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The reasons
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Hubble, 1926
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Ellipticals

Galaxies
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Galaxies [
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Red galaxies Blue galaxies

Study environmental dependence of galaxy properties
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Morphology - density relation

F1G. 4—The fraction of E, SO, and S+I galaxies as a
function of the log of the projected density, in galaxies Mpc 2.
The data shown are for all cluster galaxies in the sample and
for the field. Also shown is an estimated scale of true space
density in galaxies Mpc~2. The upper histogram shows the
gumper distribution of the galaxies over the bins of projected

ensity.

Oemler, 1974
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Morphology - density relation
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Feedback
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How AGNSs can acts on physical parameters in galaxy

clusters?
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The observations
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Observations on 1-m Schmidt
Telescope

Telescope field of view with 4k x 4k CCD 58 x 58 arcmin, scale 0.868 arcsec/pixel.
Observations were in four broad band filters (u, g, r and i SDSS) and in 15 medium
band (FWHM=250 A) filters. Total exposure time in filters were varied from 60 min
to 120 min depending from the spectral sensitivity of the CCD.
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© u_SDSS | 3578 338 24.23 [ ]
= g SDSS | 4797 R60 25.22
3 r_SDSS | 6227 770 24.97 i i
é - i SDSS 7624 857 24.15 L ]
S & MB 400 3978 250 24.37 L ]
S g MB_425 | 4246 250 24.31 _ ]
=2 MB_450 | 4492 250 24.20
% o MB 475 4745 250 24.31 E
g © MB 500 4978 250 24.30 E
§ < MB_ 525 | 5234 250 24.37 £
= = MB 550 5496 250 23.86
23 MB_575 | 5746 250 24.29
S a MB 600 5959 250 23.89
& v MB_ 625 | 6234 250 23.51 al
MB_ 650 6499 250 23.41
MB 675 6745 250 23.78
MB 700 7002 250 23.47
MB 725 7253 250 23.20 o . -
I\,{B:?s[] 75 19 25[] 2307 4000 5000 r?ngeng’h A.-OOO A000 000
MB_775 | 7758 550 29 97 Medium band filters set used in observations.

CCD spectral response included.



ROSAT survey in the HQS field H547.5-22
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48 overlapping
PSPC pointings

574 X-ray sources

K. Molthagen+, 1997
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Galaxies sample definition

J Extended index < 0.8;

J Index of contamination < 2.
Into the final sample follow first two criteria we include 39669 objects and after applying third one - we have
36447 objects with clean photometry. Due to the contamination we lose 8.12 % of the objects.
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03 Galaxies sample is extracted from the full catalog of objects (near 100000 objects) using following criteria :
o . .
30 . Objects brighter then RAB=23m ;
v un

We check sample completeness using comparison of galaxies number-counts in g, r and i SDSS filters from our
sample with already published data.
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The photometric measurements from filters set
. provide low resolution spectra for each object
S E D S A n a ‘yS | S which are analyzed by a statistical technique for
classification and redshift estimation based on
spectral template matching.
For SEDs analysis should be used :
* Stellar spectra library;

* Galaxies spectra library;
* QSO’s spectra library.

Elliptical galaxy

—13

Flur, FA, arbitary unite

107

SR R | Priors for a galaxy with given magnitude having
L HNEE S i redshift Z.

1000 100040
wavelength, angstrems

1015

Star — Galaxy morphology classification index.

As a result we get a probability that object with
given SED classified as galaxy or QSO, or Star
+ with known spectral type and redshift.
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The photometric measurements from filters set
. provide low resolution spectra for each object
S E D S A n a ‘yS | S which are analyzed by a statistical technique for
classification and redshift estimation based on
spectral template matching.
For SEDs analysis should be used :
* Stellar spectra library;

* Galaxies spectra library;
* QSO’s spectra library.

Elliptical galaxy
A 1

S0 galaxy

1013

qo— 1+

Fluz, F&, arbitary Unite

Priors for a galaxy with given magnitude having
. redshift Z.

10— 15

1000 1aC00
wawelength, Angstrems

Star — Galaxy morphology classification index.

As a result we get a probability that object with
given SED classified as galaxy or QSO, or Star
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The photometric measurements from filters set
. provide low resolution spectra for each object
S E D S A n a ‘yS | S which are analyzed by a statistical technique for
classification and redshift estimation based on
spectral template matching.
50 gotay For SEDs analysis should be used :
Sa galaxy » Stellar spectra library;

* Galaxies spectra library;
* QSO’s spectra library.

Elliptical galaxy

101 3

1T 14

Priors for a galaxy with given magnitude having
redshift Z.

Fluz, Fh, arbitary Units

10— 18

Star — Galaxy morphology classification index.

wawelength, Angstrems

As a result we get a probability that object with
given SED classified as galaxy or QSO, or Star
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Fluz, FA, arbitary Units

The photometric measurements from filters set

. provide low resolution spectra for each object
S E D S A n a ‘yS | S which are analyzed by a statistical technique for
classification and redshift estimation based on
spectral template matching.

Elliptical galaxy

" 50 goloxy " For SEDs analysis should be used :
L ] Sa galary . '« Stellar spectra library;
S6 goloxy ] * Galaxies spectra library;
g ] * QSO’s spectra library.
T R :
: - ; Priors for a galaxy with given magnitude having

10T 4

redshift Z.

pla)

| Star - Galaxy morphology classification index.

1015

R As a result we get a probability that object with
given SED classified as galaxy or QSO, or Star
I with known spectral type and redshift.
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p{zlmy)

SEDs Analysis

Elliptical galaxy

S0 galaxy

Sa galaxy

Sb galaxy

Sc galasy

—13
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The photometric measurements from filters set
provide low resolution spectra for each object
which are analyzed by a statistical technique for
classification and redshift estimation based on
spectral template matching.

For SEDs analysis should be used :

* Stellar spectra library;

* Galaxies spectra library;

* QSO’s spectra library.

Priors for a galaxy with given magnitude having
redshift Z.

Star — Galaxy morphology classification index.
As a result we get a probability that object with

given SED classified as galaxy or QSO, or Star
with known spectral type and redshift.




. The photometric measurements from filters set
S E D S A n a ‘yS | S provide low resolution spectra for each object

which are analyzed by a statistical technique for

Elliptical galaxy classification and redshift estimation based on
k 50 golaxy ! spectral template matching.

: ] | Sa_galaxy ; ' For SEDs analysis should be used :

— =5 galaxy . * Stellar spectra library;

" me ey ] * Galaxies spectra library;
StarBurst galaxy with weak extinction : * QSO’s spectra library.

T Vs § ; _ , Priors for a galaxy with given magnitude having

Sl | . redshift Z.

10—14:_

Flug, FA, arbitary units

A T Star — Galaxy morphology classification index.
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Spectral Energy Distribution vs
SDSS Spectra

r_SDSS = 17.49 Zsp = 0.134 r_SD3S = 18.63 Zsp = 0.204 r_SDSs = 21.37 Zsp = 0.348
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Photometric redshifts
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Comparison between
photometric  redshifts
Zph  obtained  with
ZEBRA in  Maximum
Likelihood mode with
SDSS spectroscopic
redshifts Zsp along with
error distribution
AZ/(1+42Z) for all galaxies
with known

spectroscopic redshifts.

Obtained accuracy oz <
0.028 and fraction of
catastrophic outliers
(AZ/(14Z) > 0.2) ~ 2.4%.
Accuracy oz changes
from 0.011 in magnitude
range r _SDSS =l6m -
20m till  0.066 in
magnitude range r_SDSS
=21m—-23m.



HS 47.5 + 22 is deep wide homogeneous field (2.386 sq. deg.)
with determined x-ray and radio sources in the field
There is only one more the same field (COSMOS field)
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The data analysis
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Group and clusters of galaxies.
First catalogs

THE DISTRIBUTION OF RICH CLUSTERS OF GALAXIES*

GorGE O. ABELLT
Mount Wilson and Palomar Observatories
Carnegie Institution of Washington, California Institute of Technology
Received September 30, 1957; revised November 13, 1957

~ ABSTRACT

A catalogue is prepared of 2712 rich clusters of galaxies found on the National Geographic Society-
Palomar Observatory Sky Survey. From the catalogue, 1682 clusters are selected which meet specific
criteria for inclusion in a homogeneous statistical sample. An investigation of the sample leads to the
following conclusions: (1) the distribution function °~ * ° iy s o b i
rapidly as n decreases; (2) the data allow no significan
varies with distance; (3) galactic obscuration of the or
at high northern galactic latitudes around galactic lo|
random surface distribution of clusters, both when ch
distances are considered. An analysis of the distribut
second-order clusters, that is, clusters of clusters of gal
between the observed distribution and one of comple!
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Group and clusters of galaxies.

First catalogs

—~
~J
\

" 7/
9

F1G. 1. Subset of galaxy counts from COSMOS
scans of a photographic plate with the count re-
solution being 5’ X 5".

FiG. 2. Distribution of galaxies detected down
to B=21.5 in field 411 of the ESO/SERC
Southern Sky survey. Hatched areas represent
areas of the data in which the galaxy numbers
are below the overall mean level of 8 (from
counts in 5' X 5’). The first isoplethal level is at
the mean level, and subsequent isopleths are at
intervals of three galaxies per cell thereafter.

Shectman+, 1985; Dodd, MacGillivray, 1986



M. Pierre +, 2006

XLSSC 029

Methods

1. X-ray emission from hot gas
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Methods

1. X-ray emission from hot gas

XLSSC 029

XLSSC 044

M. Pierre +, 2006

2. Sunvaev—Zel’dovich effect in the CMB
CMB

SZE
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SZ

E+CMB
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20
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-400

Carlstrom +, 2002
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Methods

1. X-ray emission from hot gas

XLSSC 029

XLSSC 044

M. Pierre +, 2006

2. Sunvaev—Zel’dovich effect in the CMB

SZE
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-400

CMB

3. Cosmic shear due

to weak

gravitational lensing

Galaxy Cluster Abell 1689
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Carlstrom +, 2002



I\/I et h O d S 3. Cosmic shear due 4. Galaxy overdensities in

to weak optical, near-infrared or
gravitational lensing mid-IR images
1. X-ray emission from hot gas
& 2x10° | - B ""é;} :
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QE, 5 Lopes+, 2004
== 2.Sunvaev—Zel'dovich effect in the CMB
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A ‘ g O r I t h m S (short, incomplete, subjective sample)

1. Counting objects projected onto the field
(Shectman +, 1985; Dodd, MacGillivray, 1986)

Comparing the distribution functions of objects
with Poisson distribution (Limber+, 1953;

-

w N |~ | = | w

Neyman & Scott, 1955)

w(®)

Cluster analysis:
* Minimal spinning tree (Barrow, 1985)
* Friend-of-friends (More+, 2011)

10.000 =

L000F R

0.100F

000 =17.75
S 1773

0.001

0.01

0.10

1.00

e w— - -
o ._" o_o—o_t}u
0.8f o o—
i o
$06 % -
>V<I
T0.4 == i3
" o
o- A=1
ozl * o- o A=4 |
o s ° A=10
LY o0 ' .
9:9% 10 15 20
k
[ ]

* Comparison of correlation functions
(Maller+, 2005)

4. Filtering algorithms (Kovac+, 2009)

5. Voronoi diagrams (Ramela+, 2001)

D(DEC) [h "Mpe]

4

2 o
D(RA) [ 'Mpe]
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Mock catalogs

MICECAT v2 galaxy mock: We use:

e ~200 million galaxies e 10samples
e over 5000 sg. deg e 25sq.deg.
* up to aredshift z=1.4 * R,,= 23 threshold magnitude

up to a redshift z=0.8
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L('g MICE Grand Challenge: an all-sky lightcone Nbody simulation using 4000° particles and 4096 processors
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Fosalba et al. 2013a,b; Crocce et al. 2013; Castander et al. 2014; Carretero et al. 2014
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Basic statistics

Real group catalogue

field galaxy

undetected group

O real group

Reconstructed group catalogue

fragmentation

spurious group

o e e

over-merging

_‘: ; 1-way-match <« P 2-way-match

Knobel +,2010
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Basic statistics

Completeness: Galaxy Success Rate:
gr gr gr gr g9 A gga!
_ Nrea.i — N’-‘"EC _ Nrea..i — N‘r'ec Sga! — real
l‘j]. b CE - T Q‘ﬂ',f
NI” N4 S
real real real
Purity: Interloper fraction:
gr gr gal gal
Nrggc — NE;[ po = NTEC A Nrea.! f rec [ Sfie.!d
P11 = F s - gr I = 1
N -:Eec N‘"EC S -rggc
N,:gezl - the number of real groups, Nrgerc - the number of reconstructed groups;

ar ar T |
N_,,; = Nyec - the number of associations of real groups to reconstructed groups;

gr gr N .
Nyec = N, ;- the number of associations of reconstructed groups to real groups;

S;,geczlll - the set of galaxies associated to real groups;
S,‘?ecél - the set of galaxies associated to reconstructed groups;
S}'?igfd - the set of real field galaxies.

Knobel+, 2010



-iltering algorithm with adaptive
cernel

Width of redshift slice: Az = 0.01 - (1 + z) + 25%

S
Density of galaxies distribution: 0; = 4/, 7R3
3

where s is the number of the nearest neighbor, R is the distance for the nearest
neighbor.
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f. where n is overall number of galaxies in slice.
% Density contrast: o;+ 1= (6: - 5)/5 +1
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-iltering algorithm with adaptive
cernel. 3D
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Voronoi diagrams

Density contrast:
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where A; — is the area of the Voronoi cell around
object i and n is the overall number of objects.
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Statistics for mock catalogs
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Conclusion

= We have tested multilateral analysis methods for large-scale
distribution of galaxies.

= We explored the photometric properties of the sample of 36447
galaxies at the field HS47.5-22 and obtained spectral types and
photometric redshifts for all objects.

= An accuracy of the redshift allows to determine an accessory of a
galaxy to a cluster or a group.

= Based on the our photometric data we obtained maps of the
contrast of density distribution with adaptive kernel algorithm (2D,
3D) and Voronoi tessellations (2D).

The main goal of our investigation is a study of the connection
between star formation rate in galaxies and their position in the large
scale distribution.



