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1. a short history of the 13.8b yr old universe
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1. a short history of the 13.8b yr old universe
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2. extragalactic background light

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 UNIvVerse ikashinsky, 2005

Measuring it has been motivated by Dbetter
understanding the structure formation & evolution
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2. a contemporary view of Universe’s SED

CIB > COB
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2. a contemporary view of Universe’s SED

CIB > COB Wavelength A [um]
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Part |. Cosmic Backgrounds
1. Why is the night sky dark *?
2. Extragalactic Background Light (EBL) introduction
3. EBL / CIB measurement history and interpretation

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

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 7

6. What Euclid and JWST will bring us ?

/. Conclusion, perspectives

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

10



3. EBL status in 1967 — about 50 years ago

Hervé Dole, IAS, université Paris-Sud -

636 NOVIKOV & ZELDOVIC 1967, ARAA
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Fi1G. 1. Averaged spectrum of electromagnetic radiation in the universe. The
maximum at Ig »=8 is the radiation of stars; the straight line at lg »<2.5 is due to
radio galaxies. The dotted line is the radiation of dust with 5=5-10"% g/cm?® and
T'=10°K. The full line with maximum at Ig »=<5.5 is the black-body equilibrium

radiation at 3°K—the relict radiation. The points give experimental results with
their errors.
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first predictions in 1967
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F1c. 8. —Other sources of background radiation. The contribution of local, galactic, and extragalactic
sources is plotted as a function of wavelength. The various curves are defined as follows: /a, zodiacal light
perpendicular to the ecliptic with characteristic particle radius 1.8 u; 1b, zodiacallight perpendicular to the
ecliptic with characteristic particle radius 0.7 x; 2, interplanetary dust (small particles); Je, interstellar
grains (metallic) ; 3b, interstellar grains (dielectric, or “dirty-ice”); 4, integrated starlight from the Galaxy,
perpendicular to the galactic plane; 5, galactic free-free emission, perpendicular to the plane; 6, 3° K
cosmic background radiation; 7a, 12.8 u Ne* emission from all galaxies (closed model); 75, 12.8 u Ne*
emission from all galaxies (open model).

Partridge & Peebles, 1967

Hervé Dole, IAS, université Paris-Sud - université Paris-Saclay - Jan 2019 12



along way ... herein 1974
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CIB discovery in 1996

" ASTRONOMY
AND
ASTROPHYSICS

Astron. Astrophys. 308, L5-L8 (1996)

Letter to the Editor

Tentative detection of a cosmic far-infrared background
with COBE

J.-L. Puget', A. Abergel', J.-P. Bernard', F. Boulanger', W.B. Burton®, F.-X. Désert', and D. Hartmann®*
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measurements in the early 2000’s...
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... In the mid 2000’s ...
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... In the mid 2000’s ...

The Cosmic Infrared Background resolved by Spitzer

H. Dole st al. (2006)
Institut d'Astrophysique Spatiale, Universite Paris-Sud 11, CNRS

http://www.ias.u-psud.fr/irgalaxies

Credit: H. Dole/IAS/Arizona/NASA/JPL-Caltach |
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... and more recently in the late 2010’s
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among the results on Cl

B fluctuations
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Growth of halos
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Maniyar, Béthermin, Lagache, 2018

red: sum

blue: 2-halo term
green: 1-halo term
orange: shot noise

+ many other exciting

results at other
wavelengths
19



A370 HFF parallel field
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Part .
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A370 HFF
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galaxy clusters

~85% dark matter
~12-15% hot gas
~2-5% stars, galaxies

21



galaxy clusters in multi-color

PLCK G19.4481.2

\
o

(d) Cluster-filtered map, zoomed in to 1°-by-1°
Bleem et al., 2015
Hervé Dole, IAS, université Paris-Sud - université Paris-Saclay - Jan 2019




a short history of *==13.8b yr old universe
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halo mass function: DM, baryons, processes
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galaxy clusters ? protoclusters 7

Planck
e SPT
Age of the universe (2,,=0.27, Q,=0.73, h=0.73) .« Xray
@® High-z Clusters
@® Protoclusters

]

Redshift

Fig. 5 The distribution of redshifts of protoclusters selected from the literature (large blue
symbols). The data for clusters below z = 1.5 was taken from the compilation of clusters
detected in X-ray and SZ surveys of Bleem et al. (2015). Large red symbols are high redshift
clusters at z > 1.6. The position of objects along the polar axis holds no information and is
used for visibility purposes only. Redshifts and ages (in Gyr) are indicated along the radial
axes.

Overzier, 2016
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galaxy clusters 2=
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Figure 1. The spatial extent of protoclusters at z = 2 (left panel), 1 (centre panel) and 0 (right panel), with final cluster masses
of M35;" = 1054 h~'Mg (top row), 10'*8 =My (middle row) and 10'° A~ !Mg (bottom row). Each window is 45 x 45h~!Mpc
comoving, which corresponds to 41 arcmin and 65 arcmin at z = 2 and z = 1 respectively (Wright 2006). Black points represent a galaxy
of stellar mass greater than 108 A~ 1M, that will end up in the cluster while grey points represent those that will not. (Only 25 per cent
of the background galaxies, grey points, are plotted to reduce image size.) The red circle corresponds to the z = 0 centre and comoving

Hervé Dole, IAS, univers viral radius of the cluster.



low-z, high-z clusters ? Protoclusters ?

Halo mass
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adapted from Dekel & Birnboim, 2004
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low-z, high-z clusters ? Protoclusters ?
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star formation and stars in the universe
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Madau & Dickinson, 2014, ARAA

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



star formation and stars in the universe
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protoclusters are actively star-forming

Kato+2016

Age (Gyr)
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Figure 5. SFR density of clusters, protoclusters and global cosmic SFR densities. The SFR densities of our protoclusters are 109-107 times
higher than the global SFR density (Madau & Dickinson 2014). We show the compilation from Dannerbauer et al. (2014) and data from
Clements et al. {2014), which original literature are following; IRAS measurements of Perseus from Meusinger, Brunzendorf, & Krieg
(2000), BLAST measurements of A3112 from Braglia et al. (2011), /SO measurements of A1689 from Fadda et al. (2000), and Spitzer
measurements of A1758 from Haines et al. (2009), Bullet cluster from Chung et al. (2010), Cl0024+16 and MS0451-03 from Geach et al.
(2006). RXJ0057, RXJ0941, RXJ1218, RXJ1249 and RXJ1633 are based on JCMT/SCUBA from Stevens et al. (2010).
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Age of the Universe [Gyr]
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Fic. 4.— Upper panel: SFR density for all galaxies (black), protoclusters (blue), and cores (red). The associated stellar mass densities
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orotoclusters, clusters: formation

Declining Phase (z<2)

Growing Phase (3<z)
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Declination
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few examples of famous (proto)clusters
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5. How Planck selected high-z high-SFR CI?

30 GHz

70 GHz

100 GHz

353 GHz

40° -10° -10 -101 10 10° 10° 10° 10° 10° 107
30-353 GHz: 8T [uK_..J; 545 and 857 GHz: surface brightness [ily/sr]

Planck 2018, |
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5. How Planck selecte

30 GHz

100 GHz

353 GHz

40° -16° -10 -101 10 10° 1
30-353 GHz: 8T [uK_..}; 545 and 857 G
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5. How Planck selected high-z high-SFR CI?

30 GHz 44 GHz

70 GHz _

100 GHz _ 143 GHZ o 217 GHz

353 GHz 545 GHz 857 GHz

I

-10° -10° 10 -101 10 10° 10 10° 10° 10° 10
30-353 GHz: 8T [uK_,..); 545 and 857 GHz: surface brightness [kJy/sr]

Planck 2018, |
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—Xtragalactic

Background Light S

—D

CIB > COB
CIB peaks at ~200um or 1500 GHz
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5 ] 0-
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10 10 10
| | |
,| Integrated values CIB
10"~ in nW/m“/sr /
“'IE 10°
=
A=
» 107
(7]
()
|
T
D
@ 10*
CIB CcOB
] aNeo[oyA (0.0024) 295 226
10 [

Dole et al., 2006 ; Dole 2010 HDR;

Béthermin et al., 2012;

Frequency v [GHZ]
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CIB peaks correspond to mass peaks...
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. 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)

Planck 15 months
Planck Collaboration, 2013, 18
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high-SFR high-z clusters

2 Herschel and Planck proto-cluster candidates €-esa

PLCK G124.1468. 8 PLCK G322.1+62.3 PLCK GB83.3451.0 PLCK GO26.6+74.4 PLCK G059.1+37.4
A ‘< ) .

Planck
selection:

Cold spots
of the CIB

Color
selection

PLCK G219.7-72.4 [N

.’ﬁ?« ﬁ planck
Planck Collab., 2015, Int XXVII, arXiv:1506.01962

Planck Collab., 2016, Int XXXIX, arXiv:1508.04171
Press Releases: ESA, NASA, INSU, A%



the case of one field: Herschel & Spitzer

Herschel-SPIRE

3-color image: S E—
blue = 250um 5 arcmin
green = 350um

red = 500um

10/

-10'

overdensity eontours

|15 " I )

......
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the case of one field: Herschel & Spitzer

Herschel-SPIRE
3-color image:

blue = 250um  Euclid will provide this kind of 5 arcmin SPIRE
green = 350UM gansitivity over the whole sky |

red = 500um
JWST can follow-up
exquisitely |
IRAC 30 arcsec

20.0"

40.0"

57'00.0"

24.00s overdensity eontours

RA (J2000)

Martinache, et al., 2018

..... i
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5.2 what do we learn from imaging ? Overdensities

Planck/Herschel HPASSS HLS 20" x 20’ GOODS 16" x 10’
30" x 30" (Planck subm) (Egami+2010) (Elbaz+2011)

;‘t

SPIRE

10

—10°

10°

—10'

15 1|1" 5 0 -5 _1l|"
Hervé Dole, IAS, univeréité Paris-Sud - université Paris-Saclay - Jan 2019 H. Dole & Planck collab 46



ALMA view of one field

10’

=10

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

SCUBA2-1

_.. ,Q ®

Kneissl| et al., 2018, arXiv:1804.06581
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5.2 what do we learn from imaging ? Overdensities

. 5 — : S
Sg'tzeft. | 1 : — SpuDS
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Martinache et al., 2018 Densities (arcmm )
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5.3 what do we learn from spectroscopy “?

Flores-Cacheetal., 2016, arXiv:1510:84585
LY

1)

' z=|.6

Siza ~1-2

1Mpc@z=1.7
O CFHT imaging

Flores-Cacho et al., 2016 [Mpegoma? ooter spectroscopy
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IRAM 30m CO redshift confirmation: 2.55

PLCK_HZ_G191.
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—0.045

SPIRE 350pm map (about 14’ x 14, units of Jy/beam). Purple circles indi-
cate EMIR pointings with CO detectlons White lines are overdensity contours

of SPIRE red sources (--m =107 s 20 > 0.7), starting at 30 by step of lo.

The yellow line indicate tfxe isocontour corresponding to 50% of the peak Planck

flux (at 545GHz). Blue/red crosses indicate detected blue/red SPIRE sources.
Martinache et al., in prep Sky Frequency (MH2)
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IRAC 4.5pm map (about 1.2" x 1.2', units of MJy.sr).Purple circles indicate
EMIR pointings with CO detections. Green-yellow-salmon-orange-red lines are
density contours of IRAC red sources ([3.6] — [4.5] > —0.1), at mean+2.5-3-3.5-
4-4.50. The white circle has a radius of 1’. Black/grey lines indicate SPIRE
350/250um emission contours at 3o. Blue/red crosses indicate detected blue/red
SPIRE sources.
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IRAM 30m CO redshift confirmation: >2.6

PLCK_HZ_G176

PLCK_HZ G176.6plus59.0_002

Dec (J2000)

1500 37m00.00s 45.005
RA (J2000)
SPIRE 350pm map (about 14’ x 14, units of Jy/beam). Purple circles indi-
cate EMIR pointings with CO detectlons White lines are overdensity contours
of SPIRE red sources (_m =075 s > 0.7), starting at 3o by step of lo.
The yellow line indicate tfle isocontour correspond.mg to 50% of the peak Planck
flux (at 545GHz). Blue/red crosses indicate detected blue/red SPIRE sources.
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Star Formation Rate Density
10° ¢ VIS - P.R,E.HM.'.N_A_R¥

00 05 10 15 N 2.0‘“ 25 30 A“3.5

Adapted from Kato+2016
Courtesy Clément Martinache et al.
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IRAM NOEMA CO at z>2
61761 c1762 | PRELIMINARY

I i ! Y

QQ@ =

size ~50 arcsec

Martinache et al., in prep Courtesy Clément Martinache et al.
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6.1 Euclid great potential
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Wang+16
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0.2 NIR+MIR: a key range for z>1 structures

rest-frame wavelength

10'9?-"' T T T T T T LR LN B B B S B R
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S 1077 Resolution
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100 o ¥ Ho
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z=2 observed Wavelength A (um)

Lagache, Dole, Puget, 2005, ARAA
from Galliano 2004
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0.2 great prospects w/ JWST

o H. H,H. Pa,Pa_ J1001 from Wang et al., 2016 Adapted from Overzier 2016
1001 z=2.5
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/. conclusions, perspectives

2 Herschel and Planck proto-cluster candidates @=esa
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/. Conclusions, perspectives
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some more personal conclusion

(refugees hosted at Université Paris-Sud last september: star party, jazz session

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 |

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