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Formation 

Normal life
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De Lucia & Blaizot 2007 Lidman et al. 2012
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Santos et al. 2015

SFR (R<250 kpc) = 1875∓ 160 M/year
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XMM0044 HST image
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PT et al. 2015

Chandra Deep Observation of XDCP J0044.0-2033
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Chandra Deep Observation of XDCP J0044.0-2033

PT et al. 2015



Color image of XMM2235  from the combination of i, z 
(HST/ACS) and Ks (VLT/ISAAC) filters. Overlaid X-ray contours 

from Chandra (196 ks)

XMMU2235
z=1.39
About 1900 net photons 
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Rosati et al. 2009
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Santos et al. 2013
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Wang et al. 2016

The highest-z virialized (?) massive halo
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Daddi et al. 2017

Radio selection of the most distant galaxy clusters
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Wide Field Survey X-ray Telescope – 5” FWHM on 1 sq deg



HST image, from the CLASH program (Postman et al. 2012)

MACS J1931.9-2634
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JVLA CLASH follow-up, from Yu, PT et al. (2017)  arXiv:1707.05336 
MACS J1931.9-2634
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MACS J1931.9-2634

 Ehlert et al. 2011
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HST image, from the CLASH program (Postman et al. 2012)

MACS J1931.9-2634
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Mc Donald et al. 2016
increasing fraction of SF 
BCG 
mostly associated to merger
at z>1, and to cooling cores
at z<1.
SF in BCG decreases with 
Time slower wrt the field

Star formation in BCG across cosmic epochs



Mass deposition rate ~ 1/10
of that predicted by the
isobaric CF model

SFR in the BCG ~=
Residual cooling flow
~ 1/10 isobaric CF prediction

Rawle et al. 2012
Mittal et al. 2015

Simple scheme: the starburst is due to the immediate consumption of the
cold gas flowing (or precipitating) from the ICM in the cool core 

A direct link between the cool core and the SFR in the BCG
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Santos et al. (2016)
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SFR larger than isobaric mass deposition rate
allowed by the X-ray spectrum in MACSJ1931



Limits on the isobaric cooling rate in cool core clusters

Molendi, PT, Gaspari et al. 2016
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Current limits on isobaric cooling flows are lower than 
observed SFR. Way out: SF events naturally slower

and non-isobaric cooling

Molendi, PT, Gaspari et al. 2016
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Gaspari et al. 2015
Gaspari & Sadowski 2017 



Galaxy Evolution and Environment - Arcetri, November 17, 2017Galaxy Evolution and Environment - Arcetri, November 17, 2017

Yu et al.  2017 arXiv:1707.05336
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Conclusions

Searching for high-z (z>1.6-2) clusters and trace the formation 
phases of the BCG and the halo dynamics/virialization at the same time

Finding the gas cooling from the ICM via short-live isobaric 
cooling episodes or more complex process (like Chaotic Cold 
Accretion)

Follow recurrent star formation episodes (and metal production and 
diffusion) processes in BCG up to the highest z

Derive the duty cycle of the different modes of accretion (feeding) and 
of the associated nuclear activity responsible for the mechanical-mode 
feedback 


