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How did CEA happen? Through collaboration  
with scientists in Padova 

All you want to know about me 



Galaxy ethology 

From the Merriam-Webster: 
 
Nature: the way that a person or animal 
behaves : the character or personality of a 
person or animal 
 
Nurture: The sum of the environmental 
factors influencing the behavior and traits 
expressed by an organism 



Galaxy ethology 

This thesis: 
 
Nature: the way that a galaxy behaves: 
internal properties of a galaxy 
  

Nurture: The sum of the environmental 
factors influencing the behavior and traits 
expressed by a galaxy 
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Galaxy environment 

Isolation Pair, group Cluster 

Density 

Galaxy morphologies, colors, luminosities, 
star formation rates, masses, sizes(?) change 
with the environment in the local Universe. 



Galaxy environment 

Galaxy morphologies, colors, luminosities, 
star formation rates, masses, sizes(?) change 
with the environment in the local Universe. 

Is this true in the younger, far-away Universe? 
When did this process started? 
How did it happen? 
How do far-away dense environments look 
like? What do we know about them? 
[…] 



A far-away cluster 

Redshift z = 1.99 ! 10.4 Gyr ago 
Gobat+11 



A relatively evolved cluster 
that hosts a significant 
fraction of active galaxies 
(Gobat+2011, 2013, Strazzullo
+2013). 

 

 
 
 
 

Extensively followed-up: 
•  Imaging in 13 bands 
•  Spectroscopy of star-

forming galaxies to study 
the properties of ionized gas Gobat+11 

XMM-Newton 

M"≈"5%7"1013"M""

A far-away cluster 



 

 
 
 
 

Numbers: 
3: Subaru/MOIRCS nights (April 2013) 
7.5: total hours of usable integration 
time per mask on the cluster (2 masks) 
10: Observed cluster star-forming 
galaxies  
78(%): success rate in detecting Hα 
(>3σ significance) 
6(%): success rate in detecting [NII] 
λ6583 Å (>3σ significance) 
110: extracted and fully reduced 
spectra from raw data to flux 
calibration 

A far-away cluster 



A far-away cluster 



Chemistry 



Galactic chemistry 
Hydrogen Helium 



What do we observe? 
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A speculative picture of the situation 

We ascribe lower metallicities in cluster star-forming galaxies to 
the accretion of low-metallicity gas from the surroundings 
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“Warm” (104 ˚K) diffuse gas (>100 kpc) + 
 “Hot” (107 ˚K) extended atmosphere detected 

A prime discovery 



“Warm” (104 ˚K) diffuse gas (>100 kpc) + 
 “Hot” (107 ˚K) extended atmosphere detected 

A prime discovery 



A prime discovery 

Hot X-ray corona 

Warm Lyα nebula 



Three hot questions in astrophysics 

Giant Lyα nebulae 
Galaxy activity in far-

away clusters 
Early energy 

injection in clusters 

Putting observational constraints on all these issues with 
a single process: 

“A giant Lyα nebula revealing early energy injection 
in the hot intracluster medium”  

(Valentino et al. in prep.) 



Preparing the future 

Athena X-ray telescope (~2030) > Here at CEA!  



So far so good 

Articles: 
•  “Metal deficiency in Cluster Star-Forming Galaxies at z=2” (Valentino et al. 

2015, Astrophysical Journal, 801, 132) 
•  “The gravitational collapse of a giant clump in a primordial galaxy” (Zanella 

et al. 2015, Nature, 521, 54) 
•  “Passive galaxies as tracers of cluster environments at z≈2” (Strazzullo et al. 

2015, Astronomy & Astrophysics, 576, L6) 
•  “Quenching of star formation in groups at z≈1.8” (Gobat et al. 2015, 

submitted)  
 Accepted proposals: 
•  ESO VLT/KMOS near-IR spectroscopy: 5+7.5 h (PI: Valentino) 
•  ESO VLT/MUSE optical spectroscopy: 1.5 h (PI: Valentino) 
•  IRAM/NOEMA sub-mm spectroscopy: 50 h (PI: Valentino) 
•  Several CoI-ed proposals for time at major telescope facilities (Gemini, 

IRAM, ALMA, Subaru,…) 

 
  

 



So far so good 

October, 1st 2013: PhD start 
Conferences and workshops: 
•  November, 17th-21st 2014: Contributed talk at the “Third Workshop on 

Numerical and Observational Astrophysics: Linking the Local Universe to the 
Early One” in Buenos Aires     

•  November, 25th-26th 2014: Contributed talk at the “Journées Nationales 
PNCG 2014” in Paris 

•  March, 23rd-27th 2015: Contributed talk at the “Dissecting galaxies near 
and far: high resolution views of star formation and the ISM” conference at 
ESO headquarters, Santiago de Chile 

•  April, 1st 2015: Regular seminar at the Universidad de Concepción 
•  June, 8th-12th 2015: Contributed talk at the “IGM@50: is the intergalactic 

medium driving star formation?” workshop at the Abbazia di Spineto 
•  June, 16th-19th 2015: Contributed talk at the “Let’s group: the life cycle of 

galaxies in their favorite environment” workshop at MPA, Münich 
 
  

 



So far so good 

And more! 
•  FMOS – Spectroscopic survey with the Subaru Telescope 

(Japan – France - Italy collaboration)  
  Hundreds of galaxies at z~1.5 
  Still ongoing 
  First papers coming out now  

•  Redshift confirmation of a z=2.2 cluster (KMOS program) 
•  Line diagnostics and evolution of ISM conditions 
•  Tracing of star formation rate with Hα in far-away clusters 

(KMOS program) and reversal of SFR-density relation 
 

 
  

 



Summary 

•  Effect of nurture on gas 
properties in star-forming 
galaxies in a far-away cluster 
(Valentino et al. 2015, 
Astrophysical Journal, 801, 132) 

•  A giant Lyα nebula probing 
energy injection in far-away 
clusters (Valentino et al. in prep.) 

•  Long- and short-term projects 





Back up 



Nature vs nurture:  
a (still) interesting story to tell 

•   What about the high-redshift Universe (z>1.5-2)? 

 
 
 
 

 

 
 
 
 

•  Estimating metallicities becomes challenging 
•  We approach an epoch where structures were instrinsically different  

 
 
 
 

Contradictory results at 
high redshift (Kulas et al. 
2013, Shimakawa et al. 
2015 vs Kacprzak et al. 
2015). 

Valentino et al. 2015 



Gaining physical insight 

We can convert [N II]/Hα in gas-phase oxygen abundance 12+log(O/H) 
by means of a proper calibration (e.g., Pettini & Pagel 2004, Steidel et al. 
2014). 
 
Known issues: 
•  Different calibrations give 

different absolute metallicities 
(Kewley & Ellison 2008) 

•  Standard calibrations are 
based on low-redshift galaxies 

•  Nitrogen-to-oxygen ratio is 
involved 

•  [N II]/Hα is sensitive to the 
ionization parameter 

 
 
 
 
 

Valentino et al. 2015 
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•  We are measuring relative differences 
•  We apply alternative line ratio 

metallicity indicators when possible 
(O3N2 and O32, R23 for the cluster only). 
They are all in agreement with a low 
metal content in cluster star-forming 
galaxies. 

 

Valentino et al. 2015 



Gaining physical insight 

We can convert [N II]/Hα in gas-phase oxygen abundance 12+log(O/H) 
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Gaining physical insight 

We can convert [N II]/Hα in gas-phase oxygen abundance 12+log(O/H) 
by means of a proper calibration (e.g., Pettini & Pagel 2004, Steidel et al. 
2014). 
 
Known issues: 
•  Different calibrations give 

different absolute metallicities 
(Kewley & Ellison 2008) 

•  Standard calibrations are 
based on low-redshift galaxies 

•  Nitrogen-to-oxygen ratio is 
involved 

•  [N II]/Hα is sensitive to the 
ionization parameter 

 
 
 
 
 

We estimated N/O from [N II]/[O II] for the 
cluster only (Perez-Montero & Contini 2013): 

log(N/O) = -1.18±0.19 

 

Steidel+14 

Valentino et al. 2015 



Gaining physical insight 

We can convert [N II]/Hα in gas-phase oxygen abundance 12+log(O/H) 
by means of a proper calibration (e.g., Pettini & Pagel 2004, Steidel et al. 
2014). 
 
Known issues: 
•  Different calibrations give 

different absolute metallicities 
(Kewley & Ellison 2008) 

•  Standard calibrations are 
based on low-redshift galaxies 

•  Nitrogen-to-oxygen ratio is 
involved 

•  [N II]/Hα is sensitive to the 
ionization parameter U  

 
 
 
 
 

For the cluster only, we could estimate U 
from O32, R23 following Kobulnicky & 
Kewley 2004: 

U � -2.61 
which is comparable with values measured 
in high redshift field galaxies 
 (-2.9 < U <-2.0) 

Valentino et al. 2015 



Possible selection effects 

Valentino et al. 2015 
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Nebular reddening 

Valentino et al. 2015 
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Fundamental Metallicity Relation 

Valentino et al. 2015 
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A speculative picture of the situation 

Assembling/accreting  
feature? 
 
 
 

 

 
 
 
 

II.#A#full#set#of#emission#lines#to#trace#metallici2es#

We# followed# up# a# sample# of#
spectroscopically# confirmed# cluster#
members#and#of#field# sources#with#
Subaru/MOIRCS# in# HBK# bands,#
detec2ng# 71# Hα# emiIers# in# CL#
J1449+0856#field#down#to#1.4#x#1017#
erg#cmB2#sB1#(3σBsignificance,#1≤z≤3).#
Adding# our# deep# HSTBWFC3# G141#
spectroscopy# (Gobat# et# al.# 2013),#
we# could# measure# or# put# upper#
limits# on# Hβ,$ [OIII],$ Hα,$ and$ [NII]$
fluxes$ at$ z≈2,# which# allowed# us# to#
build# the#BPT$ diagram# (Baldwin# et#
al.# 1981).# SED# fi`ng# of# our# 13B
bands#photometry#(Strazzullo#et#al.#
2013)#provided#M*,#SFR,#E(BBV).##
#
#
#
##
#

6#cluster#sources#(1010≤M*≤1011#M�)#

42#field#sources#(1010≤M*≤1011#M�)#

To#inves2gate#the#effect#of#the#environment#on#the#SFGs#popula2on#we#compared#a#cluster#
sample# of# SFGs# residing# in# CL# J1449+0856,# the# farthest# spectroscopically# confirmed,# XBray#
detected#cluster#known#so#far#at#z=2#(Gobat#et#al.#2011,#2013,#Strazzullo#et#al.#2013),#and#a#
control#field#sample#at#comparable#redshii.##

I.#The#farthest#spectroscopically#confirmed#cluster#

III.#A#tenta2ve#SFR#enhancement#in#CL#J1449+0856?#

SFRHα#es2mates#in#cluster#
SFGs# tend# to# lie# higher#
than# the#MS# at# z=2,# but#
within# i ts# ±0.6# dex#
dispersion.# E(BBV)# is#
compa2ble# in#the#cluster#
and# field# sample.# E(BB
V ) n e b# f r om# B a lm e r#
decrement# is# ≈1.4# 2mes#
higher# than# E(BBV)cont,# in#
agreement# with# recent#
studies# at# highBz# (i.e.#
Kashino#et#al.#2013).#

IV.#Evidence#for#a#metal#deficiency#in#cluster#SFGs##

We#measure#a$≈5σ$significant$difference$ in$the$[NII]/Hα$raEo#between#the#cluster#and#the#
field# stacked# values.# On# the# contrary,# [OIII]/Hβ# is# consistent# between# the# two# samples.#
According# to# different# calibra2ons,# this# result# is# translated# into# a$ 0.12J0.3$ dex$ metal$

deficiency$ for$ cluster$ SFGs$ in# the# explored# mass# range# (1010# ≤# M*# ≤# 1011# M�).# This# metal#
deficiency#is#consistently#supported#by#the#low#N/O#value#measured#in#the#cluster#sample.#A#
higher#ioniza2on#parameter#could#contribute#to#lower#the#[NII]/Hα#ra2o.#The#cluster#sources#
seem#not#to#be#consistent#with#the#FMR#(Mannucci#et#al.#2010).#

V.#Are#we#missing#metal#rich#SFGs#in#the#cluster?#

!
 !
 !!

 !
 !

!
 !
 !!

 !
 !

Dragging!gas!from!mo,on! Accre,ng!peripheral!reservoirs!

!
 !
 !

!
 !
 !

Cold!flows!

Halo!merging!

z=2:!t=t0!

t=t0?1.5!Gyr!

and/or!

Cold!flows!

The#WFC3#detec2on#of#cluster#members#as#primary#selec2on#criterion#for#the#nearBIR#followB
up#could#have#introduced#a#bias#in#the#metallicity,#since#metal#poorer,#brighter#[OIII]#emiIers#
could#have#been#privileged.#However:#
#
I.  The# cluster#metal# deficiency# is# s2ll# present# if# we# consider# as# field# sources# only#WFC3B

selected#[OIII]#emiIers.##
II.  The#candidate#cluster#members#that#were#not#detected#in#[OIII]#with#WFC3,#and#that#we#

did#not#followBup,#are#intrinsically#faint#sources#(Hβ#and#[OIII]#below#the#WFC3#detec2on#
threshold),#with#both#photometric#proper2es#and#metallicity#lower#limits#fully#compa2ble#
with#the#cluster#stacked#sample.##

#
Although$not$conclusive,$this$suggests$that$we$do$not$miss$metal$rich$sources$in$the$cluster,$

neither$we$introduce$severe$selecEon$biases.$

VI.#An#important#transi2onal#phase#in#the#cluster#life2me?#

CL#J1449+0856# is#on# its#path#to#reach# its# full#maturity,#but# in$ its$recent$past$ it$should$have$
been$ through$ a$ phase$ of$ intense$ merging,# growing# a# factor# ×5# in# halo# mass# in# ≈1.5# Gyr#
(following#Fakhouri#et#al.#2010)#and#crossing#the#mass#threshold#from#cold#stream#accre2on#
to#hot# ISM# (Dekel# et# al# 2009).# This# could#have# influenced# the# SFGs# residing# in# its# halo# in# a#
twofold#manner:#
#
I.   Intracluster$ gas$ reservoirs$ may$ have$ been$ dragged$ and$ accreted$ by$ SFGs$ moving$

through$them,#if#not#prevented#from#cooling#(Fabian#1994).##
II.  A#dense,#low#velocity#dispersion#environment#facilitates#galaxy$encounters,#triggering#the#

funneling#of#the#pris2ne#gas#in#the#reservoirs#of#the#galaxy#periphery#towards#the#center#
(Gabor#&#Bournaud#2014,#Ellison#et#al.#2013).#

#
In#both#cases# the# ``gravitaEonal$ focusing’’# induced#by# the#cluster#poten2al# favours# the#gas#
accre2on#(Mar2g#&#Bournaud#2007),#which#could#have#diluted#the#metal#content#and#possibly#
triggered#an#enhanced#SF.#Given#the#average#SFR#that#we#measured#(≈100#M�#yrB1),#we$expect$
a$significant$growth$of$the$cluster$stellar$mass$on$a$0.5J1$Gyr$Emescale#during#this#phase,#
making#it#poten2ally#relevant#in#the#cluster#life2me.####

Metal$deficiency$in$cluster$SFGs$at$z=2:$$

evidence$for$a$special$transiEonal$phase?$$
F.#Valen2noa,#E.#Daddia,#V.#Strazzulloa,#R.#Gobata,#M.#Onoderab,#F.#Bournauda,#S.#Juneaua,#N.#Arimotoc,##et#al.##

Aier# the# removal# of# 6# BPTBAGNs,#
we$stacked$single$spectra#in#similar#
mass# ranges# for# the# cluster# and#
field#samples#to#obtain#the#average#
line# fluxes.# We# es2mated# the# gasB
phase#oxygen#abundance#12+log(O/
H)# as# a# proxy# for# metallicity.# We#
used# the# N2=log([NII]/Hα)# and#
O3N2=log([OIII]/Hβ)Blog([NII]/Hα)#
indicators# calibrated#accordingly# to#
Pe`ni# &# Pagel# (2004)# and# Steidel#
et#al.#(2014).#For#the#cluster#sample#
only,#we#could# stack#WFC3# spectra#
covering# the# 3600B5700# Å# range.#
We$measured$the$mean$N/O$raEo$

in$ cluster$ sources# through# the#
N2O2=log([NII]/[OII])# indicator#
calibrated# as# in# PerezBMontero# &#
Con2ni#(2009).###
#

Dekel+09#

francesco.valen2no@cea.fr# aCEA#Saclay,#bETH#Zurich,#cSubaru#Telescope#

SFGs,#1010≤M*≤1011#M�#

SFGs,#M*≤1010#M�#

XBray#AGNs,#M*≥1011#M�#

BCG#

Gobat+13#

F140W#

Passive,#M*≥1011#M�#

Other# SF#members# (not#
followedBup#here)#

Spectroscopic#members:#

20”#

N#

E#

Valentino et al. 2015 



Near-infrared vision: 
MOIRCS follow-up 

•  Follow-up of 110 SFGs (including 10 cluster members) to primarily 
detect Hα and [N II]λ6583Å.  

•  71% success rate in detecting Hα (3σ, minimum flux ≈ 1.4×10-17 erg 
cm-2 s-1), 20% in detecting [N II]. Upper limits on the remaining sample 
detected in Hα.  

•  [O III] and Hβ in the wavelength range according to redshift or from 
WFC3 G141. 
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Near-infrared vision: 
MOIRCS follow-up 

 

 
 
 
 

AGN rejection combining X-ray emission, BPT (Baldwin et al. 1981) 
and [N II]/Hα-EW(Hα) diagrams (Cid Fernandes 2010). 
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A possible enhancement of sSFR 

This picture could explain also the higher observed EW(Hα) - a proxy for 
the sSFR - in cluster star-forming galaxies: the accreted pristine gas 
would be triggering extra-star formation. 
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The remarkable case of  
CL J1449+0856 at z=1.99 

A relatively evolved cluster (red, 
massive, quiescent galaxies in the 
core, extended X-ray emission), 
which hosts a significant fraction 
of active galaxies (Gobat et al. 
2011, 2013, Strazzullo et al. 2013).  

 
 
 

 

 
 
 
 

Extensively followed-up: 
•  13-band photometry (SED 

modelling) 
•  HST/WFC3 slitless 

spectroscopy ([O II], Hβ, [O III] 
at z~2) 

•  Subaru/MOIRCS HK 
spectroscopy of star-forming 
galaxies 

 
 

Gobat+11 

Valentino et al. 2015 

XMM-Newton 



Observing an environmental 
signature 

 

 
 
 
 

We detect a ≈4σ significant lower [N II]/Hα ratio in the cluster 
stacked sample than in the mass-matched field sample (while [O III]/
Hβ is compatible between the two). 
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We detect a ≈4.7σ significant higher observed EW(Hα) in the 
cluster stacked sample than in the mass-matched field sample. 

Observing an environmental 
signature 
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Gaining physical insight 

12+log(O/H) = a + b×log([N II]/Hα) 

Thus, star-forming galaxies 
in CL J1449+0856 are on 
average more metal poor 
than mass-matched field 
counterparts (by 
≈0.09-0.25 dex, according 
to the calibration or 
indicator used)  
 

We can convert [N II]/Hα in gas-phase oxygen abundance 12+log(O/H) 
by means of a proper calibration (e.g., Pettini & Pagel 2004, Steidel et al. 
2014). 
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Gaining physical insight 

EW(Hα) ≈ sSFR x 100.4E(B-V)*k(Hα)*(1/f-1) 

Thus, star-forming galaxies 
in CL J1449+0856 have 
higher sSFRs (the 
significance of this result 
depends on the adopted 
reddening correction)  
 

We can interpret the higher EW(Hα) as a proxy for the sSFR.  
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A speculative picture of the situation 

We ascribe lower metallicities in cluster star-forming galaxies to the 
accretion of pristine gas from the surroundings, facilitated by the 
“gravitational focusing effect” (Martig & Bournaud 2007): 
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