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Outline

 |ntroduction on Cosmic Dawn.

* The big questions
« Whyis JWST a Cosmic Dawn Machine?

* Results from Early Release Science Program GLASS-JWST



Cosmic Dawn. the Big Questions

 When did the first stars and galaxies form?
« What sources re-ionize the universe? Galaxies seen by Hubble not enough
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The cycle of Baryons

How and when did galaxies transform H/He/Li/Be formed in the three minutes after the Big Bang into all the
elements of the periodic table?
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Cosmological redshift means cosmic dawn
needs to be observed in the infrared

WHAT IS

COSMOLOGICAL REDSHIFT?
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As light travels through expanding space, it is stretched to longer wavelengths.

JWST is LARGE and COLD

Beyond red are longer wavelengths that we can't see, starting with infrared.
When light is stretched by the expansion of space, we say that it is redshifted—



JWST is a time machinel
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JWST is a new telescope with the most
complex instruments ever flown into space!

* How do you quickly get the community up to speed with
JWST?

* One way is to have “beta-testers” or the JWST Early Release

Science programs
« Taken within the first 5 months

« Data public immediately
 Teams release high level data products

+ 13 ERS programs selected in 2017



A personal note
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GLASS-JWST is the deepest ERS program

- Long exposure times (15-20
hours/instrument)

- mag limit~30AB in imaging

- Magnification up to factors 10-
20 enables spectroscopy of
sources down to mAB~29-30

distorted light-rays
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July 14: the GLASS-JWST data arrive!

GLASS-JWST observations of Abell 2744

B=FO70MW~+F115W-+FgG0owW
G=F200W+F277wW

NIRISS WFSS (F115W) , = NIRCam palBllel
- -

Roberts-Borsani et al. 2022; Merlin et al. 2022



July 19: The first high redshift galaxy candidates
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We expeCted O . 1 ' Castellano et al. 2022; see also Naidu et al. 2022, Donnan et al. 2022



Galaxies form earlier and faster than we
thought!

On the stunning abundance of super-early, massive galaxies revealed by JWST
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The brightest galaxies at Cosmic Dawn
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——- &ge{M,), no dust
Egp = 100%

« Galaxies appear to form earlier and more rapidly then

previously thought. Do we understand star formation?

Galaxy number / magnitude / Mpc

. -21 -20 -19 -18
« Less dust than previously thought. Do we understand dust Rest-frame UV absolute magnitude

formation? Mason, Trenti & Treu 2023: see also Ferrara et al. 2023




Clues from morphology
and size

« Galaxies at z>7 are very compact: 100-200pc!
« They are practically galaxy scale starbursts

 Run Run Run as Fast as you Can!

Treu et al. 2023; Yang et al. 2022b



Are these galaxies really at z>10? Potential
contaminants

zinterloper zimerloper
3 4

| MUV.target = -22 |

At = 1000 Myr At;=1000 Myr
1.0t Lyman break — At =500 Myr — A= 500 Myr
912—1216A rest-frame — At =100 Myr — At=100Myr

r
[
=
=
L]
T
(s

9

12
Observed Wavelength [um

Zta rget

12
Zta rget

Balmer Break Instead of Lyman Break

Unlikely because many “detection bands” and galaxies are very blue Furlanetto & Mirocha 2022



JWST confirmations: NIRISS continuum z~8
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A massive galaxy at z=9.3 (10°
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ldentifying the (faint)
sources of reonization

mAB~29-30



Roberts-Borsani et al. 2023, Nature, in press

JWST confirmation: faint galaxy at Z=9.79

Lensing magnified it by 13x .- o

Mormalized P(z)
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z

i NIRCam photametry
HST photometry

0

500 Myrs after Big Bang Acbs [m]

5.0
Agos [um]

3
Aops [um]




JWST confirmation: faint galaxy at Z=9.51

Lensing magnified it by§20x
-

511027 cm [ON] [Nel] H6 Hy [O1N] HB. [0 Ili]

Zspec = 9.51
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JWST confirmation: protocluster at z=7.9
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A Bubbly Universe?

 No Lya detected in
protocluster at z=8
(Morisihita et al. 2023)

* Lya detected in very bright
galaxy at z=10.6 (Bunker et

al. 2023)

Bouwens+21 O dark fraction

« \What determines where —— Harikane+22 ¥ EW(Lya)

— bright model O QSO
—— faint model <& Lya clustering
s’ this work

bubbles arise?

Bruton et al. 2023; based on Bunker et al. 2023



The cycle of baryons: turbocharged winds

JWST (this work) Ground-based IFS+AQO FIRE simul.
MUGS + MaGICC simul. TNG50 simul.
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This is just the first galaxy. Tens more are being analyzed Wang et al. 2022



Summary

We have discovered a new population of galaxies at z>10, when the universe was
less than 500Myrs old.

Galaxies form earlier and faster than we thought

These bright early galaxies grow through a fast galaxy-scale starburst,
converting gas into stars as fast as they can, with very little dust

We have started to identify spectroscopically the sources of reionization

Work is under way to study how they ionize the universe and how they produce

and disperse into the universe elements heavier than the ones formed during the
Big Bang.
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