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Where and what are the progenitors of red/passive 
massive ETGs in local clusters?

Chiang et al. 2013
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Where and what are the progenitors of red/passive 
massive ETGs in local clusters?

Cattaneo et al. 2013
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How to detect cluster progenitors at high redshifts?

Chiang et al. 2013

Chiang et al. 2013
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Star forming blue ETGs in a proto-cluster and a 
group at z=1.84 and 1.9 Mei et al. 2015, ApJ, in press; arXiv:1403.7524
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Clusters and proto-clusters at z~1.6-2

Mei et al. 2014

Mei et al. 2014

Mei et al. 2015, ApJ, in press; arXiv:1403.7524
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WFC3 Grism Spectroscopy and photoz from 
CANDELS and 3D-HST+GMASS 

3D-HST spectra from Brammer et al. 2012
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Lyman break confirmation 

CANDELS imaging combined with HUDF UV  (Teplitz et al. 2013)
Mei et al. 2015
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Morphology

• 50% of the structures’ members show possible interactions or disturbed 
morphologies, with asymmetries, faint substructures, and tails, all possible 
signatures of merger remnants or disk instabilities. 

• The ETG fraction is 50%, compared to 80% in the cluster cores at z<1
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Blue ETGs, mostly star-forming

The continuous line if the passively evolved CMR from z~1.3 clusters from Mei et al. 2009

Mei et al. 2015
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Extended structure at z~1.8-1.9 (photoz)

Mei et al. 2015
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Extended structure

Mei et al. 2015
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Clusters 0.8<z<1.5 Delaye, Huertas-Company, Mei et al. 2014

Nine clusters (ACS GTO, Sparcs, RCS) with z~0.8-1.5 and mass in the range  2-7 x 1014 M from 
the HAWKI Cluster survey (Lidman et al. 2013).  ~400 ETGs (morphology selected and passive) with 
masses > 1010.5 M
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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
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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
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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, ApJ, in press; arXiv:1403.7524
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Size growth - only ETGs

Delaye et al. 2014

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

Mei et al. 2015, ApJ, in press; arXiv:1403.7524
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South Pole Telescope Spitzer Deep Field (SSDF)
PI: A. Stanford - with Licitra, Lidman, Stanford, Ashby, Bartlett, Brodwin, Gettings, 
Gonzales, Martinez-Manso, Pierre, Rettura, Sadibekova, Stern

• 100 deg. sq. covered with Spitzer IRAC 3.6μ and 4.5μ in the SPTpol field

• Survey completed in 2012 (Ashby et al. 2013; Rettura et al. 2014) 

• Optical coverage of 25 sq.deg. with CTIO/DECam from the XXL consortium 
(PI: Lidman) 
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Cluster number predictions for Euclid 

Courtesy Jim Bartlett
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Conclusions

• We discovered two galaxy overdensities in the HUDF:  a proto-cluster at z = 
1.84, HUDFJ0332.4-2746.6, and a group at z=1.9, HUDFJ0332.5-2747.3

• 50% of the structures’ members show possible interactions or disturbed 
morphologies, with asymmetries, faint substructures, and tails, all possible 
signatures of merger remnants or disk instabilities.

• 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. Their mass-size relation lies on the same 
mass{size relation observed for quiescent ETGs in clusters and dense regions 
at z = 0.7-2. 

• Both the two structures' ETG fractions and their colors suggest that these 
star-forming blue ETGs are the most likely progenitors of at least part of the 
passive ETGs observed in clusters at z < 1.
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