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We (think we) know well the evolution of the SFRD after reionization

JWST is opening the exploration of the SFRD at z>10.

Fundamental for reionization, BH seeds, first stars, chemical evolution, etc




THE IDEAL INSTRUMENT FOR COSMIC DAWN
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THE IDEAL INSTRUMENT FOR COSMIC DAWN
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THE IDEAL INSTRUMENT FOR COSMIC DAWN
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THE IDEAL INSTRUMENT FOR COSMIC DAWN: GALAXY SELECTION

Hubble Space Telescope
Images from the CANDELS survey j [TV

JWST Images from the Cosmic Evolution Early Release Science (CEERS) Survey
F115wW F150W F200W F277TW F356W F410M F444W

NIRCam

Finkesltein & CEERS team 22



JWST SURVEYS ON THE A2744 FIELD

...on July 14th...
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HIGH-REDSHIFT GALAXIES IN GLASS-JWST
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HIGH-REDSHIFT GALAXIES IN GLASS-JWST
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Among the most robust candidates in early JWST observations, selected by all independent analysis of GLASS-ERS

(MC+22a, Naidu+22a, Bouwens+22, Donnan+23, Harikane+23). Image from NASA Press Release Nov. 2022.




HIGH-REDSHIFT GALAXIES IN GLASS-JWST

Abell 2744 GLASS
JWST/NIRCam
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High Zspr ~ 100 Msun/yr/kpc?




HIGH-REDSHIFT GALAXIES IN GLASS-JWST

mus [V UVN'ZO
32 30 28 26 24 22
LI T T I ) T l T T . :
105l Blirst: Z=0 | ‘ Abell 2744 GLASS 4
N ) ——— Tqp-heavy burst: Z=0 % e ——
LN Bjrst:2=5x 10742, ¢ Predictions in Bromm &
~ N o
ol N Yoshida ARA&A 2011 Y
SN \\L i - A RERRORE,
g \:\a i \ : ; . - _.
= NA N b
Sk NN ‘
4 N, |
= : 1 P S T R L P T Gsz
» 24 oo
ot Table 2
fnly) Predictions on the Number of z > 9 Objects in GLASS-JWST-ERS*
UV LF z=9-11 z>11
Myy < —21.0 \ Myy < —19.0 Myy < —21.0 \ Myy < —19.5
Oesch+18" <0.06 L7454 <0.04 0693
$ LF(z) Bouwens+21° o " <0.01 010
Mason-+15* 0.16°00: 6.8 7% 0.002 + 0.001 0.08" 003
Bowler+20° 0.06" 539 2.441% 0.05" 054 0503

.

..'.-;"_' .x.- - v | I Rt || - & |vv'-

e
B ..
- - n .
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A high number-density compared to previous estimates and theoretical models.

Consistent results from other surveys: CEERS (Finkelstein+22a,b), MDS (Perez-Gonzalez+23)




A HIGH ABUNDANCE OF EARLY GALAXIES

Weak evolution from z~16 to z~10
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A HIGH ABUNDANCE OF EARLY GALAXIES
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A HIGH ABUNDANCE OF EARLY GALAXIES
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EXCESS OF HIGH-Z BRIGHT GALAXIES: POSSIBLE INTERPRETATIONS

Decreasing dust attenuation, making galaxies brighter, almost
compensates for the increasing shortage of their host halos
(Ferrara+22). Dust could have been efficiently ejected during the
very first phases of galaxy build-up (Ziparo+23, Fiore+23).

“Selection effect”: only the youngest (<10Myr) and most highly
star-forming galaxies are detected so far, scattered up to 1.5 mag
above the My-M;, relation (Mason+23, Shen+23).

Maximally efficient SF & ~10 Myr ages (max UV emission)
(Mason+23).

Star-formation efficiency at z~12-16 higher than at z<10 due to no
suppression of the star formation at the pre-reionization epoch
(Harikane+23, Qin+23).

High star-formation efficiency due to fast accretion and lack of
feedback (Dekel+23).

AGN or Poplll activity boosting UV emission, and/or presence of
top-heavy IMFs (Kannan+22, Harikane+23, Haslbauer+22,
Finkelstein+22b, Yung+23)
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EVEN MORE HIGH-REDSHIFT GALAXIES BEHIND A2744
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A Z~10 OVERDENSITY IN GLASS-JWST?
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Need to take into account lensing in the A2744 field! Number density in the region even higher than
(Bergamini+22, Bergamini+23) other JWST estimates
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SPECTROSCOPIC FOLLOW-UP APPROVED FOR CYCLE 2
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12 hours of NIRSpec PRISM
to confirm z~9-12 galaxies in the GLASS-ERS parallel

+ two flanking fields with NIRCam to extend the sample and map the
potential overdensity

Spectroscopic confirmation of an
3073 unexpected population of bright Pl: Marco Castellano 12 19.33/10.1 NIRSpec/MOS

galaxies at cosmic dawn




SPECTROSCOPIC CONFIRMATION OF DHZI
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A SMBH IN UHZ1
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RAPID SMBH FORMATION AT HIGH-Z

~0-% 50

1.0FT L B A LR R A LA R R R R RN R R L
| Dual Component Restricted to [0 Ill] FWHM ]
L Flux: 7.32+0.72x107'® Flux: 5.63+0.41x107'8 .
0.8 Narrow: 354.8+19.61km s~ FWHM: 367.6+16.72km s™' -
- BIC: 21.41 -
- BIC: 18.66 g Unrestricted Gaussian 1
- Flux: 6.25+0.59x107"® 1
0.6 [\| FWHM: 499.8+51.48km s™' -]
i [ | BIC: 21.76 ]
0.4 ‘\‘ -
0.2 7 N B
0.0
I TN | 1 L 1 L
4.64 4.66 4.68 4.70 4.72 4.74 4.76
Wavelength [um]
observed wavelength (um)
2.79 2.80 2.81 2.82 2.83 2.84
0-10 T T ‘ ] T T T
o
0.08fa) [Nelvl(2422) 1 1[NelV](2424)
}
0.06
0.04
0.02}
0.00
-0.02}...-
—0.04

2410 2420 2430 2440
rest-frame wavelength (4)

2450

log Black Hole Mass

T T T T T T T I.ﬁ
10 N ; o]
L - —  Stellar + Eddington = % ;
- ——  Stellar + Super-Eddington Qo 2 .
8| Small DCBH + Eddington PR 0. o CEERS_1019
| | -~ Large DCBH + Eddington - RAC >4
6 71 AGN at z=8.7
| Direct Collapse i
| Black HoleSeed ...-- _- 4
4+ g 4 L
L - . i rson
i G oy [ He s work | 4 9SO
i Pop Il Stellar Remnant Seed " 2>7QsS0s ] & CEERS team 23
2_.... 2 © z=6-7QS0Os| —
|,  Stellar Remnant Seed . . \ . . L
20 15 12 10 9 8 7 6
Redshift
Age of the Universe [Myr]
200 300 400 500 600 700 800900
101 © GN-z11
o z~6-7Q0QS0s
9 GN-z11
— 8 i
o)
= 77 AGN at z=10.6
8 5 Direct Collapse Maiolino
Black Holes
4. & JADES team 23
Star Clusters
3]
Stellar Remnants
2 T .

13121110 9 8 7
Redshift

15

6



THE OTHER SIDE OF THE COIN: MASSIVE GALAXIES AT HIGH Z
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DDE MODELS: NOT ENOUGH AVAILABLE BARYONS?
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THE NEED FOR SPECTROSCOPIC FOLLOW UP
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JWST improves by >10x the accuracy of stellar mass BUT: systematic uncertainties due to strong emission lines

estimates
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JWST improves by >10x the accuracy of stellar mass #2 BUT: young stellar populations outshine old ones,

estimates spatially resolved analysis yields 0.5-1dex higher masses
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JWST is transforming our view of the earliest epochs of galaxy formation. FK
Unexpected detection of bright galaxies at z~¥10-12 in the GLASS-JWST ERS. High-

density of bright z~10 galaxies across the entire A2744 field, possibly indicating an
overdensity.

Evidence of an excess of bright galaxies at very high-redshift confirmed by several
surveys, and possible excess of massive galaxies at z~7-10.

Other ‘hints’ to an accelerated growth at high-z: M-Z relation, dust, SMBHs

Several interpretations have been proposed. Is there a conflict with ACDM? Some
observations can be reconciled (e.g. assuming higher SF efficiency).

Are we witnessing an ‘accelerated’ galaxy formation? (Sanders 98) We need detailed
predictions of LFs and properties under MOND scenarios (e.g. Wittenburg+23).



