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le fond

diffus


extragalactique

infrarouge


(Cosmic Infrared Background – CIB )
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why is the night sky dark ?
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left: D. Officer, P. Welch, UofA
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pourquoi la nuit est-elle noire ?

!  Digges (16è), Chéseaux (17è), Halley (18è), Olbers (19è) 

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

!  Poe (19è), Kelvin (19è)

!  Wesson (1987, 1991)


!  finitude vitesse lumière c

!  âge fini des objets                    horizon cosmologique    oui

!  expansion Univers
 
 


!  existence d’émissions reliques!
!  recombinaison: fond cosmologique

!  formation et évolution des galaxies: fond extragalactique     non


!  expansion, et prise en compte de tout le spectre e. m.
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history of the universe
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Hu & White, 2004


structure formation,

galaxy evolution
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1. 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]
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a contemporary view of Universe’s SED


6


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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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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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




Outline

1. what is the EBL/CIB ?

2. motivations to study the EBL/CIB


3. EBL / CIB SED measurements

4. EBL, galaxy populations and models

5. CIB fluctuations


6. Planck and the CIB 


7.  summary, conclusion and prospects


Sept 9th 2014 - Ecole de Gif, APC
 Hervé Dole, IAS - CIB
 8




2. motivations to study the EBL / CIB
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from EBL to galaxy populations


!  galaxies

!  physical processes driving the evolution?

!  gravitation: black hole and AGN

!  strong, weak, electromagnetic: nucleosynthesis: star formation 

!  relative importance ? redshift evolution ?


!  TeV gamma emission of AGN

!  peak of photon-photon interaction


!  λIR(µm) ~ Eγ(TeV)

!  constraints on the intrinsinc spectrum of blazars ?
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structure formation

!  Hierarchical structure 

formation ? 

! dark matter « well » described

! what about « visible matter »?


!  in general, simulations reproduce 
well data in the visible (number counts, 
luminosity functions, redshift distributions, 
angular correlation functions)


!  in general, they do not reproduce 
well infrared data

!  After all, is it that important ?


! poor understanding of the gas 
(baryons) physics cooling


z=6


z=2


z=0
V. Springel

http://www.mpa-garching.mpg.de/galform/data_vis/


100 h-1 Mpc


Mare Nostrum / Horizon
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energy budget for galaxy formation
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Hauser & Dwek, 2001, ARAA
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cosmology and early structures


Physicsworld.com – May 2004


!  dark energy equation of state

!  ISW: correlations EBL - CMB ?


!  reionization at  z>6 ?

!  structure of the background


!  recombinations: H, He

!  CIB contaminates


!  nasty foreground for CMB

Hydrogen Recombination


Rubino-Martin et al., 2006

see also e.g. Chluba & Sunyaev, 2007


Sept 9th 2014 - Ecole de Gif, APC
 13
Hervé Dole, IAS - CIB




3. EBL / CIB measurements


3.1 historical status

3.2 measurements: tricky business


3.3 absolute

3.4 y-rays aborption

3.5 galaxy counts


3.6 stacking
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3.1 status in 1967
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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




un long chemin...


Sept 9th 2014 - Ecole de Gif, APC
 Hervé Dole, IAS - CIB
 17

Puget & Encrenaz, 1974


CMB
EBL / CIB


Zodi

Zodi




CIB discovery in 1996
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Puget et al., 1996


Modèles


Mesures FIRAS / COBE




mesures à la fin des années 90 ...
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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




... il y a quelques années ...
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Dole et al., 2006; Béthermin, Dole et al., 2010


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




... et aujourd’hui (pour la partie CIB)
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Béthermin et al., 2012, A&A




3.2 visible and infrared EBL – tricky business 
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Dole et al., 2006 ; Dole 2010 HDR;

Béthermin et al., 2012;


Dole & Bethermin (in prep)


absolute


galaxy

counts


stacking 
w/ or w/o 
extrapolat

ions


γ-ray 
absorption
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CIB


COB




3.3 absolute measurements

!  incredibly difficult

!  but very useful !


!  systematic effects

!  quality of foreground 

model + removal

!  1% of zodi error -> 

factor of 2 CIB in NIR
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absolute measurements – cirrus removal


Sept 9th 2014 - Ecole de Gif, APC
 Hervé Dole, IAS - CIB
 24


Decomposition of the HI 
emissivity into 3 components 
(Penin+12b, see also Miville-
Deschênes+05) 

courtesy M. Béthermin




3.4 γ-rays absorption
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H.E.S.S, Nature, 2006 
Aharonian et al., 2006, Nature 
Aharonian et al., 2007, A&A 

gives usually

upper limits
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implications for TeV opacity
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100 TeV 10 TeV 1 TeV 0.1 TeV 

Dole et al., 2006
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CTA energy range (0.3-100) 

λIR(µm) ~ Eγ(TeV)




latest HESS results
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20
13

, A
&A




estimate of 
the SED




3.5 number counts – lower limits 
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Spitzer 24 microns 

Galaxy number counts at 24 microns (Béthermin+10a) 

courtesy M. Béthermin




3.5 number counts – lower limits 
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Spitzer 24 microns 

Galaxy number counts at 24 microns (Béthermin+10a) 

courtesy M. Béthermin




3.6 going deeper ! stacking 

!  or other statistical tool, like P(D)
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resolving the CIB: confusion


Spitzer 24 microns 

CIB 80% résolved (Béthermin+10a) 
courtesy M. Béthermin
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Spitzer 160 microns 

CIB 15% résolved (Béthermin+10a) 

resolving the CIB: confusion


courtesy M. Béthermin
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Herschel 160 microns 

CIB 70% résolved (Berta+11) 

resolving the CIB: confusion


courtesy M. Béthermin
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Herschel 500 microns 

CIB 6% résolved (Oliver+10) 

resolving the CIB: confusion


courtesy M. Béthermin
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24 microns Spitzer 250 microns Herschel 

using the 24 micron observations as a prior
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24 microns Spitzer 250 microns Herschel 

using the 24 micron observations as a prior
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Using the 24 micron observations as a prior


24 microns Spitzer 250 microns Herschel 
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stacking: resolving the CIB at its peak
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Dole et al., 2006




why is it interesting / needed ?
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CIB!
24-30!

Dole et al., 2006; Dole 2010; Béthermin, Dole et al., 2010


visible
 
 infrarouge


des dizaines de 
galaxies sont 

détectées

en infrarouge 

moyen et visible

problème:


on ne détecte 
quasiment


aucune galaxie en 

infrarouge lointain 

(confusion), pourtant 
domaine spectral du 
maximum du CIB...


MIPS 24um
 
 MIPS 70um
 
 MIPS 160um




CIB almost resolved in galaxies
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Spitzer MIPS 160um

FIDEL

2005


Herschel PACS 160um

PEP

2010




stacking – statistical studies
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Resolved SPIRE number counts 
(Béthermin+12b) 

Number counts built by stacking 
(Béthermin+12b) 

new window




recent works w/ Spitzer & Herschel


Sept 9th 2014 - Ecole de Gif, APC
 Hervé Dole, IAS - CIB
 42
Leiton, Elbaz et al., subm




summary of measurements

!  very difficult

!  absolute (the most difficult ?)

!  γ-rays absorption (model dependant ?)

!  galaxy counts (easy but less constraining)

!  stacking / P(D) / extrapolations (model dependant ?)


!  CIB SED fairly well constrained (better than 50%)

!  NIR still in debate

!  submm still at ~50% uncertainty


!  not resolved into individual galaxies e.g. at >300um
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4. EBL, galaxy populations and models
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4.1 trying to fill the CIB SED w/ galaxy SED...
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Lagache, Puget, Dole, 2005, ARAA


redshifted 
infrared galaxy


it 
doesn’t 
work...


need 
for n(z)




different spectral types of galaxies
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Galliano, dans Lagache, Puget, Dole, 2005, ARAA


le rapport:


[UV+visible] / 
infrarouge


varie selon le 
type de galaxie


pourquoi de 
telles 

différences ?


stars


dust




galaxies: SED comes from stars and dust
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composante stellaire


extinction


PAH


« gros grains »


« très petits 
grains »


0.4 nm < taille < 1.2 nm#
20 < Nb de carbone < 200


matière carbonée#
taille ~ 7 nm


matière silicatée#
15 nm < taille < 100 nm


Sajina et al., 2006

Courtesy of N. Bavouzet




CIB SED and contributions: redshift
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model from Bethermin et al. 2012




CIB SED and contributions: type
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model from Bethermin et al. 2012
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ULIRGs 

LIRGs 

SB 

Total 

luminosity function evolution


 Le Floc’h et al, 2005, ApJ  

At z~1, ~70% of IR 
energy density 
comes from LIRGs 



l’apport de Spitzer
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courtoisie de G. Lagache,

adapté de Caputi et al. (2007), Tresse et al. (2007), Le Floc’h (2005)


les LIRG et ULIRG gouvernent 
l’évolution de la densité 

d’énergie infrarouge à z>0.5: 
elles sont responsable de 

l’essentiel du fond infrarouge


densité 
comobile 
d’énergie 
infrarouge




4.2 many models
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Primack; Stecker; Franceschini; Kneiske & Dole; Raue; Mazin; Mayer; 
Dominguez; Lagache; Béthermin; Chary & Elbaz; Cai; etc..


2 ingredients:

- library of galaxies SED

- evolution with redshift of the luminosity function




implications for TeV opacity
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Mannheim et al., 1996


Different EBL (level and history)

create different gamma-ray horizon
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5. CIB fluctuations
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infrared background fluctuations


Wavelengths at which EBL (CIB) 
fluctuations have been detected


FIR

NIR


Detections:

-  mm: Hall et al., 2010 SPT

-  HFI: Planck collab, 2011,13 

-  250, 350, 500um: Marsden; 
Viero; Amblard; BLAST; Herschel; 

- 170um: Lagache & Puget, 
2000, ISOPHOT

-  160um: Lagache et al., 2007, 
Spitzer

- 100um & 60um: Miville-
Deschênes, Lagache, Puget, 
2002, IRAS

- 3.6, 4.5, 5.8, 8.0um: IRAC 
Kashlinsky et al

- 1.25, 2.2, 3.5, 5um: Kashlinsky 
& Odenwald, 2000, DIRBE

- 1.6um: Thompson et al. 2007, 
NICMOS

- 1.4-2.4um: Matsumoto et al., 
2004, IRTS

- J, H, K (1.25, 1.65, 2.17um): 
Kashlinsky et al. 2002 & 
Odenwald et al., 2003, 2MASS


55
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NIRB fluctuations: z<2 or z>6 or popIII ?
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until recently there was controversy...

papers by Kashlinsky, or Thompson or Cooray  etc
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Other prospects for NIRB fluctuations ?
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Cappelluti+2012


the NIR CIB (Spitzer) and X-ray EBL (Chandra) cross correlation is significant:

z> 5 : link btw first stars and first black holes ?




hierarchical formation
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one and two-halo terms
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Pénin et al., 2012


1h term:

number of galaxies 
within one halo of a 
given mass


galaxie 
centrale


galaxies 
satellites




1h and 2h terms
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Pénin et al., 2012


small angular scales


large angular scales




fluctuations of CIB: 160um in 2007
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Lagache et al., 2007, ApJ


Power Spectrum of CIB fluctuations at 160um.

Fluctuations are dominated by z~1 sources


SWIRE 160um field of about 10 Sq. Deg.


b=2.4±0.2




fluctuations of the Far Infrared Background
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take-away 
message: 

fluctuations are 
dominated by 
fainter galaxies,

so it’s a natural 

probe of the 
bulk of the 
background




6. Planck and the CIB

6.1 CIB fluctuations


6.2 CIB as a nasty foreground

6.3 digging deeper into the CIB
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6.1 Planck submm CIB fluctuations
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Planck Collab., 2013, XXX, in press


217 GHz                353 GHz                   545  GHz                857 GHz 

~2000 Sq. Deg


few 10 Sq Deg fields in 2011
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Planck submm CIB fluctuations
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red: sum

blue: 2-halo term 

green: 1-halo term

orange: shot noise




Planck all-sky map of the dark matter
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Planck 15 months

Planck Collaboration, 2013, 17 
Hervé Dole, IAS - CIB
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CIB peaks correspond to mass peaks


67


Stacking the Planck mass maps at the positions of peaks and troughs of Cosmic 
Infrared Background leads to a strong detection of the mass associated with these 

distant star forming galaxies. This is mostly Dark Matter.


1º 

Planck 15 months

Planck Collaboration, 2013, 18 
Hervé Dole, IAS - CIB
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mass and CIB maps correspond closely
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Planck 15 months

Planck Collaboration, 2013, 18 
Hervé Dole, IAS - CIB
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galaxies mirror the Planck mass map


69


Quasars – z ~ 1 Galaxy clusters – z ~ 0.2 

Galaxies – z~ 0.5 Galaxies – z ~ 0.1 

Planck 15 months

Planck Collaboration, 2013, 17, 19 
Hervé Dole, IAS - CIB
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SPT & Herschel do the same
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Hanson et al., 2013 arXiv
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6.2 CIB as a nasty foreground for cosmology


Sept 9th 2014 - Ecole de Gif, APC
 Hervé Dole, IAS - CIB
 71

George, Reichardt, et al., 2014, arXiv:1408.3161




CIB as a nasty foreground for cosmology


Hervé Dole, IAS - CIB
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George, Reichardt, et al., 2014, arXiv:1408.3161




CIB as a nasty foreground for cosmology
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George, Reichardt, et al., 2014, arXiv:1408.3161




6.3 digging into the Cosmic IR Background
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Planck Collab., 2013, 30
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~2000 Sq. Deg


545 GHz


our approach: 
preferentially select 

systems w/ high SFR.


With Planck: selection 
of extremely high SFR 

systems using CIB.
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6.3 digging into the Cosmic IR Background
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Planck Collab., 2013, 30


~2000 Sq. Deg
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« cold sources » of the CIB

in Planck data (4.5’ beam)


•  z >1.5 overdensities of 
intensely star forming 
galaxies ?


•  z >1.5 extremely bright 
lensed sources ?


•  large scale structure 
alignments ?


•  residual Galactic cirrus ?


545 GHz


predicted number of extragalactic objects : 
100 – 1000 (Negrello+2005)
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several hundred Planck high-z candidates
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•  best 35% of the sky

•  several hundred Planck high-z 
candidates

•  color-color selection (Montier+10)

-> 228 Planck sources followed-up by 
Herschel/SPIRE (OT1, OT2, must-do).


98% success

-  few are bright lensed candidates

-  most are overdensities of red galaxies

-  1.4% of the fields were Galactic cirrus
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3. Herschel observations of Planck high-z candidates 
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slide David

30’x30’


each image ~30’x30’ – D. Guéry thesis
Hervé Dole, IAS - CIB




a remarkable dataset (30’x30’ images)
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a remarkable dataset among others
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GOODS 16’x 10’

(Elbaz+2011)


HLS 20’x 20’

(Egami+2010)


Planck/Herschel HPASSS

30’x 30’ (Dole+ in prep)
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inferred sub-mm photometric redshifts
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translates, for

cluster candidates, into:


total LIR ~ 4.e13 Lsun

total SFR ~ 7.e3 Msun/yr


D. Guéry

thesis
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the case of one field: Spitzer and VLT
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Herschel-SPIRE

3-color image:

blue = 250um

green = 350um

red = 500um
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5. the case of one field: Spitzer and VLT
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Spitzer 3.6um

image


sources

J-K > 0.95 
(blue)


Herschel 350 
um contour 
(cyan)


C. Martinache 
thesis
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a double structure at z=1.7 and 2.0
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Herschel-SPIRE

3-color image:

blue = 250um

green = 350um

red = 500um


Courtesy Ines Flores-Cacho
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the case of XMMU J0044.0-2033 @z=1.58
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8. summary, conclusion, prospects
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conclusion: what tells us the EBL [1]

!  encodes the output of galaxy formation evolution

!  is now well measured over >20 orders of magnitude


!  FIR/submm now well measured – Spitzer & Herschel

!  gives the energy budget (photons) for galaxy formation and 

evolution; useful to:

!  constrain the models

!  quantify the relative contributions of nucleosynthesis vs 

accretion

!  gives a degenerate information


!  need for more output energy in the infrared at higher z

!  testimony of the central role of LIRG (Luminous IR galaxies)


!  tells us about the opacity to TeV photons


Hervé Dole, IAS - CIB
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conclusion: what tells us the EBL [2]

!  beyond the EBL intensity: its angular structure: 

extragalactic background fluctuations

!  tell us about the emitting sources


!  in the far-infrared (> 70um)

!  CIB not completely resolved in galaxies

!  fluctuations probe the galaxies populations making-up the 

bulk of the background

!  breaktrough w/ Planck & Herschel


!  in the near- and mid-infrared (<30um)

!  CIB almost resolved into galaxies

!  fluctuations also probe the faintest populations:


!  popIII ? zodi ou cirrus ? very high-z galaxies ? faint low-z galaxies ? 
sources at EoR ? early black holes ? 
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many prospects


!  EBL as a tracor of large scale structure

!  incl e.g. the first clusters of galaxies ?


!  physics of galaxies & blazars


!  link between frequencies using cross-correlations

!  e.g. IR vs X or IR vx gamma

!  for galaxy population studies (e.g. SF vs AGN)
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fin
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Planck CIB


Planck CMB
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