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Early-type galaxies: Big Qs : iy éﬁ. |

Identical Drx Mer?ers
—-=-—= Minor/Late Accretion
0.1 | — — — , Adiabatic Expansion

* Size evolution (Trujillo+2007,

Observational Effects
. Uncertainties

van der Wel+2014)
* High-z ETGs have smaller R,

* |dentifying cause relies on

(Hopkins+2010, right)

* Current o samples biased to
massive ETGs and disagree




Early-type galaxies: Big Questions

° Downsizing Redshift
(Cowie+1998, B 1
Thomas+2005) e deneiy

 Most massive galaxies
formed stars earlier
and over shorter time
periods from high-Z gas

Low density
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* The same stellar
ages/abundances at
high-z need rest-frame
V-band absorption line Lookback Time (Gyr)
spectra




Early-type galaxies: Big Questions

The Fundamental Plane (Djorgovski & Davis 1987,
Dressler+1987)
— High-z Evolution (Fritz+2009 Vs Holden+2010)
— Stellar population correlations (Graves+2010, Springob+2012)
— Universality and the mass-plane (Bezanson+13,14)
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KMOS on ESO/VLT
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KMOS on the ESO/VLT




KMOS: key advances

K-band Multi-Object (integral field) Spectrograph

o 24 arms =P 24x longer exposure times, large samples
Latest NIR detectors =2 as efficient as CCDs, low RON
NIR bands: iz, YJ, H, K = rest-frame visible at high-z
8m M1 =» S/N ~ 5-10 for logM, =10.7 @ z=1.5 in 20hrs

Plus:
* |FU =» No slit losses

 R=3000-4000 = work between the sky lines
* Seeing limited = integrated/unresolved properties



(GTO) KMOS Cluster Survey (KCS)

* Pls: Roger Davies (Oxford), Ralf Bender (USM/LMU/MPE)

JKCS 041
z=1.83
(Newman+2014)

XMMU J2235-2557

z-=1.39
(Mullis et al 2005)

o

XMMXCSJ2215.9-1738

z-=1.46
(Jee et al 2011)

Cl0332-2742
z=1.61
(Kurk et al 2009)

e Select 4 clusters 1.3<z<2.0 based on:

— HST imaging (to measure structural parameters, e.g. R.)

— Key V-band absorption features free from sky/telluric lines

e 20 galaxies per cluster: >80 galaxies in total



CMDs/Selection

* Primarily select red sequence galaxies logM =10.7
* Fill with confirmed cluster blue galaxies
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Early results:
kinematic fits

* XMMU2215 z=1.45 (right)

e XMMUJ2235 z=1.39 (bottom)

—
i
o]
o™
i
g
Q
T
w1
go
5]
=
i
S
=
)
»
=
=
55

o S = B B VU
L [=] h (=] h (=]

—
(=}

Fe4383Cad455Fe4531

Co4668

T T

Fes015 Mg Mgb  Fesaro

+30.21
. 920 16

4400

4600

5000

Fed3830ad4455 4531

C14668

Fesnls Mg

4400

4800

5000 5200

Wavelength [A]

arcsec

arcsec

arcsec

arcsec

arcsec

ID=1006, Jyores=R1.48

-1
2-
-2 - 2 3

arcsec

ID=0710, Jyumee=22.38

-2 - 2 3

arecsec

ID=0781, Jyops=21.48

3
2
1
0
-1
-2
-2 - 2 3

arcsec

ID=21735, F1256W=21.50

-2 - 2 3

arcsec

ID=16065, F125W=21.74

3
2
0
-1
-2

-

arcsec

- (st ~Ijomes)=1.37
484

~ 50 B0KpC, gy

T 09, o 34163 3. Akm/s
Pl

] 2

5 :

T il

w il H
& I
5 iy
T H

o

%

a

=

L. g
124920

__F=5015
05270

{ldndi
’lw

,u““m‘w‘,‘, i IR ‘M'm i l‘\ h

o= 341+31 k /s

L L L
4800 5000 5400

4200

4200 4400 4600 5200
}\(angstrom)
T
=—g= 250 + 29 k
~ 0= m/s
Pl
?
§ H E 2 g8z 2 £ 8 %
W i i P18 I
0 : | : :
£ ; : :
g
E\ i i
S ;
= | if ‘ TH YR
3 A 1 \HW |lr¥| ‘*‘ gt
& | i
. . . . .
4200 4400 4600 4800 5000 5200 5400
Alangstrom)
80 T T T T
ol i »0=320+ 53 km/s
T 7= 14554742
.\‘fﬂ o= 320.6% 62.6km/s
'n & -L.‘1 & o I & & & &
20 3 ; i . ; ]
I [ : .
g : : bl
5 l | n : [ ‘
= i Ay ‘ LIS BV AR L
i H “ ‘““w ‘\ AR AR L N TRV IS
E ‘J“ “' 1H‘uw i L
&= ”
L . . . .
4200 4400 4600 4800 5000 5200 5400
A(angstrom)
60 T T T 3
ID=21736
I 2146, Inaoe=21 21, (lmsay-Irigm)=2.00 (Y ==
~ 5 T 69kpo, ny. 23,24 B
7 16113
,f 208.99+ 41.41km/s
A = o - o o 4
" 3 i i : H
oo 3 : | 3 ; :
g : ; ; : x ‘
12 1 ‘ H Wbl Ml il
> ll M IH[ I | i I
2 J i| M ‘IHI 'Hll L "‘ M U'H It Hrl” "["l’” IH
% | ‘ |
[
. . . .
4000 4200 4400 4600 4800 5000 5200
Aangstrom)
60 T T 3
D-160656 3
Iy 2108, g 21 41, (rprav—Imizs) =2-33 0: ' ' l :
~ BOE- R=Z.07kpe, ns=
5 2216101 :
& 9=:278.80+ 61.78km/s 3
" i ii 3 il i
od 1 : |
o
g E
E ‘ | M : | h | \ ‘ ‘,“‘ J |m IA il I g
M 1 (AR (BT b S T T ‘1 FAFILMARA L AL E
3 L A ,” i e ‘ R i
& “U‘ TR | 3
! 3
5200

Cred|t ‘Alesgan

dia-Béifiorl



Early results: stellar populations

* |nvestigating stacked spectra
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Stack of 6 spectra at z=1.4
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{ 7" 4#558 (HST) §F558 (KMOS)
Quenching?  « & ; :

XMMUJ2235 z=1.39 o

[Olll] emission present in C
outer galaxies (outside X- |
ray emission) |

Position misaligned with
starlight

High velocity offset

Investigating ‘
outflow/stripping options : '
with X-ray and FIR data ~ [Gllemisionts srecy

Comparison to sims




Summary

* KMOS Cluster survey on going (2/5 complete)

* V-band absorption line spectra providing:
— Stellar kinematics
— Stellar populations
— lonized gas emission

e Key advances that allowed this:

— Multiplexed IFUs
— Efficient NIR detectors



