in Aladin in order to verify we have no problems with our
samples. We clean the subset list and broadcast zsp17 and rPmagl7

to Aladin.

Topcat
clean list of subsets:
SW: discard all subsets but zsp17 and rPmagl7
broadcast subsets to Aladin
CW: select zspl7
Interop - > send table to Aladin
Aladin
rename transmitted planes
right click on transmitted plane - >properties
change label select yellow squares
Topcat
CW: select rPmagl7
Interop - > send table to Aladin
Aladin
right click on transmitted plane - >properties
change label to rPmagl7 and select red crosses
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pelect &

pan

Zoom
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tables in Topcat and broadcast again zsp17 and rPmagl17 from Aladin to
Topcat.

Aladin
broadcast zspl7 and rPmagl7 to Topcat

Topcat
CW > delete SDSSgalaxies
CW?> rename inputtables zspl7 (n=431) and rPmagl7

(n=539)
ldentify and remove stars from rPmag17:
CW > scatter plot window ( PVW:. table rPmag17,
X axis = rPmag, y axis = rPmag
PW > zoom region rPmag<12.5 (bright - wards of big

gap)
PW > new subset from visible - > transmit to Aladin

a

0
ul

NA 3
NEA



@ Aladin v7.0 =l

File Edit Image Catalog Overlay Tool View Interop Help ==
= Bl @ ® Location|12:59:06.85 +28:09:09.9 |Clear| Frame|lcRs ¥ @
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Aladin
review bright objects transmitted by Topcat :
select with a click the first record of the list:
the corresponding source appears centered on the

display.
zoom 64x
move down the list using the blue arrows S @R
=> all sources brighter than rPmag=11.976 are stars

Topcat
create new subset without stars:
CW>sort rPmag- > TB: select with the cursor

galaxies with rPmag<11.976
TB- >Subsets from unselected ->name Ar Pmawadd7 o k 0
TB- >Subsets - >Apply Subset - >rPmagl70ok
transmit new subset to Aladin
RSW> Interop ->Send row subset rPmagl7ok to - >Aladin
Aladin
catalog - >create new plane selected sources - >0ne table
select plane ->properties -> rename plane Ar Pmagl7

By comparing the two planes rPmagl17 and rPmagl17ok we see that stars
have been removed in the new sample.



Topcat
create subset with rPmag<=17.77 and no redshift:
CW >table rPmagl7 ->sort zsp
TB- >select with the cursor galaxies without
redshift -> Subsets - >
Subset from selected rows - >name rPmagl7noz - >add
broadcast rPmagl7noz to Aladin
CW >Row Subsets:rPmagl7noz
CW >Interop - >Send table to Aladin  (if necessary
rename table in Aladin )

Aladin
check rPmagl7noz,zsp17,DSS Colored, uncheck others



Since there are still several galaxies with rPmag<=17.77 that have no
redshift, we check with Vizier if we can further improve the completeness
of our sample. We use Aladin and we search for catalogs of redshifts in a
region of about one degree around Coma.

Aladin
Catalog Server: optical+redshift , target is already
A1656, radius=1degree - > Submit
Catalogs found: we check J/AJ/126/2152 of Rines +
since it is the first survey targeted to Coma in the
list of found catalogs - > submit

Even by eye inspection of the display it is clear that several symbols of the
Rines+ catalog fall on the symbols of rPmagl7noz. It is therefore useful to
complement the SDSS redshifts with those of Rines+ for a better sampling
of the velocity field of the Coma Cluster. We cross-correlate and join tables
in Topcat.

Aladin
Stack: check J/AJ/126/2152/Galaxies, uncheck other
related tables - > right click - > broadcast selected
table to Topcat



Topcat
Match Rines + table with rPmagl7 table

CW >Joins - >Pair match: max error 5.0 arcsec
Table 1=rPmagl7, Table 2=galaxies ->Go
Output table: match(N1,N2) I values of N1,N2 depend
on history -
CW >rename match(N1,N2) -> zrines

NOTE zrines : verify the names of columns with
numeric values of ra,dec ! Those are the names

to be used in what follows!

Plot matched galaxies and display on Aladin
PW > zrines , x axis:RAJ2000 1,y axis:DEJ2000 1,
flip x axis. OK!
CW> Interop - >send table to Aladin
Aladin
uncheck all but zrines and J/AJ/126/2152/Galaxies
select  zrines - >right click - >select all objects in

selected planes

If no records are selected under the display in Aladin
by passing with the mouse on one record the corresponding
galaxy is highlighted on the Aladin  display, in Topcat -

>PW,andin  Topcat - >TB.



Aladin
Verify match is reasonable:
sort records by increasing separation (click on
column name)
click on the first record
zoom 64x

select records with the Adowno/ oupo

o+t o= the corresponding galaxy is
displayed and it is possible to verify
that the coordinates of rPmagl7(matched) and of
Rines + entries refer to the same galaxy.

Matched catalog is OK. We join it to zspl7.

10  Topcat
Add columns with integer cz tozspl7
TB- >right click - >create synthetic column with: name

ACzspo, expr etwistegern (zsp* 300000) o

Concatenate tables zrines  with zspl7
CW >Joins - >Concatenate tables with:
Base Table: zspl7, Appended Table: zrines
column assignment: czsp - >cz
all other columns as suggested
output and final table: concat (N1+N2)
CW>rename concat (N1+N2) - > FinalCatalog

b
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The final table of combining photometry with spectroscopy contains 474
objects of the total of 528 SDSS galaxies magnitude limited to
rPmag=17.77: completeness is 90% significant improvement over SDSS
alone. Of course other catalogs could be searched in order to increase
completeness even further.

Our Use Case could end here since further analyses of the Coma cluster
would need to rely on other tools. However, for a quick investigation of
some of the main physical properties of the Coma cluster, Aladin and
Topcat can still be useful.

We therefore conclude this Use Case with a quick evaluation of the cluster
mean redshift and velocity dispersion (a proxy for the mass), and of its
luminosity function.



11 Topcat

TB- > FinalCatalog - > create synthetic column: name cz,
expression: tointeger  (zsp *300000)
Identify members of Coma along the line - of - sight:

HW > x axis: cz->select0 -15,000 km/s, width=200km/s,
reset y axis with vertical arrows of toolbar
Note: the peak of the cluster we select in HW
has to be roughly symmetric

HW >Subset - >new subset from visible - >name Coma- >add

Compute mean redshift and velocity dispersion:
RSW> Subset Coma Nmem492
<cz>=7000 km/s SD =1131 km/s

The values we obtain from the RSW are in good agreement with those
determined with more detailed analyses (see e.g. Table 5 in Biviano et al
(1996) AA 311, 95) and are more than adequate for a first assessment of
the properties of the cluster.
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Topcat
Display the luminosity function:
HW > Table: FinalCatalog , check only subset Coma,
X axis: rPmag, width=0.2 mag,

reset y axis with vertical arrows of toolbar

The histogram of the luminosity function is correct and its main features

are evident from the figure, even at a first glance. These features are: a) the

luminosity gap between the two brightest galaxy members and the rest of

UKS Of dZadSNJ YSYOSNAZ o600 GKS aGaRALXE 27
approximately rPmag=15.5 (e.g. BivianoS 4 | f wmMddpZ !! H DT X
isa feature that has been interpreted as an effect of galaxy evolution, with

galaxies around rPmag 15.5 undergoing merging and producing brighter

member galaxies. Another possibility is that different components of the

luminosity function may combine to give the observed dip.
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CW ¢ Control Window

HW ¢ Histogram Window
PW ¢ Scatter Plot Window
RSW ¢ Row Statistics Window
SW ¢ Subset Window

TB ¢ Table Browser



