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Abstract

The GLASS-JWST Early Release Science (hereafter GLASS-JWST-ERS) Program will obtain and make publicly
available the deepest extragalactic data of the ERS campaign. It is primarily designed to address two key science
questions, namely, “what sources ionized the universe and when?” and “how do baryons cycle through galaxies?”,
while also enabling a broad variety of first look scientific investigations. In primary mode, it will obtain NIRISS
and NIRSpec spectroscopy of galaxies lensed by the foreground Hubble Frontier Field cluster, Abell 2744. In
parallel, it will use NIRCam to observe two fields that are offset from the cluster center, where lensing
magnification is negligible, and which can thus be effectively considered blank fields. In order to prepare the
community for access to this unprecedented data, we describe the scientific rationale, the survey design (including
target selection and observational setups), and present pre-commissioning estimates of the expected sensitivity. In
addition, we describe the planned public releases of high-level data products, for use by the wider astronomical
community.

Unified Astronomy Thesaurus concepts: Galaxy formation (595); Galaxy evolution (594); Reionization (1383)

1. Introduction

Compared to all previous facilities, JWST’s capabilities are
unprecedented. Its spectroscopic and imaging instruments will
provide data of the kind beyond those yet seen by any
astronomer. However, our community will have to rapidly

learn how to obtain and analyze such transformative data most
efficiently. The JWST Early Release Science Program aims to
quickly provide public data sets that will enable early scientific
investigations as well as answers to practical questions such as
the following. What is the best instrument to use given partially
overlapping capabilities? What systematics come with using a
0 2 slit on extended sources (e.g., galaxies), or a slitless grism
on blended narrow lines? What do the optical spectra and
images of the highest redshift galaxies look like?
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GLASS - JWST (PI Treu)
• ERS program  
• Deepest imaging and 

spectroscopy (35 
hrs) of the ERS 
programs 

• The power of strong 
lensing (foreground 
cluster A2744 acts as 
a magnifying GLASS)



Experimental Setup

NIRCAM parallel 

NIRSpec multislit spectroscopy

NIRISS slitless 

Treu et al. 2022



GLASS - JWST (F090W, F115W, F150W, F200W, F277W, F356W, F444W) 


+


UNCOVER (Bezanson et al. 2022, Weaver et al. 2023) (F115W, F150W, 
F200W, F277W, F356W, F410M, F444W) 


+ 


Director’s Discretionary Time Program 2756, aimed at following up a 
Supernova discovered in GLASS-JWST NIRISS imaging (PI Chen) 
(F090W, F115W, F150W, F200W, F277W, F356W, F444W) 

Abell 2744 is one of the best 
characterised clusters beyond 
the local Universe!

Paris et al. 2023



Bezanson et al. 2022

Abell 2744



Two bright and robust candidates in GLASS at z=10 and 12... 


...We were expecting 0.1!


Result#1: Too many UV bright 
galaxies at z>10!

Castellano et al. 2022



The observed evolution from z~8 to z~12 is marginal, especially for bright 
galaxies

Harikane et al. 2022
McLeod et al. 2023



The number of bright galaxies is way larger than predicted by any 
theoretical model

Mason, Trenti & Treu 2022; see also Ferrara et al. 2022, Finkelstein et al. 2023




Roberts Borsani et al. 2023

Result#2: We can get spectra up to 
z~13!!

z = 9.79 (480 Myr after the Big 
Bang)


ultra-faint (MUV = −17.35) 
(luminosity typical of the 
sources responsible for 
cosmic reionization)


compact (∼150 pc) and 
complex morphology


low stellar mass (107.19 M⊙), 


subsolar (∼0.6 Z⊙) gas-phase 
metallicity



Boyett et al. 2023

Result#2: We can get spectra up to 
z~13!!

z = 9.31 (525 Myr after the 
Big Bang)


Highly star forming (25 M⊙/yr)


Two interacting galaxies: a 
two-component main clump 
of very young stars (age < 10 
million yr) surrounded by an 
extended stellar population 
(130 million yr)


Large stellar mass (109.8 M⊙), 


subsolar (∼0.1 Z⊙) gas-phase 
metallicity



Harikane et al. 2023



Result#3: Galaxies at z>8 come in a 
variety of flavours Santini et al. 2023

JWST observations reduce the uncertainties on the stellar mass by a factor 
of at least 5–10, when compared with the highest-quality data sets. 


Galaxies exhibit a a two orders of magnitude range of M/LUV values for a 
given luminosity, indicative of a broad variety of physical conditions and 
star formation histories



Result#4: Quiescent galaxies exist 
even in the first Gyr

Marchesini et al. 2023


spectroscopic confirmation of two quiescent galaxies at z>2 with mass 
1010.59 M⊙ and 1010.07 M⊙ 



A massive quiescent galaxy, with AGN emission at z=4.7 (age of the 
universe 1.3 Gyr)

Carnall et al. 2023




Morishita et al. 2023

Result#5: Protoclusters at z>7

R ∼ 60 kpc in the source plane


empirical MUV–Mhalo relation 
for individual galaxies —>  
M_h > 4 × 1011 Msun. 


line-of-sight velocity 
dispersion: 1100±200km/s.


present-day halo mass: 2 × 
1015 Msun

z=7.88




Castellano et al. 2023

high density of redshift z ≈ 10 galaxies (about 10× (3×) larger than the average at 
MUV ≈ −21 ( −20) mag reported so far)


galaxies distributed along an apparent filamentary structure of 2 Mpc in projected 
length


close pair of candidates with MUV<−20 mag having a projected separation of only 
16kpc.

presence of a 
z ≈ 10 
overdensity in 
the field?



1 R200

0.5 R200

0.25 R200

Result#6: Cluster galaxies

Vulcani et al. 2023




Result#6: Cluster galaxies have 
dust obscured 
 SF

Red 
outliers!

Vulcani et al. 2023




34% are quiescent



34% are quiescent



34% are quiescent



34% are quiescent



34% are quiescent



• Ram pressure stripping in the cluster


• Interactions in the field





• Is the color excess always due to the PAH emission?


• Is the PAH linked to environmental effects?


• Is it due to dust enshrouded star formation (Magnelli et al. 2008, 
Rawle et al. 2014)?



Thanks




