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(1.5. Holiday)
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22.5. Dyn. models & obs. examples

19.6. Star Bursts & Star Cluster Formation
3.7. Galaxy transformation in clusters

17.7. Interactions @ high redshift
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. _, Dates: 17.4. Overview & basic concepts
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(Fasano et al. 2000, 2001,
°© 0z Lo 08 Couch et al. 1998)

significant transformation : spirals =» S0s from z~0.5 to z=0
within the last 5 Gyr
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ransformation : transition typ
ectral categories for cluster galaxies :

(Couch & Sh
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(Barger et al. 1996) 1 3 clusters atz=0.3
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t
Spectrophotometric Aspects (Bicker+02, Shioya+02, 04)
\
) Ml spiral galaxy types * Starburst + SF truncation/strangulation
€ . . . .
R Luminosity evolution .__Color evolution
4 [y O . —
2r [InY burst SFR->0,70%
A bursl, SFR->0,30% - -
;.- -19.5 - ! \_“.t undisturbed evolulion =----
H 5
- 0 burst SFR->1 5%:3; rrrrrrrr 1
g o b i R
155 , X , 02 . . ) undisturbed evolution -----
0 2 4 [ - 8 10 12 14 1% 0 2 4 6 8 10 12 14 16
‘" (Bicker, Fritze, Fricke 2002) time Gy
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(B-v)

Q

yC With bursts (strong or weak) > 3 Gyr ago.
SF trunc. at 6 Gyr <age <9 Gyr gradual ICM
trunc. at ~ 9 Gy build-up

%® High-luminosity SO :

Early-type spiral (Sa) mergers + bursts at ages <9 Gyr

09 b L gt

08

0.7 +

06 iy

Spiral-spiral mergers + Starbursts

(Bicker, Fritze, Fricke 2002)

-21 -20 -19 -18

U. Fritze, Goettingen 2008

EW(H6) (K)

EW(HS) (A)

(b) SPB

0.1 Gyr, 20%
0.1 Gyr, 10%
- 0.5 Gyr. 10%

1 Gyr. 10%

' L
15 2 25

E+A ~ k+a ~ Hj - strong phase : duration ~1.5 Gyr

3

} Sp + SF strang. t>1 Gyr I
-> weak Hb -> S0 a
Sp + Starburst + SF trunc. M.m.. R

-07
-0.6
-05
-04
-0

-> strong Hb -> SO
(Fritze & Gerhard 1994)

(Barger et al. 1996)

(Poggianti et al. 1999, Barger et al. 1996)
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ay

ld Spirals'=y Cluster S0s'

fransition lypes

+ Sa + strong burst
: lue H;- strong - red H;- strong -=» luminous S0
' (e(a)) (E+A, k+a)

Sa + Strong Burst at 6 Gyr

% Ages 5.9 7.3 Gyr
' “® (Tyra & Fritze in prep.) ' — 5o
—— 6.0Gyr
—— 82Gyr

66Gyr

B
=
2 25 —\\
i
2 F
F / FUSAL |y
v \
F ) K v
_MJ}“I
SR Vi

YAV

0 n n L "
3000 4000 5000 6000 7000 8000

Wavelength [A]
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F1elarspirals = Glusters
fransition lypes

SF Truncation +/— Bursts
at 8.2 Gyr

| Sa + intermed. burst + SF trunc
= H; - intermed. = SO :

.

\ Sa + SF trunc. on short timescale——..

(1 - 3) 1 08 yr Sa + SF Strangulation on t~3 Gyr

2

= H, - interm. /weak
= faint SO |
Sa + SF strangulation
10°yr
=» H, - weak = faint SO

(Tyl"a & Fritze in prep.) 000 4000 5000 6000 7000 8000

Wavelength [A]
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E*+A galaxiesiin clusters:

o)
5(E)<HT<3 (S

mostly disk dominated with 0<B,

(Tran et al. 2003)
=> t(spectral) < t(morphological)

most H6 — strong galaxies are regular spheroids

n . ’ =» t(spectral) > t(morphological)
. (Couch & Sharples 1987)

=» timescales may depend on type of transformation
process !?

P diverse properties of E+As :
‘a =» heterogeneous parent population
’- =» more than 1 transformation channel

@ U. Fritze, Goettingen 2008

Clu

high redshift clusters : E+ 'rA & ;" +a g
mﬂas]\ja,

i k+a, starbursts weaker ASIS~0 1

=» 2-fold downsizing effect (also for SFing field galaxies)
(Bower et al. 1999, Cowie et al. 1996)

: [rrrr[prrr o

., ISOCAM midIR data for A1689 (z~0.2) o | : ]
» ~90 % SF hidden by dust in optical | . .
e (Duc et al. 2002) g L. . ' ]

£ | 1

Lifetime statistics -1 S 2

- ‘ . E+A 4

=» 30 - 100% E/SOs have I

. 5. _|I!I1|III1|IIJI_
. undergone E+A phase o 0.5 1 1.5

Z

(Tran et al. 2003, Poggianti et al. 2003)
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Jd a)

266 field EfAs from SDSS

l':JI"'JJ_) e J/ :/./ CCSS fJ EJ f,JJ'J//-/ (J"—JIJEJJIF_Y
JJJJJJJ JJUJ';J( { JJU'JJJJ cales),

nor on very large (=Large Scale Structure) scales

W > E+A related to close companions

; ~ 30 % have dynamically disturbed signatures
5 or tidal tails

=» E+A related to (weak?) interaction with companion

. _, Almost all E+A’'s have bright compact cores

(Goto 05)

A 3 Dust plays important role for starburst galaxies,
not any more during E+A — phase

@ U. Fritze, Goettingen 2008

260 EFAS Trom SDSS

/UQEQU’jj . LU LI B B S B B B B
1.4

1.2

companion

0.8

0.6

Ratio of N
T I T T T I T T T [ T T T I T T T I T T T
1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1

- § 50 100 150 200
i Distance (kpc)
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=

E+A galaxies also exist in the field

E+A galaxy fraction in the field : 2.7%1.1% at 0.3<z< ‘J)

50 < ,/f‘/(‘ o

E+A galaxy fraction in clusters : 11.0£3.0% at 0.3<z<1
. 480% field E+As morphologically irregular

‘ ‘ ' =»> major & minor mergers

\"_ 4/5 field E+As with WFPC2 imaging show B/T<0.5

& 4l - minor mergers or timescale effect ?

(Tran et al. 2004) ?W«W\'ﬂwﬁ _
M; f WM [yt |

NGC 7252 = field E+A . ﬂ ‘

= major merger : i v el
Spectrum : F. Schweizer .
(Fritze & Gerhard 1994) U. Fritze, Goettingen 2008

* ~40% SOs (one of theEs) had S|gn|f|cant SF in thelr

\ central regions during last 5 Gyr
- « fraction of SOs with recent SF 7 with L N

————t—————————— * key to series of discrepant results :

&

30 - [ O @& e 8 O OO0 ece .

= 2 o w ., . magnitude limit of sample

o)

I °y 0 .

{0\155 e oo ° % . . 3 A R R LR R SALad LA LARAY ARSI LARSS

< LE o, e O . — bright SOs ¥ — bright Es

-2 2_ o] + __faint Es

z 3 . ¢ e 0e ot B E3 E

£ .« s, I ]

- 20 . 7 E3 4_l“_“‘:
* P NI Lt TR IR T

L P N I S T I L
12 13 14 15 16 17 <3 35 59 »9 <3 35 59 »9 <3 35 59 »9
R Lumn. weight. Age (Gyr)

also found from optical + NIR photometry in Abell 2218
@ (z=0.17) (Smail et al. 2001)

U. Fritze, Goettingen 2008




Lo

2 1009\
5 (van Dokkum et al. 1998)
t

at z=0.
r/ small, no JAUAJJJAJNQJJ; cl
small at center, larger at larger R,
o

x: =» Es terminate SF well before accretlon
b =» SO0s stop SF in outer parts of cluster
; 4 R (h3 Mpe) R (h3} Mpe)
d  scatter <-> age spread P
1"| T A AR AAARLARRLEE ARARE RAARRARREA 1N T T ™ :—OAE—E . ;E»SO B
@ s ©@F ., @7 ettt e e
=08 F T e —W} W LOOG? __ E
s oo T T RN I _+—}—_+++ E
045 g <118 Tso<ts * TE>118 TS0>118" 1 0 feteerbre b o
119““210““2I1'mzlzirllsl"lalo‘mzllxmzlznlls“'lzlollllzlll“‘212“1[9““210““2‘1“”2|2” °>+ EL

-
offset

v v, v v, —0.01 | ES + E
—0.02 [ + + e

@ u. Frllzeﬁémecﬁu;gem hoif& 00

M Low luminosity systems : harassment and/or fading
: V
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Global <--> local effects
, cluster potential <--> interactions within groups
(Lewis et al. 2002, Gomez et al. 2003, Gerken et al. 2004)

GGS‘...“ \ c U. Fro dF GRS i { Lste
8598 galaxies (M_ <-20 5 2<0.1) from SDSS in field, groups,
v clusters
“¥ galaxies out to ~3 RVir in low L, clusters at 2~0.2
& 1 := SFR(Ho) / L* 7 with R__7

4 reaches field galaxy SF level at~3 R;,

ICM ram pressure not efficient at ~3 R,

P*2 with= N
P reaches field galaxy SF level at=_; ~ = (3 R,;,)

2 2 same for galaxies in rich & poor clusters, groups & field
? what quenches SF in low density environments ?

E = group activity/merging

U. Fritze, Goettingen 2008

same for galaxies in rich & poor clusters, groups & field

(Lewis et al. 2002)
' - T T T - T
;; 08 [ e 'i‘ii = .{; 08 ; — X‘;i =
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5 low-redshift

spiral, ¢ ' tions correlate wit al galaxy surface
density
T-Zrelation forregular & irregular clusters

% irregular (=low L,) clusters : no radial segregation of gal.
.
) 2 population
-
regular (=high L,) clusters : strong radlal segregation
1000 200
Iz 500 JIHJ_'_H—LLL\\ N = 5678 2 100 ﬁ— Neo= 1078 |z ygol ﬂﬂ No=820 |
0 T T T o T T T 0 T T T
s b 1 4 L 4
55 Cluster Sample - all [:' E 55 Cluster Sample —~ 10 high concentration, ‘ 55 Cluster Sample - 8 low concentration,
1180 regular clusters irregular clusters
08 7 s» 4 08 - 4 08l
Oe Oe
iiso 50
E”“ b Eo.a— 7 ZL N £06 2L
04 i 04 04 i
02 b 0z 02} 4
1 face density (Mpe?) i -2 . . .
- | og surfece density (Mpo log surface density (Mpc™) U. Fritze,‘Goettingen 2008

f=bolution in UJJTUIJJJJJ/

10 intermediate-redshift (z~0.5) c

T=2>relation strong for regular c J
nearly absent for irre

in all z~0.5 clusters f_ ~ f_(local),

Sp Sp( )
q q
' - z~0 high concentration clusters 2~0.5
150 200
=10r Ny, = 362 1 =
50 |- -
o T T o T T
1 - 1 -
55 Cluster Sample — high concentration, HST Sample — 4 high concentration,
with area cut ] regular clusters
0.8 - — 0.8 - -
e g Oe
iso iiso
Soe ] sp ] ool 2 sp ]
S 3
g g
& &
0.4 | 0.4 - -
0.2 - — 0.2 - -
0 L X 1 0 L L |
-1 0 1 2 3 4 -1 o 1 . 2 . 3 4
| log surface density (Mpc~2) 10z sWiFritze;Goettingen 2008




transformed into SOs & dwarf galaxles as they are
accreted by clusters.

A variety of transformation scenarios are at work:
harassment, ram pressure, merging within infalling
groups. All affect the morphology as well as the
spectral properties, timescales may be different.
Recent surprise: transformations already occur at 3
R,;. from the cluster centre, local galaxy density effects
must be important -- and are also seen in groups and
the field.

We still lack a complete census of the relative role of
the various transformation channels, timescales,
transition stages and their dependence on

alaxy/cluster properties.
g y p p U. Fritze, Goettingen 2008

"

Galaxies at Hi

Cosmological model (H/

Big Bang — Universe expanding
Hubble's law : distant galaxies recede : v=H_

recession velocity v — redshift z (relativistic Doppler
effect)

redshift z = measure of distance r

c finite — distant galaxies seen in earlier evolutionary
stages

Lookback time Hg‘r'(l +2)7 ' [(1+2)°(1 + Qu2) — 22 + )]~ P .
0

z=0 1 2 4 6
age= 14 5 3 1 0.5 Gyr

U. Fritze, Goettingen 2008




= analogue to Euklidian distance in curved spacetime

L 1 . o1
HOdM = WSIHH {lgkl 1/2J\ [(1 +Z)2(1 +QMZ)—Z(2+Z)QA]_ 1/2 dZ}5
k 0

o sinn =sinh for Q, >0

sinn =sinfor Q, <0

Bolometric distance modulus BDM =-5log D, - 25

@ U. Fritze, Goettingen 2008

Galaxy Age versus Redshift

 Ho-65, Omegac-0.3, Lambds0-0.7, =10
—— Hox75, Omegao-1.0, Lambdao-0.0, 20-10
—— Hox75, Omegao-0.1, Lambds0-0.0, 2110
10410
5
’ . @
. B}
o
&
=
O
g
= ses09 |
60
o 55
10
Redshift 2
=
g
E
=
a
8
-
—— Ho-65, Omegao=0.3, Lambdao=0.7, 21-10
* . —— Ho-75, Omegao-1.0, Lambdao=0.0, 2i-10
- —— Ho-75, Omegao=0.1, Lambdao=0.0, 21-10

6 8
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High Redshift Galaxies

Light from distant galaxies :

redshifted & diluted in expanding Universe

Aobs = Ay (1+ 2) F,°=F,' /(14 2)
o
b . & Opt. observations of galaxy at z> 1 show restframe UV
P NIR observations - -"- opt.

» — cosmological correction :
L k, := M,(z, t)-M,(0, t)) (gal. type)
* reddened & attenuated by intergalactic HI (Madau 1995)

- "Attenuation" for wavelengths A cstframe < 1216 A
‘8 seen in the optical for galaxies at z > 2.5
seen in the UV for galaxies at z > 1
— GALEX data
@ U. Fritze, Goettingen 2008

juation

Intergalactic HI (Lya clouds, Lyman Limit Systems and
galaxy haloes) causes a forest of absorption lines

shortward of Lyo @ 1215 A in the spectra of distant
galaxies

\ﬂ Mmm W\mﬂmﬂm iy MM \

1400 lLUU 1800

-
100

i High resolution (FWHM~6.6 km/s) spectrum of the z=3.2
B QSO 1422+23 with Keck HIRES @ S/N~150 /resolution
element (Fig. from Rauch 1998, ARAA)

@ U. Fritze, Goettingen 2008
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x Distant'galaxies younger :

— evolutionary correction

i 80

o

LA Elliptische Galaxj Sd - Galaxie
o 13,5, 12.Gyr 6 12,5,1 Gyr

5 5
9 2 100 40
-
50 20
b
Rk
0o S 00
00 20000 40000 6000 0 80000 10000.0 0.0 20000 4000.0 60000 80000 10000.0
Wavelongth [A] Wavelength [A]
-

« & evolutionary correction strong for galaxies with

strongly variable SFR(t)

@ U. Fritze, Goettingen 2008




filaments

<z>=0.1
Canada France Redshift Survey CFRS : I-band 591
galaxies  17.5<1,,<22.5, 0=sz=<13, <z>=0.56

: L
\i' Sloan Digital Sky Survey SDSS : 3" data release: spectra
e & of 528,640 objects over 4188 deg?,
‘ 2.5m Apache Point Telescope

QSOs and galaxies to z~6
ongoing till 2008 (now @ data release #5)

¥ Whuge amounts of observing time :
* many galaxies @ low z, few @ high z

@ U. Fritze, Goettingen 2008

many galaxies @ low z, few @ high z

&4 Look for other strategies to find & identify

x ¢ high - z galaxies :

-- Lyman - a searches
-- QSO fields
-- optical identifications of QSO absorbers
g -- drop out technique
i 8l -- color selection criteria for SFing and passive galaxies
| -- photometric redshifts

@ U. Fritze, Goettingen 2008




Ids

g Faintest galaxies : 29 mag (UBVRIJHK)
Spectroscop. limit : 25 mag (= factor 40 brighter)

-~
) » LA
-
LA
X

Distant Galaxy in the Hubble Deep Field ~ HST * WFPC2
ey PRC96-24b * ST Scl OPO * June 26, 1996 - K. Lanzetta (SUNY Stony Brook) and NASA
»

U. Fritze, Goettingen 2008

o 1000 2000 3000 4000
Wavelength [A]

5000 6000 7000 8000

V drop out : Lyman Break Galaxy with Z o= 5.3

ec

. 300w 450w 606w 814w  fll0w  f160w
. B \4 I

i o .‘-
TN O Y,
b . ;‘“ oy
AR

‘_ . pRt R N i 3 ks s 40 ) * -»} ' '* A
@ U
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various galaxy types & all redshifts
., .
V@ %2 analysis
B — galaxy type + photometric redshift =~ =
_ — SFR+age + metall. +... °f 3 ]
photometric z vs. spectroscopic z =, ' S ]
precision : Az/z <5% ! s ]
; (Kotulla+08) L e ]
- & L ]
@ U. Fritze, Goettingen 2008

® Subaru Deep Field z dropout at z=6.96 (lye+06, Nat. 443, 186)

# 750 Myr after Big Bang, Lya line,
: SFR~10 Msun/yr

Age of the Universe (Gyr)
0.97 0.81 0.75
T T

-4 & -4
a I
A
s 5E 36
= r’Y
o
S 6F 3-8
—3~h t : T ’x =39 7;
‘B EEIE :
2 . ¢ ;
£z 4 ! _** 3
[ o
o5 )
2 5 3
L 5F Ly
- | i ;
7

Hiot sl T b ey Redshift
9,600 9,650 9,700 9,750 9,800 5 < .
| Observed wavelength (A) U. Fritze, Goettingen 2008




Galaxies at

t trace evolutlon of normal galaxies to z > 4 5 (>95%t, 0
@ identify high-z progenitors of local galaxy types
gl many strong starbursts at 0.5<z<4.5 AS/S>30%
@ many very red post-starburst galaxies at 3.5>z > 0.5
~ EROs, strong bursts at 2<z<4 & no SF since
@ all galaxies in the HDF, UDF, FDF, GOODs well described
by chemically consistent GALEV models for

normal E . . . Sd or starbursts or post-starbursts
(Maller, Fritze, Fricke 98, Fritze, Moller, Fricke 99a,b, Bicker, Fritze, Mdller 04,

Fritze & Bicker 06)
@ U. Fritze, Goettingen 2008

submillimeter common user

HT @ 450 pym and 850 um

hard to detect @ shorter wavelengths

dominated by thermal reemission from
dust heated by vigorous SF

e > 30 mag extinction in restframe optical

~ no restframe opt. spectra, only SEDs
& photometric redshifts

@ U. Fritze, Goettingen 2008




photometry for galaxies in the
actic Survey (SHADES)

4 50 point source sensitivity of 26.8, 25.8, 25.7 and 25.0 mag (AB) in
B,R,l and z, respectively, measured in a 3 arcsec diameter aperture.

bl Total exposure times for B,R,| and z : 7200, 3360, 4730 and 4800 s.

R K-band image was obtained with the Wide Field Camera (WFCAM) on
the United Kingdom Infrared Telescope (UKIRT).

. ¥
\‘ Spitzer IRAC photometry at wavelengths 3.6, 4.5, 5.8 and 8um

@ U. Fritze, Goettingen 2008

, 1 :
26 . - e . e 4 A um
é 5te . e . 4
Y N 1 Results:
Tee " 1 only 2 QSOs, mostly Sc ... starburst.
10 : dust attenuation
| ] SED type

photometric redshift distribution
for 51 sources identified
in SHADE

0
; 4 5
@ “phat U. Fritze, Goettingen 2008




Redshift distribution of masses:
=» downsizing!

-28 27 -26 <25 -24 23 22 -21 -0

"
[
T

.
i
let10 F 'i

U. Fritze, Goettingen 2008

Lo

the average SCUBA galaxy is forming stars at a rate 6 - 30
" . P ' frame opt . st

D

limes the rz
obscured burst

. % the burst creates 15 - 65 % of the total stellar mass
2. & SCUBA galaxies are compact : nuclear starbursts

7@ Estimate from the average star formation history that

& between one in five and one in 15 bright

(L*+ 2 < Loptical < L*- 1mag)

galaxies in the field over the interval 0 < z < 3 will at some
point in their lifetime experience a similarly energetic dusty
burst of star formation.

@ U. Fritze, Goettingen 2008




oY 04 2 N
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Almaini+05: HST ACS imaging of 10 SCUBA gala

t disturbe JmenJJJJJ es, atle 315'5 5/’

are majorr

@ U. Fritze, Goettingen 2008

;ation _Jj_J_r.jUJ_J,

centration, asymmetry, clumpiness

% CAS system (Conselice 97 ff)

- Asymmetry: take an original galaxy image and rotating it
t 180 degrees about the galaxy centre, and then subtract the
two images (Conselice 1997).
4 Corrections for background and radius (cf Conselice et al.
8l 2000a). The centre for rotation is determined by an

iterative process which finds the location of the minimum
asymmetry.

4 = min Zfo — Nisol _ min E|1By — Bivo|
- & C || Eih| ’

@ U. Fritze, Goettingen 2008




J

CAS Classification systems:

. L‘l.lrll_flhl-
A=mn| ———
Z) )

10 is the original image pixels, 1180 is the image after
rotating by 180°. The background subtraction using light
" from a blank sky area, called BO, are critical and must be
@ minimized in the same way as the original galaxy itself.

5 - ’ A lower value of A means that a galaxy has a higher degree
of rotational symmetry. Higher values of A indicate an
asymmetric light distribution.

Typical values:
A = 0-0.05 for ellipticals,
@8 A ~0.10-0.3 for discs and irregulars, and
3 3 A > 0.35 for major galaxy mergers (in the nearby Universe)

@ U. Fritze, Goettingen 2008

Galaxy Mergers at High Re

J

CAS Classification systems:

circular radii which contain 20 and 80 % (r20, r80) of the
. total galaxy flux: - (,)
s =2 Dg T .

R

SO This index is sometimes called C28.
» High value of C : large amount of light in the central region.

Typical values:
C = 2-3 for discs,
C > 3.5 for massive ellipticals,
P peculiars span the entire range C=1.8 - 4.4.

@ U. Fritze, Goettingen 2008




Galaxy Mergers ai

J

CAS Classification systems:

concentrations.
| Galaxies with ongoing star formation have very clumpy

- structures, and high S values.

Clumpiness can be measured in a number of ways, the
most common method used, as described in Conselice

(2003) is . [=(r-2)] [=(s-82)] ‘

1., J L o

where the original image Ix,y is blurred to produce a
secondary image, lox,y. This blurred image is then
subtracted from the original image leaving a residual map,
containing only high frequency structures in the galaxy.

U. Fritze, Goettingen 2008

Galaxy Mergers ai

J

CAS Classification systems:

subtract from this the residual amount of sky after
| smoothing and subtracting it in the same way. The size of

Ml the smoothing kernel o is determined by the radius of the

galaxy, and is 0= 0.2 x 1.5r(n=0.2)*. Note that the centres

B of galaxies are removed when this procedure is carried

out.

* = Petrosian radius

Typical values are
S < 0.1 for non-star-forming galaxies, as e.g. ellipticals,
S = 0.1-1 for star-forming galaxies, e.g. discs & irregulars.
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Galaxy Mergers at High Redshift

Classification systems: the Gini coefficient

with higher values indicating a very unequal distribution

® Gini =1 means all wealth/light is in one person/pixel,
T Gini <1 indicates a more evenly distribution,
Gini = 0 means everyone/every pixel has an equal share.

: L
B The value of G is defined by the Lorentz curve of the
¢ W galaxy's light distribution, which does not take into
8l consideration spatial position.

Each pixel is ordered by its brightness and counted as part
of the cumulative distribution (see Lotz et al. 2004, 2008).

i The mean value of Gini in Conselice’s UDF catalogue is 0.71.
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Galaxy Mergers at High Redshift

Classification systems: the M20 parameter

Ml the centre. The centre is deemed to be the location where
' § M20 is minimized (Lotz et al. 2004). The value of M20 is the
. e moment of the fluxes of the brightest 20 % of light in a
» galaxy, which is then normalized by the total light moment
for all pixels (Lotz et al. 2004, 2008).

Main differences between M20 and C : the moments in M20
which depend on the distance from the galaxy centre.

M20 is therefore more affected by spatial variations, and
also the centre of the galaxy is again a free parameter. This
can make it more sensitive to possible mergers.
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Stellar Mass (M.

< Disk
~Edge-on Disk
O Peculiar

m E/50/Compact
A Pee. B

PSS IS S SN TR N
2 3
Redshift (z)

* Solid red boxes : ellipticals, SOs & compacts
Cyan triangles : ellipticals with a peculiarity
- Green crosses : face-on disc galaxies
+ Green dot with a solid line : edge-on disks
. Boxes denote the regions in which we

In‘crease of peculiar fraction with z,
decrease of E- & Sp- fractions.

appearance

N blue circles : peculiars

measure the merger fraction
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Vertical line denotes our redshift ranges.
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Gini (2)

0.8
E/50/8a |

. .. Agreement betw. CAS & Gini/M20 v/

L | Gini/M20 finds sllightly larger number of
05 i 15 2 25 mergers than CAS, but contains
larger contamination from non-mergers
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Redshift : UDF

®

_ Conselice+08
A=0.09

. o037 g

T . ; more disturbed
" galaxies
. A=0.15

A > 0.35: major
mergers
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Redshift : UDF
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Galaxies with stellar masses
M* > 1070 M, at redshifts
2.2<z<3

A=0.19 B A=023

2445 ° " sis .
Conselice+08

."‘"l : ".
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Merger Rates at High/Redshift : UDF
ey Redshift evolution of the merger fraction :
fm(2) =1, (1+2) ™
with f, merger fraction @ z=0.

Merger fraction as a function of redshift and stellar mass.
Black circles : merger fraction in the UDF,

I ¥ Red boxes : merger fractions from the HDF-N where we can
| probe the rest-frame optical (Conselice et al. 2003a).
Green crosses : combined UDF and HDF-N sample.

: 1'.-..': . :.: !'...'. ) : . III.':
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fit a power-law up to the redshift peak for all but the 108 M, <M. <10° M,
galaxies where there are too few points

merger fraction increases strongly with redshift,

more strongly for high mass galaxies than

for low mass galaxies =» downsizing
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The peak in the merger fraction occurs at redshifts
Z,..= 2.08 for galaxies with M. > 101" M
Z,..= 1.54 for galaxies with 10° M, <M.<10'"M,,
Z,..= 1.28 for galaxies with 108 M, <M. <10° M,
i.e. later for lower mass galaxies =» downsizing
A - low mass galaxies do not merge as quickly as
high mass galaxies
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Galaxies with M. > 107° M, undergo on average
4.3 £ 0.8 major mergers at0<z<3

with most of this merging occurring atz > 1.

@ U. Fritze, Goettingen 2008
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Galaxy Mergers at High Redshift : Summary

The majority of faint galaxies in deep fields and/or at high
redshift are peculiar or interacting.

Good agreement between galaxy classification by eye and
through quantitative methods, as well as between the CAS
| and the Gini/lM20 parameters.

MR8 The merger rate increases strongly with redshift
(up to z~ 3 in the UDF),
more strongly for massive galaxies than for low-mass ones.

The peak in the merger rate occurs earlier for high mass
galaxies than for low mass ones.

Starbursts were stronger at higher redshifts and starburst
galaxies were more massive.

- § =»> downsizing
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