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= [Introduction
= Context and Scaling Relations
- Hierarchical Galaxy Formation

« Motivation
~ Stellar Population Differences?
= Environmental Dependences?

* Results
Part |. Early-Type Galaxies at Low-z
Part Il. Early-Type Galaxies at High-z

= Summary

e Outlook



Why?

- Early-Type Galaxies are important!

- Observations:

o Cluster Galaxies: E+S0 old z; = 2

e.g. van Dokkum & Franx 1996, Bender et al. 1998,

Scodeggio et al. 1998, Jgrgensen et al. 1999, van Dokkum &
Stanford 2003, La Barbera et al. 2003

o Field Galaxies:

Similar to Cluster «» Assembly z;~ 1
e.g. Treu et al. 2001,van de Ven et al. 2003, Gebhardt et al.03 i

di Serego Alighieri et al. 2005, Saracco et al. 2005 9.0 S8 de 180 fo 118 1l
log,q Mh*/Mg

K-band MF for SDSS/2MASS Bell et al. 2003
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o Nearby E+S0: Sub-structure/complex
e.g. van Dokkum 2005, McDermid et al. 2006,
Cappellari et al. 2011



Fundamental Plane
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Results of FP studies (N<15)at0 <z <1 —> Majority of stars formed at z. >2
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Datasets

- E+S0 Galaxies at low-z:

VLT/FORS and CA MOSCA spectra J _
UBVgRI Multi-colour and HST-Photometry :% A el SRR
FOV:10'x 100 - - .M
Cluster Galaxies (0.22 <2< 0.3): Ng Ng (FP) t g
Rich: A2218 + A2390 96 34 3 Gyr Fritz et al. 2005
Poor: CL0849 + CL1701 + CL1702 27 11 3 Gyr Fritz & Ziegler 2009
Field Galaxies (0.21< z < 0.75): Fritz etal. 2011
FORS + William Herschel Deep Field 24 21 4 Gyr Fritz et al. 2009a
- E+S0 Galaxies at high-z: L FORS p.e'ep’FFerd

AR -.;-"- W
¢

""‘.-BRJ

Gemini/HST Galaxy Cluster Project:
HST/ACS + High S/IN GMOS Spectra
(S/IN = 25 per A in rest-frame)

RXJ1415.1+3612 (2=1.01): Fritz et al. 2009b
Field Galaxies (0'5<Z<1): (50) Fritz et al. 2011 kD)

Ry 3



HST/ACS+WFPC2:
108 Galaxies (30 @ z=1) :
Luminosity Profiles and structural

Parameters (Saglia et al. 1997, Peng et al. 2002) | ] e |
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Model each Galaxy:
- PSF Convolution
- 4 Profile / r'/4 + Disk S

- Detailed Error Analysis _ ' R+ [arcsec]
h Fritz et al. 2005

no. 2180 type=30 O/B=0.80

model :resi 5 20 2% ; D/B=080
=
F L1780 sy
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Kinematics

Spectroscopy of distant Galaxies: st 2=0.5m0

[_tot=19,07 B_tot=22,97
zigma=139,8+/-18 S N=Z21

« low-luminosity Objects:

= 1-2 mag fainter than M* n

« small apparent Sizes:
Extension: 3-4" R_: 0.2"<R_<2.3"

1 arcsec



Kinematics

Spectroscopy of distant Galaxies:

« low-luminosity Objects:

= 1-2 mag fainter than M~

« small apparent Sizes:
Extension: 3-4" R_: 0.2"<R_<2.3"

o Integrated Velocity Dispersion

= Aperture Correction of o

« FCQ Method (Bender 1990)

- LOSVD a posteriori
- Insensitive to Template Mismatch

Flux [relative units]

- Consistency checks and MC sims

#2011 =z=0,2312
[_tot=19,07 B_tot=22,97
zigma=139,8+/-18 S N=Z21

_IEmme
MQOS Slit .5 arcsec
THEEE

G200 6600 6700

WHDEF #4377
z={}.2004
R=15.50=
g=128 km/s

Galaxy Spectrum
S/N=57 i1 \ Broadened Star Spectrum

B.B2
Fritz et al. 2009a



Faber-Jackson Relation

Rich Clusters: Poor Low Mass Clusters:
A2218 + A2390: 96 E+SOs CL0849 + 1701 + 1702: 27 E+SO0Os
Gunn r: A(M )=—0.35 mag Gunn r: A(M )=—0.38 mag

= early Formation Epoch and passive Evolution

| T T T | T T T | T T T | T T T | T T T | . | T T T | T T T | T T
& s L
: = local J99 sample

® A 2330
& A 2218
« (gma

J29 1 limita
— — gelection houndaries
W L0849 (15)
& CL1v0L {5)
B CL1702 {7)

1 F 1 ; 1 | 1 1 | 1 1 1 | 1 1 | | I F 1 'I; 1 | | | 1 | 1 | | | | | | |

2.2 2.4 2.6 2.8 8 2 2.2 2.4 2.6 2.8
log ¢ [km/s] Fritz et al. 2005 log ¢ [km/s]




Environmental Dependence

FJR Offsets:

= Luminosity Dependence low-L A(M)=-0.3 mag <> high-L A(M)=-0.4 mag

- Radial Dependence core A(M )=-0.25 mag <> outskirts A(M)=-0.4 mag

Fritz et al. 2005 Fritz & Ziegler 2009, Fritz et al. 2011
- | T T T T | T T T T T T T T T T T T T L T

AM_ [mag]

. . O
Rich Cluster Galaxies Out R/Rv>0.18 (-

B . out R/BEv-0.25 O -
Core B/Re<0.16 ® | Poor Cluster Galaxies Core R/Rve0.25 ®

o v b by by . L L ! | ! L L L | L L
0.2 0.2 D4 0.5 0.5 1

R/Rv R/Rv




Environmental Dependence
FJR Offsets:

= Luminosity Dependence low-L A(M)=-0.3 mag <> high-L A(M)=-0.4 mag
- Radial Dependence core AAM )=-0.25 mag <> outskirts A(M)=-0.4 mag
- Mass Dependence low-M A(M )=-0.6 mag <> high-M A(M )=-0.05 mag

LA I B — L —
ex170lm/s # L o>164km /s @

c<170km/s O ] L g<184km,/s 1

W MASS& W MASSﬁ
| Rich Cluster Galakies ] _ Poor Cluster Galpxies

1.8 2 2.2 2.4 , . 1.8 2 22 24
log o [km/s] log ¢ [km/s]




Environmental Dependence

FJR Offsets:
= Luminosity Dependence low-L A(M)=-0.3 mag <> high-L A(M)=-0.4 mag
- Radial Dependence core AAM )=-0.25 mag <> outskirts A(M)=-0.4 mag

- Mass Dependence low-M A(M )=-0.6 mag <> high-M A(M )=-0.05 mag

U | U U U | T T T T T T T T T T T T T T T T
c=170m/s @ (B-[)>2.287 ®
c<1¥0km/s O (B-D)<z.287 O

DPW MASS
| Rich Cluster Galakies
| 1 1 | | | | | 1 | | | | |
1.8 2 2.2 2.4 : . 2.2 2.4
log ¢ [km/s] (B-I).., [mag]
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FP Rich Galaxy Clusters

Stellar Population Differences = SO0Os stronger Evolution

17 SO : A(M )=-0.44 mag

Fritz et al. 2005

C AZ390 & AZ218
e O30

1 1.5 2
log R_ [kpe] + logh,,




Field Galaxies

- SP Differences: - Recent SF since z~1
S0 : A(M)=—-0.64 mag SFR(OIl) ~ 4 M, yr’

_ o)
E : A(IM;)=-0.23 mag = 3-10% M. Fritz et al. 2009a
T | T T T T | T T T T | T T T T T T T T T T T T - T - - T T T T T - T -
2 L ] | | | | | |
L | 10 - % ¢ FDF/WHDF E+350 I
distant E+30 - o '
N /i/E i 4« Tren et al. (2005)
3 *E @r30 WHDF |
| 1.5 = F os) SBDS3 & _
f\w
32
AY) 1 _
> <
© O
+ 0.5 — T
&
(o]}
'_'D L
Te 0 7
3 L
- i t
0.5 L e — —-10 4 } —
_| I|IIII|IIII|II_ _||||||||||||||||||||||||_
0 0.5 1 1.5 0 0.2 0.4 0.6 0.8 1 1.2
log R, [kpe] + logh,, Redshift

Local Sample: Saglia, Bender & Dressler (1993)




SSP Models for Cluster Galaxies

Fritz et al. 2009a

FP zero-point Evolution #Rich E

= Evolution of Mass-to-Light Ratio Ol 50

m vD304

Comparison with SSP Models

van Dokkum & Franx 2001

1

{ t ot i f] e :I Iy :> F O rm at I O n - L 5 "oy, j_.-j"'-—-__+_______ti]u5ters

form

Redshift z

Average M/L Evolution

Cluster Galaxies
Gunn r-band

star formation rate

Comparison Sample: van Dokkum & Stanford 2003

van Dokkum & Franx 2001
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SSP Models for Field Galaxies

Evolution already visible at t ;~5 Gyr!

less-massive M<2 x10"" M__ =1.9+0.5 = 10.1 Gyr

=3.5+1.3 = 11.8 Gyr
Fritz et al. 2009a

form

more-massive  M>2 x10"" M,

form

Average M/L Evolution
Field Galaxies "
B-band
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Masses of Field Galaxies

Continuous assembly of Field Galaxies since z~1

less-massive M<2 x10"M_ :z. =1.920.5 = 10.1 Gyr

n°- “form

more-massive  M>2 x10""M_ :z =3.51+1.3 = 11.8 Gyr
Fritz et al. 2009a

@ Field M>2x1pY

COFeld M 026<Z<075

E(5) @ %
S0(10) O vr
van der Wel et al. (2005) a

log (M/]—'B) [(M/LB)O]

Average M/L Evolution
Field Galaxies "

B-band e l’:ll M/L Evolution 10 10.5 11 11.5 12

all Field Galaxies B-band 1o Mass [Mo]



Cluster E+SO FP at z=1

=

a Coma z=0.034

<I>

B RELI1415.142812 =2=1.02
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11 12
log Mass [Mg]

Fritz et al. 2009b
= First detailed Fundamental Plane of cluster E+S0 galaxies at z=1

-~ FP for z=0.8-1.0 has different slope than z=0 FP

-~ Mass-dependent evolution =
Lower-Mass M*~3 x1010 M

Higher-Mass M*>2 x10"" M .. : z,21.6 = Down-sizing cowie et al. 199,
Kodama et al. 2004

sun - Z~ 1.1



Field E+S0 FP at z=1
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1.30log o — 0.8

12
log Mass [M.]

Fritz et al. 2010, 2011

- Study FP slope and scatter of field E+S0 galaxies at z=1
- FP at z=0.7-1.0 has different slope than FP at z=0

- Similar to Cluster E+SO FP at z=1



Summary

- Scaling Relations: mild Evolution in all Environments
~ Elliptical and SO Galaxies are different
= S0 faster Evolution and younger
-~ Weak Environmental Dependence of the Evolution
= Internal Galaxy Properties more important = SP Analysis

- First detailed FP at z=1

- Distant FP has steeper slope
Lower-Mass M*~3 x10"0 M_, :z~1.1
Higher-Mass M*>2 x10"" M _ . : z,21.6

-~ Mass-dependent Evolution since z=1

= SF Efficiency mass-dependent = Down-sizing Theory



	- Recent SF since z~1��  SFR(OII) ~ 4 Mo yr-1�     3 - 10% M*

