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Morphology-Density Relation
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Nature or Nurture?

 Nature? Elliptical galaxies only form in
protoclusters at high redshift. Rest of
population Is due to infall.

e or Nurture? Galaxy evolution proceeds
along a different path within dense

environments.
— If this Is true In groups and clusters, then

environment could be the driving force of
recent galaxy evolution...



Merger hypothesis

e Bulges form through major mergers.

Major merger Bulge formation
A galaxy merger destroys All gas is used up in Further cooling forms
discs and leads to bulge the burst. an additional disc.

formation



N-body + SA simulation

Need positions and luminosities of cluster
galaxies

High-resolution cosmological simulation of
a cluster formation (2, =1 and 0.3)

Follow galaxy evolution within sub-halos
using semi-analytic model.

Can the MD-relation be reproduced by
merger driven bulge formation scenario?



Density map of the simulated SCDM cluster

TO & Habe 1999
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FOF halos

Central
galaxies

Sub-halos

Central
galaxies of
sub-halos

Satellite galaxies

Naked

» Construct sub-halo merger trees from N-body simulations
» Sub-halos must be FOF-halos in the past.

» Trace position of naked galaxies using the most bound particles



Semi

FOF halo

hot gas
A

&

-analytic mode|

Shock-heated gas in each FOF-halos

«——Radiative

SN feedba

Gal axy

with virial temperature

cooling

kW = UM, AV =




Model parameters
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E+SO fraction

L s S S B S IR S B
model A -
LR o e MOAE] B - eemoeeeee
+ 14 model C - ==-—.
o \Sondoge et al. 1985 -—-—-
i r]
5
[
U.H_ v
| b
L .Il
§ D6
= 'R
H | L
K X
L
0.4 v
L [}
0.2F
ool o o |
-22 =20 =18 -16 —27 20 18 18

M. —Slogh M, —Slogh

Fuz. 2—E+ 80 fractions of cluster galaxiss as a function of absolute B magnitude for SCDM (legft panel ) and OCDM iright panel L The thick solid, dottad,
and dashed lines indicate the model A, B, and C, respectively, The thin dash-dotted line shows the observational result for the Virgo cluster taken from
Sandage et al. (1985).

(AM) = 0.324(T +5) — 0.054(T + 5)> + 0.0047(T + 5)°
AM E MEUlge L M}))otal



0.8r
c
2 0.6
o

0.4

Morphology density relation
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The observed elliptical fraction
IS well reproduced.

Too few SOs (too many
spirals)
The observed trend of SO

distribution cannot be
reproduced only by mergers.

Based on the merger
hypothesis galaxies are
divided into two populations,
l.e. almost pure disc and
almost pure bulge galaxies.



Number of galaxies —»

Morphology-density: evolution
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colour-density relation @ z=0.41

2.5

PN}

v -1,

: meé&um : high
1 I 1 1 1 I 1

DAL B L L

0.4

0.3

fraction

0.1

—— high
rredium
--—- low

field

{b)
f’;ll}'
f 7

Kodama+'01



S 1‘0 SO 'rr'ansfor'mahon‘?

40 3
RIGHT ASCENSION (J2000)

NGC 4522°

Kenney et al. 2003

" 1 Vollmer et al. 2004

* Ram pressure stripping of the disk

| could transform a spiral into a SO

(Gunn & Gott 1972; Solanes &
Salvador-Solé 2001)

* Strangulation may lead to anemic or
passive spiral galaxies (Shiyoa et al.

2002)

Non-SF spiral galaxies from SDSS (Goto et al. 2003)
First noted bv Poooianti et al (1999) 1n 7~0 5 clustets



Additional physics?

Strangulation (Larson+1980)

— Long time-scale ~ t.

Ram-pressure stripping (Gunn & Gott 1972)
— Short time-scale

Minor merger
— Minor mergers may also induce small starbursts

Harassment (Moor+1996)

— Cumulative effect of high-speed encounters between
galaxies causes starbursts and morphological change.



Ram-pressure stripping

Calculate orbits of galaxies in the main cluster
assuming NFW-profile.

Ly

plr) = —— _
(r/r (1 +r/r)"

In(l4+r/r,) 1_.,. .
;H.:'l:'\-:n’"

T(r) = —4ar:Gpo

r/rs

Instantaneous removal of cold gas from
galaxies

5
Pram = picm ‘-'Eal

— VTV N
Fgrav.mld =il lir*'r‘-}—-ﬂr-.cht:;]s:1-I"'—-cc|ld

when P . > Fg .y coiq @ effective radius, all the
cold gas is stripped from a galaxy



Minor burst

* Minor merger
—finor < Mgo/ Mgy < T

minor sat'""'cen major

major — 0-29 and f =0.1f
o f

ourst Mo 1S CcONsumed In the minor burst
and added to the bulge.

minor major



Sub-halos in a A CDM cluster
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Parameters and models

e Standard
Parameter Val : .
e o — Strangulation + major
Viot (kms—1).... 200 merger
Xhot sessssssesssssnnes 20 PY Ram_pressure
79 (GYT) e 2.0
R 1.3 — Standard + RPS
.fl-“ﬂ.':ljﬂi’ ---------------- 0.2 . MInOr-burSt
4 l ............... 3 .
y(Zo) - — Standard + minor
burst
e LOoW-SFR

— Standard but with 4
times longer 7.



Field galaxies
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LFs of simulated cluster galaxies
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e L. | Colour-magnitude
+ I : relation
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« Effects of the RPS on SFR
IS only seen in the LOW-
SFR model:
the strangulation
sufficiently suppresses the
SFR In the cluster.



Colour radius relation

& MINOR BURST

L A MINOR BURST + RPS

[ & LOW SFR

L ALOW SFR + RPS

1+ With the standard

parameter set, the
effects of the RPS Is
negligible in the core.

1« Inefficient

strangulation makes
the signal of the RPS
detectable, but field

galaxies are too blue.



Froction

chion

Froction

NE Morphology-radius
f-ﬁﬁ.ﬁ T i " e Consistent with what
. : - was found by TO &
Lof STANDARD & { s Nagashima '01.
5 H ! i | The RPS alone can't
dﬁ j W __ increase the
b THT , [P intermediate fraction.
o ¢ bt *a. 1 The Minor-burst model
Lo} MINOR BURST unor surst - s | reproduces the
o8} bt i morphological fraction
#% 4 i reasonably well.
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Bimodal colour distribution: comments
on v GC and Mitaka model




Colour-magnitude relation

CMR for spiral galaxies
also observed (e.g.
Chester & Roberts 1964;
Visvanathan 1981; Tully,
Mould & Aaronson
1982)

SDSS allows full
distribution to be
quantified with high

precision ( Baldry et al.
2003; Hogg et al. 2003;

Blanton et al. 2003)
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Number ol galaxles per U.1 mag bin
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Number of galaxies
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Other models Il
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SF In Menci et al.
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Authors insist this is the key!



Summary

 To my knowledge, GALFORM and Mitaka
model fail to reproduce the bimodal colour
distribution.

 Morphology of galaxies in SA models often
shows bimodality that we don’t want.

e At least some SA models successfully
reproduce the bimodality in colour.
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