From downtown to ghost-town:

Shedding light on the red sequence
build-up era in galaxy cluster cores
with CANDELS.
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Galaxy clusters

* Densest, most massive, bound systems in the Universe
* Masses of 101*15solar masses / Tens to thousands of galaxies / Scale of several Mpc

 Star-forming galaxies in the outskirts /Cores dominated by massive, early-type galaxies
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The build-up of the red sequence

Open questions:

= Quenching
How did the star-forming galaxies became red and dead?
When?

= Red Sequence build-up scenario
= “Hierarchical”? i.e., Built from mergers?
= “Downsizing”? i.e., Massive galaxies quenched earlier?
= A mix?
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Early-type size growth
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Early-type size growth vs. density
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Star-forming cluster cores at z > 1.4

Brodwin et al. 2013:
16 ISCS clusters imaged in MIPS 24um
1.0 < z < 1.5 - log(M*/Mg) > 10.1
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High-redshift galaxy (proto-)clusters
To the near-infrared and beyond ...

= X-ray extended ICM emission
= Red-sequence algorithm
= The Sunyaev-Zel'dovich effect

Classical methods of « low-z » cluster search obsolete at high-z

= Need to shift to redder wavelength
* Need high-resolution imaging

= >> Targeted follow-up of known clusters with HST/WFC3

= Or >> Random wide-field survey with WFC3 ... and luck!!
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Outline

e CANDELS
e Cluster/group search in CANDELS-UDS
e The core of high-redshift clusters (z>1.5)

e Large-scale structure in the UKIDSS UDS (z=0.65)
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CANDELS in brief

Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey

P.L.s: H. Ferguson (STScl); S. Faber (UCSC) - Grogin et al. 2011, Koekemoer et al. 2011
Imaging with WFC3 (F125W,F160W) & ACS (F606W,F814W)

902 orbits - 3 years(2010-2013) - 5 well-studied sky regions

Synergy with 3D-HST (HST Grism spectroscopy “counterpart”)

* Multiwavelength photometry catalogues
UDS (Galametz2013; 19 bands)
Goods-South catalogue (Guo2013; 17 bands)
EGS finalized (Stefanon et al. in prep.)
COSMOS and Goods-North - internal testing

* Photometric redshifts:
Dahlen et al. 2013, Ferguson et al. in prep.

 Stellar masses:
Santini et al. submitted, Mobasher et al. in prep.
* GALFIT profiles and Sersic
Van der Wel et al. 2012
* Visual morphology
« Kartaltepe et al. 2013 (UDS, GOODS-S)
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CANDELS = 0.22 sq. degrees

Eisenhardt et al. 2008

8.7 Billion Light-Years

Distant Galaxy Cluster Infrared Survey

NASA / JPL-Caltech / M. Brodwin (JPL)

8.8 Billion Light-Years

IRAC Shallow/Deep Cluster Survey

335 clusters; 106 at z>1 in 7.25 sq. deg
In 0.22 sq. deg.: 10 clusters; 3.2 at z>1

Spitzer Space Telescope ¢ IRAC
KPNO Mayall Telescope [visible)

ig08-015

Cluster science with CANDELS?

IRAC high-z cluster search in SWIRE

Papovich et al. 2008

Mean z>1 cluster density: 28 deg
(upper limit due to selection purity)

In 0.22 sq. deg.: 6 z>1 clusters
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Clusters/Groups in CANDELS-UDS
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Clusters/Groups in CANDELS-UDS
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Clusters/Groups in CANDELS-UDS

Cluster candidates at z>0.5:

14at0.5<z<1
3atl<z<1.5;
10atz> 1.5 (8 atz~1.6)

Van Breukelen et al. 2007:

2 groups at z=0.65
1 group at z=0.9
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High-z: Clusters/Groups at z ~ 1.6
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A cluster candidate (?) at z = 1.83
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A cluster candldate (?)atz=1.83

Spectroscopic follow-up(s):
« LBT/LUCI

e VLT/KMOS (SV) - 1/5hr

e 3D-HST grism (Brammer et al. 2012):
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Synergy with KMOS3P and VIRIAL
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Quiescent galaxy size: cluster vs. field
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Quiescent galaxy size: cluster vs. field

Minor mergers: increase in size, little increase in mass, little/no SF
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SF/AGN activity in high-z clusters
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z=0.65 superstructure in UKIDSS-UDS
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(2+1)D-search for substructures
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Spectroscopic follow-up - VIMOS
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Spectroscopic follow-up - VIMOS
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Spectroscopic follow-up - VIMOS
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Cluster properties

Name

C1
C2

C5
c4
cé
C8
c9
U2
Ui3
U15
U3
U5
U9
U28

c7
C3
U33
U24
u22

Nb

Zspec

49
26

15
9
9
8
10
15
13
10
3
8
15
11

o B~ O

Redshift

0.6470+/-0.0006
0.6452+/-0.0006

0.6459+/-0.0012
0.6450+/-0.0007
0.6478+/-0.0019
0.6448+/-0.0009
0.6501+/-0.0004
0.6455+/-0.0008
0.6487+/-0.0010
0.6495+/-0.0009
0.6484+/-0.0010
0.6458+/- 0.0013
0.6459+/-0.0007
0.6469+/-0.0005

0.6027+/-0.0010
0.6279+/-0.0006
0.6240+/-0.0028
0.6262+/-0.0013
0.6924+/- 0.0004

Velocity
km/s

742.2+/-95.6
523.5+/-118.4

791.5+/-372.4

221.8+/-295.4
535.8+/-499.2
647.5+/-255.1
462.9+/-299.4

438.0+/-101.9
298.9+/-98.1

363.2+/-91.8

R200
Mpc

1.29
0.91

1.37

0.38
0.93
1.12
0.80

0.76
0.52

0.64

I\/IZOO
10%Myg

3.19
1.12

3.87

0.08
1.20
2.11
0.77

0.65
0.21

0.38
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Spectral signatures vs. environment
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Star-formation in UDS0217-05

* Star-formation rates derived from SED fitting
» Star-formation as seen in the mid-infrared:

MIPS 24um-detected cluster/structure members
ARA. (Mp((:))

SpUDS MIPS

"1 90% completeness:
[24] ,z~18

~20 Mg/yr

10 5 -5 -10 & ¥e
T T T T T T T T T T T T T T T T T T T T T T 15 e - ﬁ.
L / w Yo SRR+ SR i‘ ot 2 ® U3 e
% {ad by . b -~
/:.’. ) * "'.'i*. ;.ﬁ.ﬁ 1}."'.5“ 3 2 F ﬁ'/ \
Foote o A -‘# B oA S g T ",'*' S o sl LY 3 '.* (4 ¥
"‘ ../'.*.' 'g. * . W, f e ,,:ﬁ ne ot ‘ﬁ’ﬁ '»‘5'._. w0 L] L] Y
| &% b ﬁf‘ i ﬁ% * ":; ;; % ‘:g o B .; s S * ﬁ‘% R f ﬁﬁ*%-‘“’ - H . r *
g R % . PR 3,80 " F o .
. SAI AR R ? TP PO wxa X R * &'.% E , * *‘k.
Bas w9 F ﬁ N ST, 7 o3 ANCEH T ® < 4
48— *- v . 3 . R % . g
4.8 R MDY P [ B W Yk .ﬁ-‘-' FEN et * e 3 >~
PR il S e e SP e akar B ST g BT IARG - 10 | e N5
L s e ®0  % R R S o, SRy & sy S e
La ¥ Sese, Wb L R o e R | ® A
_'o i Tk *~?‘?’..‘fa > z t.i R S N ﬁ?*ﬁ*‘ -3 *ﬁ_‘% 2 B .*
Ry RN LA .e“\‘? g e kB0 A e ST in N g LIS, Ty e
}:l' LR 2 Y (LA . o . #;‘ ﬂ(‘f; ¥ & * ® < * ;‘I *;°‘i‘f‘, XX £ i
- . v o ‘)ii"; % v . .
o2 2 * f,% ﬁ‘:#ﬁ e e ke o e I i R ”I .' *W*
ol By o » * 33 8 & o
7o 5 0 e s 8] Pe ¥R 3 ) 7 * . e
S50 . y % ot . FErx e ﬁ'ﬁﬁ’;ﬁ*og Yo o5 @ K . Ry o @
. % e @ Qe * ~ * /
% KRt 8 W AR R ;?.“-\ k4 '-J'ﬁ =1y Ky @ e g X ¥ 5
..
L "'ﬁ' > Fy L 3o L &5 ,‘?ﬁ- k> * 950 "./ 5
L2 e e . § x M i § » ® o St 0 |
e AN s ER L IR A 2 B <l s ol
L bl A ok e ° * % ¥u ?'.. X oo . 7.\ = o ‘*
2's Hn *. ks . A s DIONA Lt A L .n_-ﬁ_'* < EoF ﬁ./ s p
B3 L T e SR AL S TS RITEE N A e R A T o I®
~ Fo o ke ARSI P < ROV S A g8 ':,.' *, o .y .
» ° x e S 2R !\'u; bR ,ﬁﬁ:. i o --.';* b5 .“,"..’g“ .‘i*. % '/{- © :
£y e * . oLk, PR ';kf‘ 3 b v . o I.
52107 L s TR B P TR T il D ettt R /
B Bt 5 R S s o R e T A T G o %
i TR SR S e o e e
- 7 *, AN AR ) e - S
A R 4 ,!E'v—;gr.—'“« 3. AR AR o s b T Sl 2
L. ® e :’: Y Tk S -t o » e S
R AR 4 B AR PO gL o TR /
| So ed 0y b .'.' o I - e 4 o % :'. s CA / -
AR A Moy fr LA ‘{‘}ﬁ‘;}'ﬁ PR T Ay i, /
o A R R SR L A %), S 1
5.4 goxt % ¥, % + B Y oA IR E D0 /
24 . ey B s T T A S T / —-5
jo 280} o s v O
| B 'ot.“.\:.‘wﬁfﬁ.ﬁ. ;ﬁ‘ « ! iy ot* /
o - . = - e % =
LIS WOLARES Bl TR AT on S S g
L LA YRRl W ety 2 0t Sy N v 0 Hher, /
* o & ‘e % e 20E N .. ¥ j;ﬁ':m- TN N
5 W{. &% 3T ‘g:’.ﬁz \ﬁ".-#‘- ﬁ*'t X A L
- * %% # ke . W R 7
w e . v % o v
1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | /]
34.8 34.6 34.4 34.2 34.0
R.A.

OPINAS Group Seminar — r** October 2014



Conclusions & Perspectives

CANDELS/UKIDSS-UDS hosts a number of groups/clusters at z>0.5
» To be taken into account when deriving statistical properties of the ‘field’

CANDELS hosts one cluster at z=1.62 and one candidate at z=1.83

» They both host a number of quiescent galaxies in their core whose sizes support the
accelerated size growth for quiescent galaxies in dense environments

» Their cores are both the locus of both on-going SF and AGN activity suggesting that
their core population is still building up.

« SFR mapping of the core ongoing.
* Spectroscopy, spectroscopy, spectroscopy ...

CANDELS/UKIDSS-UDS hosts a large-scale structure at z=0.65

« A perfect playground for study of dependence of galaxy properties with environment
» Perspectives:

* SF mapping?

+ Lensing in the CANDELS FoV

» AGN fraction and distribution? - deeper Chandra data for UDS coming !!!
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