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Clusters of galaxies

Ellipticals have been formed

Ellipticals
at a very early epocl«qr—r—rr—
(z>=2).

Spirals are now still falling vel (am 51

Into clusters from the field.
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The galaxy ISM Is quite of
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perturbed by
environment. We can thu s
use late type galaxies t

study how the environment
can affect their evolution.
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Chemo-spectrophotometric multizone model of galaxy
evolution

Boissier & Prantzos 2000

- disc with an exponentially declining surface dgnprofile formed
from a halo of mass given by the CDM models of Malg1998).

- SFR: rotation modulated Schmidt lasvissier et al 2003)

SFR(R 1) =2 SyofR,tFS V(R)R:

- Infall rate exponentially decreasing with time

- calibrated on the Milky Way: the resulting freagraeters are
/ (spin paramete@ndVrot (rotational velocity)

- extinction corrected data from the FIR/UV rageselli et al 2003;
Boissier et al 2004; Cortese et al 2006, 2008)



Modelling the interaction
1) Starvation ----> stopping infall

2) Ram pressurer gyVZ,a > 2 G S Syas Vollmer et al. 2001
dt) |

Gas loss rate =2 §as / Sotential

gt) = efficiency (g free parametgr

Sjas =gas column density

Spotential =total local density (potential of the galaxyj'

time

t = age of the interactiorirEe parametegr

[ = duration of the interaction (9 19ears)



Ram pressure

QuickTime™ et un
décompresseur codec YUV420
sont requis pour visionner cette image.

Roediger et al
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The star formation history of the Virgo cluster ame
galaxy NGC 4569

Model calibration (Boissier & Prantzos 2000): coast of the
free parameters (spin parameter) androt (rotational velocity)
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The star formation history of the Virgo cluster ame
galaxy NGC 4569

Model calibration (Boissier & Prantzos 2000): coast of the
free parameters (spin parameter) androt (rotational velocity)
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Model predictions: Ram-Pressure stripping
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Color + C

Model predictions
Continuum line=unperturbed
Dotted line: predicted
Dashed line=observed

Ram pressure

Boselli et al 2006



Model predictions: Starvation

Continuum line: unperturbed model
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The origin of SO
Empty circle = SO

Dynamical interactions Filled circle = Sa

with the IGM canno [ e R e o
thicken the stellar dis __ I A -
and increase th o i Y SR ]
surface  brightness =~ 05 f.'?ﬁ': ~
Only gravitationa & I vég@ _
process can reprodu * o [ S Fa -
the structura - T -
properties of cluste ~ -0 -
SO. —0.5 Lol b b L

12 14 16 18 20 22
u (H) (mag arcsec?)



The origin of SO

Starvation Ram Pressure
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Clusters at high redshift
Z=0 Z~0.5
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Clusters at high redshift. observational evidences

Morphology segregation still present, but with wéo fraction
of SO and an higher fraction of spirals with resgez=0

Increase of the fraction of starburst galaxies wi{Buchler
Oemler effect)

Increase of the fraction of galaxies with perturbsarphology

Gravitational interactions dominant : Spirals -> SO



The origin of dwarfs: star forming -> quiescent?
Structural and morphological similarities suggéstt dE might results
from gas removal and successive suppression ofastaation in Im
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The origin of dwarfs: star forming -> quiescent?
Structural and morphological similarities suggéstt dE might results
from gas removal and successive suppression ofastaation in Im

VCC 1699
Sm

VCC 1386
dE



Early-type vs. late-type dwarfs: model predictions
vel = 55 km/s; spin = 0.05 (8.9 L,;Mg~-16)

Continuum line: unperturbed model

Gas

HI-deficiency

SFR

Age e, (NGCA4569% 3¢, Age



Early-type vs. late-type dwarfs: comparison withada

Open squares: Sa-Scd
Crosses: Sd-Im-BCD
Filled circles: dE-dSO
Opne cirlces:E-SO-
S0a

Ram pressure,
(NGC4569)
Ram pressure,

Dashed line: GALEX
detection limit

Galaxies get redder



Spectral properties of blue dE in the Virgo cluster
1)

fileld cluster-core

Continuum Black=without interactidBlue:t=0green:t=10Ged t=200
magenta:t=300 Dashed black=13001yr



Spectral properties of blue dE in the Virgo cluster
1)

fileld cluster-core

Continuum Black=without interactiodBlue:t=0green:t=10Ged t=200
magenta:t=300 Dashed black=13001yr



Colour gradients

Gyr Dotted line:g (NGC4569)/3
Dashed lineg, (NGC4569)

Inversion of the central colour gradients: aftey tfiteraction galaxies
bluer in the center



Colour gradients of blue dE

Inversion of the central colour gradients: after ifiteraction galaxies
bluer in the center



Colour gradients of blue dE

Inversion of the central colour gradients: after ifiteraction galaxies
bluer in the center



Halpha imaging of blue dE galaxies

The star formation activity of blue dE is limitealthe nuclear region



Kinematical properties of dE in Virgo

Rotationally supported

Toloba et al 2009

Blue: dE with disc (spiral
structures, bars, boxy..)

Red: dE without any sign of
disc (Lisker et al classification)

Green: unclassified



Early-type vs. late-type dwarfs: comparison withada

Gray symbols: late-type
galaxies

Black filled dots: dE-dSO
with spectroscopic data
Red symbols:
HaEW(emission) > 2 A
Blue symbols:
HbEW(absorption)>2.8 A
Magenta symbols:
rotationally supported
early-type (v*6>0.5)
Green symbols: HI
detected

The bluest dE-dSO have
signs of a recent star
formation activity



Spirals The origin of the red sequence

Ellipticals+S0



Clusters at high redshift

Giant/dwarf
ratio in the
red
sequence
(Ellipticals)

DeLucia et al 2007



Conclusion

Lenticular galaxies inhabiting rich clusters musivé formed through
gravitational perturbations on infalling, gas reystems

Low luminosity star forming systems (Scd, Sm, BCé&ntering rich
clusters are rapidly (<1-2 Gyr) depleted of theis dpecoming quiescent
systems with spectrophotometric and structural @mogs similar to

those of dE



Coma supercluster

/

Green: groups

Al1367



Coma supercluster

Cluster Field

The red sequence is already
formed

Gavazzi et al 2009









Conclusion

Most, if not all, of the quiescent dwarf galaxy p&iion inhabiting
Virgo might result form a transformation of starrrfong, low-
luminosity, rotating systems recently accretedhsy dluster and stripped
of their gas because of their interaction with thester intergalactic
medium (ram pressure stripping)

Cosmological considerations

This result, combined with that of Blanton et aD2{the faint end of the
luminosity function in the field is due to blue gaies) indicate that most
of the dwarf systems in the local universe are gouls this In
contradiction with hierarchical models of galaxyrmation (dwarf
galaxies are the oldest objects from which eacaxydiormed)?



The importance of dwarfs

Dwarfs are the most common objects in the Universe

They are supposed to be the building blocks of maggmlaxies through
a hierarchical formation (first objects formed, shihe oldest objects In
the Universe)

They are thus fundamental for constraining modélgadaxy formation
(e.g. comparison of the predicted and observed fama slope of the
luminosity function...)

How can the environment modulate their star formaton history?
Given their low potential, dwarf galaxies are végile with respect to

external perturbations => ideal to probe the rdi¢he environment on
galaxy evolution



Two kind of dwarfs: low luminosity extension
bright galaxies?
Star forming (Im, BCDs, Irr..) (dominating the figi
- gas rich, active in star formation, dominated bwng stars
- metal poor

- rotating systems
- exponential disks

Quiescent spheroidals (dE, dS0,..) (dominatingcthsters):
- gas poor
- metal poor
- gradual decrease of the SFR/IFe subsolar, CMR, ..)
- often rotationally supported ?
- exponential disks (Kormendy relation)

The missing satellite problem

Ferguson & Binggeli 1994; Mateo 1998; Grebel 2000...



Early-type vs. late-type dwarfs: model predictions
vel = 55 km/s; spin = 0.05 (8.9 L,;Mg~-16)

Continuum line: unperturbed model

& (NGC4569F 34
Metallicity

Present SFR



Effective surface brightness

Early-type vs. late-type dwarfs: model predictions
vel = 55 km/s; spin = 0.05 (8.9 L,;Mg~-16)

Effective radius

Continuum line: unperturbed model

Effective radius: radius
including half of the total light

Effective surface brightness:

mean surface brightness within
the effective radius

& (NGC4569¥ 36



Early-type vs. late-type dwarfs: comparison withada

Open squares: Sa-Scd

Crosses: Sd-Im-BCD

Filled circles: dE-dSO

Filled triangles: undet. E-SO-dE-dSO
Empty triangles: undet. Sd-Im-BCD

Ram pressurey (NGC4569)
Ram pressure,

Galaxies become deficient in gas

Dashed line: 1 mJy detection limit



Early-type vs. late-type dwarfs: comparison withada

Open squares: Sa-Scd
Crosses: Sd-Im-BCD
Filled circles: dE-dSO
Opne cirlces:E-SO-
S0a

Ram pressure,
(NGC4569)
Ram pressure,

Dashed line: GALEX
detection limit

Galaxies get redder



Early-type vs. late-type dwarfs: comparison withada

dE,N
dE
BCD
Sm-Im

Sa-Sc
Ram pressurey (NGC4569)
Ram pressure,

Predicted fading of the surface
brightness

Dashed line: GALEX detection limit



Spectral properties of normal dE in the Virgo cdust

F(')

4000 /7000 A

F(')

Gavazzi et al 2001 1000 A 2 mic



The origin ofdE: Ram Pressure stripping of s

forming low luminosity galaxies

Major problems:

- to reproduce the CMR of dE, Im should have fadetl5-mag in B
reaching ~ 25 mag arcsedoo faint to be detected (Bothun et al 1986)
- dwarf spheroidals are more metal rich than Im igfilar luminosity
(Grebel et al 2003)

- most of the bright dE are nucleated (Binggeli etl@B5): residual
nuclear SF + gravitational interaction with the slier potential

- the simple transformation of Im->dE cannot repi@the difference in
the cluster and field luminosity functions (ConselR002):-> Blanton et
al 2005:LF of dwarfs in the field has a slope ~ -1.4-1.5 (@acluster)

-the specific frequency in globular clusters in idEsignificantly higher
than that of star forming galaxies (Miller et al989 Strader et al 2006):
IS the normalisation correct?

-the flettening distribution of dE Is significanttifferent than that of Im
(Binggeli & Popescu 1995; Lisker et al 200@pes a rotation system
heat up once star formation ended? How does thewlve with time?



The origin of dE: Ram Pressure stripping of star

forming low luminosity galaxies
most of the bright dE are nucleated (Sandage €198b): residual

nuclear SF + gravitational interaction with the slier potential

Radius
5 kpc

30 kpc

The gravitational perturbation due to the clusteptial (which might
Induce nuclear gas infall) increases with the Iuwmsity of galaxies

(Boselli & Gavazzi 2006), as the fraction of nu¢eshdwarf ellipticals
(Sandage et al 1985) and that of dE with blue mclsker et al 2006)



The origin ofdE: Ram Pressure stripping of s

forming low luminosity galaxies

Major problems:

- to reproduce the CMR of dE, Im should have fadetl5-mag in B
reaching ~ 25 mag arcsedoo faint to be detected (Bothun et al 1986)
- dwarf spheroidals are more metal rich than Im igfilar luminosity
(Grebel et al 2003)

- most of the bright dE are nucleated (Binggeli et1885): residual
nuclear SF + gravitational interaction with the slier potential

- the simple transformation of Im->dE cannot repradtie difference in
the cluster and field luminosity functions (ConselR002):-> Blanton et
al 2005:LF of dwarfs in the field has a slope ~ -1.4-1.5 (@acluster)

-the specific frequency in globular clusters in idEsignificantly higher
than that of star forming galaxies (Miller et al989 Strader et al 2006):
IS the normalisation correct?

-the flettening distribution of dE is significanttifferent than that of Im
(Binggeli & Popescu 1995; Lisker et al 200@pes a rotation system
heat up once star formation ended? How does thewlve with time?



The origin of dE: Ram Pressure stripping of star

forming low luminosity galaxies

The simple transformation of Im->dfannot reproduce the difference
the cluster and field luminosity functions (ConselR002)> Blanton e
al 2005:LF of dwarfs in the field has a slope ~ -1.4-1.5 (@acluster)

Virgo: a=-1.4 (Sandage et al. 1985) Fiedd:-1.5 (Blanton et al 2005)



The origin ofdE: Ram Pressure stripping of s

forming low luminosity galaxies

Major problems:

- to reproduce the CMR of dE, Im should have fadetl5-mag in B
reaching ~ 25 mag arcsedoo faint to be detected (Bothun et al 1986)
- dwarf spheroidals are more metal rich than Im igfilar luminosity
(Grebel et al 2003)

- most of the bright dE are nucleated (Binggeli et1985): residual
nuclear SF + gravitational interaction with the slier potential

- the simple transformation of Im->dE cannot repi@the difference in
the cluster and field luminosity functions (Consel2002):-> Blanton et
al 2005.LF of dwarfs in the field has a slope ~ -1.4-1.5 {acluster)

- the specific frequency in globular clusters in dEsignificantly higher
than that of star forming galaxies (Miller et al989 Strader et al 2006):
IS the normalisation correct?

-the flettening distribution of dE is significanttifferent than that of Im
(Binggeli & Popescu 1995; Lisker et al 200@pes a rotation system
heat up once star formation ended? How does thewlve with time?



The origin of dE: Ram Pressure stripping of star

forming low luminosity galaxies
The specific frequency in globular clusters in dEsignificantly higher
than that of star forming galaxies (Miller et aB89 Strader et al 2006):
IS the normalisation correct?

S\I: NGC 10P-4(M, +15)

Sy (Spirals) =1
Sy(dE)=3-20
Miller et al 1998:

Strader et al 2006 & (NGC4569)
&- g (NGC4569)/3



The origin ofdE: Ram Pressure stripping of s

forming low luminosity galaxies

Major problems:

- to reproduce the CMR of dE, Im should have fadetl5-mag in B
reaching ~ 25 mag arcsedoo faint to be detected (Bothun et al 1986)
- dwarf spheroidals are more metal rich than Im igfilar luminosity
(Grebel et al 2003)

- most of the bright dE are nucleated (Binggeli et1985): residual
nuclear SF + gravitational interaction with the slier potential

- the simple transformation of Im->dE cannot repi@the difference in
the cluster and field luminosity functions (Consel2002):-> Blanton et
al 2005.LF of dwarfs in the field has a slope ~ -1.4-1.5 {acluster)

-the specific frequency In globular clusters in idEsignificantly higher
than that of star forming galaxies (Miller et al989 Strader et al 2006):
IS the normalisation correct?

-the flettening distribution of dE is significanttifferent than that of Im
(Binggeli & Popescu 1995; Lisker et al 200@pes a rotation system
heat up once star formation ended? How does thewlve with time?



The frequency of transient objects

Tracer condition Time scale %

Myr
HI detected <150 16 (11/68)
HaEW > 2 A <150 10 (31/316)
HbEW >28A  <500-800 28 (89/316)
FUV-H <5 <800 9 (9/102)*

=> |f the frequency of infall of late type
dwarf galaxies is constant over ~ 2 Gyr
(z=0.16) ram pressure stripping of dwarf
star forming systems can be at the origin of
the whole quiescent dwarf galaxy
population in Virgo!



Clusters at high redshift

0.25<z<1.5

Cucciati et al 2006



