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Galaxy stellar populations in cluster progenitors of  
~1015 M! local clusters

Chiang et al. 2013



Quenching in galaxy clusters at z~1-1.5



Clusters @z~1-1.5 - Red sequence

ACS GTO, Mei et al. 2009, 2012



HAWKI Cluster survey (PI: Lidman) 
Clusters 0.8<z<1.5, passive ETGs

Nine clusters (ACS GTO, 
Sparcs, RCS) M= 2-7 x 1014 M!  
(Lidman et al. 2013).   

~400 passive ETGs with 
masses M > 1010.5 M!

Delaye, Huertas-Company, Mei,  
Lidman et al. 2014 



Clusters 0.8<z<1.5 Delaye, Huertas-Company, Mei, Lidman et al. 2014 
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Size evolution and Environment 
Delaye, Huertas-Company, Mei et al. 2014

see also Weinmann et al. 2009; Maltby et al. 2010; Rettura et al. 2010, Valentinuzzi et al. 2010 
Cooper et al. 2012, Papovich et al. 2012, Raichoor et al 2012, Poggianti et al. 2013, Lani et al. 2013, Bassett et al. 2013

Median 



Size evolution and Environment 
Delaye, Huertas-Company, Mei et al. 2014



Which galaxies

The galaxies largest than the field are the low mass galaxies



Newly quenched galaxies…

• Accretion of new galaxies that are quenched more 
efficiently in clusters (see also recent results from Morishita et al. 
2016)


• Different morphological mixing in the cluster (more S0 
galaxies) and field environments (e.g. Poggianti et al. 2013)


• Higher merger rates in clusters at higher redshift, when 
galaxy velocities are lower



Quenching in galaxy clusters at z~2



Clusters and proto-clusters at z~1.6-2

Mei et al. 2015

Mei et al. 2015

Mei et al. 2015



Star forming blue ETGs in significant overdensities 
at z=1.84 and 1.9 in the HUDF

Mei et al. 2015

WFC3 Grism Spectroscopy and photoz from CANDELS and  
3D-HST+GMASS 



Morphology

• 50% of the structures’ members show possible interactions or disturbed 
morphologies, all possible signatures of merger remnants or disk instabilities. 


• The ETG fraction is 50%, compared to 80% in the cluster cores at 
z<1, and all but 2 show OIII in emission and have blue  (with 
respect to a SSP red sequence) rest-frame (U-B) colors

Mei et al. 2015



Blue ETGs, all but 2 have OII in emission

The two structures have not yet formed a red sequence. For the 
first time, we confirmed a significant presence of star-forming 
blue ETGs in dense environments at z=1.84-1.9

Mei et al. 2015



Extended structure at z~1.8-1.9  
(CANDELS photoz, empty circles spectroscopic members )

Mei et al. 2015



Mass-size relation at z~1.8

Delaye et al. 2014

Newman et al. 2014

Lani et al. 2014

Strazzullo et al. 2013 

Mei et al. 2015



Passive ETG Size Growth

Delaye et al. 2014

Newman et al. 2014
Mei et al. 2015
Strazzullo et al. 2013 

Delaye et al. 2014, Mei et al. 2015 

Field from Newman et al. 2012,  
see also van der Wel et al. 2014



CARLA - Clusters Around Radio-Loud AGNs 
                                                             Noirot et al. 2016, ApJ, in press HST program (PI: Dan Stern)

First CARLA/HST overdensities confirmed at z~2



Galaxy overdensities around radio sources 
                                                Noirot et al. 2016, ApJ, in press 

see also Alberts 2014, 2016; Cooke et al. 2015



Galaxy overdensities around radio sources 
                                                                   Noirot et al. 2016 

Color cuts from Williams et al. 2009, Whitaker et al. 2011



Conclusions 

• We could observe the compact star-forming (blue and emission 
lines) progenitors of local massive ETG  in clusters 


• Variety of stellar populations in cluster progenitors at z~2


• ETGs show a different size evolution in clusters at z>1 with respect 
to the field


• We have hundreds of cluster and protocluster candidates from 
Spitzer Deep Surveys (e.g. SSDF, CARLA, SERVS, DEEPDRILL …) 


• Euclid will revolutionize this field with thousands of newly 
discovered clusters and proto-cluster at z>1.5. WFIRST will reach 
to higher redshift proto-clusters.


