
1



2



3

160 arcsec



4F435W      F606W     F775W     F814W     F850LP     F105W     F125W     F140W     F160W



5



6

lo
g 1
0
N
um
be
rs

60
00

 (
z=

4)
 

30
00

 (
z=

5)
90

0 
(z

=6
)

48
0 

(z
=7

)

22
0
(z
=8

)

10500 z~4-10+ galaxies 
(Bouwens+2015, with HST)
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Madau & Dickinson 2014, ARAA
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90% matière noire

9% étoiles 1% gaz diffus 0.5% molécules 0.01% grains de 
poussière
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UV IR
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Madau & Dickinson 2014, ARAA

2.5log(kd)=   1 => SFRtot=2.5xSFRUV

2.5log(kd)=0.5 => SFRtot=1.6xSFRUV

2.5log(kd)=0.1 => SFRtot=1.1xSFRUV

10%

x8

x1.5
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z=0.4 - 1.2

z=1.2 - 4
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160 arcsec
SCUBA
0.45 & 

0.85mm

Submillimetre Common-User 
Bolometer Array (37 pixels)

JCMT Hawaii (15m)
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Submillimetre Common-User 
Bolometer Array (37 pixels) SCUBA

0.45 & 
0.85mm

JCMT Hawaii (15m)
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Submillimetre Common-User 
Bolometer Array (37 pixels)

200 arcsec

Tâche de diffraction = 14.7 arcsec
bruit = 0.45 mJy , HDF850.1: 7 mJy (S/N=15)

Hughes et al. (1998)

Carte à 0.85mm

HDF850.1

SCUBA
0.45 & 

0.85mm

JCMT Hawaii (15m)

2.5 < z(HDF850.1) < 9
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HDF850.1 at the IRAM Plateau de Bure Interferometer 
200 arcsec

Tâche de diffraction = 14.7 arcsec
bruit = 0.45 mJy , HDF850.1: 7 mJy (S/N=15)

Hughes et al. (1998)

z=5.183

850 Msun yr-1

Interféromètre Plateau de Bure
IRAM – 7 antennes de 15m

CO resolution = 2.3 arcsec
[CII] resolution = 1.2’’x0.8’’

158µm

Walter et al. (2012)
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SCUBA beam
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HDF850.1 at the IRAM Plateau de Bure Interferometer 

Walter et al. (2012)
1.23’’x0.8’’

SCUBA beam
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HDF850.1 et son environnement 

Walter et al. (2012)

Raie Lyman a   1216Å à 7540ÅUne galaxie de la masse de la Voie lactée
1 milliard d’années après le Big Bang...
née dans une grande structure
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K-correction

Casey et al. 2014 
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0.2mag

0.8mag

Dust
reddening

0.6mag

0.4mag

1.2µm 1.6µm
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H-dropout
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ALMA targets: 4.5µm sources undetected by HST
in GOODS-S, UDS and CANDELS-COSMOS

Wang, Schreiber, Elbaz +18

0.4-4 mJy
stacked IR 
SED peaks
@350-500μm
à z ~ 4

H
-d
ro
p
ou
ts

[4.5] brighter than 24
à M★> 1010.1-10.4 M⊙ at z ∼ 3 − 6 

HST H-band fainter than 27 (AB)
(Wang, Elbaz +16) 



28

HST/WFC3 1.6µm ~2 hours

12"

HST
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HST/WFC3 H-band F160W  ~2 hours

12"

ALMA 870µm 1.8 min/galaxy

ALMA
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ALMA detects 39 out of 63 H-dropouts in 1.8’ at 870µm
[4.5] < 24 mag à M★> 1010.1-10.4 M⊙ at z ∼ 3 − 6 (Wang, Elbaz +16) 
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The most massive galaxies in the early universe are 
optically dark

Wang, Schreiber, Elbaz +19, Nature

space density: n ∼ 10−5 Mpc−3 ,    SFR ∼ 200 M☉yr−1
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The most massive galaxies in the early universe are 
optically dark

Wang, Schreiber, Elbaz +19, Nature

space density: n ∼ 10−5 Mpc−3 ,    SFR ∼ 200 M☉yr−1

M∗ > 1010.3M⦿
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The most massive galaxies in the early universe are 
optically dark

Wang, Schreiber, Elbaz +19, Nature

space density: n ∼ 10−5 Mpc−3 ,    SFR ∼ 200 M☉yr−1

x10
x100

HST-dark

M∗ > 1010.3M⦿
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The most massive galaxies in the early universe are 
optically dark

Wang, Schreiber, Elbaz +19, Nature

space density: n ∼ 10−5 Mpc−3 ,    SFR ∼ 200 M☉yr−1

x10
x100

HST-dark

M∗ > 1010.3M⦿

3.5 < z < 6.5 
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The most massive galaxies in the early universe are 
optically dark

Wang, Schreiber, Elbaz +19, Nature

space density: n ∼ 10−5 Mpc−3 ,    SFR ∼ 200 M☉yr−1
M∗ > 1010.3M⦿

HST-dark

HDF850.1
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Confirming the redshifts of the HST-dark galaxies
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z=3.556 z=3.467
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