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ABSTRACT

We present the survey design, implementation, and outlook for COSMOS-Web, a 255 hour treasury

program conducted by the James Webb Space Telescope in its first cycle of observations. COSMOS-

Web is a contiguous 0.54 deg2 NIRCam imaging survey in four filters (F115W, F150W, F277W, and

F444W) that will reach 5σ point source depths ranging ∼27.5–28.2 magnitudes. In parallel, we will

obtain 0.19 deg2 of MIRI imaging in one filter (F770W) reaching 5σ point source depths of ∼25.3–

26.0 magnitudes. COSMOS-Web will build on the rich heritage of multiwavelength observations and

data products available in the COSMOS field. The design of COSMOS-Web is motivated by three

primary science goals: (1) to discover thousands of galaxies in the Epoch of Reionization (6 <∼ z <∼ 11)

and map reionization’s spatial distribution, environments, and drivers on scales sufficiently large to

mitigate cosmic variance, (2) to identify hundreds of rare quiescent galaxies at z > 4 and place

constraints on the formation of the Universe’s most massive galaxies (M? > 1010 M�), and (3) directly

measure the evolution of the stellar mass to halo mass relation using weak gravitational lensing out to

z ∼ 2.5 and measure its variance with galaxies’ star formation histories and morphologies. In addition,

we anticipate COSMOS-Web’s legacy value to reach far beyond these scientific goals, touching many

other areas of astrophysics, such as the identification of the first direct collapse black hole candidates,

ultracool sub-dwarf stars in the Galactic halo, and possibly the identification of z > 10 pair-instability

supernovae. In this paper we provide an overview of the survey’s key measurements, specifications,

goals, and prospects for new discovery.

1. INTRODUCTION

Designed to peer into the abyss, extragalactic deep

fields have pushed the limits of our astronomical obser-

vations as far and as faint as possible. The first of these

∗ First two authors are co-first-authors
† NSF Graduate Research Fellow
‡ NASA Hubble Fellow
§ NPP Fellow

deep fields imaged with the Hubble Space Telescope (the

medium deep survey and the Hubble Deep Field North,

or HDF-N; Griffiths et al. 1996; Williams et al. 1996)

pushed three magnitudes fainter than could be reached

with ground-based telescopes at the time. Their data

revealed a surprisingly high density of distant galaxies,

well above expectation. This surprise was due to high-

redshift galaxies’ elevated surface brightness relative to

nearby galaxies, likely caused by their overall higher star

formation rates. It quickly became clear that “the Uni-
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verse at high redshift looks rather different than it does

at the current epoch” (Williams et al. 1996).

This unexpected richness found in these first deep

fields marked a major shift in astronomy’s approach to

high-redshift extragalactic science, moving from special-

ized case studies scattered about the sky and instead

placing more emphasis on statistical studies using mul-

tiwavelength observations in a few deep fields where the

density of information was very high. Such a transfor-

mation had a major role in leveling access to the high-

redshift Universe for a wide array of researchers world-

wide, regardless of their individual access to astronomi-

cal observatories. Several other deep fields were pursued

in short order after the HDF-N with Hubble, the other

Great Observatories, and ancillary observations across

the spectrum from the ground and space (e.g., the HDF-

S, CDFN and CDFS, GOODS-N and GOODS-S, and

the HUDF; Williams et al. 2000; Brandt et al. 2000; Gi-

acconi et al. 2002; Giavalisco et al. 2004; Beckwith et al.

2006), complementing each other in depth and area and

providing crucial insight into the diversity of galaxies

from the faintest, lowest-mass systems to the brightest

and most rare.

In parallel to the effort to push deep over narrow fields

of view, another experiment with Hubble transformed

our understanding of large scale structure (LSS) at high

redshifts by mapping a contiguous two square degree

area of the sky, ∼20 times larger than all other deep

fields of the time combined. Through its large area and

statistical samples (resolving over 2×106 galaxies from

0 < z < 6), the Cosmic Evolution Survey (COSMOS;

Scoville et al. 2007) allowed the first in-depth studies

linking the formation and evolution of galaxies to their

larger cosmic environments across 93% of cosmic time.

By virtue of its large area, COSMOS probed a vol-

ume significantly larger than that of “pencil-beam” deep

fields and thus substantially minimized uncertainties of

key extragalactic measurements from cosmic variance.

In addition, the diverse array of multiwavelength ob-

servations gathered in the COSMOS field (Capak et al.

2007; Ilbert et al. 2010; Laigle et al. 2016; Weaver et al.

2022a) made it possible to carry out a suite of ambitious

survey efforts and understand the distribution of large

scale structure at early cosmic epochs (Scoville et al.

2013; Darvish et al. 2015).

Deep field images of the distant Universe – from

the deepest, Hubble Ultra Deep Field (HUDF), to the

widest, COSMOS – have transformed into rich labora-

tories for testing hypotheses about the formation and

evolution of galaxies through time. These hypotheses

initially encompassed the first basic cosmological mod-

els and ideas regarding the evolution of galaxy structure.

Thanks to the addition of multiwavelength observations

in these deep fields, they expanded to include hypothe-

ses about the formation of supermassive black holes, the

richness of galaxies’ interstellar media, the assembly of

gas in and around galaxies, and the structure of large

dark matter haloes.

These deep fields, initially motivated by Hubble but

substantially enhanced with a rich suite of ancillary

ground-based and space-based data, have deepened our

understanding of the evolution of galaxies across cosmic

time. They pushed the horizon of the distant Universe

into the first billion years, a time marking the last ma-

jor phase change of the Universe itself from a neutral

to an ionized medium (known as the Epoch of Reion-

ization, or EoR, at z >∼ 6, e.g., Stanway et al. 2003;

Bunker et al. 2003; Bouwens et al. 2003, 2006; Dickin-

son et al. 2004). They also enabled the detailed study of

galaxy morphologies (e.g., Abraham et al. 1996; Lowen-

thal et al. 1997; Conselice et al. 2000; Lotz et al. 2006;

Scarlata et al. 2007), stellar mass growth (e.g., Sawicki

& Yee 1998; Brinchmann & Ellis 2000; Papovich et al.

2001), the impact of local environment (e.g., Balogh

et al. 2004; Kauffmann et al. 2004; Christlein & Zablud-

off 2005; Cooper et al. 2008; Scoville et al. 2013), the

distribution of dark matter across the cosmic web (e.g.,

Natarajan et al. 1998; Mandelbaum et al. 2006; Massey

et al. 2007a; Leauthaud et al. 2007, 2011), as well as the

discovery of the tight relationship between galaxies stel-

lar masses and star formation rates (e.g., the galaxies’

“star-forming main sequence,” Daddi et al. 2007; Noeske

et al. 2007; Elbaz et al. 2007).

However, due to the expansion of the Universe, the

next leap forward required observations in the near-

infrared (NIR) part of the spectrum. That came with

the installation of the WFC3 camera on Hubble during

the 2009 servicing mission. WFC3 expanded Hubble’s

deep field capabilities into the NIR at similar depths as

was previously achieved in the optical, enabling a tenfold

increase in the number of candidate galaxies identified

beyond z >∼ 6 (Robertson et al. 2015; Bouwens et al.

2015; Finkelstein et al. 2015; Finkelstein 2016; Stark

2016), from a few hundred to a few thousand as well

as the study of galaxies’ rest-frame optical light out to

z ∼ 3 (e.g., Wuyts et al. 2011; Lee et al. 2013; van der

Wel et al. 2014; Kartaltepe et al. 2015a). The Cosmic

Assembly Near-infrared Deep Extragalactic Legacy Sur-

vey (CANDELS; Grogin et al. 2011; Koekemoer et al.

2011) was particularly pioneering as it imaged portions

of five of the key deep fields (GOODS-N, GOODS-S,

UDS, EGS, and COSMOS) with the F125W and F160W

filters over a total area of ∼800 arcmin2.
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The successful launch of the James Webb Space Tele-

scope (JWST) now marks a new era for studying the

infrared Universe and the distant cosmos. With six

times the collecting area of Hubble and optimized for

observations in the near- and mid-infrared, JWST is

currently providing images with greater depth and spa-

tial resolution than previously possible. This is begin-

ning to enable a substantial improvement in our under-

standing of galaxy evolution during the first few hun-

dred million years (the epoch of cosmic dawn, z >∼ 6)

to the peak epoch of galaxy assembly (known as cos-

mic noon, 1 ≤ z ≤ 3). Given the tremendous legacy

value of the deep fields imaged by the Great Observa-

tories, several JWST deep fields have been planned for

the observatory’s first year of observations. The largest

program among these, in both area on the sky and to-

tal prime time allocation, is the COSMOS-Web1 Survey

(PIs: Kartaltepe & Casey), for which this paper pro-

vides an overview.

COSMOS-Web was designed to bridge deep pencil-

beam surveys from Hubble with shallower wide-area sur-

veys, such as those that will be made possible by facili-

ties like the future Roman Space Telescope (Akeson et al.

2019) and Euclid (Euclid Collaboration et al. 2022).

With its unique combination of contiguous area and

depth, COSMOS-Web will enable countless scientific in-

vestigations by the broader community. It will forge

the detection of thousands of galaxies beyond z > 6,

while also mapping the environments of those discover-

ies on scales larger than the largest coherent structures

in the cosmic web on >∼ 10 Mpc scales. It will identify

hundreds of the rarest quiescent galaxies in the early

Universe (z > 4) and place constraints on the formation

mechanisms of the most massive galaxies. It will also di-

rectly measure the evolution of the stellar mass to halo

mass relation (SMHR) out to z ∼ 2.5 as a function of

various galaxy properties using weak lensing measure-

ments to estimate halo mass.

This paper describes the motivation for the COSMOS-

Web survey as well as the program’s design, providing

an initial overview of what is to come as the data are

collected, processed, and analyzed. Section 2 presents

the detailed observational design of the survey and Sec-

tion 3 briefly describes the context of COSMOS-Web

among other deep fields planned for the first year of

JWST observations. Section 4 presents the scientific

1 This survey was originally named COSMOS-Webb, as a combi-
nation of the telescope name and in reference to the cosmic web,
but later renamed to emphasize the scientific goal of mapping
the cosmic web on large scales as well as to be inclusive and
supportive to members of the LGBTQIA+ community.

motivation of the survey as the drivers for the obser-

vational design. In Section 5, we share other possible

investigations and predictions for what will be made

possible by COSMOS-Web, beyond the main science

goals. We summarize our outlook for the survey in

section 6. Throughout this paper, we use AB mag-

nitudes (Oke & Gunn 1983), assume a Chabrier stel-

lar initial mass function (Chabrier 2003), and a con-

cordance cosmology with H0 = 70 km s−1 Mpc−1 and

(Ωtot,ΩΛ,Ωm) = (1, 0.7, 0.3).

2. OBSERVATIONAL DESIGN

The observational design of the COSMOS-Web survey

is motivated by the requirements of the primary science

drivers described in §4 while also striving to maximize

value for the broader community across a wide range of

science topics, described in part in § 5. Here we describe

the detailed layout of the COSMOS-Web survey and

provide more detailed motivation for the design when

discussing the science goals in § 4.

2.1. Description of Observations

COSMOS-Web consists of one large contiguous

0.54 deg2 NIRCam (Rieke et al. 2022) mosaic conducted

in four filters (F155W, F150W, F277W, and F444W)

with single filter (F770W) MIRI (Wright et al. 2022)

imaging observations obtained in parallel over a total

non-contiguous area of 0.19 deg2. The NIRCam mo-

saic is spatially distributed as a 41.5′×46.6′ rectangle

at an average position angle of 110◦; the shorter side

of the mosaic is primarily oriented in the east-west di-

rection. The center of the mosaic is at α=10:00:27.92,

δ=+02:12:03.5 and is comprised of 152 separate visits

(where each visit observes a single tile in the mosaic2)

arranged in a 19×8 grid. The coverage of these vis-

its overlaid on the COSMOS Hubble F814W imaging is

shown in Figure 1.

Each individual visit is comprised of eight separate

exposures of ∼257 seconds each, split into two separate

executions of the 4TIGHT dither pattern at the same

position in the mosaic. Each 4TIGHT dither pattern

contains four individual integrations; an illustration of

this dither pattern in one standalone visit and embed-

ded in the larger mosaic is shown in Figure 2. The first

4TIGHT dither executes two NIRCam filters – F115W

at short wavelengths (SW) and F277W at long wave-

2 A single ‘visit’ is a JWST observation acquired in one block of
continuously scheduled time.
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NIRCam Filters:
F115W 1.15µm, F150W 1.50µm (SW)
F277W 2.77µm, F444W 4.44µm (LW)
MIRI Filter:
F770W 7.7µm

Figure 1. A map of the COSMOS-Web tiling pattern embedded within the Hubble ACS F814W mosaic of the COSMOS field
(Scoville et al. 2007; Koekemoer et al. 2007). The mosaic consists of 152 visits where NIRCam serves as the primary instrument
(long wavelength detector coverage shown in blue) with MIRI in parallel (shown in orange). The entire NIRCam mosaic is
centered on the position α=10:00:27.9, δ=+02:12:03.5 and is 41.5 arcminutes (in the east-west direction) × 46.6 arcminutes (in
the north-south direction) in size. The entire mosaic has an average position angle of 110◦, with individual visit PAs equal to
293o in the northern half and 107◦ in the southern half. Three visits required slightly different position angles due to availability
of guide stars; this includes the lone northern-most MIRI tile. The detailed coordinates and position angles of each visit are
provided in the Appendix, § A.
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Table 1. Summary of COSMOS-Web NIRCam Survey Depth

No. of NIRCam Total NIRCam SW Area F115W Depth F150W Depth LW Area F277W Depth F444W Depth

Exposures Exp. Time (s) (arcmin2) (5σ) (5σ) (arcmin2) (5σ) (5σ)

1 257.68 71.3 26.87 27.14 17.8 27.71 27.61

2 515.36 991.6 27.13 27.35 978.0 27.99 27.83

3 773.05 60.0 27.26 27.50 24.4 28.12 27.94

4 1030.73 805.2 27.45 27.66 904.3 28.28 28.17

Note—Depths quoted are average 5σ point source depths calculated within 0.′′15 radius apertures on data from our first epoch
of observations without application of aperture corrections.
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Table 2. Summary of COSMOS-Web MIRI Survey Depth

No. of MIRI Total MIRI Area Covered F770W Depth

Exposures Exp. Time (s) (arcmin2) (5σ)

2 527.26 80.5 25.33

4 1054.52 430.4 25.70

6 1581.77 30.8 25.76

8 2109.03 146.1 25.98

Note—Depths quoted are average 5σ point source depths calcu-
lated within 0.′′3 radius apertures on data from our first epoch of
observations, without application of aperture corrections.

lengths (LW) – and the MIRI F770W filter in parallel.

The second execution of the 4TIGHT dither switches

NIRCam filters – to F150W in SW and F444W in LW –

yet keeps the same MIRI filter, F770W, for added depth.

The northern half of the mosaic is observed at one po-

sition angle, 293◦, while the southern half of the mosaic

is observed at another, 107◦. These position angles are

relative to the NIRCam instrument plane and not V3

(which differ by <1◦); they are also not exactly a 180◦

flip from one another. Instead they are staggered by

±3◦ to make scheduling more flexible while maintain-

ing a contiguous mosaic using a slight jigsaw pattern to

stitch adjacent visits together. The distribution of half

of the mosaic at one position angle and the other half at

another also makes it possible to fit most of the MIRI

parallel exposures fully within the larger NIRCam mo-

saic. A few visits required further position angle mod-

ification due to limitations in guide star catalog avail-

ability at their initially intended angles. The Appendix

(§ A) gives detailed information for each individual visit

and a table of all visits.

The depth of the NIRCam observations varies based

on the number of exposures at any position in the mo-

saic (see Table 1); of the total 1928 arcmin2 (≈0.54 deg2)

area in the NIRCam SW mosaic, 71.3 arcmin2 (∼3.7%)

will be covered with only a single exposure per SW fil-

ter, 991.6 arcmin2 (∼51.4%) will have two SW expo-

sures, 60.0 arcmin2 (∼3.1%) will have three SW expo-

sures, and 805.2 arcmin2 (∼41.8%) will have four SW

exposures. The NIRCam LW mosaic covers a total area

of 1924 arcmin2, of which 17.8 arcmin2 (∼0.9%) has sin-

gle exposure depth, 978.0 arcmin2 (∼50.8%) has two ex-

posure depth, 24.4 arcmin2 (∼1.3%) has three exposure

depth, and 904.3 arcmin2 (∼47.0%) has four exposure

depth. The most deeply exposed portions of the SW mo-

saic align with the deepest portions of the LW mosaic,

though the areas differ slightly based on the differences

in detector size and gaps between SW detectors.

Due to the design of the NIRCam mosaic as contigu-

ous, the MIRI parallel observations are not contiguous

but are distributed in 152 distinct regions corresponding

to the 152 visits. MIRI coverage of each visit has an area

of 4.2 arcmin2 corresponding to the primary MIRI im-

ager field of view, and 4.5 arcmin2 when accounting for

the additional area of the Lyot Coronographic Imager3.

Of that area, 0.55 arcmin2 (12%) has two MIRI expo-

sures, 2.81 arcmin2 (62%) has four, 0.21 arcmin2 (5%)

has six, and 0.96 arcmin2 (21%) has eight MIRI expo-

sures. The total area covered with MIRI in COSMOS-

Web is 688 arcmin2 or 0.19 deg2. Of the 152 MIRI visits,

143 (651 arcmin2, 95%) are fully contained within the

NIRCam mosaic. Note that MIRI observations from

PRIMER (GO #1837) add an additional 53 arcmin2 of

(deeper) 7.7µm coverage (see § 3 for full details) con-

tained within the NIRCam footprint, bringing the total

MIRI coverage in COSMOS from these two Cycle 1 sur-

veys to 742 arcmin2.

Table 1 summarizes the characteristics of the NIR-

Cam mosaic and the measured depths as a function of

number of exposures. The NIRCam depths have been

measured using data from the first epoch of COSMOS-

Web observations, consisting of six visits (out of the to-

tal 152). These data are later described in § 2.7. These

are broadly consistent with the expected performance of

JWST in-flight (Rigby et al. 2022). These depths corre-

spond to 5σ point sources extracted within 0.′′15 radius

circular apertures in each filter without any aperture

corrections applied. Table 2 provides a summary for the

MIRI exposures; similarly, these depths are measured

directly using data from the first epoch of observations

in COSMOS-Web using a a 0.′′3 radius circular aperture

without aperture correction. We note that the mea-

sured MIRI depths are significantly better than expecta-

tion from the exposure time calculator. We conducted a

number of tests to measure this depth accurately, includ-

ing a direct comparison of IRAC 8µm flux densities with

MIRI 7.7µm flux densities, measurement of depth within

empty apertures in individual exposures, as well as mea-

surement of the standard deviation in flux densities for

individual sources in individual exposures. All tests give

consistent results, showing F770W depths nearly a mag-

nitude deeper than expectation. The depths of the sur-

3 During MIRI imaging, the Lyot Coronographic Imager is also
exposed using the same filter and optical path of the imager.
Modulo the occulting spot and its support structure, the Lyot
region provides a small amount of additional survey area for MIRI
imaging campaigns. See the JWST User Documentation Page on
MIRI Features and Caveats for more details.

https://jwst-docs.stsci.edu/jwst-mid-infrared-instrument/miri-features-and-caveats
https://jwst-docs.stsci.edu/jwst-mid-infrared-instrument/miri-features-and-caveats
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Figure 2. An illustration of the 4TIGHT dither pattern
for NIRCam prime visits (top two panels) and MIRI parallel
visits (bottom panel). The top panel shows the NIRCam SW
exposure map for a single visit with coverage ranging from
one (lightest) to four (darkest) exposure depth. Two of the
four dither positions are outlined in color (red and blue) for
clarity. The middle panel shows the NIRCam SW exposure
map in the context of the larger COSMOS-Web mosaic. At
bottom, the MIRI coverage is shown. The axes are positional
offsets along the V3 and V2 angle (i.e., perpendicular and
parallel to the PA) relative to the reference position, given
for each visit in the Appendix, § A.

vey as a function of wavelength are shown in Figure 3

relative to other existing datasets available in the COS-

MOS field.

2.2. Motivation for a Contiguous ∼0.5 deg2 Area

The contiguous, and roughly square, area of

COSMOS-Web is driven by two of our primary science

objectives. The first is to construct large scale struc-

ture density maps at 6 < z < 10 to address whether

or not the most UV-luminous systems are embedded in

overdense structures (see § 4.1 for details). Mapping the

large scale environments of our discoveries and mitigat-

ing cosmic variance at these epochs (with cosmic vari-

ance less than 10%, i.e., σ2
v < 0.10) requires contiguous

solid angles larger than the expected size of reioniza-

tion bubbles at these redshifts (Behroozi et al. 2019),

> 0.3-0.4 deg2. Our 0.54 deg2 program allows for some

uncertainty in the scale of these reionization bubbles,

as some simulations see bubbles extend on 40′ scales

(D’Aloisio et al. 2018; Thélie et al. 2022). Our NIRCam

mosaic maps to ∼ (114 Mpc)2 between 6 < z < 8 and

∼ (122 Mpc)2 between 8 < z < 10 projected on the sky

at these epochs. We describe more about the expected

cosmic variance in COSMOS-Web in § 2.6.

The second scientific driver for our contiguous area is

the coherence we can achieve for the weak lensing mea-

surement of galaxies’ halo masses on scales <∼ 10 Mpc in

order to place constraints on the SMHR out to z ∼ 2.5

(see § 4.3 for details). This requires at least ∼ 5 dark

matter halo scale lengths (∼ 3 proper Mpc across each)

of contiguous coverage, for which our survey will pro-

vide ∼ 10 × 10 dark matter scale lengths to boost the

signal-to-noise and allow splitting by galaxy type and by

mass (Wechsler & Tinker 2018; Wang et al. 2018a; De-

backere et al. 2020; Shuntov et al. 2022). Several smaller

non-contiguous areas (of order 0.05 deg2) would render

the SMHR measurement and calibration of cosmological

models severely hindered.

2.3. Field on the Sky

The COSMOS field was chosen for these observations

for several reasons. First, the existing HST/ACS F814W

coverage (Koekemoer et al. 2007) provides crucial value

to our science goals of detecting galaxies beyond z > 6

using [F814W]-[F115W] colors. Second, COSMOS has

the widest deep ancillary data coverage from X-ray to

radio wavelengths (Ilbert et al. 2013; Laigle et al. 2016;

Weaver et al. 2022a). Third, it is an equatorial field

(α = 150◦, δ = +2◦), and thus accessible to all major

existing and planned future facilities, essential for swift

and efficient follow-up of JWST-identified sources. A

sampling of the multiwavelength data already available

in the COSMOS-Web footprint is shown in Figure 4.

Additionally, COSMOS has been selected or is a likely

candidate to be a deep calibration field for future key

projects including Euclid, the Roman Space Telescope,

and the Vera Rubin Observatory LSST project. Over

250,000 spectra have been taken of > 100,000 unique ob-

jects in the COSMOS field at 0 < z < 7 (A. Khostovan

et al. in preparation), including from large surveys such

as zCOSMOS (Lilly et al. 2007, 2009), FMOS-COSMOS

(Silverman et al. 2015; Kartaltepe et al. 2015b; Kashino

et al. 2019), VUDS (Le Fèvre et al. 2015), and many

programs using Keck (e.g., Kartaltepe et al. 2010; Ca-

pak et al. 2011; Casey et al. 2012; Kriek et al. 2015;

Hasinger et al. 2018), greatly enhancing the accuracy of

photometric redshifts for all sources in the field. Lastly,

the quality of photometric redshifts ∆z/(1 + z) < 0.02



The COSMOS-Web Survey 9

z∼7 LBG (MUV=-20.5)
z∼9 LBG (MUV=-20.4)
z∼11 LBG (MUV=-20.2)
z∼13 LBG (MUV=-20.1)
z=4 Passive Galaxy
z=2 Dusty Starburst

z∼7 LBG (MUV=-20.5)
z∼9 LBG (MUV=-20.4)
z∼11 LBG (MUV=-20.2)
z∼13 LBG (MUV=-20.1)
z=4 Passive Galaxy
z=2 Dusty Starburst

COSMOS-Web JWST Observations
Existing Space-based Data

Existing Ground-based Data

 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0
Observed Wavelength [µm]

 

29

28

27

26

25

A
B

 M
ag

ni
tu

de
 &

 D
ep

th

10

100

F
lu

x 
D

en
si

ty
 [n

Jy
]

 
 
 
 
 
 

HSC/g HSC/r

HSC/i HSC/z

COSMOS/
HST
F814W

JWST/
NIRCam
F115W

JWST/
NIRCam
F150W

JWST/
NIRCam
F277W

JWST/
NIRCam
F444W

Bands deeper than ∼26.5 [AB]

 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0
Observed Wavelength [µm]

  
 
 
 
 
 

HSC/Y

UVISTA/Y

UVISTA/J
UVISTA/H UVISTA/Ks

COSMOS-
DASH/
HST
F160W

Spitzer/
IRAC
3.6µm

Spitzer/
IRAC
4.5µm

JWST/
MIRI
7.7µm

Bands shallower than ∼26.5 [AB], 
Deeper than ∼24 [AB]

 

 

Figure 3. An illustration of the deepest filters available in COSMOS-Web and their depths across the spectrum. At top
are the filter transmission profiles for existing COSMOS datasets that are ground-based (light gray), space-based (dark gray),
and new additions from JWST for COSMOS-Web (blue). These filters are separated between those that have 5σ point source
depths between 24–26.5 magnitudes (top sub-panel), and those that reach depths beyond 26.5 magnitudes (bottom sub-panel;
see Weaver et al. 2022a, for more details). We also include recent coverage from COSMOS-DASH at 1.6µm (Mowla et al. 2019;
Cutler et al. 2022). Note that narrow-band and medium-band filters in the field are not shown (as they generally have depths
shallower than ∼24 magnitudes). At bottom, we illustrate the 5σ point source depths from these same filters, highlighting the
depth of COSMOS-Web JWST observations in solid blue at full four-integration depth; dashed lines show half two-integration
depth (covering approximately half the mosaic, as detailed in Tables 1 and 2). Overlaid are several galaxy templates: Lyman-
break galaxies at z ∼ 7−13 (shades of lavender to dark purple), a M? ∼1010 M� z = 4 passive galaxy (dark green), and a z = 2
dusty starburst (light green).

for galaxies with i < 25 (Ilbert et al. 2013; Laigle et al.

2016; Weaver et al. 2022a) has facilitated the discovery

and analysis of galaxies out to z ∼ 7 and beyond (Bowler

et al. 2017, 2020; Stefanon et al. 2019; Kauffmann et al.

2022). The photometric redshifts will be further im-

proved with the addition of COSMOS-Web (see § 2.5),

dramatically improving the accuracy of the weak lensing

measurement of galaxies’ halo mass as well as galaxies’

stellar masses and star formation rates across all epochs.

2.4. Filter Optimization

We simulated the effectiveness of many filter combi-

nations to deliver the science objectives described in § 4

and determined that COSMOS-Web should be a four

filter NIRCam survey with MIRI imaging conducted

in parallel: F115W+F150W in SW, F277W+F444W

in LW, and F770W with MIRI. Reionization science

drives the choice of F115W and F150W to maximize
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Figure 4. The COSMOS-Web NIRCam (left) and MIRI (right) coverage shown together with the PRIMER NIRCam and
MIRI coverage in a joint exposure map in grayscale. The two instruments’ coverage are shown separately for clarity. We overlay
maps of a number of multiwavelength datasets for context. The JWST coverage from COSMOS-Web and PRIMER are shown
in shades of blue. The Hubble CANDELS survey (Grogin et al. 2011; Koekemoer et al. 2011) area is shown in dashed black, the
ALMA extended MORA survey (Zavala et al. 2021; Casey et al. 2021, Long et al., in preparation) is shown in burnt orange and
the deep SCUBA-2 450µm+850µm coverage area of the eS2-COSMOS survey and STUDIES survey (Wang et al. 2017) is shown
in light orange (note that the entire COSMOS field is covered with 850µm SCUBA-2 coverage from the S2COSMOS Survey;
Simpson et al. 2019). In the radio, we highlight the deep continuum coverage at 3 GHz and 10 GHz in dark and light green,
respectively, from the COSMOS-XS survey (van der Vlugt et al. 2021), which complements the full-field 3 GHz VLA COSMOS
Survey of Smolčić et al. (2017). In the X-ray, we show the area covered by the Chandra C-COSMOS Deep survey (dashed
magenta) as well as the medium depth survey (solid magenta), both summarized by Elvis et al. (2009), with full COSMOS
field coverage extended by Civano et al. (2016). Finally, we note that the full COSMOS field has coverage with Subaru’s Hyper
Suprime-Cam (Aihara et al. 2022).

coverage of the observed wavelength of a Lyman break

from 6 < z < 13; we plan EoR source selection us-

ing a hybrid photometric redshift and dropout approach

(z ∼ 6 − 7 galaxies drop out in HST-F814W, while

z ∼ 8 − 10 galaxies drop out in the F115W filter,

and z > 12 will drop out in F150W). Weak lensing

objectives are less sensitive to filter choice but bene-

fit from tremendous depth in the NIR by increasing

the background source density; we expect >10 galax-

ies per arcmin2 at z > 4 with measurable shapes, in

other words, those found above a 15σ detection thresh-

old. We calculate the on-sky source density of galaxies

above certain apparent magnitude thresholds from ex-

isting measurements of galaxy luminosity functions from

0 < z < 10 (e.g., Arnouts et al. 2005; Bouwens et al.

2015; Finkelstein et al. 2015). Indeed, preliminary sim-

ulations show that galaxies at the 15σ shape-detection

threshold, F277W∼ 26.8, with Reff
<∼ 0.′′3 (≈ 2–3 kpc),

are recovered without bias introduced from the JWST

point spread function (PSF; Liaudat & Scognamiglio et

al., in preparation). We find F277W+F444W to be the

most advantageous LW filter combination to improve

the quality of photometric redshifts and mitigate lower

redshift contaminants (more details discussed in § 4.1).

The F444W filter is particularly useful for measuring

the rest-frame optical morphologies of galaxies at z > 4,

(e.g., Kartaltepe et al. 2022) and the rest-frame near-

infrared morphologies of lower redshift galaxies (e.g.,

Guo et al. 2022). The LW filters will be useful for the

identification of very red z = 4−6 quiescent galaxies and

measuring their mass surface densities and morphologies

at high signal-to-noise.
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The choice of F770W for the MIRI parallel expo-

sures is motivated by the need to constrain reliable

stellar masses for z > 4 massive systems. F770W is

roughly matched to the Spitzer 8.0µm filter (which has

much shallower data in COSMOS; Sanders et al. 2007).

F770W data will provide a factor of 50× improvement in

depth relative to Spitzer 8.0µm and a factor of 7.6× im-

provement in the beam size, thus opening up detections

to the z > 4 universe. Our MIRI data will cover an area

∼3.5× larger than all other planned JWST MIRI deep

fields from Cycle 1 combined (see § 3), making it partic-

ularly sensitive to rare, bright objects. F770W optimizes

both sensitivity and the uniqueness of longer rest-frame

wavelengths for high redshift galaxies. Longer wave-

length filters would reduce the sensitivity by 10–30×,

and F560W does not provide a sufficient lever arm from

F444W to measure high-z galaxy stellar masses.

2.5. Precision of Photometric Redshifts

A crucial aspect of the design of COSMOS-Web was

the selection of filters, largely driven by finding the most

reliable selection of EoR sources from 6 < z < 11. We

generated an empirical light cone of mock galaxies, pop-

ulating it with galaxies following the galaxy luminosity

function from the local Universe to z ∼ 4 from Arnouts

et al. (2005); from z ∼ 4 − 10, galaxies are drawn from

the UV luminosity functions of Bouwens et al. (2015).

From z ∼ 10 − 12, the Bouwens et al. luminosity func-

tions are extrapolated by fixing M? and extrapolating

trends in Φ? and α measured at lower redshift (i.e.,

higher redshifts have lower densities and steeper faint-

end slopes).

Once the on-sky density of galaxies (as a function of

rest-frame UV absolute magnitude, MUV) is set, we as-

sign a variety of spectral energy distributions (SEDs)

to each galaxy. Given the focus on reliability of EoR

targets, the SEDs we generate were of somewhat lim-

ited scope, focusing on three families of templates from

Maraston (2005) with 61 ages for each. The primary dif-

ference between templates is the star-forming timescale,

with exponentially declining star-formation histories of

0.25, 1, and 10 Gyr. Three attenuations were used with

E(B − V ) = 0, 0.05, and 0.1 (not including very red-

dened sources). Both nebular line emission and IGM

opacity (Madau 1995) were included. The choice of SED

for a given galaxy was then assigned using a uniform dis-

tribution (with an allowable star-formation timescale).

While there are clear limitations to this idealized, empir-

ical calibration sample – such as the lack of more diverse

SEDs, a mass- or redshift-weighted method of assigning

SEDs, or using a wider set of templates to fit the ensuing

photometric redshifts – it can still provide a useful first

pass at our photometric redshift precision, particularly

for newly-discovered faint galaxies within the EoR.

Noise is added to the mock observations according to

the depth in each filter (to the greatest depth as quoted

in Tables 1 and 2). Similarly, known noise characteris-

tics of existing ground-based data have been added to

the galaxies’ mock photometry (details of those obser-

vations are provided by Weaver et al. 2022a). We use

this mock sample to diagnose the contamination and

precision of our photometric redshifts across all epochs,

applying tools we will use for the real dataset. Specif-

ically, here we use the LePhare SED fitting code to

derive photometric redshifts (Arnouts et al. 2002; Il-

bert et al. 2006), as implemented for the recent COS-

MOS2020 compilation by Weaver et al. (2022a). Note

that in § 4.1.3 we explore the specific parameter space

of EoR mock sources from this lightcone in more detail,

and here we present the general characteristics of the

expected photometric redshift quality across all epochs.

Figure 5 shows the input ‘known’ redshift against the

best measured output redshift for all mock sources from

0 < z < 12. The full simulation contains ∼3.3M sources,

13K of which (≈ 0.4%) are at 6 < z < 12. Given the

sheer number of sources in the catalog, we split the sim-

ulation into two regimes: at z < 6 we only sample a

random 1% subset of all sources for photometric redshift

fitting (for computational ease); in other words, we fit

photometric redshifts to ∼33K sources from 0 < z < 6.

At z > 6 we fit all galaxies so that we adequately sam-

ple the full range of true EoR source properties. Thus,

in Figure 5, there appears to be a dearth of sources at

4 <∼ z < 6 due to this differential sampling of parame-

ter space, but the apparent differential is simply visual

(e.g., there are 1K sources modeled in the 4 < z < 6

bin). To understand the improvement in the photo-

metric redshifts provided by COSMOS-Web data, we

compare our inferred mock photometric redshift qual-

ity to those from the COSMOS2020 catalog. Specifi-

cally, Weaver et al. (2022a) find that sources with i-band

magnitude between 25 < i < 27 have 5% photomet-

ric redshift precision. Over the same i-band magnitude

range, we infer that these JWST data will improve that

statistic to 2.5%. Both precisions are measured using

the normalized median absolute deviation (σNMAD) of

∆z/(1 + z), a quantity analogous to the standard devi-

ation of a Gaussian but less sensitive to outliers.

While this direct comparison is useful, we also calcu-

late σNMAD for intrinsically fainter sources selected at

longer wavelengths. We find that the median precision

for sources with F277W magnitudes ranging 25–26.5 to

be 2.3% across all epochs, and those with F277W mag-

nitudes ranging 26.5–27.5 to be 4.2%. The right panel
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Figure 5. Results of photometric redshift fitting to a set of mock galaxies; these mock galaxies have the full set of COSMOS
photometry, spanning both existing ground and space-based photometry (drawn from the limits described in Weaver et al.
2022a), as well as model photometry in the JWST bands corresponding to COSMOS-Web. On the left, we show the known
redshifts of mock galaxies vs. the best fit photometric redshifts, which are derived by performing spectral energy distribution
(SED) fits with LePhare (Arnouts et al. 2002; Ilbert et al. 2006). Below z < 6, the purple heat map shows the density of
sources down to F277W = 27.5 magnitudes in 1% of our simulation for clarity; the orange heat map shows all simulated sources
above z > 6. The thick black lines enclose the average dispersion about the 1-to-1 line as a function of redshift, as measured
using the normalized median absolute deviation (σNMAD). The average precision across all redshifts and magnitudes (down to
27.5) is 3.3%. At the top right, we show how the σNMAD statistic varies as a function of F277W magnitude; sources down to
27th magnitude will have photometric redshifts precise to <5%, and sources closer to the detection threshold will have 10–18%
precision. At the bottom right, we show the anticipated outlier fraction (η) as a function of magnitude, defined as sources
with photometric redshift precision worse than 15%. The outlier fraction is less than 5% down to ∼26.5, then increases toward
15% near the detection cutoff. Neither σNMAD nor η show significant redshift dependence, other than slight spikes in the range
6 < z < 7 and 9 < z < 11. Gray bands show our 5σ point source detection limits for two-integration and four-integration
depths.

of Figure 5 shows how the photometric redshift preci-

sion is expected to degrade for sources as a function of

F277W magnitude. Similarly, we investigate the outlier

fraction, η, as a function of magnitude, where outliers

are defined as sources with ∆z/(1 + z) > 0.15. Outliers

are below 10% for sources brighter than F277W< 27,

increasing steeply to 20% near the 5σ detection limit at

∼28.2. Note that we analyze both the photometric red-

shift precision and outlier fraction as a function of red-

shift as well as magnitude; overall, both quantities are

somewhat constant with redshift, with slight spikes in

both from 6 < z < 7 and 9 < z < 11, which is expected

given the lack of complete filter coverage across expected

break wavelengths at those redshifts. We analyze the ef-

ficacy of photometric selection for EoR galaxies further

in § 4.1.3.

2.6. Expected Cosmic Variance

The areal coverage of COSMOS-Web represents a real

strength of the program in the reionization era. With

claims of potential massive galaxies in the distant uni-

verse from smaller surveys that, if confirmed, may chal-

lenge our models of galaxy formation, representative

samples of the distant galaxy population would help es-

tablish the true luminosity function shape and evolution

at early times.

Following Robertson (2010) (see also Trenti & Sti-

avelli 2008), we estimate the z ∼ 9 cosmic variance of

the COSMOS-Web survey. We assume the survey area

A = 0.54 deg2, a depth of 27.6 magnitudes, and the

z ∼ 9 luminosity function parameters from Bouwens

et al. (2021). We perform abundance matching between

galaxies and the halo mass function, assigning the clus-

tering strengths of halos to their hosted galaxies from

the Tinker et al. (2010) peak background split model for

the halo bias. We find that the cosmic sample variance

uncertainty of COSMOS-Web at z ∼ 9 is σv ≈ 16%, and
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Poisson uncertainty is σp ≈ 8%, which sum in quadra-

ture to a total expected uncertainty of σtot ≈ 18% (giv-

ing a total variance σ2
v = 0.03).

How does the cosmic variance of COSMOS-Web com-

pare with the collection of smaller, deeper fields soon

available with JWST coverage? Repeating our calcu-

lation for a single 100 arcmin2 field to 29th magnitude,

we find such surveys have a z ∼ 9 cosmic sample vari-

ance uncertainty of σv ≈ 34%. Five 100 arcmin2 fields

probing independent sight lines have a combined cos-

mic sample uncertainty of σv ≈ 14%, a Poisson uncer-

tainty of σp ≈ 11% and a total expected variance uncer-

tainty of σtot ≈ 18%. Thus COSMOS-Web has compa-

rable statistical power to the combined power of other

JWST Cycle 1 programs conducted over a smaller area

to greater depth. As discussed in Robertson (2010), by

combining these wide area and pencil beam surveys the

degeneracies in the constraints on luminosity function

parameters, like M?, Φ?, or the faint-end slope α, can

be broken or significantly ameliorated.

2.7. Scheduling of the Observations and First Epoch of

Data

COSMOS-Web was awarded a total of 208 hours, but

due to changes in overhead and the dithering pattern

described above, COSMOS-Web will take a total of 255

hours to execute. We requested relatively low zodiacal

background observations (<10-20th percentile) and to

tile the mosaic at a nearly uniform position angle on the

sky to avoid gaps within the mosaic. COSMOS-Web is

observable in windows in April (PA≈105) and Decem-

ber/January (PA≈290) of each year. In order to max-

imize the amount of overlap between the prime (NIR-

Cam) and parallel (MIRI) observations, we will observe

roughly half of the mosaic in each window.

The first epoch of observations consists of six visits

covering ∼77 arcmin2 with NIRCam and was observed

on 5-6 January 2023. Figure 6 shows the NIRCam mo-

saic of this region of the field, which is 4% of the final

dataset. Figure 7 shows the six MIRI tiles from this

epoch. As of this writing, 77 pointings are scheduled for

April/May 2023 (roughly half the field) and the remain-

ing 69 pointings in December 2023/January 2024. The

COSMOS-Web team will release mosaics registered to

Gaia astrometry after each subsequent epoch of obser-

vations is taken through the Mikulski Archive for Space

Telescopes (MAST) and the NASA/IPAC Infrared Sci-

ence Archive (IRSA); we will also make these mosaics

accessible through the IRSA COSMOS cutout service4.

4 https://irsa.ipac.caltech.edu/data/COSMOS/index cutouts.html

3. CONTEXT OF COSMOS-WEB AMONG OTHER

JWST DEEP FIELDS

Several extragalactic deep field surveys will be con-

ducted in the first year of JWST observations that span

a range of areas, depths, and filter coverage; their ap-

proximate depths and areas are described in Table 3

for NIRCam programs and Table 4 for MIRI programs.

Note that the NIRCam depths of other programs quote

the pre-flight exposure time calculator (ETC) estimates

and do not necessarily reflect the actual final measured

depths of the data. For MIRI, we include the measured

depths from COSMOS-Web, CEERS, and PRIMER ob-

servations along with the updated ETC estimates. The

MIRI depth in COSMOS-Web is measured to be sig-

nificantly deeper (by ∼1 magnitude) compared to the

ETC estimates. We refer the reader to the recent re-

view by Robertson (2022), their § 8.2, as well as their

Figure 6, for a summary of many of the large extragalac-

tic programs, and in particular their NIRCam coverage.

These programs include the Guaranteed Time Observa-

tion (GTO) programs allocated to the instrument teams,

the Director’s Discretionary Early Release Science Pro-

grams (ERS), as well as the General Observer (GO) Cy-

cle 1 programs.

Figure 8 shows the relative depth and survey area of

the major broad-band legacy extragalactic programs in

Cycle 1, both for NIRCam imaging and MIRI imaging

programs. To briefly summarize the relative scope of the

NIRCam programs, the deepest surveys are NGDEEP5

(GO #2079) and the JADES GTO Survey (in particu-

lar GTO #1180, 1210, & 1287). These collectively cover

about ∼0.05 deg2 to depths exceeding ∼29.5 mag in sev-

eral broad-band filters. The medium depth programs

JADES-Medium (including parts of GTO #1180, 1181,

and 1286), CEERS (ERS #1345), and PRIMER (GO

#1837) together cover a total of ∼0.18 deg2 to a depth

∼28–29 mag. Note that the UDF Medium Band Survey

(GO # 1963) achieves similar depths ∼28–29.8 mag in

NIRCam medium bands over 10 arcmin2 in the HUDF

(an area also covered by JADES-Deep in the broad-

bands). COSMOS-Web (GO #1727) is the shallowest

but largest program to be observed, covering a total

0.54 deg2 with NIRCam to a depth of ∼27.5–28.2 mag

across the field.

5 NGDEEP was originally named WDEEP at the time of the pro-
posal.
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N

E

2′ 

Figure 6. The first epoch of COSMOS-Web NIRCam observations obtained on 5-6 January 2023. These data cover six visits
(or pointings) out of a total of 152. The total area covered by NIRCam here is ∼77 arcmin2. The relative position of this mosaic
in the survey is shown at upper left. At lower left are several zoomed-in 10′′ × 10′′ cutouts (and one 16′′ × 16′′ cutout) of a
handful of interesting objects, highlighting the level of detail revealed by these first data.

Planned MIRI programs vary in depth more substan-

tially, as the shorter wavelength filters achieve much

deeper observations per fixed exposure time. The MIRI

GTO programs adopt two very different approaches: one

(GO # 1283) goes quite deep in a single MIRI pointing

in one filter, F560W. The other (GO # 1207) covers

30 arcmin2 and uses all 8 broad-band MIRI filters and

thus is significantly more shallow. MIRI imaging is ob-

tained in parallel to much of the JADES program (from

programs GTO #1180 and 1181) where a hybrid ap-

proach was adopted, going deep in one filter, F770W,

over 10 arcmin2, and shallower in two filters, F770W

and F1280W, over 15 arcmin2. CEERS similarly spans a

broad range in depths over 13 arcmin2 using 6 filters, and

PRIMER covers much larger areas over ∼140 arcmin2 in

two filters. Similar to its NIRCam coverage, COSMOS-

Web covers the largest area with MIRI, but with variable

depth (based on the number of exposures) in F770W.

We have shown the F770W depths of the MIRI surveys

using a star in Figure 8 for more direct comparisons to

the COSMOS-Web depths.
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Figure 7. The first epoch of COSMOS-Web MIRI observations obtained on 5-6 January 2023. Covering six visits, the MIRI
data is distributed in six non-overlapping tiles and include data from both the MIRI imager and Lyot Coronograph field of
view. At left is a comparison between Spitzer IRAC channel 4 (8µm) data and MIRI 7.7µm data in a 40′′ × 40′′ zoom-in panel,
highlighting the increased sensitivity and resolution of MIRI observations over those previously obtained with IRAC.

The total area covered by COSMOS-Web in NIRCam

is roughly 2.7× larger than the other planned JWST ex-

tragalactic deep fields combined. For MIRI, COSMOS-

Web’s coverage is 3.5× larger than all other deep field

programs combined. The extraordinary range of areas

and depths of deep field surveys observed in JWST’s first

year will be complementary, and enable a wide range of

scientific studies, spanning the most distant and faintest

galaxies ever detected to the most comprehensive envi-

ronmental studies of the distant universe.

4. SCIENTIFIC GOALS

The scientific breadth of COSMOS-Web has the po-

tential to be extraordinary, with an estimated ∼106

sources to be detected from z ∼ 0.1 to cosmic dawn.

Nevertheless, the survey as proposed was motivated by

three key science areas that ultimately drive the design

of the survey. The three primary goals of the program

are to:

1. forge the detection of thousands of galaxies in the

Epoch of Reionization (6 <∼ z <∼ 11) and use their

spatial distribution to map large scale structure

during the Universe’s first billion years,

2. identify hundreds of the rarest quiescent galaxies

in the first two billion years (z > 4) to place strin-

gent constraints on the formation of the Universe’s

most massive galaxies (with M? > 1010 M�), and

3. directly measure the evolution of the stellar mass

to halo mass relation (SMHR) out to z ∼ 2.5 and
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Table 3. JWST Cycle 1 NIRCam Surveys

Survey Fields Area SW Filters LW Filters Depth

Name Observed arcmin2

NGDEEP HUDF-Par2 10 F115W, F150W, F200W F277W, F356W, F444W 30.6–30.9

UDF-Medium HUDF 10 F182M, F210M F430M, F460M, F480M 28.0–29.8

JADES-Deep HUDF 46 F090W, F115W, F150W, F200W F277W, F335M, F356W, F410M, F444W 30.3–30.7

JADES-Medium GOODS-N, GOODS-S 190 F070W†, F090W, F115W, F150W, F200W F277W, F356W, F410M, F444W 29.1–29.8

CEERS EGS 100 F115W, F150W, F200W F277W, F356W, F410M, F444W 28.4–29.2

PRIMER COSMOS, UDS 378 F090W, F115W, F150W, F200W F277W, F356W, F410M, F444W 27.6–29.5

COSMOS-Web COSMOS 1929 F115W, F150W F277W, F444W 26.9–28.3

Note—Depths quoted are 5σ point source depths. NIRCam depths quoted have been drawn from the original proposals and pre-flight exposure time calculator
estimates within 0.′′15 radius circular apertures. We have not adjusted for the in-flight calibration (Boyer et al. 2022) of the instruments; however, any
differences with these figures is anticipated to be of order smaller than a 10% effect, smaller than the typical deviation across a mosaic stitched together
with non-uniform depth, or from variation in depth filter-to-filter. Program IDs for these surveys are: NGDEEP (GO # 2079), UDF-Medium (GO # 1963),
JADES-Deep (GTO # 1180, 1210, 1287), JADES-Medium (GTO # 1180, 1181, 1286), CEERS (ERS # 1345), PRIMER (GO # 1837), and COSMOS-Web
(GO # 1727). †F070W in JADES-Medium imaging is only planned for parallel coverage areas currently lacking HST.

Table 4. JWST Cycle 1 MIRI Surveys

Survey Fields Area Filters Depth

Name Observed arcmin2

MIRI-HUDF-Deep† HUDF 2.5 F560W 28.3–28.5

CEERS EGS 13 F770W, F1000W, F1280W, F1500W, F1800W, F2100W 21.6–26.3

JADES-Medium HUDF∗ 10 F770W 27.1

GOODS-N, HUDF 17.5 F770W, F1280W 24.7–25.4

MIRI-HUDF-Medium HUDF 30 F560W, F770W, F1000W, F1280W 23.3–24.8

F1500W, F1800W, F2100W, F2550W 19.8–23.2

PRIMER COSMOS, UDS 137 F770W, F1800W 22.1–25.4

COSMOS-Web COSMOS 697 F770W 24.0–25.1‡

Note—Depths quoted are 5σ point source depths within 0.′′3 radius circular apertures from the exposure time calculator. Program
IDs for these surveys are: CEERS (ERS # 1345), MIRI-HUDF-Medium (GO # 1207), MIRI-HUDF-DEEP (GO # 1283),
JADES-Medium (GTO # 1180 and 1181), PRIMER (GO # 1837), and COSMOS-Web (GO # 1727). † Note that the MIRI-
HUDF-Deep Program (GO # 1283) is nested within the MIRI-HUDF-Medium (GO # 1207) program, but both are spatially
offset from the JADES-Medium HUDF coverage. ∗ Note that the deeper part of JADES-Medium HUDF F770W coverage is
nested within the shallower JADES-Medium coverage. ‡ Note that the depth quoted here for COSMOS-Web differs from the
reported measured depth as given in Table 2; similarly, PRIMER and CEERS measured depths differ from ETC estimates, with
measured 7.7µm depths of those programs shown in Figure 8. What is quoted in this table is from the exposure time calculator.
We expect the actual depth of all MIRI programs to differ from ETC estimates in a similar manner.

its variance with galaxies’ star formation histories

and morphologies.

Below we detail the motivation and requirements of each

science goal.

4.1. Mapping the Heart of Reionization

The first galaxies formed < 1 Gyr after the Big Bang

are thought to drive the last major phase change of the

Universe from a neutral to ionized intergalactic medium

(IGM). This reionization process (Robertson et al. 2015)

most likely finished around z ∼ 6 (Zheng et al. 2011;

Kakiichi et al. 2016; Castellano et al. 2016; Ouchi et al.

2020) and was halfway completed by z ∼ 7− 8, accord-

ing to measures of the rest-frame UV galaxy luminosity

function (UVLF; Finkelstein 2016). This is in broad

agreement with the Planck constraint of the instanta-
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Figure 8. A comparison of several of the JWST Cycle 1 extragalactic survey programs in depth and area for NIRCam imaging
(left) and MIRI imaging (right). The vertical bars bracket the survey depths across all filters. In the case of MIRI, the dynamic
range of depths is large due to substantial depth differences by filter; the depths at F770W are marked with stars for each
survey. In the case of COSMOS-Web that has a large dither, the vertical bars also capture the range of depths across the
mosaic. Note that for MIRI we show the exposure time calculator (ETC)-predicted depths, while the measured 7.7µm depths
for COSMOS-Web, CEERS, and PRIMER are shown with circles. We expect the depth of all programs to be similarly offset
between ETC estimates and actual depth achieved. Depths have been converted to approximate 5σ point source depths as
detailed in Tables 3 and 4.

neous reionization redshift zreion = 7.7 ± 0.8 (Planck

Collaboration et al. 2020). However, neither the start

and duration of reionization, nor the sources respon-

sible — either intrinsically luminous galaxies or more

intermediate mass galaxies (Naidu et al. 2020; Hutter

et al. 2021) — are well-constrained due to the relative

shortage of both bright and faint z ∼ 7 − 11 galax-

ies known in the pre-JWST era. Additional complexity

is introduced by potentially significant evolution in the

nature of EoR galaxies themselves: their intrinsic star

formation rates (SFR), ionizing power (ξion), ionizing ra-

diation escape fraction (fesc), number density, physical

distribution, and clustering.

Constraining the physics of reionization requires iden-

tifying and characterizing the galaxies that are embed-

ded deep within the predominantly neutral Universe at

z >∼ 8, though direct detection of EoR galaxies has been

challenging to-date. Pioneering work with Hubble led to

the discovery of ∼ 80 candidate Lyman Break Galaxies

(LBGs) at z > 8 (see review by Finkelstein 2016). De-

spite the perceived rapid drop in the UVLF during this

epoch (Oesch et al. 2014), there have been a few success-

ful pre-JWST detections of surprisingly bright candidate

LBGs out to z ∼ 11 (the most spectacular of which is

GNz11 at z = 10.6, Oesch et al. 2016; Jiang et al. 2021;

Bunker et al. 2023). Although these z > 8 galaxies are

thought to reside in a predominantly neutral Universe,

somehow a number of them show Lyα in emission (e.g.,

Oesch et al. 2015; Zitrin et al. 2015; Hoag et al. 2018;

Hashimoto et al. 2018; Pentericci et al. 2018). This is

surprising given that those Lyα photons should have

been resonantly scattered by the mostly neutral IGM

(Dijkstra 2014; Stark 2016; Garel et al. 2021). Do these

Lyα emitters at z > 8 live in special ‘ionized’ bubbles?

If they are representative of the general population, are

we missing some fundamental aspect of the first stage

of reionization? These questions can only be answered

with a large sample of bright z = 7−11 sources across a
range of large scale environments, only possible with a

near-IR contiguous wide-area survey (Kauffmann et al.

2020).

The first candidate discoveries of unusually bright

galaxy candidates identified in early JWST observations

(e.g., Naidu et al. 2022a; Finkelstein et al. 2022a,b; Don-

nan et al. 2022; Harikane et al. 2022; Atek et al. 2022)

suggest that these sources may not be as rare as our pre-

JWST models of z > 7 galaxy formation would indicate

(e.g., Mason et al. 2015; Yung et al. 2019, 2020; Behroozi

et al. 2020; Wilkins et al. 2017, 2022). While we note

that these early discoveries are still candidates that

require spectroscopic confirmation (as of this writing

only a few z > 9 systems have been spectroscopically-

confirmed, Roberts-Borsani et al. 2022; Williams et al.

2022; Robertson et al. 2022a; Curtis-Lake et al. 2022),
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the perceived wealth of bright candidates may be par-

ticularly relevant to understanding the distribution of

galaxies within large scale structure at early times.

These bright candidates theoretically occupy the rarest

and most massive dark matter halos, which are thought

to be more highly clustered, and as such, small area

surveys (as has been carried out to-date with JWST)

would poorly constrain their volume densities and the

environments in which they live.

The breadth of galaxies’ environments at early times

is closely related to how reionization propagated. It is

thought that reionization was predominantly a patchy

process, producing ionized bubbles in the surrounding

IGM growing from 5 – 20 Mpc at z > 8 to 30 – 100 Mpc at

z ∼ 7 (Furlanetto et al. 2017; D’Aloisio et al. 2018). This

corresponds to angular scales of 10 – 40 arcmin across,

much larger than all contiguous NIR deep fields from

Hubble or other planned deep field areas from JWST (see

Table 3. Furthermore, large variance in the IGM’s opac-

ity from 5 < z < 7 quasar sightlines (Becker et al. 2015)

suggests that the patchiness exceeds theoretical expec-

tation from the density field alone by factors of a few, ex-

acerbating uncertainties in reionization constraints from

cosmic variance in existing surveys. Follow-up stud-

ies around both transparent and opaque quasar sight-

lines indicate a wide variety of large scale environments

(Becker et al. 2018; Davis et al. 2018).

COSMOS-Web will grow the census of EoR (z > 6)

galaxies beyond what is known from Hubble surveys by

a factor of ∼5 and quantify the evolution of the UVLF,

stellar mass function (SMF), and star formation histo-

ries of galaxies across the Universe’s first billion years.

By observing a large contiguous area, COSMOS-Web

will detect a factor of ∼6-7 times more sources at or

above the knee of the luminosity function, L?, than ex-

pected from all other JWST deep field efforts combined.

Figure 9 shows the aggregate UVLF measurements from

the literature to-date from 6 < z < 13, combining Hub-

ble samples with the most recent results from JWST.

Table 5 gives statistics on the predicted number of EoR

galaxies to be found in COSMOS-Web, calculated di-

rectly from the compiled UV luminosity functions, rela-

tive to other Cycle 1 medium and deep programs.

Massive galaxies above L? are most likely to trace the

highest-density peaks from which the reionization pro-

cess was likely to begin. In particular, the 0.54 deg2 sur-

vey area of COSMOS-Web is sufficiently large to capture

reionization on scales larger than its expected patchi-

ness, minimizing the effect of cosmic variance. As a

contiguous survey, COSMOS-Web will sample the full

range of environments at this epoch, provided large scale

structure is clustered on scales within an order of magni-

tude of their predicted scales (Gnedin & Kaurov 2014).

This contrasts with, for example, the innovative Hubble

and JWST pure-parallel surveys (e.g., BoRG, Schmidt

et al. 2014; Calvi et al. 2016 and PANORAMIC, GO

#2514) that, by design, will sample a wide variety of

environments but cannot directly map the large scale

environments of their discoveries.

4.1.1. Impact beyond z > 8

Beyond the halfway point of reionization, COSMOS-

Web is likely to detect hundreds of intrinsically bright

galaxies at 8 < z < 11 embedded deep in the predom-

inantly neutral IGM. This will increase the number of

known z > 8 galaxies from the pre-JWST era by a fac-

tor of 10 above a luminosity of L?. Through such a

transformative sample of luminous z > 8 candidates,

these discoveries will allow the first constraints on the

bright-end of the UVLF and SMF at z >∼ 8 with min-

imal uncertainty from cosmic variance, minimized to
<∼ 10% on scales of 0.5 deg2 at our detection thresh-

old of ∼27.5 magnitudes (Behroozi et al. 2019). Table 5

shows the expected total number of sources COSMOS-

Web will find, totaling to ∼600–900 above z > 8 and

12–25 from 11 < z < 13.

Our NIRCam filter combination is specifically opti-

mized for 8 < z < 11 galaxy selection above the F115W

detection limit of ∼27.4 mag as shown in Figure 3. Such

systems are expected to see a significant drop in the

F115W filter. If we account for a possible deviation

from a Schechter UVLF as measured by wide/shallow

ground-based UVLF estimates at z > 8 (shown as dou-

ble power laws in Figure 9), our detections will likely

exceed 1000 sources above z > 8, sufficient to map their

spatial distribution and trace large scale structure at

such early times. Even with our fiducial expectations

in 0.54 deg2 coverage, we expect to see a factor of ∼7

improvement in the number of z > 8 candidate galax-

ies above L? over all previous Hubble work and a factor

2× larger samples at those luminosities than all other

planned Cycle 1 programs combined.

4.1.2. Inferring the bright-end shape of the UVLF and
SMF

While CANDELS found only ∼ 2 – 10 galaxies at z >

6 with M? > 1010.5 M�, and none above 1011 M�
(Grazian et al. 2015; Song et al. 2016), the wider

Ultra-VISTA survey (Bowler et al. 2014, 2020) found a

larger number of massive galaxies than expected based

on an extrapolation of a Schechter function fit to the

CANDELS-measured SMF. The recent candidate dis-

covery of intrinsically bright z > 10 galaxies in small-
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Figure 9. Literature rest-frame UV luminosity functions from 6 < z < 13; both data points and functional fits are drawn
directly from the literature to illustrate the range of predictions made to-date at each epoch. Data and fits are specifically drawn
from McLure et al. (2013); Oesch et al. (2013); Bouwens et al. (2015); Finkelstein et al. (2015); Finkelstein (2016); McLeod
et al. (2016); Stefanon et al. (2019); Bowler et al. (2020); Bouwens et al. (2021); Kauffmann et al. (2022); Naidu et al. (2022a);
Donnan et al. (2022); Harikane et al. (2022). Gray regions mask out rest-frame UV magnitudes where COSMOS-Web will not
be sensitive; the light gray region marks the limit corresponding to our two image depth while the dark gray corresponds to
four image depth. The horizontal dashed line marks the rarity of galaxies at which we would expect only to see one in all
of COSMOS-Web. The blue and green corners mark the sensitivity limits (in depth and source rarity) of all of the Cycle 1
medium-depth surveys combined and deep-depth surveys combined, respectively.

Table 5. Number of Sources Expected between 6 < z < 13 in Cycle 1 Programs

Survey z ∼ 6 z ∼ 7 z ∼ 8 z ∼ 9 z ∼ 10 z ∼ 12

(∆z = 1) (∆z = 1) (∆z = 1) (∆z = 1) (∆z = 1.5∗) (∆z = 2)

COSMOS-Web 2900–4000 1000–1500 500–680 150–160 30–70 12–25

All Medium Cy 1 Programs† 3800–5000 1600–2400 1000–1300 230–450 70–260 37–44

All Deep Cy 1 Programs‡ 900–1100 450–640 310–350 90–150 20–100 13–15

Medium Cy 1 at COSMOS-Web Depth 1300–1700 460–680 230–300 30–80 14–36 5–11

Deep Cy 1 at COSMOS-Web Depth 110–150 40–60 19–26 3–7 1–3 0–1

COSMOS-Web Depth in MUV –19.3 –19.6 –19.6 –19.7 –19.9 –20.2

Note—Here we refer to all ‘medium’ depth Cycle 1 programs (†) as surveys reaching ∼28.5–29.5 mags in broad-band
filters from Table 3, including JADES-Medium, CEERS and PRIMER. The ‘deep’ Cycle 1 programs (‡) refer to
JADES-deep and NGDEEP together, which will reach depths exceeding 29.5 mags. ∗ Note that the z ∼ 10 bin spans
9.5 < z < 11.

area early release JWST observations (e.g., Naidu et al.

2022a; Castellano et al. 2022; Finkelstein et al. 2022a,b;

Donnan et al. 2022; Atek et al. 2022) also hint at a

possible overabundance of massive galaxies compared

to a Schechter function expectation. This excess of

bright sources could indicate that the most massive

galaxies are highly clustered and/or that the SMF at

z > 6 departs from Schechter (Bowler et al. 2017; David-

zon et al. 2017). COSMOS-Web will greatly improve

the dynamic range of luminosities (and thus masses)

probed beyond all other NIR surveys, detecting ∼ 280–

500 bright MUV < −21 galaxies at z ∼ 6 − 8 and

∼ 30–80 at 8 < z < 13, corresponding to stellar masses
>∼ 4×109 M�. We calculate these estimates using the
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literature parameterized luminosity functions shown in

Figure 9 integrated down to MUV = −21, significantly

above our detection threshold as detailed in Table 5.

Given these statistics, a Schechter UVLF will be dis-

tinguishable from a double power-law in this dataset

at a minimum of ∼4σ out to z = 9; this estimate is

based on the Poisson uncertainties in the expected num-

ber of sources to-be-discovered in COSMOS-Web given

a Schechter function and a conservative estimate on the

bright-end slope of the UVLF in the case of a double

power-law (using β = −4). Such a deviation could be in-

dicative of a primordial galaxy formation stage with dif-

ferent star formation timescales (Finkelstein et al. 2015;

Yung et al. 2019), a lack of dust, or before the onset of

feedback from Active Galactic Nuclei (AGN).

4.1.3. Selection of EoR Sources

As discussed in § 2.5, we generate a mock lightcone of

the COSMOS-Web field containing an idealized sample

of 0 < z < 12 galaxies, and here we use that simulated

photometric catalog to diagnose contamination and pre-

cision of our EoR photometric redshifts, applying tools

we will use for the real dataset.

Figure 10 highlights the distribution of mock galax-

ies in color-color space for z ∼ 6 − 7 and z ∼ 8 − 9

galaxies against potential contaminating populations.

The primary contaminants in both redshift regimes are

1 < z < 4 faint galaxies (∼27th mag). The F814W

and F115W filters are effective drop out filters for the

two redshift regimes, though small gaps in wavelength

coverage between filters imply that photometric redshift

precision in COSMOS-Web will be somewhat less accu-

rate than in fields with more complete filter coverage.

We find that contamination rates are most significant

(up to ∼20%) within 0.5 magnitudes of our 5σ point

source detection limit, where the constraint on drop fil-

ters is slightly weaker. We also anticipate relatively

elevated contamination (∼20%) in the redshift range

5.5 < z < 6.5 due to both the gap between F814W and

F115W as well as the relative depth difference between

the filters (where F814W is shallower but also serves

as the drop out filter). For 6.5 < z < 9.5, we antici-

pate contamination rates below ∼10% with a photomet-

ric redshift precision of ∆z/(1+z) ≈ 0.02−0.04. Above

z ∼ 9.5, the precision of photometric redshifts is de-

graded substantially by the lack of coverage at 2µm (see

Figure 3); while some candidate z > 12 sources may be

identified, they would require spectroscopic follow-up to

confirm their redshifts, as NIRCam photometry would

not constrain them very precisely. We will present fur-

ther analysis of photometric redshift precision, as well

as EoR sample contamination and completeness, in a

forthcoming COSMOS-Web paper on the rest-frame UV

luminosity function (Franco et al., in preparation).

An important consideration for the selection of EoR

galaxy candidates will also be contamination of sam-

ples with lower redshift strong nebular emission line

sources. For example, an underlying dust obscured

(and reddened) rest-frame optical continuum superim-

posed with strong emission lines can masquerade as a

bluer rest-frame UV continuum in JWST’s broadband

filters, as shown by Zavala et al. (2022) and Naidu et al.

(2022b). In that case one might expect dust contin-

uum emission at millimeter wavelengths, representing

reprocessed emission from hot stars. However, Fujimoto

et al. (2022a) demonstrates that even a lack of dust con-

tinuum emission cannot rule out possible contamination

from type-II quasars or AGN (in this case, the area cov-

ered with MIRI in F770W could lead to the detection of

AGN that satisfy LBG selection criteria; Fujimoto et al.

2022b). While these possible foreground contaminants

have come to light with the identification of ultra high-

redshift sources (z > 12), it is nevertheless an important

consideration in the identification of all EoR candidates,

given the relatively sparse broad-band sampling avail-

able to select such sources. Follow-up spectroscopy of

many EoR candidates in the next year will elucidate the

level of contamination present in such samples and play

a crucial role in informing statistics about large samples

selected in COSMOS-Web.

4.1.4. The first maps of LSS during the EoR

The full 0.54 deg2 COSMOS-Web survey will allow the

direct construction of large scale structure density maps

of galaxies spanning z ∼ 6 − 10. Such snapshots of

the density field will provide a direct test as to whether

or not the brightest, most massive galaxies are indeed

highly clustered, as suggested by cosmological simula-

tions (e.g., McQuinn et al. 2007; Behroozi et al. 2013;

Chiang et al. 2017). Though some massive galaxies have

been identified at this epoch from Ultra-VISTA data

(Bowler et al. 2020; Endsley et al. 2022b; Kauffmann

et al. 2022), it remains to be seen whether or not they sit

in overdense environments. Existing Hubble and other

planned JWST surveys are insufficient to answer this

question due to their limited areas, however, COSMOS-

Web will have both the depth and area to enable this

measurement.

Figure 11 illustrates our approach by using a mock

catalog from a cosmological simulation (GADGET2;

Springel 2005) at z ∼ 7 with width ∆z ≈ 0.5 (and z ∼ 9

with width ∆z ≈ 0.7) to reconstruct the underlying

density map from simulations using the weighted adap-

tive kernel smoothing technique (Darvish et al. 2015) on
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Figure 10. Color-color diagrams of mock galaxies drawn
from a semi-analytic model illustrating the selection of z ∼
6 − 7 (top panel) and z ∼ 8 − 9 galaxies (bottom panel)
using the COSMOS-Web filter-set. In the z ∼ 6 − 7 panel,
green points and contours illustrate the distribution of mock
galaxies at all redshifts relative to those at 6 < z < 7.5,
shown in purple points and contours. A strong drop in the
[F814W]–[F115W] color and a blue [F115W]–[F150W] cor-
relates strongly with galaxies at z ∼ 6 − 7; z ∼ 1 sources
serve as the major contaminant due to degeneracy with the
Balmer break. In the z ∼ 8 − 9 panel, green points and
contours show galaxies with photometric redshift solutions
above z = 5 and purple points highlight sources with known
redshifts 8 < z < 9.5. At these redshifts, we expect the
drop to migrate to the [F115W]–[F150W] color yet sources
are still expected to be relatively blue in [F150W]–[F277W].

5 Mpc scales. We have used this simulation to directly

test our ability to reconstruct the density field of galaxies

from detectable sources. We infer that we will be able to

reconstruct ∼12 independent mappings of the full den-

sity field between 6 < z < 10 based on our simulated

photometric precision (∆z/(1 + z) ∼ 0.02 − 0.04) and

low contamination rates using a combination of color

cuts and photometric redshift fitting (see § 4.1.3). The

smoothing scale of 5 Mpc is an ideal scale to achieve

a S/N in the overdensity measurement of > 5σ per

beam and S/N> 20σ per overdense structure (with

> 25 galaxies per beam in the highest density regions).

COSMOS-Web will provide the first direct measurement

of the physical scale and strength of overdensities at

these epochs for direct comparison to the hypothesized

scale of reionization-era bubbles that theoretically em-

anate from them.

4.1.5. Masses of EoR Galaxies

COSMOS-Web will enable crucial stellar mass con-

straints for the most massive EoR galaxies via the detec-

tion of rest-frame optical light (e.g., Faisst et al. 2016).

In particular, with the MIRI F770W observations cov-

ering 0.19 deg2, we expect to detect 90-130 galaxies at

6 < z < 8 and 2–3 galaxies at 8 < z < 10 based on esti-

mates from the UVLF. This would double the expected

number of EoR galaxies with rest-frame optical detec-

tions from the other Cycle 1 JWST programs. At these

redshift regimes this corresponds to rest-frame 1µm and

7700 Å light, respectively. This will place unique con-

straints on the physical characteristics of extremely rare

M?
>∼ 1010 M� galaxies in the Universe’s first few hun-

dred Myr for the subset of EoR sources that we expect to

detect with MIRI, as no galaxies with these high masses

are expected to be found in the other Cycle 1 JWST sur-

veys that cover smaller areas (cf. the sources identified

by Labbe et al. 2022, with extreme stellar masses estab-

lished at z ∼ 7− 9; though those sources’ stellar masses

may yet be highly uncertain, e.g., Endsley et al. 2022a).

The detection of ∼100 galaxies in this mass regime will

provide important clues to the star formation histories

of the Universe’s most massive halos in the first Gyr

after the Big Bang, which are currently unconstrained.

4.1.6. Follow-up of EoR Sources

Beyond the direct EoR discoveries that COSMOS-

Web will make through its JWST imaging, follow-up

observations will further enhance the impact of this pro-

gram and shed light on key unknowns. These include

(1) rest-frame UV diagnostics with JWST NIRSpec

that will constrain ionizing photon production in z >∼ 6

sources (i.e., constraints on fesc and ξion, e.g., Chisholm

et al. 2020), (2) deep rest-frame UV observations of Lyα

to infer local variations in the IGM neutral fraction with

Keck, Subaru, VLT (which can typically reach line sen-

sitivities of ∼10−18 erg s−1 cm−2), and future 30 m-class

telescopes (the extremely large telescopes, ELTs, that

will push fainter), and (3) obscured star-formation and
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Figure 11. At left are two snapshots of a cosmological n-body simulation performed using GADGET-2 (Springel 2005) spanning
a (100 h−1 Mpc)3 volume (not the real COSMOS survey field). The cube is here projected from one side and has a thickness
equivalent to δz = 0.5 at z = 7 and δz = 0.7 at z = 9. The underlying dark matter distribution is shown in blue (void
indicated by darker blue) and the distribution of ionized hydrogen gas (H+) is shown in pink, whereas regions of neutral IGM
have the underlying blue dark matter distribution visible. Galaxies that are detectable in COSMOS-Web are shown as white
points (having F150W< 27.5). Larger points represent more luminous (with F150W< 26.5) galaxies. At right we show the
recovered galaxy density maps inferred from the same simulation snapshots using the observational limits of our survey. The
recovered maps use an adaptive kernel smoothing on a global 5 Mpc kernel scale (Darvish et al. 2015) and include a modeling of
sources’ incompleteness and photometric redshift uncertainties, demonstrating our ability to recover large scale structure at these
redshifts. The galaxies responsible for reionization may be expected to be strongly clustered on 30 – 100 cMpc (10 – 40 arcmin)
scales, much larger than all existing contiguous near-infrared Hubble deep surveys and other planned Cycle 1 JWST surveys.
COSMOS-Web will span an area the size of the white box, about (46 arcmin)2, and will cover a mix of 4 – 16 independent
reionization bubbles or neutral gas regions per dz = 0.3 slice across 12 independent slices. With ∼5000 sources detectable across
6 < z < 8 and ∼600 sources at 8 < z < 10, COSMOS-Web will be uniquely situated to gathering statistical samples of EoR
density environments. Further follow-up observations in Lyα may then reveal the relationship between mass overdensities and
ionized bubbles.
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cold ISM content of dust and metals from ALMA detec-

tions of the FIR continuum and the FIR fine-structure

atomic cooling lines (Laporte et al. 2017; Hashimoto

et al. 2018; Bakx et al. 2022; Fujimoto et al. 2022a),

which will inform stellar population synthesis models of

galaxies’ first light, metals, and dust. COSMOS-Web,

as a wide and shallow survey, will be particularly use-

ful for the detection of bright, rare candidates that are

well optimized for ground-based follow-up. These future

observations will be crucial for detailed characterization

of EoR overdensities, unlocking direct comparisons be-

tween mapped reionization bubbles (measured via Lyα

follow-up) and JWST-measured density maps, as shown

from a simulation in Figure 11.

4.2. The Buildup of the Massive Galaxy Population

The wide-area coverage of COSMOS-Web, in partic-

ular the combination of the NIRCam LW (2.8µm and

4.4µm) and MIRI (7.7µm) observations with the al-

ready existing wealth of optical to NIR data in COS-

MOS, will allow us to take the first census of massive

galaxies from the end of the EoR to the peak of galaxy

assembly. Within the footprint of COSMOS-Web, we

expect firm identification of half a million galaxies at

all redshifts, ∼32,000 of which will be detected in MIRI

F770W imaging, allowing us to constrain stellar masses,

sizes, morphologies, star formation rates, and AGN ac-

tivity for galaxies across a wide swath of cosmic time.

4.2.1. The First Quiescent Galaxies

The growing census of massive quiescent galaxies at

early epochs (M?
>∼ 1010 M� out to z ∼ 3 − 5, e.g.,

Straatman et al. 2014; Glazebrook et al. 2017; Schreiber

et al. 2018; Merlin et al. 2019; Tanaka et al. 2019; Girelli

et al. 2019; Valentino et al. 2020; Forrest et al. 2020; Car-

nall et al. 2022, 2023; Rodighiero et al. 2022) has pre-
sented a strong challenge to theoretical models of early

massive galaxy formation (e.g., Feldmann et al. 2016;

Steinhardt et al. 2016; Cecchi et al. 2019, see Figure 12).

In order to build up their significant stellar masses and

quench their star formation so early in the Universe’s

history, these galaxies must have formed their stars at

exceptionally high rates (�100 M� yr−1, comparable to

luminous infrared galaxies; Sanders & Mirabel 1996, and

dusty star-forming galaxies, DSFGs; Casey, Narayanan,

& Cooray 2014) at very early times and then abruptly

shut down the production of stars well within the Uni-

verse’s first Gyr. The existence of these sources and their

relative abundance provide important tests of the galaxy

assembly process and the physical processes driving the

quenching of star formation at this early epoch.

The quiescent galaxy mass function beyond z ∼ 4 is

currently unconstrained, partly because of the difficulty
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Figure 12. The number density of quiescent galaxies (spe-
cific SFR, SFR/M? < 10−11 yr−1) as a function of redshift for
galaxies with M? > 1010 M� selected from Illustris TNG100
(blue) and extrapolated beyond z > 4 (blue dashed) where
no quiescent galaxies are found in the Illustris TNG100 vol-
ume. Other simulation predictions for this population are
shown from EAGLE (green), FLARES (purple), and the
DREaM (red) semi-empirical model and predictions from the
empirical model of Long et al. (2022) in black. Overplotted
is a collection of number densities of quiescent galaxies from
the literature, illustrating the wide range that both the obser-
vations and simulations span. The dashed lines correspond
to the number density of one object in the NIRCam vol-
ume of COSMOS-Web (black), medium-volume JWST sur-
veys such as CEERS and PRIMER (dark gray), and deep
volume surveys such as JADES-Deep and NGDEEP (light
gray). Only COSMOS-Web has the volume necessary to
place strong constraints on the number densities of quies-
cent galaxies at z > 4 if they are indeed as rare as expected.

of detecting these rare galaxies in existing deep field ob-

servations (with volume densities <∼ 10−5 Mpc−3) and

partly because such galaxies are particularly difficult to

separate from DSFGs and post-starburst galaxies that

can mimic the same red colors (see Figure 3). Detecting

them requires deep rest-frame optical observations over

wide areas of the sky. COSMOS-Web will provide the

ideal dataset for identifying candidate quiescent galaxies

and measuring (or placing constraints) on their number

densities and relative abundances. Figure 12 highlights

the expected number density of massive (M? > 1010 M�)

quiescent (specific SFR, SFR/M? < 10−11 yr−1) galax-

ies from the cosmological hydrodynamical simulations

IllustrisTNG100 (Pillepich 2018), EAGLE (McAlpine

et al. 2016), and FLARES (Lovell et al. 2022), as well as
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the DREaM semi-empirical model (Drakos et al. 2022)

and predictions from the empirical model of Long et al.

(2022), in comparison to some of the currently identified

quiescent galaxy candidates in the literature (Muzzin

et al. 2013; Straatman et al. 2014; Merlin et al. 2019;

Schreiber et al. 2018; Girelli et al. 2019; Shahidi et al.

2020; Carnall et al. 2022; Weaver et al. 2022b; Gould

et al. 2023; Valentino et al. 2023). Note that each study

selects quiescent galaxies slightly differently, and the re-

sulting samples span a range of stellar mass cuts, with

the vast majority of candidates having M? > 1010 M�.

When multiple mass cuts are quoted by a given study,

we show number densities above this mass limit for con-

sistency.

The quiescent galaxy sample from IllustrisTNG100

was selected using the publicly available6 star formation

rate (Pillepich 2018; Donnari et al. 2019) and stellar

mass value that corresponds to the mass within twice

the half-mass radius of each object (Rodriguez-Gomez

et al. 2016). Note that there are no quiescent galax-

ies in the IllustrisTNG100 volume beyond z > 4 us-

ing this definition. We similarly selected the quiescent

galaxy sample from the public EAGLE galaxy database7

(McAlpine et al. 2016) using the recommended aperture

size of 30 physical kpc. These hydrodynamical simu-

lations are calibrated to reproduce physical properties

in the local Universe and predict the the SFR and M?

values at high redshift. For FLARES, we use the num-

ber densities measured by Lovell et al. (2022). These

simulations generally underpredict the observed number

densities of quiescent galaxies in the literature (though

the observations span a wide range of values). On the

other hand, semi-analytic models like DREaM are cal-

ibrated to match scaling relations at all redshifts. The

DREaM number densities in Figure 12 are based on the

SMF of Williams et al. (2018) and are a close match to

the high end of the observed number densities.

Even though true quiescent galaxies are expected to be

rare at z > 4, with the large area of COSMOS-Web we

will be able to identify massive quiescent galaxy candi-

dates and place robust constraints on their abundances

as a function of redshift if they are brighter than our de-

tection limit with number densities ≥10−7 Mpc−3. This

measurement will also be less impacted by the effects of

cosmic variance than similar measurements from smaller

area surveys (e.g., Carnall et al. 2022).

The combination of NIRCam and MIRI filters over

0.20 deg2 (including the COSMOS-Web and PRIMER

6 https://www.tng-project.org/data/
7 https://icc.dur.ac.uk/Eagle/database.php

MIRI imaging that fall within the NIRCam footprint)

will enable quiescent galaxies to be distinguishable from

dusty star-forming interlopers via color-selection and

SED analysis using the well-sampled rest-frame op-

tical photometry. Additionally, the complementary

(sub)millimeter observations over the COSMOS field

(see Figure 4) will enable the direct identification of

dusty galaxies at z > 4 and therefore disentangle them

from quiescent and EoR galaxy candidates (see Zavala

et al. 2022; Naidu et al. 2022b; Fujimoto et al. 2022a for

detailed discussion of the difficulty in separating these

populations using NIRCam colors alone). Specifically,

the existing SCUBA-2 and future TolTEC observations

will cover COSMOS to a depth of SFR >∼ 50 M� yr−1,

while the ALMA MORA survey (Zavala et al. 2021;

Casey et al. 2021; Manning et al. 2022) and its con-

tinuation (ex-MORA; Long et al., in preparation) will

cover 0.2 deg2 (∼1/3 of COSMOS-Web), in addition to

the public ALMA archival pointings from A3COSMOS

(totalying 0.12 deg2 across all of COSMOS; Liu et al.

2019) and will directly detect DSFGs at z > 4 in excess

of SFR >∼ 100 M� yr−1.

In addition to identifying the highest redshift quies-

cent galaxies, COSMOS-Web observations will allow us

to study their properties in detail. MIRI 7.7µm ob-

servations (rest-frame 1.1–1.5µm at 4 < z < 6) for a

subset will provide a long wavelength lever arm to accu-

rately determine their masses. The full multiwavelength

SED will enable us to measure their SFRs and constrain

their star formation histories (SFHs) and dust atten-

uation, with improved uncertainties on the SFHs with

constraints from JWST (e.g., Whitler et al. 2022). With

the high resolution NIRCam and MIRI imaging we will

be able to study their morphologies in great detail (see

Figure 13) and robustly measure their rest-frame opti-

cal sizes as well as constrain the physical distribution of

their SFR, mass, and dust content, giving insight into

how these galaxies may have quenched. This will enable

a detailed investigation of the galaxy size-mass relation

for quiescent systems<2 Gyr after the Big Bang, extend-

ing our understanding of size growth out to higher red-

shifts and less extreme massive galaxies than has been

possible before (e.g., Toft et al. 2007; van der Wel et al.

2014; Straatman et al. 2015; Shibuya et al. 2015; Faisst

et al. 2017; Kubo et al. 2018; Whitney et al. 2019) and

a statistically robust study of their progenitors.

Within the COSMOS-Web footprint, we expect to de-

tect ∼ 13,000 massive galaxies (M? > 1010 M�) between

4 < z < 6 (∼ 2,300 with MIRI coverage) of which we es-

timate there will be at least ∼ 350 quiescent candidates

(in the NIRCam mosaic, and 120 with MIRI coverage,

selected to have sSFR< 10−11 yr−1) scaling the COS-

https://www.tng-project.org/data/
https://icc.dur.ac.uk/Eagle/database.php
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Figure 13. A selection of three color NIRCam (F115W+F150W+F277W) cutouts of galaxies at z > 3 with varied morphologies
selected from IllustrisTNG mock images (Rose et al. 2022) with noise added consistent with the COSMOS-Web depth. Each
cutout is 3′′ on a side. These illustrate COSMOS-Web’s ability to distinguish between different morphological types and detect
a diversity of morphologies thanks to JWST’s sensitivity and resolution at these redshifts.

MOS2020 estimates of source counts at these redshifts

(Weaver et al. 2022a); this will be ∼10× improvement

over current z > 4 quiescent galaxy candidate samples.

Follow-up spectroscopic observations for subsamples of

these quiescent galaxies (e.g., such as those by Schreiber

et al. 2018; Valentino et al. 2020) will be able to con-

firm their redshifts, measure their velocity dispersions,

and more fully characterize their ages and star formation

histories, enabling us to separate true quiescent galaxies

from post-starburst systems.

4.2.2. Dusty Star Forming Galaxies

DSFGs are an intrinsically rare population (with num-

ber densities <∼ 10−5 Mpc−3) whose individual discov-

eries, particularly at z > 5 test the limits of galaxy

formation models (see reviews by Casey, Narayanan,

& Cooray 2014; Hodge & da Cunha 2020). They are

largely regarded as the dominant progenitor population

of high-redshift quiescent galaxies, given their prodi-

gious rates of star formation ( >∼ 100–1000 M� yr−1)

and similar volume densities (though both are quite

uncertain). While DSFGs are typically easily identi-

fied directly via FIR emission or their (sub)mm emis-

sion in single-dish or interferometric maps, often their

more detailed physical characterization remains elusive.

This may include the measurement of their redshifts or

masses. It is difficult due to significant degeneracies in

their submm emission with redshift and significant dust

obscuration of the rest-frame UV and optical emission.

Radio continuum emission can also be a vital tool in

detecting DSFGs, and often facilitates quick multiwave-

length identification via precise astrometric constraints

(e.g., Algera et al. 2020; Talia et al. 2021; Enia et al.

2022). From ancillary FIR/submm data already in hand

covering COSMOS-Web, we know of ∼1100 DSFGs at

all redshifts detected by SCUBA-2 and Herschel that

will be covered by the NIRCam mosaic with luminosi-

ties >∼ 1012 L�; many of these do not yet have spectro-

scopic redshifts and confirmed counterparts, though a

significant fraction ( >∼ 50%) have follow-up continuum

ALMA observations providing precise astrometric con-

straints (Liu et al. 2019; Simpson et al. 2020).

COSMOS-Web will transform our understanding of

the stellar content in DSFGs at all redshifts, but in par-

ticular shed light on the rarest DSFGs found at z > 5

(of which there are fewer than two dozen with spectro-

scopic redshifts). Based on recent models of the ob-

scured galaxy luminosity function (Zavala et al. 2021),

we estimate that ∼40–70 of the >1012 L� DSFGs in the

NIRCam mosaic will lie above z = 4, and ∼3–10 above

z = 6. Including those with an order-of-magnitude lower

luminosity (> 1011 L�), the statistics inflate by an order

of magnitude. Roughly a third of DSFG samples, and

especially those selected at longer wavelengths, are in-

visible even in deep Hubble imaging (Franco et al. 2018;

Gruppioni et al. 2020; Casey et al. 2021; Manning et al.

2022). In contrast, JWST imaging (both with NIR-

Cam and MIRI) pushes to depths sufficient to capture

DSFGs’ highly obscured stellar emission, enabling mea-

surement of more precise photometric redshifts than are

currently accessible, in addition to constraints on their

morphologies and stellar masses. For example, the vast

majority of DSFGs are detected in deep Spitzer/IRAC

imaging (with [4.5µm]< 26); thus, we expect detec-

tion of all DSFGs in the NIRCam LW filters particu-

larly because the median stellar mass of the population

is expected to be high, ∼ 7 × 1010 M�(Hainline et al.

2011), roughly a factor of ∼150–200× larger than the

stellar masses of galaxies at the NIRCam LW detection

limit at z ∼ 5. Through more reliable optical-IR pho-



26 Casey, Kartaltepe et al.

tometric redshifts, combined with additional (sub)mm

constraints on their redshifts (Cooper et al. 2022), these

data will unlock many unknowns about the evolution of

and buildup of mass in such extreme star-forming galax-

ies at early times.

4.3. Linking Dark Matter with the Visible

The link between galaxies’ dark matter halos and

their baryonic content is of fundamental importance

to cosmology. Yet directly observable tracers of halo

mass are not available for the vast majority of galax-

ies, and in their place, either halo occupation distribu-

tion (HOD) modeling (Seljak 2000; Cowley et al. 2018)

or abundance matching (Kravtsov et al. 2004; Conroy

& Wechsler 2009; Behroozi et al. 2019) are used to

infer halo mass from galaxies’ stellar masses (via the

stellar-mass-to-halo mass relation, SMHR; Croton et al.

2006; Somerville et al. 2008). However, the evolution

of galaxies is direct evidence for the complexity of the

halo-baryon relationship (Legrand et al. 2019; Shuntov

et al. 2022). Halos provide the potential well for ac-

cretion of fresh gas, which in turn fuels stellar mass

growth through star formation. Merging also substan-

tially boosts stellar mass growth and relates directly to

the physical interactions of halos which occurs on scales

larger than individual galaxies. Indeed, it is thought

that on such large scales, galaxies’ halo mass growth

should be independent of the baryonic processes within

galaxies. If measurable, they could provide a direct path

to constraining galaxy growth and their relationship to

quenching mechanisms. Obtaining direct measurements

of halo masses not only helps us to constrain the astro-

physics of galaxies (Mandelbaum et al. 2006, 2014) but

also gives independent measurements on cosmological

parameters (Zheng & Weinberg 2007; Yoo et al. 2006,

2009).

Directly measuring halo masses out to large galacto-

centric radii (∼1 Mpc, needed to probe the underlying

dark matter) can be done either with galaxy-galaxy lens-

ing (Brainerd et al. 1996) or using kinematic tracers like

satellite galaxies (McKay et al. 2002). Given the spar-

sity of bright satellites beyond the local Universe and

rarity of strongly-lensed galaxies, weak lensing (WL) is

the only tool that can be used as a direct probe of halo

masses for a large sample of galaxies across cosmic time

(Sonnenfeld & Cautun 2021). An innovative method

combining galaxy clustering measures with HOD mod-

eling and weak lensing was demonstrated by Leauthaud

et al. (2011) and Leauthaud et al. (2012) using the COS-

MOS single band F814W Hubble imaging to measure

SMHR evolution from 0.2 < z < 1.0 at M? > 1010 M�.

These measurements are shown in the left panel of Fig-

ure 14.

COSMOS-Web’s 4-band NIRCam imaging spanning

>0.5 deg2, joined with the high quality 40+ band imag-

ing constraining galaxies’ masses and photometric red-

shifts in COSMOS (Weaver et al. 2022a, see also Fig-

ure 5), will be the best available dataset from which

high resolution weak lensing mass mapping measure-

ments can be done. This will involve a careful recon-

struction of the PSF for each exposure in each filter and

measurements of source centroids, shapes, and orienta-

tions. These measurements will then be combined with

the best possible photometric redshifts to infer evolution

in the SMHR (Leauthaud et al. 2007, 2011). Extend-

ing from z ∼ 1 to z ∼ 2.5 and to depths an order of

magnitude deeper in halo mass at fixed redshift is en-

abled by the significant boost in spatially-resolved back-

ground and foreground sources where the weak lensing

signal goes roughly as the square-root of the foreground

source density multiplied by the background source den-

sity, ∝
√
Nfg(z)

√
Nbg(> z). The density of background

sources will exceed 10 arcmin−2 out to z = 4, with

∼110,000 sources at z > 2.5 above 15σ, which is the

necessary detection threshold for adequate shape recov-

ery (Jee et al. 2017). Furthermore, these data will push

that deep in each independent filter, thus will be the first

wide, deep multi-band survey from space; simultaneous

weak lensing measurement in multiple bands will both

let us go even deeper and provide independent cross-

checks of instrumental effects like the PSF calibration.

Euclid and Hubble cannot observe at such long wave-

lengths (Lee et al. 2018) and Roman will not achieve

such high resolution. Contiguous, high resolution NIR

imaging from JWST in COSMOS-Web will thus serve as

a much needed absolute calibration of the SMHR rela-

tion out to z ∼ 2.5 that can be leveraged by other weak

lensing surveys conducted on larger scales.

4.3.1. Evolution in the SMHR

Leauthaud et al. (2012) found unexpected evolution

in the characteristic mass at which the SMHR is max-

imized (downsizing), in other words where the peak

efficiency (around ∼1012 M�) evolves downward from

z ∼ 0.9 to z ∼ 0.3. Shuntov et al. (2022) similarly

finds this downsizing trend with the COSMOS2020 cat-

alog using clustering and constraints on the stellar mass

function out to z ∼ 3. COSMOS-Web will significantly

strengthen measurements to z ∼ 2.5 with the impor-

tant addition of weak lensing constraints, facilitating a

re-calibration of hydrodynamical simulations and semi-

analytic models that produce mock observables essential

for much of cosmology and extragalactic astrophysics.
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Figure 14. At left, the stellar mass to halo mass ratio as a function of halo mass. Curves are shown for central galaxies
only, not including satellites, though both relations may be constrainable with our dataset. Solid lines are measurements from
COSMOS ACS weak lensing data (Leauthaud et al. 2012) at z = 0.3 (dark blue), z = 0.6 (light blue), and z = 0.9 (orange). In
comparison, the SMHR from cosmological simulations is overplotted (gray dot-dashed line from Behroozi et al. 2010 and dashed
line colored dashed lines from UniverseMachine, Behroozi et al. 2019) at matched redshifts extending out to z = 2.5 (red). The
existing weak lensing measurements show evolution out to z ∼ 1 (black arrow noting SMHR peak evolving); COSMOS-Web
weak lensing measurements will have the power to extend this analysis to z = 2.5, where the vertical red line will represent the
lower mass limit at that redshift. At right, predictions from hydrodynamic simulations, specifically Illustris TNG100 (Pillepich
2018), suggest that ellipticals with blue or red cores experience different quenching mechanisms (gas stripping shown in blue,
and gas exhaustion in red). These differences are reflected in how their M?/MH evolves with time (z ∼ 2 in solid; z ∼ 0.7 in
dashed). COSMOS-Web data will have the potential to provide powerful constraints on the evolution of the SMHR for different
galaxy populations and test fundamental galaxy quenching models.

This has important implications for how HOD modeling

or abundance matching is used in the literature and how

semi-analytic models and cosmological hydrodynamical

simulations generate observables, on which much of ex-

tragalactic astrophysics relies.

Such weak lensing measurements rely on contiguous

coverage over a large ( >∼ 0.5 deg2) area, otherwise they

are substantially affected by edge effects (Mandelbaum

et al. 2005; Massey et al. 2007b; Han et al. 2015).

COSMOS-Web, with its large, deep, and contiguous

coverage, will enable direct measurements of galaxies’

halo masses out to z ∼ 2.5 down to M? > few×109 M�
(down to 108 M� at z ∼ 1), well beyond current data

limitations (above 1010 M� at z <∼ 1) and future planned

weak lensing measurements (e.g., from Euclid or Ro-

man). Extending weak lensing measurements to z ∼ 2.5

is essential for simulation calibration due to the signifi-

cant evolution in galaxies’ properties (e.g., SFRs; Noeske

et al. 2007; Whitaker et al. 2014) in the past 11 Gyr from

z = 0− 2.5.

The potential to extend SMHR constraints to higher

redshifts is also possible using similar techniques to

Shuntov et al. (2022). Such high redshifts and great

mass depths can be reached due to the dramatic in-

crease in the number of background sources for weak

lensing and sources at all epochs that will have high-

quality photometric redshifts.

4.3.2. Constraining the Dependency of the SMHR on
Resolved Baryonic Observables

Given that COSMOS-Web data will be obtained in

multiple filters, it will be the first sufficiently large
dataset to test for alternate dependencies of resolved

baryonic observables (e.g., color as a tracer of quench-

ing mechanisms) on halo mass. This type of differential

measurement with galaxy type is demonstrated by Tin-

ker et al. (2013) out to z ≈ 1, who find that star-forming

galaxies grow in lock-step with their dark matter ha-

los, while quiescent galaxies have baryonic growth that

is outpaced by dark matter growth. Higher redshifts

can be reached by conducting the same experiment at

longer wavelengths, boosting observed densities of high-

z sources. COSMOS-Web will push the limits of weak

lensing’s direct measurement of halo masses to z ∼ 2.5

with M? > 1010 M� such that halo masses can be inde-

pendently constrained as a function of galaxy type over

a significant portion of the Universe’s history.

Resolved color gradients in galaxies are thought to

be the hallmark tracer of the quenching process. Bluer
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cores likely trace systems where cold gas has been

stripped from the periphery (e.g., Meschin et al. 2014),

while redder cores trace gas exhaustion, where gas at the

galaxy core is not replenished (e.g., Kawata & Mulchaey

2008; Tacchella et al. 2015). Flat color gradients are ex-

pected for galaxy collisions, in which the gas supply is

consumed quickly with no preferred radial distribution

(e.g., Springel 2005; Sparre et al. 2015). While differen-

tial dust attenuation may complicate the interpretation

of galaxies’ color gradients, some independent observa-

tions at long wavelengths could break the degeneracy

(see the discussion later in § 5.3).

The right panel of Figure 14 illustrates the expected

difference between the SMHR of bluer-cored galaxies

and redder-cored galaxies. Do galaxies with different

gradients show different evolution in their SMHRs? Cos-

mological simulations predict that similar SMHRs may

point to the significant role of major galaxy mergers

in the quenching process, while different SMHRs would

point to feedback quenching mechanisms. At z <∼ 2.5,

our weak lensing measurements of halo masses for large

samples can be directly compared with assertions that

massive > 1010 M� galaxies evolve from star-forming to

quenched in ∼100 Myr (e.g., Barro et al. 2013).

5. COSMOS-WEB’S IMPACT ON OTHER TOPICS

The breadth of scientific studies that COSMOS-Web

may advance is extraordinary and impossible to antici-

pate in full. Below we describe some key ancillary sci-

ence cases that could make significant strides given the

layout and plans for the COSMOS-Web Treasury pro-

gram. We emphasize that COSMOS-Web’s contribution

to these areas will be powerful, though not made in iso-

lation; much of the progress will be significantly aided

by, if not fully dependent on, the legacy of data obtained

in the COSMOS field from other observatories.

5.1. Galaxy Morphologies and Sizes to z ∼ 8

Over the age of the Universe, galaxies have under-

gone dramatic morphological transformations. Today’s

galaxies are a mix of well-formed spiral disk galaxies,

ellipticals, and irregular galaxies and deep rest-frame

optical images from Hubble have shown that the basis

for what is known as the Hubble sequence was already

in place by z ∼ 3 (e.g., Wuyts et al. 2011; van der Wel

et al. 2014; Kartaltepe et al. 2015b). Early JWST stud-

ies (e.g., Robertson et al. 2022b; Ferreira et al. 2022;

Kartaltepe et al. 2022) are finding that galaxies at even

higher redshifts have a wide diversity of morphologies,

and a significant fraction already show evidence for disks

and spheroids. However, a large fraction of galaxies at

high redshift also have irregular morphologies, some of

which may be signatures of galaxy mergers and inter-

actions (e.g., Kartaltepe et al. 2012) and some may be

indicative of other physical processes such as disk in-

stabilities (e.g., Kereš et al. 2009; Genzel et al. 2011).

In order to quantify the morphological transformation

of galaxies from very early epochs to today, and under-

stand the physical drivers responsible, large samples at

high redshift are required.

COSMOS-Web will spatially resolve the rest-frame

optical emission of tens of thousands of galaxies from

z = 3 − 8, enabling a detailed morphological classifica-

tion into spheroids/disks/irregulars and identification of

interaction and merger signatures. These measurements

will enable studies of morphological transformation as a

function of environment and the relative roles of dif-

ferent physical processes responsible for enhanced star

formation and black hole growth in the early universe.

These large samples of morphology measurements will

be essential training samples for machine learning al-

gorithms (e.g., Snyder et al. 2019; Pearson et al. 2019;

Hausen & Robertson 2020; Ćiprijanović et al. 2020; Rose

et al. 2022) to classify galaxies, identify merger signa-

tures, and identify unique morphologies that may oth-

erwise be missed.

The evolution of galaxy sizes is also a useful tool for

investigating the evolutionary history of galaxies and

connecting the properties of today’s galaxies to their

progenitors in the early universe. Over the past decade,

a number of studies have found evidence for strong evo-

lution in the optical/UV sizes of galaxies, with effective

radii growing by a factor of 2–7 since z ∼ 2 (e.g., van

der Wel et al. 2008; Buitrago et al. 2008), suggesting

that these massive galaxies have evolved through minor

mergers in this time period (e.g., Naab et al. 2009; Bluck

et al. 2012; Furlong et al. 2017). Both star-forming and

quiescent populations of galaxies have been found to

evolve in size, with samples of compact star forming

(Barro et al. 2014a,b) and compact quiescent (e.g., Toft

et al. 2007; van Dokkum et al. 2008; Bezanson et al.

2009; Barro et al. 2013) galaxies identified at cosmic

noon. At even higher redshifts, z = 3 − 7, significant,

though less steep, evolution has been found by a num-

ber of studies (e.g., van der Wel et al. 2014; Straatman

et al. 2015; Shibuya et al. 2015; Whitney et al. 2019),

and a range of physical mechanisms driving this evo-

lution have been suggested, including major and minor

mergers (e.g., Bluck et al. 2012; Wellons et al. 2016),

rejuvenated star formation in the galaxy’s outer regions

due to gas accretion (Conselice et al. 2013; Ownsworth

et al. 2016; Dekel et al. 2020), quasar feedback (e.g., Fan

et al. 2008; Dubois et al. 2016), and progenitor bias (van

Dokkum & Franx 2001).
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Wellons et al. (2016) used Illustris to track the evo-

lution of a sample of compact quiescent galaxies at

z ∼ 2 and found a diverse range of properties among

their descendants, with very few remaining compact in

the present day, in agreement with observations (Tru-

jillo et al. 2009; Tortora et al. 2018; Scognamiglio et al.

2020). Most growth appears to be driven by the delivery

of ex-situ mass and the impact of galaxy mergers and

both are closely linked to a galaxy’s environment (Tru-

jillo et al. 2007; Song et al. 2021). The progenitors of

these compact quiescent galaxies themselves could have

formed through gas-rich major mergers (e.g., Hopkins &

Hernquist 2009; Barro et al. 2013; Wellons et al. 2015)

or through clump migration (e.g., Dekel & Mandelker

2014). Additionally, the extension of the size-mass re-

lation into the EoR is currently not well-constrained.

UV measurements from the HUDF and CANDELS have

found a range of sizes for these early galaxies (0.3–1 kpc,

Oesch et al. 2010; Ono et al. 2013; Curtis-Lake et al.

2016) where mass is not very well measured given the

limited scope of detection bands to the rest-frame UV.

Robust size measurements free from redshift bias are

needed to adequately trace the evolution of galaxy sizes

from the early Universe, which require deep rest-frame

optical imaging of galaxies out into the EoR. In addition,

the combination of analysis of galaxies’ rest-frame opti-

cal sizes can be compared to the sizes of their dust and

gas reservoirs (e.g., Hodge & da Cunha 2020) to further

place constraints on the morphological transformation

of galaxies across cosmic time.

5.2. Spatially Resolved Galaxy SEDs

The high resolution and deep images provided by

COSMOS-Web NIRCam images will enable detailed

pixel-by-pixel SED fitting of galaxies across a wide red-

shift range and down to lower stellar masses than has

been possible to date (e.g., Wuyts et al. 2012; Ja-

fariyazani et al. 2019; Abdurro’uf et al. 2021, 2023).

The resulting mass, star formation rate, and dust at-

tenuation maps can be used to study the star formation

and quenching process in galaxies (e.g., Tacchella et al.

2015). The large number of sources in COSMOS-Web

will enable the study of trends as a function of redshift,

environment, and position relative to the star forming

main sequence.

Mass maps that represent the overall resolved stellar

mass of galaxies can be used for the morphological mea-

surements described above. For example, Cibinel et al.

(2015) show that morphological measurements using the

mass maps of galaxies are better able to pick out features

indicative of galaxy mergers than similar measures using

standard light images. Similarly, precise size measure-

ments can be made using mass maps in comparison with

standard measurements (e.g., Suess et al. 2019; Mosleh

et al. 2020). Clumps can be more easily identified using

stellar mass maps and star formation rate maps can be

used to quantify the growth of stellar mass in galaxies

as a function of their morphology and environment.

5.3. Constraints on the Dust Attenuation Law

The dust attenuation law plays a crucial role in

SED modeling for galaxies at all redshifts (Salim &

Narayanan 2020) but is heavily dependent on dust grain

properties, total dust content, and dust geometry within

galaxies’ interstellar media. Without direct constraints,

most SED fitting routines blindly adopt one of a few

common dust attenuation curves, for example that of the

Milky Way galaxy (Cardelli et al. 1989) or the ‘Calzetti’

curve (Calzetti et al. 2000). Such blind adoption of an

attenuation law that may or may not be applicable can

result in substantial systemic biases introduced to ex-

trapolated dust emission models, mass estimates, and

star-formation rates (Mitchell et al. 2013; Laigle et al.

2019).

Well-sampled SEDs – from the rest-frame UV through

the near-infrared – facilitate a direct measurement of

the dust attenuation law (e.g., Kriek & Conroy 2013).

This is done by construction of broad SEDs that can

then be fit to stellar population synthesis models with

a range of dust attenuation law prescriptions to infer

the best-fit solutions. The broader COSMOS survey in-

cludes 40+ bands of coverage from the far-UV through

the mid-infrared spanning both narrow and broad-band

filters; such well-sampled SED coverage is sufficient to

constrain some variation in the dust attenuation law, as

has been measured in similar datasets (Pannella et al.

2015; Salmon et al. 2016; Reddy et al. 2018). However,

a key limitation in constraining any possible evolution

in the dust attenuation law comes from limited sam-

ples at higher redshifts, particularly at epochs where

one might expect sufficiently different content and dis-

tribution of galaxies’ dust reservoirs. The added near-

infrared (and mid-infrared) depth brought by COSMOS-

Web will be crucial to dramatically increase the num-

ber of known, well-characterized galaxies out to z ∼ 4

whose photometry can then be extracted across all COS-

MOS datasets to piece together large statistical sam-

ples of SEDs. These SEDs can, in turn, be used to

infer redshift evolution in dust attenuation. A presump-

tion of energy balance – where absorbed rest-frame UV

emission is re-emitted at long wavelengths – can then

be directly tested against deep submillimeter observa-

tions in the field, stacked using single-dish datasets (e.g.,

Oliver et al. 2012; Simpson et al. 2019) or individual
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constraints from galaxies observed by ALMA to much

greater depths (e.g., the A3COSMOS project; Liu et al.

2019).

In addition to broad SED constraints, the ability to

spatially resolve colors on kpc scales using NIRCam

and Hubble/ACS imaging will allow direct measurement

of the impact of dust geometry on galaxies’ integrated

SEDs. This will be particularly useful for galaxies al-

ready detected by ALMA, of which we estimate there are

∼1000 (from ALMA Cycles 0-9) across the COSMOS-

Web mosaic footprint. Dust geometry in complex ISM

environments has long been a nuisance to SED fitting,

as it often results in decoupling of the stellar and dust

SEDs (Lower et al. 2022). COSMOS-Web will allow di-

rect constraints on the relative degree of decoupling and

its correlation to galaxy morphology as a function of

color.

5.4. Finding & Characterizing Protoclusters

Galaxy clusters represent the most massive gravi-

tationally bound structures in the Universe, and yet

the history of their assembly is observationally uncer-

tain. Galaxy clusters are typically found at z <∼ 1.5

thanks to thermal Bremsstrahlung radiation in the X-

ray (Kravtsov & Borgani 2012) or via the Sunyaev-

Zel’dovich effect in the millimeter (Menanteau & Hughes

2009; Vanderlinde et al. 2010) due to a hot ∼107 K in-

tracluster medium. A complete catalog of X-ray groups

identified in COSMOS is compiled by Gozaliasl et al.

(2019). However, the progenitors of galaxy clusters –

called protoclusters – are observationally more elusive

(Overzier 2016). They have not yet virialized, thus their

intracluster medium is not yet substantially heated to be

distinguishable from the surrounding IGM. Before viri-

alization, at z >∼ 2, overdense environments are extended

in large filaments that may span up to >∼ 10 comoving

Mpc scales (Muldrew et al. 2015; Chiang et al. 2017).

At z >∼ 2, these physical scales span 10–30 arcminutes

across, thus wide field-of-view surveys are needed to de-

tect and characterize their spatial distribution.

Due to its large solid angle and sufficient depth to

detect structures at z > 2, COSMOS has served as a

primary observational field used to detect and analyze

protoclusters at high redshifts (Yuan et al. 2014; Casey

et al. 2015; Diener et al. 2015; Chiang et al. 2015; Hung

et al. 2016). Such works have highlighted some of the

challenges in constraining the forward evolution of such

diffuse structures, where it is particularly difficult to

constrain protoclusters’ halo masses, and yet total halo

mass is crucial to the interpretation of their long-term

evolutionary path (Sillassen et al. 2022). One particular

structure, now dubbed “Hyperion,” lies in the center of

the COSMOS field at z ∼ 2.5 with an estimated z = 0

halo mass exceeding 1015 M�; a subcomponent of Hy-

perion has been discussed in the literature as a possi-

ble proto-virialized cluster core through the detection of

associated extended X-ray emission (Wang et al. 2016,

2018b; Champagne et al. 2021). Its filamentary struc-

tures extend half a degree across and coincide well with

the coverage of COSMOS-Web, which will allow a much

richer mapping of its constituent galaxies at fainter lu-

minosities. While spectroscopic follow-up will solve an

essential piece of the puzzle in spatially mapping the full

extent of known structures like Hyperion in COSMOS,

the precise photometric redshifts provided by COSMOS-

Web will dramatically improve the efficiency of follow-

up. For example, reducing σNMAD(∆z/(1 + z)) from

∼0.06 to 0.03 for ∼27th magnitude sources reduces the

uncertainty in line-of-sight projected distance by a factor

of ∼2 to ∼100 Mpc from z ∼ 2 − 5. While still signif-

icantly larger than the expected line-of-sight distances

within protocluster environments, the increased preci-

sion will significantly improve the efficiency of follow-up

spectroscopic campaigns targetting sources with photo-

metric redshifts consistent with an overdensity of spec-

troscopic redshifts.

At higher redshifts, the prospect for discovering new

protoclusters in COSMOS-Web is significant. Based on

the z ∼ 0 cluster mass function (e.g., Bahcall & Cen

1993), we expect ∼30 structures between 2 < z < 8,

∼20 of which will be 4 < z < 8, that eventually col-

lapse into > 5 × 1014 M� clusters at z = 0. Some

of these we may have already found the first hints of

based on ground-based data (e.g., Brinch et al. 2022),

and the added depth and photometric redshift preci-

sion of COSMOS-Web will push the potential discovery

space significantly. A more efficient mapping of such

structures over an unbiased area will then allow more

detailed investigations of the assembly history of proto-

clusters themselves (Casey 2016).

5.5. Strong Lensing

The past three decades have seen the discovery of hun-

dreds of galaxy-scale strong lenses (e.g., Bolton et al.

2008; Gavazzi et al. 2012; Rojas et al. 2021). COSMOS-

Web will better resolve the 40+ candidate strong lenses

currently known in the COSMOS field from existing

Hubble data and ground-based observations (Faure et al.

2008; Jackson 2008), and has the potential to discover

many more previously unknown galaxy-galaxy lenses

due to the survey’s added depth in the near-infrared,

sensitive to fainter, higher redshift background sources.

We perform a simple estimate of how many lenses will

be in COSMOS-Web by first estimating the total num-
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ber of galaxies acting as potential lenses. As intrin-

sically massive galaxies are needed to cleanly resolve

the lensed system, we assume lensing galaxies are al-

ready part of the current COSMOS2020 catalog (Weaver

et al. 2022a). We use the criterion 0.2 < zlens < 1.5,

M? > 109 M�, and SFR< 10−1 M� yr−1, resulting in

a selection of ∼2×105 galaxies. We take the median

of the distribution of the stellar-to-halo mass relation

from Shuntov et al. (2022) to define four mass bins:

9.0 < logM? < 9.5 (Mhalo ∼ 2 × 1011 M�), 9.5 <

logM? < 10.0 (Mhalo ∼ 4× 1011 M�), 10.0 < logM? <

10.5 (Mhalo ∼ 7 × 1011 M�), 10.5 < logM? < 11.0

(Mhalo ∼ 1.2 × 1012 M�). We estimate the surface on

the sky where multiple imaging occurs (2 < zsource < 13)

assuming lens mass profiles are isothermal spheres. We

use the estimated number of ∼78 galaxies per arcmin2 at

2 < z < 13 drawn from UV luminosity functions (com-

piled by Behroozi et al. 2019). This calculation does not

account for factors hindering the confirmation of lens

candidates (e.g., confusion with spiral arms) and there-

fore may overestimate the number of lenses confirmed.

To bring the number of lenses closer to realistic numbers,

we perform the same calculation in the larger COSMOS

field and rescale our results to the size of COSMOS-Web,

assuming that 70 lenses are confirmed. This yields an

expected ∼90 new lenses will be found in COSMOS-

Web.

JWST’s unprecedented depth and resolution will lead

to the discovery of the highest density of strong lenses

per square degree, making it ideal for inferring line-of-

sight shear with strong lenses (Fleury et al. 2021; Hogg

et al. 2022) and complementing COSMOS-Web’s weak

lensing analysis (see also Kuhn et al. 2021). Uniform

multiband imaging of every strong lens will be avail-

able, overcoming challenges with deblending the lens

and source light (Etherington et al. 2022). The highly

magnified source galaxy population will allow for studies

of high redshift galaxy formation (e.g., Swinbank et al.

2015) as well as detailed studies of the central mass

profile of lensing galaxies (e.g., Koopmans et al. 2009;

Nightingale et al. 2019; Shajib et al. 2021; Etherington

et al. 2022) and dark matter contents (e.g., Vegetti et al.

2014; He et al. 2022).

5.6. Identifying Candidate Direct Collapse Black Holes

Direct Collapse Black Holes (DCBHs) have been pro-

posed to resolve the mysterious quick growth of the

Universe’s first supermassive black holes with MBH ∼
109 M� (Volonteri 2010, 2012; Natarajan 2011), found

out to redshifts z ∼ 7.5 (e.g., Wang et al. 2021). DCBHs

are hypothesized to form black hole seeds of significant

mass (∼ 104−6 M�; Shang et al. 2010; Johnson et al.

2012) from the primordial collapse of an atomic-cooling

halo whereby strong Lyman-Werner photons could dis-

sociate H2 and prevent gas fragmentation, allowing the

formation of DCBHs with significant mass and growth

rates possibly exceeding Eddington rates (e.g., Volonteri

& Rees 2005; Alexander & Natarajan 2014). Though no

DCBH candidates have been directly confirmed, they

are thought to have significant infrared through submil-

limeter emission, resulting in a steep, red near-infrared

spectrum; they are also expected to have X-ray emission

(Natarajan et al. 2017).

Pacucci et al. (2016) present two possible candidate

DCBHs from CANDELS data in the GOODS-S area,

both of which have photometric redshifts larger than

z ∼ 6 and robust X-ray detections as well as very steep

infrared spectra. The improved depth of COSMOS-Web

compared to CANDELS (out to 4.4µm or 7.7µm in

the NIRCam mosaic or MIRI-covered subset) will al-

low more robust identification of fainter DCBH can-

didates with more robust photometric redshifts. The

number density of the CANDELS-identified sources ex-

trapolated to COSMOS-Web implies that we may find

∼20 such candidates in our full survey volume at z > 6.

Such sources will then require spectroscopic follow-up

with JWST to confirm their nature, assess their black

hole masses, and to inform predictions for future deeper

X-ray observations that may provide further confirma-

tion.

5.7. Supermassive Black Hole - Galaxy Coevolution

COSMOS-Web will open new avenues to study AGN

and quasars at high redshift. At z > 6, the black hole

population with masses down to 106 M� can be revealed

through color-selection (see, for example, Goulding &

Greene 2022) some of which may have resulted from an

earlier DCBH event (see § 5.6). Using a semi-analytic

model for the formation of the first galaxies and black

holes (Trinca et al. 2022), we expect ∼ 50 black holes

within the COSMOS-Web volume that have 7 < z < 10

and masses of 106 − 108 M�. With the spatial resolving

power of JWST, morphologies can be decomposed into

unresolved AGN emission and more diffuse host galaxy

emission (Kocevski et al. 2022; Ding et al. 2022) on spa-

tial scales of ∼1 kpc. With AGN-free host galaxy im-

ages, we can measure the mass relation between black

holes and their hosts (MBH vs. Mhost) beyond z ∼ 3

(Trakhtenbrot et al. 2015; Suh et al. 2020), carry out

spatially-resolved studies of the stellar populations up to

z ∼ 2, perform a quasar-galaxy cross correlation analy-

sis (Garćıa-Vergara et al. 2017), and assess the influence

of mergers (e.g., Mechtley et al. 2016; Shah et al. 2020).

Furthermore, MIRI will aid in our ability to determine
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Figure 15. An illustration of the part of the COSMOS-
Web area that will be covered by multi-epoch NIRCam ob-
servations, thanks to the PRIMER survey (GO #1837). Due
to the scheduling of the PRIMER program primarily in Cy-
cle 1, and this region of the COSMOS-Web mosaic during
Cycle 2, a total of 133 arcmin2 will see multiple visits; the
first of these was observed in January 2023 (the PRIMER
area covering both green and orange highlighted regions).
The second will occur in ∼April 2023 (PRIMER covering
the purple and orange regions). The last epoch will occur
in ∼December 2023/January 2024 thanks to COSMOS-Web.
Thus the purple region will have two epochs separated by ∼9
months (this corresponds to 36.5 arcmin2), the green region
will have two epochs separated by ∼1 year (this corresponds
to 53.8 arcmin2), and the orange area will have three epochs
of separation ∼3 months followed by another ∼9 months,
spanning a year in total (this corresponds to 42.6 arcmin2).

the demographics of the AGN population including the

obscured population through detection of steep infrared

(unresolved) sources with dominant torus emission.

5.8. Searches for z > 10 Pair Instability Supernovae

COSMOS-Web sits in unique parameter space, able

to search for intrinsically rare phenomena at sensitivi-

ties beyond most wide-field surveys. Very high-redshift

(z > 5) supernovae (SNe) in particular may provide a

unique lens on the formation of the first massive stars by

constraining the high-mass end of the Population III ini-

tial mass function. Such a first generation of stars is in-

deed thought to be top-heavy (Bromm et al. 1999, 2002).

Ranging in mass from 100–260 M�, such stars are most

likely to die as pair-instability supernovae (PISNe; Heger

& Woosley 2002), which release up to 100 times more

energy than Type Ia or Type II SNe (with intrinsic lu-

minosities ∼ 1047−48 erg s−1). Their extreme energy re-

lease is a result of electron-positron pair creation via

thermal heating after the cessation of carbon burning in

the core, leading to collapse and thermonuclear burn-

ing of O and Si; the energy released unbinds the star

without leaving a remnant. Thanks to their luminosity

and relative longevity (lengthened by 1 + z time dila-

tion) it is plausible to detect and identify PISNe brighter

than NIR magnitudes ∼28 from z = 10 − 30 in JWST

NIRCam imaging surveys, particularly in the long wave-

length channels. Whalen et al. (2013) present near-

infrared light curves of PISNe from radiation hydrody-

namical simulations, suggesting PISNe with >∼ 200 M�
progenitors at z ∼ 15− 30 may remain detectable with

F444W< 28 (possibly as bright as ∼26th magnitude)

for 1-3 years, varying by ∼0.3 mags yr−1. Hummel et al.

(2012) present calculations of the expected number den-

sity of such JWST-detectable explosions at or below

∼0.02 arcmin−2 at any given time at z >∼ 10. This could

result in ∼40 such events sitting within the COSMOS-

Web NIRCam footprint.

The primary challenge in identifying PISNe candi-

dates in COSMOS-Web will come from distinguishing

them from high-redshift galaxies; thus, multi-epoch ob-

servations (conducted on roughly a yearly timescale) be-

come critical to measuring the time-variable fading of

the explosion. While most prior near-infrared datasets

in COSMOS reach depths of only 25-26 mags (and

are limited by the poor spatial resolution of Spitzer or

ground-based UltraVISTA data), there may be a hand-

ful of exceptionally bright PISNe at z > 5 whose tran-

sient nature can be constrained using existing obser-

vations on a ∼10 year cadence. Alternatively, over a

smaller area, the CANDELS survey (Grogin et al. 2011;

Koekemoer et al. 2011) conducted deep ∼28 imaging out

to 1.6µm covering 200 arcmin2 in late 2011 and early

2012; this provides a ∼10 year time baseline for poten-

tial z ∼ 5− 12 PISNe relative to COSMOS-Web obser-

vations detected in F150W (the redshift range limited

directly by wavelength of deep imaging and the opacity

of the IGM in absorbing photons shortward of 1216Å).

Out to higher redshifts, it may be possible to detect

PISNe candidates out to z ∼ 30 across a ∆t = 1 year

timescale using imaging from the PRIMER JWST sur-

vey in conjunction with COSMOS-Web, as shown in
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Figure 16. Ultracool halo sub-dwarf templates projected
in AB magnitudes at a distance of 2 kpc. Templates are
taken from Saumon & Marley (2008) spanning effective sur-
face temperatures of 900–2500K (purple to red). Synthetic
photometry is calculated in the COSMOS-Web bands, whose
depths are shown in a similar fashion as in Figure 3. Halo
M-dwarfs would be detectable out to ∼10 kpc (with potential
confusion with z ∼ 6 − 7 galaxies between 3–10 kpc), while
L-, T- and Y-dwarfs will be detectable to ∼2 kpc.

Figure 15. Assuming there are no significant changes

to the JWST long-range plan as of this writing, the

PRIMER survey (GO #1837) will obtain half of their

COSMOS NIRCam imaging in late 2022 covering an

area ∼96 arcmin2 out to F444W, and the other half in

April 2023. Both PRIMER regions of the field will then

be covered in late 2023 by COSMOS-Web, allowing a

careful comparison of differential photometry for a po-

tential handful of PISNe candidates brighter than ∼28.

The total area with deep, ∼28th magnitude ∼4.5µm

multi-epoch JWST observations is ∼133 arcmin2. Even

with only a few detections, such PISNe candidates could

potentially be extremely useful for constraining the na-

ture of Population III stars formed shortly after the Big

Bang.

5.9. Ultracool Halo Sub-Dwarf Stars

Ultracool dwarfs (late M-dwarfs through Y-dwarfs)

are the most abundant stellar population by number

and their prominent emission in the near-infrared im-

plies that deep field surveys from JWST are prone to

detect them to significant distances in the Galactic halo

(Ryan & Reid 2016). Indeed, mapping their number

density to different distances in the outer halo may give

unique constraints on the metal-poor initial mass func-

tion as well as the scale height of the Milky Way for low-

mass objects (Burgasser et al. 2003; Carnero Rosell et al.

2019). Such discoveries are only enabled by deep near-

infrared imaging, and given the wide area of COSMOS-

Web, we anticipate finding of order ∼1000 such dwarfs

across the field at various distances.

Figure 16 shows four ultracool dwarf templates from

Saumon & Marley (2008) with varying effective tem-

perature from 900 K, through the L-T transition at

∼1000 K up to late M-dwarfs at 2500 K. Models assume

a 1000 m s−2 surface gravity, consistent with expectation

for older halo stars that would likely be found in extra-

galactic fields like COSMOS; no cloud cover is assumed

below 1000 K, above which models with a moderate

amount of cloud cover are adopted (Bowler 2016). Sig-

nificant absorption bands in ultracool T- and Y-dwarfs

between 1.5–3.5µm, particularly at low <∼ 1000 K tem-

peratures, lead to very distinct near-infrared colors from

galaxies in NIRCam bands provided they are located at

distances ≤ 1 kpc. For example, a recent late T-dwarf

candidate was identified in JWST imaging of Abell 2744

at a distance of ∼600 pc by Nonino et al. (2022).

In addition to the science questions addressed by the

detection of ultracool dwarfs, the population has also

been a dominant contaminating source for searches of

high-redshift galaxies, particularly samples of z ∼ 6− 7

sources due to their lack of emission shortward of∼1µm.

While Hubble imaging was limited to the shorter wave-

lengths, the long wavelength channels of NIRCam are of

particular use in breaking the color degeneracies for dis-

tinguishing ultracool dwarfs from compact high-redshift

galaxies. In addition, those ultracool dwarfs that would

be more consistent with high-redshift galaxy colors are

expected to be significantly brighter (peaking in density

around J ∼ 24; Ryan & Reid 2016). Dwarfs at consider-

able distances >1 kpc, with apparent magnitudes fainter

than ∼26 have the potential to contaminate z ∼ 6 − 7

samples; however, their number density is expected to be

relatively low relative to galaxies at similar magnitudes

(fewer than ∼50 are expected across the COSMOS-Web

mosaic fainter than J ∼ 26).

6. SUMMARY

We have presented the observational design and sci-

entific goals of COSMOS-Web, the largest prime Gen-

eral Observer program in JWST’s Cycle 1 of observa-

tions. COSMOS-Web is a 0.54 deg2 contiguous NIRCam

survey imaged in four filters (F115W, F150W, F277W,

and F444W) to depths of ∼27.5–28.2 magnitudes. In

parallel, COSMOS-Web also includes 0.19 deg2 non-

contiguous MIRI imaging in one filter (F770W) to

a depth of ∼25.3–26.0 magnitudes. COSMOS-Web

is approximately 2.7× larger than all other Cycle 1

JWST NIRCam deep field efforts combined and 3.5×
larger than the combined MIRI deep field coverage.
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The improvement in photometric redshift precision in

COSMOS-Web will be substantial compared to the most

recent catalogs compiled in the COSMOS field (Weaver

et al. 2022a), with <5% errors on photometric redshifts

down to magnitudes ∼27 in F277W.

The primary science goals of COSMOS-Web are three-

fold. First, COSMOS-Web will detect thousands of

new galaxies within the Epoch of Reionization (EoR,

6 <∼ z <∼ 11) and generate the largest number of galaxies

at or above the knee of the UV luminosity function.

Such intrinsically bright galaxies likely trace massive

halos at early times at the nodes of the cosmic web.

COSMOS-Web’s large area will allow a detailed map-

ping of the galaxy density field within the EoR on phys-

ical scales ∼150 Mpc across, sufficiently large to mini-

mize cosmic variance by exceeding the size of the largest

cosmic structures at these redshifts.

Second, COSMOS-Web aims to detect the Universe’s

first massive quiescent galaxies that were likely in place

between redshifts 4 < z < 6; such galaxies mark the ex-

treme limits of galaxy evolution at early times by build-

ing their stellar reservoirs at extraordinary rates (ex-

ceeding ∼ 1010 − 1011 M� at z > 4). We will be able

to distinguish them from their dust star forming coun-

terparts, study their morphologies and star formation

histories, and thus place constraints on their progeni-

tors.

Lastly, COSMOS-Web will measure the evolution in

the stellar mass to halo mass relation (SMHR) from 0 <

z < 2.5 using weak gravitational lensing. The SMHR

forms an essential anchor of cosmological simulations on

large scales, and these data will extend its measurement

from z ∼ 1 to z ∼ 2.5 in addition to allowing a detailed

look at the SMHR by galaxy type and star-formation

history (as probed by rest-frame optical colors and color

gradients).

Beyond these core science goals, COSMOS-Web’s

legacy value will extend to many subfields of extra-

galactic astronomy and beyond. We have summarized

the potential impact of the survey on measuring galaxy

morphologies, using spatially resolved SEDs to measure

galaxy properties, placing constraints on the dust atten-

uation law, identifying and characterizing galaxy pro-

toclusters, finding strong gravitational lenses, identify-

ing direct collapse black hole candidates, studying the

co-evolution of supermassive black holes and their host

galaxies, searching for z > 10 pair instability super-

novae, and identifying ultracool sub-dwarf stars in the

Milky Way’s halo. We hope the value of this survey con-

tinues to grow with time, as have many other deep-field

observations before COSMOS-Web and JWST.
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MNRAS, 495, 3409, doi: 10.1093/mnras/staa1345

Smolčić, V., Novak, M., Bondi, M., et al. 2017, A&A, 602,

A1, doi: 10.1051/0004-6361/201628704

Snyder, G. F., Rodriguez-Gomez, V., Lotz, J. M., et al.

2019, MNRAS, 486, 3702, doi: 10.1093/mnras/stz1059

Somerville, R., Hopkins, P., Cox, T., Robertson, B., &

Hernquist, L. 2008, MNRAS, 391, 481,

doi: 10.1111/j.1365-2966.2008.13805.x

Song, H., Laigle, C., Hwang, H. S., et al. 2021, MNRAS,

501, 4635, doi: 10.1093/mnras/staa3981

Song, M., Finkelstein, S., Ashby, M., et al. 2016, ApJ, 825,

5, doi: 10.3847/0004-637X/825/1/5

Sonnenfeld, A., & Cautun, M. 2021, A&A, 651, A18,

doi: 10.1051/0004-6361/202140549

Sparre, M., Hayward, C., Springel, V., et al. 2015, MNRAS,

447, 3548, doi: 10.1093/mnras/stu2713

Springel, V. 2005, MNRAS, 364, 1105,

doi: 10.1111/j.1365-2966.2005.09655.x

Stanway, E. R., Bunker, A. J., & McMahon, R. G. 2003,

MNRAS, 342, 439, doi: 10.1046/j.1365-8711.2003.06546.x

Stark, D. 2016, ARA&A, 54, 761,

doi: 10.1146/annurev-astro-081915-023417
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APPENDIX

A. DETAILS OF THE COSMOS-WEB MOSAIC

VISITS

Here we provide detailed information on the 152 visits

that comprise the COSMOS-Web mosaic. Table 6 lists

all of the individual visits, their reference positions, and

their position angles. The observation number is given

as in the COSMOS-Web Proposal (#1727) opened in

the Astronomer’s Proposal Tool (APT), and the visit

name mirrors the target name in APT. The listed po-

sition angles are relative to the NIRCam frame (and

differ from the V3 angle by 0.09◦). The three visits

that have position angles differing from the other visits

in the mosaic are CWEBTILE-0-4, CWEBTILE-5-18,

and CWEBTILE-7-15. Their angles are different due

to availability of guide stars visible in the fine guidance

sensor (FGS); no modification of their positions were

required to keep the NIRCam mosaic contiguous. The

positions as listed correspond to the reference position of

NRCALL FULL and sit at the reference point (V2,V3)

= (−0.32,−492.59) with 4TIGHT dither offsets taken

±24.′′7 along V2 and ±3.′′00 along V3. The relative po-

sitions of single visit coverage with respect to this refer-

ence point are shown in Figure 2.

Table 6. COSMOS-Web Visit Positions

Obs No. Visit Name R.A. Dec. P.A.

1 CWEBTILE-0-0 09:59:42.539 +02:38:15.90 293

2 CWEBTILE-1-0 09:59:34.622 +02:32:49.78 293

39 CWEBTILE-2-0 09:59:26.708 +02:27:23.67 293

40 CWEBTILE-3-0 09:59:18.790 +02:21:57.55 293

77 CWEBTILE-4-0 09:59:10.876 +02:16:31.44 107

78 CWEBTILE-5-0 09:59:02.963 +02:11:05.33 107

115 CWEBTILE-6-0 09:58:55.049 +02:05:39.21 107

116 CWEBTILE-7-0 09:58:47.135 +02:00:13.10 107

3 CWEBTILE-0-1 09:59:50.742 +02:37:31.18 293

4 CWEBTILE-1-1 09:59:42.825 +02:32:05.06 293

41 CWEBTILE-2-1 09:59:34.907 +02:26:38.95 293

42 CWEBTILE-3-1 09:59:26.990 +02:21:12.83 293

79 CWEBTILE-4-1 09:59:19.076 +02:15:46.72 107

80 CWEBTILE-5-1 09:59:11.158 +02:10:20.60 107

117 CWEBTILE-6-1 09:59:03.245 +02:04:54.49 107

118 CWEBTILE-7-1 09:58:55.334 +01:59:28.37 107

5 CWEBTILE-0-2 09:59:58.942 +02:36:46.45 293

6 CWEBTILE-1-2 09:59:51.024 +02:31:20.34 293

43 CWEBTILE-2-2 09:59:43.107 +02:25:54.22 293

Table 6 continued

Table 6 (continued)

Obs No. Visit Name R.A. Dec. P.A.

44 CWEBTILE-3-2 09:59:35.189 +02:20:28.11 293

81 CWEBTILE-4-2 09:59:27.272 +02:15:02.00 107

82 CWEBTILE-5-2 09:59:19.358 +02:09:35.88 107

119 CWEBTILE-6-2 09:59:11.444 +02:04:09.77 107

120 CWEBTILE-7-2 09:59:03.530 +01:58:43.65 107

7 CWEBTILE-0-3 10:00:07.141 +02:36:01.73 293

8 CWEBTILE-1-3 09:59:59.224 +02:30:35.62 293

45 CWEBTILE-2-3 09:59:51.306 +02:25:09.50 293

46 CWEBTILE-3-3 09:59:43.389 +02:19:43.39 293

83 CWEBTILE-4-3 09:59:35.471 +02:14:17.27 107

84 CWEBTILE-5-3 09:59:27.557 +02:08:51.16 107

121 CWEBTILE-6-3 09:59:19.640 +02:03:25.04 107

122 CWEBTILE-7-3 09:59:11.726 +01:57:58.93 107

9 CWEBTILE-0-4 10:00:15.341 +02:35:17.01 113†
10 CWEBTILE-1-4 10:00:07.423 +02:29:50.90 293

47 CWEBTILE-2-4 09:59:59.502 +02:24:24.78 293

48 CWEBTILE-3-4 09:59:51.584 +02:18:58.67 293

85 CWEBTILE-4-4 09:59:43.671 +02:13:32.55 107

86 CWEBTILE-5-4 09:59:35.753 +02:08:06.44 107

123 CWEBTILE-6-4 09:59:27.839 +02:02:40.32 107

124 CWEBTILE-7-4 09:59:19.926 +01:57:14.21 107

11 CWEBTILE-0-5 10:00:23.540 +02:34:32.29 293

12 CWEBTILE-1-5 10:00:15.623 +02:29:06.17 293

49 CWEBTILE-2-5 10:00:07.701 +02:23:40.059 293

50 CWEBTILE-3-5 09:59:59.784 +02:18:13.94 293

87 CWEBTILE-4-5 09:59:51.867 +02:12:47.83 107

88 CWEBTILE-5-5 09:59:43.949 +02:07:21.72 107

125 CWEBTILE-6-5 09:59:36.035 +02:01:55.60 107

126 CWEBTILE-7-5 09:59:28.121 +01:56:29.49 107

13 CWEBTILE-0-6 10:00:31.743 +02:33:47.57 293

14 CWEBTILE-1-6 10:00:23.822 +02:28:21.45 293

51 CWEBTILE-2-6 10:00:15.901 +02:22:55.34 293

52 CWEBTILE-3-6 10:00:07.983 +02:17:29.22 293

89 CWEBTILE-4-6 10:00:00.066 +02:12:03.11 107

90 CWEBTILE-5-6 09:59:52.148 +02:06:36.99 107

127 CWEBTILE-6-6 09:59:44.231 +02:01:10.88 107

128 CWEBTILE-7-6 09:59:36.317 +01:55:44.76 107

15 CWEBTILE-0-7 10:00:39.943 +02:33:02.85 293

16 CWEBTILE-1-7 10:00:32.021 +02:27:36.73 293

53 CWEBTILE-2-7 10:00:24.100 +02:22:10.62 293

54 CWEBTILE-3-7 10:00:16.179 +02:16:44.50 293

91 CWEBTILE-4-7 10:00:08.262 +02:11:18.39 107

92 CWEBTILE-5-7 10:00:00.344 +02:05:52.27 107

Table 6 continued
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Table 6 (continued)

Obs No. Visit Name R.A. Dec. P.A.

129 CWEBTILE-6-7 09:59:52.430 +02:00:26.16 107

130 CWEBTILE-7-7 09:59:44.513 +01:55:00.04 107

17 CWEBTILE-0-8 10:00:48.142 +02:32:18.12 293

18 CWEBTILE-1-8 10:00:40.217 +02:26:52.01 293

55 CWEBTILE-2-8 10:00:32.300 +02:21:25.89 293

56 CWEBTILE-3-8 10:00:24.379 +02:15:59.78 293

93 CWEBTILE-4-8 10:00:16.461 +02:10:33.66 107

94 CWEBTILE-5-8 10:00:08.544 +02:05:07.55 107

131 CWEBTILE-6-8 10:00:00.626 +01:59:41.44 107

132 CWEBTILE-7-8 09:59:52.709 +01:54:15.32 107

19 CWEBTILE-0-9 10:00:56.338 +02:31:33.40 293

20 CWEBTILE-1-9 10:00:48.417 +02:26:07.29 293

57 CWEBTILE-2-9 10:00:40.496 +02:20:41.17 293

58 CWEBTILE-3-9 10:00:32.578 +02:15:15.06 293

95 CWEBTILE-4-9 10:00:24.657 +02:09:48.94 107

96 CWEBTILE-5-9 10:00:16.740 +02:04:22.83 107

133 CWEBTILE-6-9 10:00:08.822 +01:58:56.71 107

134 CWEBTILE-7-9 10:00:00.905 +01:53:30.60 107

21 CWEBTILE-0-10 10:01:04.537 +02:30:48.68 293

22 CWEBTILE-1-10 10:00:56.616 +02:25:22.57 293

59 CWEBTILE-2-10 10:00:48.695 +02:19:56.45 293

60 CWEBTILE-3-10 10:00:40.774 +02:14:30.34 293

97 CWEBTILE-4-10 10:00:32.856 +02:09:04.22 107

98 CWEBTILE-5-10 10:00:24.935 +02:03:38.11 107

135 CWEBTILE-6-10 10:00:17.018 +01:58:11.99 107

136 CWEBTILE-7-10 10:00:09.104 +01:52:45.88 107

23 CWEBTILE-0-11 10:01:12.737 +02:30:03.96 293

24 CWEBTILE-1-11 10:01:04.816 +02:24:37.84 293

61 CWEBTILE-2-11 10:00:56.895 +02:19:11.73 293

62 CWEBTILE-3-11 10:00:48.973 +02:13:45.61 293

99 CWEBTILE-4-11 10:00:41.052 +02:08:19.50 107

100 CWEBTILE-5-11 10:00:33.135 +02:02:53.38 107

137 CWEBTILE-6-11 10:00:25.214 +01:57:27.27 107

138 CWEBTILE-7-11 10:00:17.300 +01:52:01.15 107

25 CWEBTILE-0-12 10:01:20.936 +02:29:19.24 293

26 CWEBTILE-1-12 10:01:13.011 +02:23:53.12 293

63 CWEBTILE-2-12 10:01:05.090 +02:18:27.01 293

64 CWEBTILE-3-12 10:00:57.169 +02:13:00.89 293

101 CWEBTILE-4-12 10:00:49.248 +02:07:34.78 107

102 CWEBTILE-5-12 10:00:41.331 +02:02:08.66 107

139 CWEBTILE-6-12 10:00:33.413 +01:56:42.55 107

140 CWEBTILE-7-12 10:00:25.496 +01:51:16.43 107

27 CWEBTILE-0-13 10:01:29.136 +02:28:34.51 293

28 CWEBTILE-1-13 10:01:21.211 +02:23:08.40 293

65 CWEBTILE-2-13 10:01:13.290 +02:17:42.28 293

66 CWEBTILE-3-13 10:01:05.365 +02:12:16.17 293

103 CWEBTILE-4-13 10:00:57.448 +02:06:50.06 107

Table 6 continued

Table 6 (continued)

Obs No. Visit Name R.A. Dec. P.A.

104 CWEBTILE-5-13 10:00:49.526 +02:01:23.94 107

141 CWEBTILE-6-13 10:00:41.609 +01:55:57.83 107

142 CWEBTILE-7-13 10:00:33.691 +01:50:31.71 107

29 CWEBTILE-0-14 10:01:37.335 +02:27:49.79 293

30 CWEBTILE-1-14 10:01:29.410 +02:22:23.68 293

67 CWEBTILE-2-14 10:01:21.486 +02:16:57.56 293

68 CWEBTILE-3-14 10:01:13.564 +02:11:31.45 293

105 CWEBTILE-4-14 10:01:05.643 +02:06:05.33 107

106 CWEBTILE-5-14 10:00:57.722 +02:00:39.22 107

143 CWEBTILE-6-14 10:00:49.805 +01:55:13.10 107

144 CWEBTILE-7-14 10:00:41.887 +01:49:46.99 107

31 CWEBTILE-0-15 10:01:45.531 +02:27:05.07 293

32 CWEBTILE-1-15 10:01:37.606 +02:21:38.96 293

69 CWEBTILE-2-15 10:01:29.685 +02:16:12.84 293

70 CWEBTILE-3-15 10:01:21.760 +02:10:46.73 293

107 CWEBTILE-4-15 10:01:13.839 +02:05:20.61 107

108 CWEBTILE-5-15 10:01:05.918 +01:59:54.50 107

145 CWEBTILE-6-15 10:00:58.000 +01:54:28.38 107

146 CWEBTILE-7-15 10:00:50.079 +01:49:02.27 105†
33 CWEBTILE-0-16 10:01:53.730 +02:26:20.35 293

34 CWEBTILE-1-16 10:01:45.806 +02:20:54.23 293

71 CWEBTILE-2-16 10:01:37.881 +02:15:28.12 293

72 CWEBTILE-3-16 10:01:29.956 +02:10:02.00 293

109 CWEBTILE-4-16 10:01:22.035 +02:04:35.89 107

110 CWEBTILE-5-16 10:01:14.114 +01:59:09.77 107

147 CWEBTILE-6-16 10:01:06.196 +01:53:43.66 107

148 CWEBTILE-7-16 10:00:58.275 +01:48:17.55 107

35 CWEBTILE-0-17 10:02:01.930 +02:25:35.63 293

36 CWEBTILE-1-17 10:01:54.001 +02:20:09.51 293

73 CWEBTILE-2-17 10:01:46.077 +02:14:43.40 293

74 CWEBTILE-3-17 10:01:38.156 +02:09:17.28 293

111 CWEBTILE-4-17 10:01:30.231 +02:03:51.17 107

112 CWEBTILE-5-17 10:01:22.310 +01:58:25.05 107

149 CWEBTILE-6-17 10:01:14.392 +01:52:58.94 107

150 CWEBTILE-7-17 10:01:06.471 +01:47:32.82 107

37 CWEBTILE-0-18 10:02:10.126 +02:24:50.90 293

38 CWEBTILE-1-18 10:02:02.201 +02:19:24.79 293

75 CWEBTILE-2-18 10:01:54.276 +02:13:58.67 293

76 CWEBTILE-3-18 10:01:46.351 +02:08:32.56 293

113 CWEBTILE-4-18 10:01:38.430 +02:03:06.45 107

114 CWEBTILE-5-18 10:01:30.505 +01:57:40.33 104.5†
151 CWEBTILE-6-18 10:01:22.588 +01:52:14.22 107

152 CWEBTILE-7-18 10:01:14.667 +01:46:48.10 107

Note— The position angle (P.A.) of the visit is specified in the last
column; only three visits have non-standard position angles caused
by guide star catalog limitations and they are marked with a †. We
quote 0.′′01 accuracy on tile positions.
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