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Les fonds cosmiques et

les (proto-)amas de galaxies


mieux comprendre la formation des grandes structures




1. Why is the night sky dark ?

What does this tell us ?


Digges (XVIè), Chéseaux (XVIIè), Halley (XVIIIè), Olbers (XIXè) 

Herschel, Kant, Proctor, Fournier d’Albe, Charlier


Poe (XIXè), Kelvin (XIXè)

Hubble (1931)

Gamov (1949)


Penzias & Wilson (1965)

Wesson (1987, 1991)
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CMB: Cosmic Microwave Background

(fond cosmologique)
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-  finitude vitesse lumière c

-  âge fini des objets                    
horizon cosmologique      oui, ciel noir

-  expansion Univers

-  faible densité d’étoiles 
 




- existence d’émissions reliques!

- recombinaison: fond cosmologique

- formation et évolution des galaxies: fond extragalactique         non, ciel « clair »


- expansion, et prise en compte de tout le spectre e. m.




1. Why is the night sky dark ?

What does this tell us ?




1. a short history of the 13.8b yr old universe
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Structure formation & 
evolution, EBL




2. extragalactic background light
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EBL (Extragalactic Background Light) tells us 
about the processes involved in galaxy formation 
& evolution (budget for radiation emission by 
nucleosynthesis & gravitation, presence of dust, 
…)



CIB (Cosmic Infrared Background) level and 
structure depend on history of energy production 
in the post-recombination Universe [Kashlinsky, 2005]




Measuring it has been motivated by better 
understanding the structure formation & evolution
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2. a contemporary view of Universe’s SED
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Dole et al., 2006 ; Dole 2010 HDR;

Béthermin et al., 2012;


Dole & Bethermin (in prep)


CIB > COB 

EBL ~ 5% of CMB
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CIB




2. a contemporary view of Universe’s SED
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Dole et al., 2006 ; Dole 2010 HDR;

Béthermin et al., 2012;


Dole & Bethermin (in prep)


CIB > COB 

EBL ~ 5% of CMB


26
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extragalactic background light


can be:

-  galaxies (all types)

-  AGNs

-  first objects

-  diffuse light


CMB is 
NOT part 

of the 
EBL


is made of:

-  sum of point sources

-  and/or diffuse light




EBL: all extragalactic light 
emitted since recombination


CMB:

recombination


CIB




outline


1.  Why is the night sky dark ?

2.  Extragalactic Background Light (EBL) introduction

3.  EBL / CIB measurement history and interpretation


4.  Introduction, review & questions: galaxy clusters

5.  How Planck selected high-z high-SFR cluster candidates


!  From Planck to Herschel to Spitzer

!  What do we learn from imaging ?

!  What do we learn from spectroscopy ?


6.  What Euclid and JWST will bring us ?

7.  Conclusion, perspectives
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Part I. Cosmic Backgrounds


Part II. Galaxy (proto-)clusters at high redhsift




3. EBL status in 1967 – about 50 years ago
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1967, ARAA


CMB


RG

stars
dust


100 GHz
1 GHz




first predictions in 1967
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Partridge & Peebles, 1967


CMB


CIB




a long way … here in 1974
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Puget & Encrenaz, 1974


CMB
EBL / CIB


Zodi

Zodi




CIB discovery in 1996
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Puget et al., 1996


Modèles


Mesures FIRAS / COBE




measurements in the early 2000’s...
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Hauser & Dwek, 2001, ARAA


x8


la lumière zodiacale 
est le principal 
contaminant.



a 60um, zodi 
~50*CIB



une erreur de 1% 
sur la soustraction 
du zodi peut faire 
changer de moitié 
la valeur du CIB






... in the mid 2000’s … 
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Dole et al., 2006; Béthermin, Dole et al., 2010


apparition de 
limites inférieures 
et supérieures, en 
plus des mesures 
absolues




... in the mid 2000’s … 
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CIB
24-30

Dole et al., 2006


EBL gives the total budget 
for LSS & galaxy formation 
& evolution




... and more recently in the late 2010’s
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Béthermin et al., 2012, A&A

Cooray et al., 2016

Kashlinsky et al., 2018

Hill et al., 2017

Pilipenko et al., 2017

Andrews et al., 2017




among the results on CIB / EBL fluctuations
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Maniyar, Béthermin, Lagache, 2018
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red: sum

blue: 2-halo term 

green: 1-halo term

orange: shot noise
 + many other exciting 

results at other 
wavelengths




4. galaxy
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A370 HFF
A370 HFF parallel field


Part II.




4. galaxy clusters
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A370 HFF


galaxy clusters

•  ~85% dark matter

•  ~12-15% hot gas

•  ~2-5% stars, galaxies










galaxy clusters in multi-color
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A370 HFF

MACS J0416 HST + Chandra


Planck 2011


Bleem et al., 2015




a short history of the 13.8b yr old universe
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courtesy WMAP, Planck, J. Aumont


Planck 2018, I 

Planck 2018


best fit 

confidence limits 



halo mass function: DM, baryons, processes
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Naab & Ostriker, 2017, ARAA

See also Moster et al., 2010


Dark Matter (scaled) 
mass function


Galaxy mass function


? ? ? 

? 
? 

? 
Galaxy clusters

can help here !




galaxy clusters ? protoclusters ?
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Overzier 2016


Overzier, 2016




Hervé Dole, IAS, université Paris-Sud - université Paris-Saclay - Jan 2019
 26


Muldrew et al., 2015


z=2 z=1 z=0 

~40 arcmin ~60 arcmin 

galaxies


galaxy clusters ? #
why are they 
important ?




low-z, high-z clusters ? Protoclusters ?
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Overzier, 2016

adapted from Dekel & Birnboim, 2004


Halo mass




low-z, high-z clusters ? Protoclusters ?
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Halo mass


1.3 < z < 3 

Overzier, 2016

adapted from Dekel & Birnboim, 2004




star formation and stars in the universe
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Madau & Dickinson, 2014, ARAA


St
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at
io

n 
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« cosmic noon » at z~2




star formation and stars in the universe
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Madau & Dickinson, 2014, ARAA


« cosmic noon » at z~2




protoclusters are actively star-forming
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Kato+2016
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Chiang et al., 2017


star formation 
in high-z 
clusters
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Chiang et al., 2017


star formation 
in high-z 
clusters


1.3 < z < 3 

1.3 < z < 3 



protoclusters, clusters: formation
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few examples of famous (proto)clusters
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Mantz et al., 2014 z=1.9


Wang et al., 2016 z=2.5


Gobat et al., 2011 z=2.07


Oteo et al., 2018 z=4.0


Dannerbauer et al., 2017

Emonts et al., 2018 z=2.16


Noirot et al., 2018 
z<2.8


Mei et al., 2015 z=1.9




Dannerbauer et al., 2017

Emonts et al., 2018 z=2.16
Mantz et al., 2014 z=1.9


few examples of famous (proto)clusters
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Mantz et al., 2014 z=1.9


Wang et al., 2016 z=2.5


Gobat et al., 2011 z=2.07


Oteo et al., 2018 z=4.0


Noirot et al., 2018 
z<2.8


Mei et al., 2015 z=1.9


From Nina Hatch, 2015


Kuiper et al., 2012 z~3


Riechers et al. 2010, Capak et al., 2011 z=5.3

Papovich et al., 2008,10,11 z=1.62
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Mei et al., 2015 z=1.84 & z=1.9


Gobat et al., 2011 z=2.0


Rettura et al., 2014 z>1.3


Brodwin et al., 2014 z=1.75


Shimakawa et al., Tadaki et al. 2014 z=2.2 z=2.5


Santos et al., 2011,13,14

Fassbender et al., 2014 z=1.58


Stanford et al., 2012 z=1.75


Hatch et al., 2011 z=2.4


Galametz et al., 2013 z=2.02


Wylezalek et al., 2013 z=1.2-3.2


Cucciati et al., 2014 z=2.9


Cooke et al., 2014 z=2.5


Chiang et al., 2014 z=1.6-3.1


Venemans et al., 2007 z>2

Kodama et al., 2007 z=2-3


Muzzin et al., 2013 z=1.63


Ivison et al., 2013 z=2.41


Daddi et al., 2009 z=4.05


Clements et al., 2014,16 z=0.8-2.3


Yuan et al., 2014 z=2.095
Strazzullo et al., 2015, 2018 z~2


Lemaux et al., 2014 z=3.3


Wang et al., 2016 z=2.5


Noirot et al., 2018 z=1.4-2.8
 Flores-Cacho et al., 2016 z=1.7-2.0
Oteo et al., 2018 z=4.002




Dannerbauer et al., 2017

Emonts et al., 2018 z=2.16
Mantz et al., 2014 z=1.9


few examples of famous (proto)clusters
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Mei et al., 2015 z=1.84 & z=1.9


Gobat et al., 2011 z=2.0


Rettura et al., 2014 z>1.3


Brodwin et al., 2014 z=1.75


Shimakawa et al., Tadaki et al. 2014 z=2.2 z=2.5


Santos et al., 2011,13,14

Fassbender et al., 2014 z=1.58


Stanford et al., 2012 z=1.75


Hatch et al., 2011 z=2.4


Galametz et al., 2013 z=2.02


Wylezalek et al., 2013 z=1.2-3.2


Cucciati et al., 2014 z=2.9


Cooke et al., 2014 z=2.5


Chiang et al., 2014 z=1.6-3.1


Venemans et al., 2007 z>2

Kodama et al., 2007 z=2-3


Muzzin et al., 2013 z=1.63


Ivison et al., 2013 z=2.41


Daddi et al., 2009 z=4.05


Clements et al., 2014,16 z=0.8-2.3


Yuan et al., 2014 z=2.095
Strazzullo et al., 2015, 2018 z~2


Lemaux et al., 2014 z=3.3


Wang et al., 2016 z=2.5


Noirot et al., 2018 z=1.4-2.8
 Flores-Cacho et al., 2016 z=1.7-2.0
Oteo et al., 2018 z=4.002


Clusters selected by 
hot gas 

Relaxed haloes 
X-rays, SZ 

Clusters selected by 
stellar mass 

and/or overdensities 
Fairly mature ? 

Vis, NIR 
Clusters selected by 
Star formation rate 

Young ? 
Submm, radio 

NIR, MIR, FIR? 



5. How Planck selected high-z high-SFR Cl?
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Planck 2018, I
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Planck 2018, I




5. How Planck selected high-z high-SFR Cl?
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Planck 2018, I




Extragalactic Background Light SED
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Dole et al., 2006 ; Dole 2010 HDR;

Béthermin et al., 2012;


Dole & Bethermin (in prep)


CIB > COB

CIB peaks at ~200um or 1500 GHz 

EBL ~ 5% of CMB


CIB




CIB peaks correspond to mass peaks…
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1º 

Planck 15 months

Planck Collaboration, 2013, 18 


... and the CIB probes also high-z SFR



-> a novel method to search for high-z clusters in formation

 (CIB > high SFR > massive high-z clusters)




high-SFR high-z clusters
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Planck Collab., 2015, Int XXVII,  arXiv:1506.01962 

Planck Collab., 2016, Int XXXIX, arXiv:1508.04171


Press Releases: ESA, NASA, INSU, A&A


star 
formation 

IAS – IRAP
CEA/SAp/AIM – LUTh
LAM – IPAG – LPSC
Caltech – UofA – ESAC 

Thèse: David Guéry


Planck 
selection:



Cold spots 
of the CIB



Color 
selection




the case of one field: Herschel & Spitzer
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Herschel-SPIRE

3-color image:

blue = 250um

green = 350um

red = 500um




SPIRE
5 arcmin


star 
formation overdensity contours


Thèse: Clément Martinache




the case of one field: Herschel & Spitzer
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SPIRE


IRAC


5 arcmin


30 arcsec


Euclid will provide this kind of 
sensitivity over the whole sky !

JWST can follow-up 
exquisitely !


Herschel-SPIRE

3-color image:

blue = 250um

green = 350um

red = 500um




star 
formation overdensity contours


Thèse: Clément Martinache


Martinache, et al., 2018




5.2 what do we learn from imaging ? Overdensities
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GOODS 16’x 10’

(Elbaz+2011)


HLS 20’x 20’

(Egami+2010)


Planck/Herschel HPASSS

30’x 30’ (Planck subm)


H. Dole & Planck collab


SPIRE
 SPIRE
 PACS+SPIRE


a remarkable Planck+Herschel dataset 
among others 



ALMA view of one field
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Kneissl et al., 2018, arXiv:1804.06581




ALMA view of one field
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Kneissl et al., 2018, arXiv:1804.06581




5.2 what do we learn from imaging ? Overdensities 


Hervé Dole, IAS, université Paris-Sud - université Paris-Saclay - Jan 2019
 49


Spitzer 
overdensities


Martinache et al.,  2018




5.3 what do we learn from spectroscopy ?
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Flores-Cacho et al., 2016, arXiv:1510.01585


CFHT imaging

VLT Xshooter spectroscopy


Clément Martinache thesis

Flores-Cacho et al., 2016




IRAM 30m CO redshift confirmation: 2.55
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Martinache et al., in prep


PRELIMINARY 



IRAM 30m CO redshift confirmation: >2.6
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Martinache et al., in prep


PRELIMINARY 



Star Formation Rate Density
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Adapted from Kato+2016

Courtesy Clément Martinache et al.


Martinache et al., in prep


PRELIMINARY 



IRAM NOEMA CO at z>2
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PRELIMINARY 

Courtesy Clément Martinache et al.


size ~50 arcsec


Martinache et al., in prep




6.1 Euclid great potential
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Louis Legrand, Clément Martinache, Benjamin Clarenc, T. Etourneau,  H. Dole


VIS Wide

NIR Wide


VIS Deep

NIR Deep


Wang+16

z=2.5 cluster


=> Euclid 
data will be 
full of those 

clusters !




6.2 NIR+MIR: a key range for z>1 structures
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z=2 observed 

rest-frame wavelength 

Lagache, Dole, Puget, 2005, ARAA

from Galliano 2004 


MIRI
NIRCam

NIRSpec


In the redshift range

~1 < z < ~4

MIRI probes


unique spectral

features,


even at low spectral

Resolution




AGN vs SF


H2


z=2




6.2 great prospects w/ JWST
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JWST ERS proposal « ST-EXUPERY »

B. Frye, H. Dole, M. Lehnert, C. Martinache, et al.


J1001 from Wang et al., 2016
 Adapted from Overzier 2016




7. conclusions, perspectives
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Planck Collab., 2015, Int XXVII,  arXiv:1506.01962 

Planck Collab., 2015, Int XXXIX, arXiv:1508.04171


Press Releases: ESA, NASA, INSU, A&A


Martinache et al.,

2018


Martinache et al., 2018


Kneissl et al., 2018


B. Clarenc PhD 
thesis, 2018


CFHT 

ALMA 

Spitzer Spitzer 

Planck Herschel 

IRAM 

Martinache et 
al., in prep


IRAM 



7. conclusions, perspectives
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Planck Collab., 2015, Int XXVII,  arXiv:1506.01962 

Planck Collab., 2015, Int XXXIX, arXiv:1508.04171


Press Releases: ESA, NASA, INSU, A&A


Martinache et al.,

2018


Martinache et al., 2018


Kneissl et al., 2018


B. Clarenc PhD 
thesis, 2018


CFHT 

ALMA 

Spitzer Spitzer 

Planck Herschel 

IRAM 

Martinache et 
al., in prep


IRAM 

Euclid 2022 

JWST 2021 



some more personal conclusions
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Science is a collective game also.



Impact of science and culture in our societies.



Curiosity has no color, gender, social or cultural 
origin: major leverage effect for an inclusive society.



Let’s increase our implication as scientists in the 
society !


(refugees hosted at Université Paris-Sud last september: star party, jazz session)
 Thanks: Univ. Paris-Sud, ALCOR, AAV, CRD Paris-Saclay



