GOODS-ALMA : 1.1 mm extragalactic survey

A hidden population of massive
star-forming galaxies atz > 2

M. Franco, D. Elbazand the

GOODS-ALMA team &a

L gt
» . Observing the millimeter Universe with the
__ Nika2 Camera—7" June 2019 — LPSC - Grenoble




106 :"I T T T T LI | T T T T T IIIII‘ ® - ' ] \ . o :
10°F . - e . :
; . g . ' L
104 3 E 4 v . :
10°F 1 LS g ¢
10? !' -; | '. e : ¢
10'F stars E ‘ N ' . ‘s
F étoiles f - . . ; 0, e ol
lllll L e nul 1 aannl 1111 L il . b . - - A - . ' ‘
0.1 1.0 10 100 1000 g : ‘e 3 I
wavelength [um] _ . f : ' 3 : ‘
‘ .\ '. - l . ; ® -/ \ ?‘. :
: . 3 I, A .

{ =
\ -
b % “ .
i
’ I3 \ 5 " .
'
. . .
—l .
‘ i . .
.
- ’ . ’
.- - .-
.
-
P -
- ’
™ - L4 + i
. .
.
b -
. -~
- 2 o




106_7] T T T T T r oo T T rrrr
: E

10°F

10°F ’
: o [VE ‘
10°F poussiére ; R ®

107 r

10! § t stars

: étoiles ] .
1 Illl L = B llll L ' Alllll‘ L Ll L 1l L Ll L Lllll - .. .
0.1 1.0 10 100 1000 | .
wavelength [um] .
) ; - ¥
. X N
’
- ’ - g .
s 5
, :
. " 3 .
i s *

- Hubble -~ = - AR ERR & Herschel



10°F

10°
10*
103
10°

10!

zh

. Hubble

E ] Al T lllllll T T IIIIIII ) I Ll "T'lll ] LR R R LS E
] &
-r -
: dust ¥ .
3 poussiére - i '- ’
] 1 f
3 stars i : ;
F étoiles 3 N .
Illl L = B llll L ' llIIlll L Ll L 1l L Ll L Lllll ..
0.1 1.0 10 100 1000 .
wavelength [um] , .
) i ;
o ¢ -
’
- 2 - g
B
| - -
. " 3 .
‘ & - - h
‘ .

(NASA]L . 578

Herschel

.(ESA)




The cosmic star formation history

Lookback time (Gyr)
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The cosmic star formation history
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The GOODS-South Field
A multi-wavelength view

e UV/Optical/near-infrared
e WEFC3/IR
Full Band g e ACS
A o« HAWK-I Ks
* |SAAC Ks
* VIMOS U
* FourStar
* Mid-Far IR
* |RAC
* MIPS
* PACS
* SPIRE
* Radio
 JVLA (CO-I)
* X-Ray

CANDELS + 3D-HST
i e Chandra 7Ms

33M 00° 32M 30° 32™M 00" 31™M 308 7
Right Ascension (2000)  Luo et al., 2016
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Our ALMA 1.1mm survey

. 20 sources>4.80 | Observation:
7 additional sources with priors|| |, ~22 h

27°44'00.0"

Size: 69 '™

Comoving scale
15.1 x 10.5 Mpc
atz=2

Depth:
Rms ~ 0.185 mly

Flux (m)y/beam)

AGS20
(s}

~

AGS2A : Resolution:

MGl O e Intrinsic
eam rms I 6 =0.24”

Homogeneous
6 =0.29”
Tapered

_ ”
30.00s 3h32m10.00s 6 =0.60
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ALMA unveils a new population of
HST-dark galaxies (20%)
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GOODS-South offsets
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found :
80+ 110 mas
+ 130 mas

94 + 42 mas

Discovery of a local offset

Systematic offset
Previously

AS =-260

(Rujopakarn et al. ,2016)
This work :

Ab =-262 + 50 mas
After the subtraction of
the systematic offset
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ALMA unveils a new population of
HST-dark galaxies (20%)
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ALMA unveils a new population of
HST-dark galaxies (20%)
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ALMA unveils a new population of
HST-dark galaxies (20%)
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ALMA unveils a new population of
HST-dark galaxies (20%)

17



ALMA unveils a new population of
HST-dark galaxies (20%)




ALMA unveils a new population of
HST-dark galaxies (20%)

Zhou et al., in prep
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ALMA unveils a new population of
HST-dark galaxies (20%)
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ALMA unveils a new population of

HST-dark galaxies (20%)
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ALMA unveils a new population of
HST-dark galaxies (20%)
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ALMA unveils a new population of
HST-dark galaxies (20%)
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What is the nature of the ALMA
detected galaxies ?



ALMA detects distant massive SFGs
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ALMA detects distant massive SFGs
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ALMA detects distant massive SFGs
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Redshift distribution

Median redshift

=1 This work
HUDF
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Redshift distribution

Median redshift

A
[ |

Opening of a new
parameter space at z>3

= This work
HUDF

Partly or totally missed in
smaller blind surveys

Even if our survey is
shallower :
Ourrms ~ 180uly
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ALMA detects compact galaxies

* Flux extraction & size stacking reveals that galaxies
are compact

85% FWHM < 0.25” PSF

- stacking

Median Ry/; ~ 0.6 kpc
atz=3
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e[ll]

0.1 0.2 0.3 0.4 Gaussian Sersic

FWHM ["]




UV rest-frame size
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UV rest-frame size

W
o

—— uvj active (Van der Wel+14)
—— uvj passive (Van der Wel+14)
This work

N
(92

N
o

—

Ly>10*3 erg.s!
or
['eis< 1.0 (hard X-ray sources)

[
o

—

£

o

| -

_ )
5 o
o 0
~ Q
oy X
e
= 15 S
= 0]
S 2
o Ls]
o ©
D)

>

+

10.0 10.5 11.0
log10(Mx) [Mo ]

—_—

Sérsicindex:
active =1.35 If progenitors of z~ 2 quiescent galaxies,
quiescent =263 they need to increase their Sérsic indices
ALMA detected = 1.08

35



Morphology of the galaxies

10”

H-band images

Between 1/4 and 1/3 of the ALMA-detected galaxies show evidence
of merging, a disturbed morphology or are very clumpy.
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SED fitting improved thanks to the

new Astrodeep Herschel catalog
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Gas fraction and depletion time
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Gas fraction and depletion time
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Gas fraction and depletion time
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SFR density/depletion time
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SFR density/depletion time
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(Sub)Millimeter Survey
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(Sub)Millimeter Survey
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(Sub)Millimeter Survey
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Why it's so important to go wide



Why it's so important to go wide

* To go deeper in redshift among the most massive galaxies
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* To go deeper in redshift among the most massive galaxies
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Why it's so important to go wide

* To go deeper in redshift among the most massive galaxies

* Despite the fact these sources have a low projected surface
density, they are clustered
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Why it's so important to go wide

* To go deeper in redshift among the most massive galaxies

* Despite the fact these sources have a low projected surface
density, they are clustered
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Why it's so important to go wide

* To go deeper in redshift among the most massive galaxies

* Despite the fact these sources have a low projected surface
density, they are clustered. A wide field allows us to:

* To have enough sources to study their statistics
e To go further in redshift
* To find more candidate protoclusters
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Why it's so important to go wide

* To go deeper in redshift among the most massive galaxies

* Despite the fact these sources have a low projected surface
density, they are clustered. A wide field allows us to:
* To have enough sources to study their statistics
e To go further in redshift
* To find more candidate protoclusters

* Not possible with ALMA -> NIKA2

* Because we know the general Broperties of oBticaIIy—dark
Falaxies ([H] —[4.5] < 2.25), it becomes possible to detect most
ikely optically dark galaxies despite the size of the beam for
follow-up
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