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Clusters of galaxies

Virgo cluster




H-R diagram
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Scaling relations: the colour-magnitude relation

Showing two different properties of the galaxies as their lumonisity (or magnitudes)
against their colours we obtain a distrution of points in the plane_not unitorm

| (Raldry 2006):
17 8083, galaxias
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* “blue cloud”

Bimodalilty in colours is present
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(Strateva et al. 200 Blanton et al, 2003: Baldry et . 2005)




The Colour-Magnitud Relation (CMR):

Fornax cluster
Hydra | Hilker et al. (2003)
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There is evidence of the break in 12
Vaucoleurs et al. (1961), Tremonti 1 20
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Motivation:

opiiC s

an excelent tool to canstrain galaxy formation
evoution is evidenced through the relation

The CMR gonst

models since gal:

._ =What are the physical prncessés innlved in the develﬁpmqnt of the

CMR of cluster galaxies? -
e -

=How can we explain the hehavihr
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Semi-analytical

model of galaxy
Formation (SAG)



‘ Semi-Analytic model of Galaxy Formation (SAG)
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Semi-analytical model
of galaxy formation

I\/lhot_Q Mvw (Mstar+Mcold+Mgl)-l)

3 kTp,n)
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- The modelis calibrated to reproduce
simultnaneously several galactic properties as the @y

s e | the MBH, the CMR, morpholgy ratios, etc
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Lifetime of stars: Padovani & Matteucci (1993)



Spectoscopic properties of galaxies are calculated using evolutionary models of
synthetic stellar populations to estimate the spectral energy distribution (SED) of
single stellar populations (SSP) within the galaxies .

We use the model of Bruzual (2007). Magnitudes are given in the system of Johnsaon

Morgan (U.B.VKRI) and the SDSS bands u.g.r.i.z.

We can choose to select galaxies
according to :
metallicity

morphology
SSFR

V-K

log (M/Ly)

Evolution of colours and mass-to-
light ratios of SSP at different
SSP s metallicities log (age/yr)




Red-sequence galaxies are
those redder than

We adopt z = o to obtain
simulated CMRs at the present
epoch and compare them with
observed ones.

U= V)=115- 0312 - 008 My - Slogh + 2o)|

Bell et al. (2004)
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The CMR seems universal; can be found in anpus, c.ustérs and field
galaxies (vg. Lopéz Cruz et al. 2004, Hogg et al. 2004, Mcintosh et al.
2003, Scott et al. 2009, Martinez et al. 2009)



Galaxy Metallicities
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Galaxies in the bright end are:

* the most massive galaxies
(bins1,2 and 3)

* the most metal rich ones with
[Fe/H] > -0.25 up to 0.45

Along the CMR galaxies become fainter, bluer and less chemically

enriched: mass-metallicity relation.

The more luminous ( massive) galaxies have deep potential wells,
capable of retaining the metals released by stellar evolution.
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Luminosity-Metallicity Relation
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Clear correlation between age and
metallicity for the least luminous galaxies
(My, > -16)

Brighter galaxies in this relation show ages
and metallicity anticorrelated, in
agremeent with Gallazzi et al. (2006) for
galaxies in the SDSS at fixed velocity
dispersion.

Very good agreement between
simulated values and the observed
samples of Trager et al. (2000)
and Mendel et al. (2008)

e

It supports the use of the chemical history of /
galaxies as atool to help understand the
development of the CMR and its special feature at

the bright end.




Age distribution in the CMR

Most galaxies in the bright end of our

_ simulated CMR share

L 1 | verysimilar ages

L RERNINST A L (1.0 X 10 yr < t < 1.2 X100 yr).
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e RS ] different metallicities (BCo3)
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The effect of age differences on the final
colours of galaxies in the bright end of the
CMR is completely negligible (Bruzual &
Charlot 2003)
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*A clear correlation between age
and metallicity is present for the
least luminous bins (My, > -15).

e But the brightest galaxies show
the oppaosite trend:
anticorrelation, in agreement with
nbservations by ballazzi et al.

(2006)

This anticorrelation might explain the
modest scatter of the bright end of
the CMR , characterized by a
negligible spread in age (Trager el
at. 2006)




CMR development: physical processes involved

We track the evolution of the masses and metallicities
of the stars added to each galaxy by different processes:

» ol

\"\.4‘/. N ."/:’
. Mstars” ‘-

quiescent SF
starbursts during mergers and disk instability events¥.

£

stellar mass accreted from satellite galaxies during
mergers




We define: =

Mergers in the model

minor merger

major merger
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Evolution of stellar mass fractions

Evolution with redshift of the accumulated

stellar mass contributions

from the different processes,

within different magnitudes bins.
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Evolution of stellar mass fractions

Quiescent SF is the dominant process it decreases monotonically

with redshift as the cold gas reservoir ineach galaxy is exhausted

Fraction of Mass Contribution

1.0 T T T T ] T

Galaxy magnitudes: -18 < My; <-17

Inversion of the
fractions

(Bin 6)
08

0.6

0

Fraction of Mass Contribution

1.0

0.8

T T T ‘ T T T

Galaxy magnitudes: -21 < My, <-20

(BiN3) i

a
s

T T

"1.0 \ T

..............................

Galaxy magnitudes..;24.s Myy'<'222
L (Bin 1)§
0.8 S quiescent star formation
L ... disc instabilities
3 ___ minor wet mergers (sat)
minor wet mergers (stars)
— Mminor dry mergers
L - - - Major wet mergers
L - == Major dry mergers

Fraction of Mass Contribution

QO """ amwuw N —

T TS NS RO AN Y Y S (RN N
0 2 4 6

8




contributions of ‘stars’ and ‘sat’ comp.
- cross each other at the break magnitude |

m————

Accumulated Mass Fractions since z=1

Mass fractions:
Normalized with the total

stellar mass at z = o within a

given magnitude bin.

Dependence with magnitude bins of the

Ma%nitud& bins
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mass fractions of the stellar mass given by

new formed stars
and accreted stars

(regardless of the processes

that contribute to them)

accreted sincez =1,

situ!

= 20 % of the mass of galaxies in the
bright end arises from satellites

with very few stars being formed in




Galaxy metallicities
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Evolution of the mean value of the
stellar iron abundance of galaxies
that at z = o, within a given range
of mag.

Galaxies in the bright end (M, > -20)
reach metallicity values within a
narrower range (= 0.15 dex) than the
rest of the galaxy population.

Directly linked with the similar colours
that characterize these gx. making
them depart form the general trend of
the CMR.



[Fe/H]
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These chemical abundances
seem to
bein place sincez=1.

L

Supported by observations of
high redshift clusters, which
show that the slope and
scatter in the CMR for

morphologically selected
ETGs show little or no
evidence of evolution out to z
=51

(Blakeslee et al. 2003;

Mei et al. 2006;

Jaff, et al. 2010).



Metallicity of the stellar mass contributed since z = 1

[Fe/H]

-0.5

90% of the stellar mass formed and added by mergers since z = 1 is still
alive at z = o, determining the metallicity and colour of galaxies in the
CMR at the present epoch.
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.- [FeMl., sncez=1 | | Average metallicity of:
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The mass contributed by the stars
/ formed since z =1, but the SF
processes are very low.

The stellar mass at z = o.

The stars already present in the
satellites accreted since z=1,
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1.0 * represent an apprecible fraction of

the galaxy mass at z=0, but can
not increase the total metallicity.



Detachment of bright end: effect of dry mergers

Stellar mass fraction
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Dry mergers help to
increase the mass

of gx in the bright end

without considerably

affecting metallicities.

Upper limit in the metallicity
fixes their colour,
being bluer than expected if

SF from highly chemically
enriched gas were relevant
in their final evolution.




Thanks for you



