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ABSTRACT

Euclid will provide deep near-infrared (NIR) imaging to ~26.5 AB magnitude over ~59 deg” in its deep and auxiliary fields. The Cosmic DAWN
survey combines dedicated and archival UV-NIR observations to provide matched depth multiwavelength imaging of the Euclid deep and auxiliary
fields. The DAWN survey will provide consistently measured Euclid NIR-selected photometric catalogues, accurate photometric redshifts, and
measurements of galaxy properties to a redshift of z ~ 10. The DAWN catalogues include Spitzer IRAC data that are critical for stellar mass
measurements at z 2 2.5 and high-z science. These catalogues complement the standard Euclid catalogues, which will not include Spitzer IRAC
data. In this paper, we present an overview of the survey, including the footprints of the survey fields, the existing and planned observations, and

the primary science goals for the combined data set.

Key words. catalogs — surveys — galaxies: evolution — galaxies: high-redshift — galaxies: luminosity function, mass function

1. Introduction

The Euclid mission (Laureijs et al. 2011; Euclid Collaboration:
Mellier et al. 2024; Euclid Collaboration: Cropper et al. 2025;
Euclid Collaboration: Jahnke et al. 2025) is designed to con-
strain the properties of dark matter and dark energy through
weak lensing, galaxy cluster counts, and clustering mea-
surements. The majority of the six-year mission will be
spent carrying out wide-area imaging and a spectroscopic
survey, namely the Euclid Wide Survey (EWS; Euclid
Collaboration: Scaramella et al. 2022), covering roughly
14 000 deg? of the extragalactic sky. The EWS will measure the
shape and colour of billions of galaxies from imaging obser-
vations in a single broad visible band (I/g) and three NIR
bands (Yg, Jg, Hg) with expected 5o point source depths of
26.2 AB for Ig and 24.5 AB for Yg, Jg, and Hg (respec-
tively). The spectroscopic component of EWS will measure
redshifts for around thirty million galaxies with emission
line fluxes of 2 x 107 ®ergem™2s~! at 1.6 um. Redshifts for
the remaining galaxies will be measured photometrically by
combining ground-based optical photometry with the Euclid
data.

Euclid will also devote 17% of the primary mission time to
obtaining deeper observations needed for calibration, control of
systematic effects, and characterising the galaxy sample from
the EWS. The six Euclid Auxiliary fields (EAFs), which include
CDFS, COSMOS, SXDS, VVDS, AEGIS, and GOODS-N (see
Sect. 2 for details), each have extensive UV-NIR imaging obser-
vations and large catalogues of spectroscopic redshift measure-
ments. Three large (10-20deg?) Euclid Deep Fields (EDFs),
namely EDF-North (EDF-N), EDF-South (EDF-S), and EDF-
Fornax (EDF-F), were also selected for observations that are
two magnitudes deeper than EWS. Consistent processing and
photometric measurements from the Euclid and ancillary data
in the EAFs and EDFs is essential for calibrating photometric
redshift measurements and quantifying biases in shape measure-
ments from the broader EWS.

The Cosmic DAWN Survey (DAWN) is a 59 deg® multi-
wavelength imaging survey that combines new dedicated obser-
vations with archival data with comparable depth to the Euclid
data in the EDFs and EAFs. Spitzer data cover all the DAWN
fields at 3.6 and 4.5um (Euclid Collaboration: Moneti et al.
2022) and incorporate the single largest allocation of Spitzer
observing time (Capak et al. 2016). The Hawaii Twenty deg’
Survey (H20; Euclid Collaboration: Zalesky et al. 2025) pro-
vides Subaru Hyper Suprime-Cam optical data and CFHT Mega-
Cam UV data for EDF-N and EDF-F. The Hyper Suprime-Cam
Subaru Strategic Survey (HSC-SSP Aihara et al. 2018a) pro-
vides optical data for COSMOS, SXDS, VVDS, and AEGIS.
Additional UV-optical data for EDF-F and EDF-S will also
be provided by the Vera C. Rubin Observatory (Ivezié et al.
2019). The CFHT large area U-band deep survey (CLAUDS;
Sawicki et al. 2019) and the ongoing Deep Euclid U-band
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Survey (DEUS) program provide additional CFHT MegaCam
UV data in COSMOS, SXDS, EDF-N, and GOODS-N.

The combination of depth, area, and wavelength coverage
makes DAWN an excellent data set for studying galaxy evolu-
tion and robustly characterising the z > 4 galaxy population.
Deep rest-frame UV-near-IR data are critical for estimating pho-
tometric redshifts and physical parameters (e.g. stellar mass,
star-formation rate) of galaxies. Robustly characterizing the z >
4 galaxy population requires multiwavelength data that cover
observed wavelengths from the near UV (0.3 um) to NIR (3—
5Swm) and are deep enough to detect faint (zoap ~ 26) galax-
ies. Large fields (10 deg?) are needed to identify rare sources
in the high-redshift Universe and probe cosmologically signif-
icant volumes (~1Gpc?), and making them contiguous allows
one to study the evolution of the large-scale structure (LSS)
with cosmic time. Existing deep fields with similar depth and
wavelength coverage such as the CANDELS fields (Grogin et al.
2011; Koekemoer et al. 2011) and COSMOS deep field (Scoville
2007) are prone to small number statistics and cosmic variance
due to the scale of variations in the underlying dark matter den-
sity field at high redshifts (see Fig. 1).

The COSMOS field has shown the power of multiwave-
length data sets spanning large areas of the sky. The DAWN
survey aims to expand on the legacy of COSMOS by provid-
ing value-added catalogues with consistently measured Euclid
NIR-selected multiwavelength photometry and physical proper-
ties in the EDFs and EAFs, which together represent an area
30 times larger than the COSMOS field. By including the
Spitzer/IRAC data needed to probe the rest-frame optical at
z > 4, the DAWN catalogues are optimised for high-redshift
and galaxy evolution science and are thus complementary to the
official Euclid catalogues. This paper describes the fields, obser-
vations, and science goals of the DAWN survey. A companion
paper (Euclid Collaboration: Zalesky et al. 2025) provides the
first DAWN survey catalogue of the pre-launch data in EDF-N
and EDF-F. Future DAWN data releases (including EDF-S and
the EAFs) will follow each of the Euclid data releases.

This work is organised as follows: Section 2 describes the
fields covered by the DAWN survey. Sections 3 and 4 summarise
the broad-band imaging and spectroscopic observations (respec-
tively) in each field. The main science goals of the survey are
discussed in Sections 5 and 6 provides a summary of the survey.

2. Survey fields

The DAWN survey covers each of the EDFs and EAFs.
The centre coordinates and area of each field are presented
in Table 1, and Fig. 2 shows their positions on an all-sky
map. The following subsections give a brief summary of the
EDFs and EAFs. For more details, the Euclid overview paper
(Euclid Collaboration: Mellier et al. 2025) can be consulted.
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Fig. 1. llustration of the dark matter overdensity, dpm = ppm/Opm — 1,
at redshifts 4.3 < z < 5.3 in a 5° X 5° region from the cosmological sim-
ulation of Récz et al. (2021). The large circle encloses a 10 deg? region,
which is equivalent to the area covered by the smallest EDF. The small
rectangles and circle are comparable to the areas of the CANDELS and
COSMOS surveys, respectively. The DAWN survey has both the depth
and large area coverage needed to study rare overdensity peaks (orange)
and cosmic voids (blue) and place strong constraints on the overall cos-
mological distribution of dark matter. The scale bar shows the angular
size for a proper distance of 20 Mpc at z = 5.

Table 1. Centre coordinates (J2000), area coverage, and foreground dust
reddening E(B — V) of the EDFs and EAFs.

Field RA Dec Area E(B-V)®
[deg’]  [mag]
EDF-N 17:58:55.9 +66:01:03.7 20 0.045
EDF-F 03:31:43.6 —-28:05:18.6 10 0.009
EDE-S 04:04:57.8 —48:25:22.8 23 0.017
COSMOS 10:00:28.6  +02:12:36.0 2 0.016
SXDS 02:18:00.0 —-05:00:00.0 2 0.013
AEGIS 14:19:18.5  +52:49:12.0 1 0.013
VVDS 02:26:00.0 —04:30:00.0 0.5 0.018
CDFS 03:32:28.1 —27:48:36.0 0.5 0.009
GOODS-N  12:37:00.0 +62:15:00.0 0.5 0.011

Notes. @ The provided E(B — V) values are evaluated at the field centre
from Planck Collaboration XLVII (2016).

2.1. Euclid Deep Fields

The deepest observations from the Euclid mission focus on three
fields: EDF-N, EDF-F, and EDF-S. The locations of EDF-N and
EDF-S were strategically chosen to maximise their observabil-
ity throughout the duration of the Euclid mission. Each field will
receive Euclid imaging observations that are 2 mag deeper than
the EWS, which is essential for calibration of the bias introduced
by noise in weak lensing measurements. The depth and area (see
Tables 1 and 2) of the EDFs make them the primary fields for
galaxy evolution and high-redshift science from the Euclid mis-
sion.

The deep feild EDF-N covers a 20 deg? circular region cen-
tred on the North Ecliptic Pole (NEP) in the constellation Draco.

Due to its proximity to the ecliptic pole, Euclid has perennial
visibility of EDF-N allowing for regularly repeated observa-
tions throughout the mission. The deep field EDF-F is a 10 deg?
circular region in the constellation Fornax, and EDF-S cov-
ers a 23 deg® elongated region in the southern constellation of
Horologium.

2.2. Euclid Auxiliary Fields

The EAFs focus on well-studied galaxy deep fields (COSMOS,
AEGIS, SXDS, VVDS, CDFS, and GOODS-N) and will receive
observations from Euclid that are four to five times deeper than
the EWS. Due to the large amount of existing multiwavelength
data in these fields, the EAFs will be essential for calibrating
photometric redshift estimates and the effect of colour gradients
in galaxies on shear measurements for the EWS.

The COSMOS EAF (Scoville 2007) has deep multiwave-
length observations from X-ray to radio and an extensive spec-
troscopic database. The COSMOS2020 catalogue (Weaver et al.
2022) provides the most up-to-date compilation of photometry,
photo-zs, and stellar mass estimates. The Chandra Deep Field
South (CDEFS; Giacconi et al. 2002; Luo et al. 2008; Xue et al.
2011) EAF lies within EDF-F and contains one of the deep-
est observations by the Chandra X-ray observatory as well as
complementary observations from UV to radio. Two EAFs lie
within the XMM Large Scale Structure (XMM-LSS) survey
field (Clerc et al. 2014): the Subaru/XMM-Newton Deep Sur-
vey (SXDS; Sekiguchi et al. 2004) and the VIMOS VLT Deep
Survey (VVDS; Le Fevre et al. 2005a). The SXDS EAF over-
laps with the UKIRT Infrared Deep Sky Survey (UKIDSS;
Lawrence et al. 2007) UDS field, which has extensive spec-
troscopic coverage from the UDSz program (Bradshaw et al.
2013; McLure et al. 2013; Maltby et al. 2016). The VVDS EAF
focuses on the VVDS-02h field, which includes a total area of
0.61 deg? from VVDS and 512 arcmin? from the VVDS Ultra-
Deep survey (Le Fevre et al. 2005b; Le Fevre et al. 2013). The
Great Observatories Origins Deep Survey North (GOODS-N;
Dickinson et al. 2003) EAF is centred on the Hubble Deep Field
which contains some of the deepest observations obtained by
HST along with complementary observations from the ground
and space. The All-Wavelength Extended Groth Strip Interna-
tional Survey (AEGIS; Davis et al. 2007) EAF is a multiwave-
length survey field with low Galactic extinction and observations
covering X-ray to radio wavelengths. AEGIS, CDFS, COSMOS,
GOODS-N, and SXDS were all targeted as part of the Cos-
mic Assembly Near-infrared Deep Extragalactic Legacy Sur-
vey (CANDELS; Grogin et al. 2011, 0.2 deg? in total) and have
also been observed by the James Webb Space Telescope (JWST)
through the CEERS (Bagley et al. 2023, 100 arcmin?), JADES
(Eisenstein et al. 2023, 45arcmin®), PRIMER (Dunlop et al.
2021, 378 arcminz), NGDEEP (Bagley et al. 2024, 10 arcminz),
and COSMOS-Web (Casey et al. 2023, 0.54 deg?) surveys.

3. Image data

The core data set of the DAWN Survey is deep space-based near-
IR imaging in the Euclid EDFs and EAFs coupled with deep
wide-area Spitzer/IRAC data. Table 2 provides the median lim-
iting magnitudes for each band and field and Fig. 3 compares
the depths with model spectra of galaxies at a range of redshifts.
Figures 4 and 5 show the footprints of the UV-NIR image data
in the EDFs and EAFs, respectively. Figure 6 shows an example
of the image data in EDF-N. The rest of this section summarises
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Fig. 2. Mollweide projection of the Galactic foreground reddening — E(B — V) — on the celestial sphere from the Planck Collaboration XLVII
(2016) generated using the dustmaps Python package (Green 2018). The coordinates of each of the EAFs are indicated with black squares, and
the EDFs are highlighted with red stars. The solid blue line shows the ecliptic. The dotted blue lines indicate the continuous viewing zone for the
Euclid mission at £87°5. The dot-dashed blue lines indicate ecliptic latitudes of +54°, which is the expected boundary for the continuous viewing
zone of the Roman space telescope (Foley et al. 2018). The dashed blue lines show the continuous viewing zone for JWST at +85°. The locations
of the north and south ecliptic poles are indicated with the text NEP and SEP, respectively.

the UV-NIR imaging observations and archival data that com-
prise the DAWN survey data set.

3.1. Euclid space telescope observations

Euclid is a Korsch telescope comprising a 1.2 m mirror that pro-
vides an effective collecting area of 1 m? (Racca et al. 2016) and
two instruments. One instrument is the Euclid visible imager
(VIS; Euclid Collaboration: Cropper et al. 2025), which has one
broad visible band (/g) that covers 530-920 nm with a 0”71 pixel
scale. The second instrument is the Near-Infrared Spectrom-
eter and Photometer (NISP; Euclid Collaboration: Jahnke et al.
2025), which has three bands—Yg, Jg, and Hg— that cover 949.6—
1212.3 nm, 1167.6-1567.0nm, and 1521.5-2021.4 nm (respec-
tively; Euclid Collaboration: Schirmer et al. 2022) and a pixel
scale of 0”3. The VIS and NISP instruments share a common
field of view (FoV) of 0.53 degz.

Euclid observations in the EDFs and EAFs are the primary
motivation for the DAWN survey. The EDFs will each receive
more than 40 visits with a final depth that is 2 mag deeper than
the EWS. The EAFs will be covered by one to four Euclid point-
ings with varying depths listed in Table 2.

3.2. Spitzer/IRAC observations

The Spitzer Space Telescope (Werner et al. 2004) Infrared Array
Camera (IRAC; Fazio et al. 2004) is an imaging camera with
four channels centred at 3.6, 4.5, 5.8, and 8.0 um (referred to
as channels 14, respectively). Each channel has a 5’2 x 5’2 FoV
and a pixel scale of 172.
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The DAWN survey covers the EDFs with uniform
Spitzer/IRAC imaging data at 3.6 and 4.5um from two ded-
icated programs: the Euclid/WFIRST Spitzer Legacy Survey
(SLS; Capak et al. 2016) that covers EDF-N and EDF-F; and a
separate program to observe EDF-S (Scarlata et al. 2019). The
dedicated observations of the deep fields are supplemented by
previous observations extracted from the archive. Observations
of the EAFs are also compiled from the archive. All available
data in the Euclid fields have been uniformly reduced and are
described in detail in Euclid Collaboration: Moneti et al. (2022).

3.3. Hyper Suprime-Cam optical observations

The Hyper Suprime-Cam (HSC; Miyazaki et al. 2018) is a wide-
field optical imaging camera at the prime focus of the 8.2 m Sub-
aru Telescope on Maunakea, Hawaii. With a 1°5 diameter FoV
and a 0”168 pixel scale combined with the large collecting area
of Subaru, HSC is an efficient instrument for deep surveys cov-
ering large areas of the sky.

3.3.1. H20

The Hawaii Twenty deg? Survey (H20) is a dedicated obser-
vation program for the DAWN survey that covers two 10 deg?
fields in the EDF-N and EDF-F with the Subaru HSC griz bands.
Observations of each field were obtained using a seven-point
flower petal pattern with one central pointing surrounded by the
remaining six pointings spread over a circle with a radius of
1.1 deg (see Fig. 4). The pointings are executed using a standard
five-point dither pattern with a throw of 120”. The target expo-
sure times are 1.1, 2.5, 4.1, and 4.8 hours per pointing for the
griz bands, respectively. As these observations are still ongoing,
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Table 2. Expected photometric depths for each of the fields covered by the DAWN survey.

Instrument/Band EDF-N EDF-F EDF-S COSMOS SXDS VVDS AEGIS GOODS-N
CFHT MegaCam/u 26.4 26.4 X 27.7 27.6 27.4 27.0 26.6
Subaru HSC/g 27.5 27.5 X 28.1 28.1 27.5 26.5 -
Subaru HSC/r 27.5 27.5 X 27.8 27.8 27.1 26.1 27.8
Subaru HSC/i 27.0 27.0 X 27.6 27.6 26.8 25.9 24.9
Subaru HSC/z 26.5 26.5 X 27.2 27.2 26.3 25.1 24.5
Subaru HSC/y 25.1 - X 26.5 26.5 25.3 24.4 23.8
Spitzer IRAC/[3.6 um] 24.8 24.8 23.9 25.3 25.3 24.6 242 25.3
Spitzer IRAC/[4.5 um] 24.7 24.7 23.8 25.3 25.1 24.4 24.2 25.1
Euclid VIS/Ig 28.2 27.95 27.7
Euclid NISP/Yg 26.3 26.05 25.8
Euclid NISP/Jg 26.5 26.25 26.0
Euclid NISP/Hg 26.4 26.15 25.9
Rubin/u X 26.8 X X
Rubin/g X 28.4 X X
Rubin/r X 28.5 X X
Rubin/i X 28.3 X X
Rubin/z X 28.0 X X
Rubin/y X 26.8 X X

Notes. Unless noted below, depths are quoted as the median 5o limiting AB magnitude measured in 2” empty apertures. Cells marked with X’
indicate fields that are inaccessible by the designated facility. Cells marked with a dash (-) have no data taken at the time of publication. The Euclid
depths are those expected for point sources by the end of the mission. Expected depths for Rubin data from Foley et al. (2018). The u band depths
in SXDS and VVDS are from Sawicki et al. (2019), and the depths in AEGIS are from Gwyn (2012). The Subaru HSC and CFHT MegaCam
depths for COSMOS are from Weaver et al. (2022). The HSC depths for SXDS, VVDS, and AEGIS are the average over each field provided by

Aihara et al. (2022).

we defer a full accounting of the total number of exposures to a
future publication describing the final DAWN data release.

3.3.2. HSC-SSP

The Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP;
Aihara et al. 2018a) is a 330-night grizy band imaging survey of
the extragalactic sky. HSC-SSP is a three tier ‘wedding cake’
survey composed of a 1400deg? wide layer, a 26deg® deep
layer covering four fields, and a 3.5 deg? ultra-deep layer cov-
ering COSMOS and SXDS. The extended COSMOS field and
XMM-LSS, which encompasses SXDS and VVDS, were both
observed as part of the deep survey. A single pointing centred
on the AEGIS field was also observed to the depth of the wide
survey for photo-z calibration. The HSC-SSP observing strat-
egy is discussed in Aihara et al. (2018a) and details of the data
reduction are described in Bosch et al. (2018) and Aihara et al.
(2018b, 2019, 2022).

3.3.3. Archival Hyper Suprime-Cam data

Additional HSC observations were extracted from the archive,
where available. The HEROES (Taylor etal. 2023a) and
AKARI-NEP (Oietal. 2021) programs both obtained grizy
observations in EDF-N. Various PI-led programs at the Univer-
sity of Hawaii provide supplementary data for the COSMOS (see
Hu et al. 2016; Tanaka et al. 2017, for details) and GOODS-N
fields.

3.4. MegaCam ultraviolet observations

MegaCam (Boulade et al. 2003) is an optical wide-field imaging
camera mounted at the prime focus of the 3.6 m Canada France

Hawaii Telescope (CFHT) on Maunakea, Hawaii. MegaCam has
a 1°x1° FoV and a pixel scale of 0”/187. Over its lifetime, Mega-
Cam has had two different u band filters: an original «* filter that
was discontinued in 2015 due to a red leak around 5000 A and a
new bluer u filter that has been in use since then (Sawicki et al.
2019).

The H20 team conducted a dedicated MegaCam u band
imaging survey in EDF-N and EDF-F. Observations were
obtained in a 4 x 4 grid with a total area coverage of 13.7 deg” in
each field. In the EDF-N the ongoing 240-hour DEUS program
(PIs: Arnouts and Sawicki) will reach a depth of u = 27 AB over
~10deg? when completed. The DEUS data taken to date have
been shared by the DEUS team and were used in the making of
the u band mosaic for this field. The third EDF, EDF-S, has not
been observed by MegaCam, as it is not accessible from Mau-
nakea. Planned observations of EDF-S by the Rubin observatory
are discussed in Sect. 3.6.

A variety of programs provide MegaCam observations of the
EAFs. The CFHT Large Area U-band Deep Survey (CLAUDS;
Sawicki et al. 2019) performed dedicated observations using the
u band in the COSMOS EAF. CLAUDS and the MegaCam
Ultra-deep Survey: u* band Imaging (MUSUBI; Wang et al.
2022) survey provide u* band in XMM-LSS and COSMOS.
Observations of the AEGIS EAF were obtained through the
CFHT Legacy Survey (CFHTLS; Gwyn 2012) in the u#* band,
with deep imaging in the CFHTLS-D3 field covering 1 deg? and
shallower data in the larger CFHTLS-W3 field covering 7 deg?.
Archival u* band observations of GOODS-N (PI: L. Cowie) were
extracted from the Canadian Astronomy Data Centre! (CADC)

! http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/
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Fig. 3. Photometric depths and filters for the EDFs. Top panel: Throughput curves for the photometric bands in the DAWN survey. Bottom panel:
photometric sensitivity limits for the EDFs at 5o with HSC, MegaCam, IRAC, Euclid and Rubin (see Table 2 for details). The solid coloured lines
show throughputs and depths for EDF-N and EDF-F data from MegaCam, HSC, and IRAC. The dotted lines show the same for EDF-S coverage
from Rubin (expected) and IRAC. Euclid NISP depths are shown with solid lines for all three fields since they are identical. The grey scale lines
show FSPS (Conroy et al. 2010; Conroy & Gunn 2010) model spectra for galaxies at a range of redshifts (see legend). The model spectra have
been normalised to the characteristic stellar mass of galaxies (M*) at the respective redshift based on Weaver et al. (2023) and Stefanon et al.
(2021) which have values of log M, = 10.65,10.24, 10.0, 9.5 for redshifts z = 4, 6, 8, 10, respectively. All models assume a Chabrier (2003) IMF,
a delayed exponential star-formation history with 7 = 2 Gyr, Solar metalicity, and Calzetti et al. (2000) dust with Ay = 0.2.

and reduced in the same manner as the data obtained by the H20
team.

3.5. K band observations

Ground-based observations in the K band provide supplemen-
tary data to fill in the wavelength gap between the Euclid NISP
and Spitzer/IRAC data. Various programs have obtained K band
data in the DAWN fields, which we briefly summarise here
and provide relevant citations where available. The UltraVISTA
program (McCracken et al. 2012; Moneti et al. 2023) performed
K, band observations of the COSMOS field using VIRCAM
on the 4m VISTA telescope at the Cerro Paranal Observa-
tory in Chile. Deep observations of 20deg? in EDF-S have
been executed through the dedicated DAWN EDFS-Ks survey
program (PI M. Nonino). The VIDEO (Jarvis et al. 2013) and
VEILS (Hoénig et al. 2017) surveys provide VIRCAM K, data
in XMM-LSS and CDFS. Additional K band observations from
the UKIRT WFCAM also exist in SXDS from UKIDSS UDS
(Lawrence et al. 2007).

3.6. Future Rubin observations

The Vera Rubin Observatory will perform repeated observations
over 18 000 deg? to identify optical transients, study dark energy
and dark matter, map the Milky Way, and characterise the popu-
lation of Solar System objects through the ten-year Legacy Sur-
vey of Space and Time (LSST) survey (Ivezi¢ et al. 2019). In
addition to the main LSST program, Rubin will also observe a
set of deep drilling fields with more frequent visits that will ulti-
mately have much deeper data in the ugrizy bands than the main
survey. Although the specific fields for the deep drilling survey
have not been finalised at this time, they will likely include EDF-
S, CDFS, COSMOS, and XMM-LSS. When available, these
data will also be incorporated into the DAWN survey data set.

A259, page 6 of 15

4. Spectroscopic follow-up

Spectroscopic follow-up is essential for precise redshift mea-
surements, confirming objects of interest, and photo-z calibra-
tion. Extensive spectroscopic surveys have already been con-
ducted in the EAFs and will be summarised along with the
DAWN catalogue release for those regions. This section pro-
vides a brief summary of ongoing spectroscopic follow-up in the
EDFs.

4.1. Keck DEIMOS

The H20 team in Hawaii is conducting an ongoing spectro-
scopic survey of high-redshift galaxies in the EDF-N and EDF-F
using the Deep Extragalactic Imaging Multi-Object Spectro-
graph (DEIMOS; Faber et al. 2003) on the 10m Keck II tele-
scope. The survey, so far, has focused on Lyman break galaxies
(Steidel et al. 1996), also known as ‘dropout’ galaxies, selected
using observed optical colours. Specifically, the program has
focused on targeting Ly-« emission in overdensities of g band
dropout galaxies at z ~ 4. We refer to Murphree et al. (in prep.)
for a full description of the colour selection criteria, overdensity
calculations, and results.

High-z galaxies in protoclusters are scientifically interesting
and convenient observationally because a large number of galax-
ies can be observed in a single mask. These observations increase
the number of high-redshift spec-z measurements, which has an
immediate impact on achieving the science goals of the DAWN
survey and helps improve the redshift estimates derived from the
photometry.

4.2. Hobby-Eberly Telescope VIRUS IFU

The Texas-Euclid Survey for Lyman-Alpha (TESLA; Chavez
Ortiz et al. 2023) is a spectroscopic survey targeting a 10 deg?
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Fig. 4. Footprints of the DAWN survey image data in the EDFs. We note that the Rubin/LSST footprint in EDF-S shows the expected pointing
pattern for the EDF-S Deep Drilling Field and may change once the survey begins (Ivezi¢ et al. 2019).

region in the centre of EDF-N to generate a large sample
(~50000) of Ly-a emitting galaxies (LAEs) at redshifts z = 2—
3.5 in order to explore how the physical properties of LAEs
correlate with emerging Ly-@ emission. The combination of
these spectra with the deep H20 imaging allows for redshift
identification of TESLA-identified emission lines via spec-
tral energy distribution (SED) fitting and subsequent analy-
ses, including the study of the physical properties of iden-

tified LAEs. TESLA spectroscopic data is acquired by the
Visible Integral-field Replicable Unit Spectrograph (VIRUS;
Hill et al. 2018) instrument atop the Hobby-Eberly Telescope.
The VIRUS instrument has a wavelength coverage of 3500—
5500 A with a resolving power of R ~ 800 making the VIRUS
instrument optimal for detecting Ly-a emission from galax-
ies at redshifts z = 1.9-3.5, as well as OII-emitting galaxies
atz <0.5.
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Fig. 5. Footprints of the DAWN survey image data in the EAFs. The coloured lines show the extent of the image data indicated in the legend. We
note that the EAF footprints are approximations based on the Euclid survey plan. Updated footprints that reflect the actual Euclid coverage in the

EAFs will be provided in subsequent DAWN data releases.

5. Science goals

The deep NIR imaging from Euclid and the matched depth
of UV-NIR data provided by the DAWN survey facilitate a
wide range of scientific analyses. Though sharing similarities in
wavelength coverage and depth with previous surveys such as
CANDELS (Grogin et al. 2011) and COSMOS (Scoville 2007),
DAWN stands out due to its significantly larger area coverage of
thirty times that of the COSMOS field. The DAWN catalogues
also stand out in comparison to the standard Euclid catalogues
due to the inclusion of Spirzer/IRAC data, which are essen-
tial for stellar mass measurements of galaxies at z = 2.5. This
expanded scope opens up numerous new analytical possibilities.
The primary scientific goals of the DAWN survey revolve around
understanding galaxy formation and evolution, particularly in
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the high-redshift Universe. This section outlines the core objec-
tives for the survey team, although the dataset will also support
a multitude of other research endeavours.

5.1. Ultraviolet luminosity functions and mapping reionisation

The epoch of reionisation (EoR) marks the period of ‘cosmic
dawn’ in which light from the first galaxies ionised the pre-
dominately neutral intergalactic medium (IGM), allowing this
radiation to stream freely throughout the Universe. Although
observations of the cosmic microwave background (CMB)
(Planck Collaboration VI 2020), high-z quasars (Bouwens et al.
2015; Robertsonetal. 2015), and Ly-ao emitting galaxies
(Treu et al. 2012; Castellano et al. 2016; Kakiichi et al. 2016)
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Fig. 6. Example of the image data quality from the DAWN MegaCam, HSC, and IRAC programs in EDF-N. The bottom panel shows a riz colour
image (2’ x 1”), and the top row shows a zoom-in (20" X 20") of the highlighted region in each band of the DAWN data.

constrain the end of the EoR to z > 6, many important ques-
tions remain, such as when the EoR began, the relative contri-
bution of rarer luminous galaxies versus more numerous faint
galaxies to the budget of ionising photons (e.g. Naidu et al. 2020;
Hutter et al. 2021, 2023), and how reionization efficiency and the
Ly-a escape fraction scale with the local density of galaxies.

One of the primary means of addressing these questions is
through measurements of the rest-frame UV luminosity func-
tion (UVLF), which describes the comoving volume density of
galaxies as a function of their UV luminosity. Integrating the
UVLF not only yields an estimate of the ionising photon budget
at a given redshift, it also provides constraints on the unobscured
cosmic star-formation rate density (see Madau & Dickinson
2014, for a review). Although deep surveys from HST and JWST
have been and will continue to be instrumental for measuring the
faint end of the UVLF (e.g. Oesch et al. 2018; Bouwens et al.
2021; Casey etal. 2023), larger survey areas are needed to
definitively constrain the abundance of rare luminous sources on
the bright end (see Fig. 7). Thanks to the combination of depth
and area, the DAWN survey will robustly constrain the bright
end of the UVLF to absolute magnitudes of Myy ~ -24 at
z = 8-10, with sufficient depth to overlap at fainter magnitudes
studied by HST (e.g. Bouwens et al. 2021) and JWST surveys
(e.g. Casey et al. 2023; Donnan et al. 2023).

Theoretical models predict that the most massive galaxies
trace the LSS at high redshifts, with lower mass galaxies clus-
tered around them (e.g. Mo & White 1996; Vogelsberger et al.
2014). They also predict that reionisation proceeds more effi-
ciently in these over-dense regions (e.g. Treuetal. 2012;
Kakiichi et al. 2016; Castellano et al. 2016). However, the

details are still poorly understood (Mason & Gronke 2020;
Naidu et al. 2020; Larson et al. 2022; Finkelstein & Bagley
2022). For example, what the observational evidence is for
the association between massive galaxies and the LSS at high-
redshifts is uncertain (Hatfield et al. 2018; Harikane et al. 2022).

Structures extending over 0°25-1°0 at z > 3 are rare, and
the existing pre-EDFs do not cover a sufficient contiguous area
to capture them. Thus, a survey such as DAWN is essential to
probe the full range of reionisation conditions in diverse environ-
ments, probing the same variety of structures in the real Universe
as those found in cosmological simulations. According to the
Millennium simulation (Springel et al. 2005), the DAWN survey
will find ~125-250 proto-structures, that is, progenitors of mod-
ern day >5 x 10'* My, clusters, and ~1250-2500 regions with
densities more than three times the mean density of the Universe
at 3 < z < 8. For example, the comoving volume of the DAWN
survey at 6.5 < z < 7.5 will contain more than 100 dark mat-
ter halos with masses (Mpg) greater than 10> M, with only
5 + 2 such massive halos expected in a survey such as COS-
MOS (Despali et al. 2016). Figure 8 shows reionisation bubbles
around luminous galaxies at z ~ 7 from the ASTREUS sim-
ulation framework (Hutter et al. 2023) in a similar area as the
COSMOS field.

5.2. Galaxy stellar mass function

Among the most outstanding problems in astronomy today is
understanding the nature and formation mechanism of the most
massive galaxies (M, = 3 x 10'°M,) in the early Universe
(z = 2). These rare systems are the best candidate progenitors of
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Fig. 7. Measurements of the UV luminosity function ¢ at z = 8—10 from the literature (Oesch et al. 2018; Bowler et al. 2020; Bouwens et al. 2021;
Finkelstein & Bagley 2022; Adams et al. 2024; Donnan et al. 2023). The red and blue lines show extrapolations to the volume of the DAWN survey
based on the best-fitting Schechter and double power-law (DPL) functions, with the shaded regions showing associated Poisson uncertainties for
the DAWN survey volume. Upper limits based on survey volume are indicated with the horizontal lines. The DAWN volume in each panel assumes
an area of 59 deg?, a redshift slice of +0.5 from the redshift bin centre, and a Planck Collaboration VI (2020) ACDM cosmology.
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Fig. 8. Large-scale spatial distribution of the neutral hydrogen fraction
at z ~ 7 (neutral = black, white and grey = ionised) of the MHDEC (i.e.
Jese decreases with halo mass, M) simulation presented in Hutter et al.
(2023). The neutral hydrogen fraction shown here is averaged over three
cells along the line of sight, where each cell has a comoving depth of
312.5 7' kpc and the dimensionless Hubble constant 41 = 0.6777. The
width and height of the box are given in comoving units and correspond
to 1° at z = 7. Blue circles depict galaxies with UV luminosities of at
least Myy > —18 and red stars the brightest galaxies in the simulation
box with MUV > -21.

local early-type galaxies with M, ~ 10'> M. Some have been
shown to be surprisingly mature, having no ongoing star forma-
tion and well-formed discs in contrast with the hierarchical for-
mation scenario (e.g. Toft et al. 2017). In a hierarchical model,
the mapping between the galaxies and host dark matter halos
is controlled by the stellar mass—halo mass relation. Different
mappings generate different merger histories as well as different
star-formation histories (e.g. Grylls et al. 2019; Fu et al. 2022).
The shape of the high-z galaxy stellar mass function (SMF) is
particularly valuable in this respect as it provides a benchmark
for the evolution of galaxies at lower redshifts. For example, it
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has been shown that an abundance of massive galaxies at high
redshift is more consistent with the nearly flat star-formation his-
tories retrieved from galaxies at lower redshifts, which suggest
that galaxies gained much of their stellar mass at early epochs
(Fu et al. 2022).

Understanding the evolution of these systems involves inves-
tigating the number density of different galaxy populations at
z = 3-8, the processes governing the build-up of mass in massive
galaxies, the mechanisms driving the quenching of star forma-
tion, and the role of environmental in determiing a galaxy’s stel-
lar mass. Pursuing these questions with existing resources has
already yielded surprises. While detailed follow-up of individ-
ual objects has clarified their unusual properties (e.g. Toft et al.
2017), statistical arguments as to their demographics — namely
the galaxy SMF — have provided meaningful clues (Cole et al.
2001; Adams et al. 2021; McLeod et al. 2021; Stefanon et al.
2021; Weaver et al. 2022). The shape and evolution with time
of the SMF is sensitive not only to star-formation histories and
galaxy mergers but also to the associated physical processes
thought responsible for ceasing galaxy growth such as heating of
gas by accreting central supermassive black holes or by super-
novae explosions, gas removal by outflows, or a host of other
proposed scenarios (Dubois et al. 2013; Gabor & Davé 2015).

Massive galaxies are some of the best laboratories for test-
ing galaxy formation theories. However, a comprehensive view
of massive galaxy evolution cannot come from shallow large-area
surveys such as SDSS or GAMA, which are restricted to z < 0.5,
nor from deep but narrow surveys such as HUDF or CANDELS,
whichreachz ~ 9-10butonly cover atotal area of <0.25 deg? (see
Finkelstein 2016, for a review). Only a handful of high-z detec-
tions have ~5 x 10'” M, in the small cosmic volume probed by
HST, with no M, > 10'! M candidates found at z > 5. Even
the largest contiguous HST galaxy survey, COSMOS, has not
detected massive galaxy candidates beyond z ~ 5 (Weaver et al.
2023).

The DAWN survey will measure the shape and evolution of
the SMF to z ~ 8 with directly measured stellar masses from
Spitzer/IRAC. Thanks to its large area coverage, the DAWN
survey will reduce Poisson uncertainties by a factor of approx-
imately six compared to the Weaver et al. (2023) SMF from
COSMOS and will provide the first robust constraints on the
number density of ultra-massive galaxies (M, > 10" M) at
7 = 6-8 (see Fig. 9).
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Fig. 9. Stellar mass function, ®, measurements (hatched regions) from HST (S+21; Stefanon et al. 2021), the COSMOS field (W+22; Weaver et al.
2023), and JWST (N-C+23; Navarro-Carrera et al. 2024) in three redshift bins: z ~ 6 (left), 7 (middle), and 8 (right). The dashed lines show
extrapolations to higher masses for the DAWN survey volume (calculated in the same way as in Fig. 7) assuming the corresponding literature
Schechter function fits, and the accompanying shaded regions show estimated uncertainties. Upper limits for empty bins for the respective survey
are indicated with horizontal lines. We note that due to the shallower IRAC data in EDF-S (see Table 2), the z ~ 8 bin assumes a smaller effective
area of 39 deg®. The grey shaded regions indicate the theoretical upper limit of the SMF in each redshift bin based on the Despali et al. (2016) halo
mass function when assuming a fixed baryon fraction of 0.018 as in Weaver et al. (2023).

The large area of the DAWN survey will also improve mea-
surements of the SMF for quiescent and star-forming galaxies as
well as galaxies in different environments. Colour—colour selec-
tion criteria are often used to separate star-forming and quiescent
galaxies (Williams et al. 2009; Arnouts et al. 2013; Ilbert et al.
2010; Davidzon et al. 2017; Gould et al. 2023). Weaver et al.
(2023) only find 52 quiescent galaxies at z = 4.5-6.5 in 1.3 deg?
of the COSMOS field, which limited their analysis of the qui-
escent SMF to z < 4.5. Assuming a similar source density, the
DAWN survey will detect ~2000 quiescent galaxies at 7 = 4.5—
6.5, providing new constraints on the quiescent SMF in the early
Universe. So far, measurements of the SMF as a function of envi-
ronment have been limited to redshifts z < 3 (Baldry et al. 2006;
Peng et al. 2010; Papovich et al. 2018; Taylor et al. 2023b). The
DAWN survey will not only expand this type of analysis to
higher redshifts but will also be able to explore more extreme
under- or over-dense environments thanks to the large contigu-
ous areas of the EDFs.

5.3. Origins of large-scale structure at high-redshift

The current standard model for cosmology, Lambda cold dark
matter (ACDM), describes the growth of structure from density
fluctuations in the primordial plasma to the LSS that we observe
today. The ACDM model has been successful in describing the
power spectra of galaxies and the CMB, but recent work has
found tensions (Abdalla et al. 2022) in two of its key parameters:
Hy, the Hubble rate at present day (e.g. Planck Collaboration VI
2020; Riess et al. 2022), and o7g, the amplitude of matter density
fluctuations at present day (e.g. Planck Collaboration VI 2020;
Asgari et al. 2021; Heymans et al. 2021; Abbott et al. 2022;
Amon et al. 2022). Both tensions arise between early (CMB-
based) and late (galaxy-based) methods. While Hj has been mea-
sured across a wide range of redshifts, og remains unconstrained
atz ~ 3-7.

The DAWN dataset will allow us to measure galaxy cluster-
ing at these high redshifts. As galaxies are a biased tracer of the
underlying matter distribution, we will assume a linear galaxy
bias by, . This galaxy bias is similarly unconstrained at z ~ 3-7
and is degenerate with og in two-point clustering measure-
ments. At high redshift, we can break this degeneracy by cross-
correlating galaxy clustering measurements with CMB lensing
or by combining galaxy bias measurements with higher-order

200pT——— 7T T T T T T r T T T T T T T
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17.5F . -
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Fig. 10. Redshift evolution of linear galaxy bias. The early prediction
from Tegmark & Peebles (1998) is shown in solid grey, and more recent
models separated by stellar mass from Moster et al. (2010) are shown as
dashed grey curves. High-z measurements for dropout-selected samples
from Beck et al. (2020) and Harikane et al. (2022) are shown in red and
green, respectively. Low-z measurements for two stellar masses from
Ishikawa et al. (2020) are shown in blue and purple. The DAWN survey
will allow us to constrain bias as a function of redshift and stellar mass
in the shaded region.

statistics (e.g. Repp & Szapudi 2022). Using HSC data from SSP
and the University of Hawaii (SSP+UH; Tanaka et al. 2017) in
the ~2 deg2 COSMOS field, Beck et al. (2020) measured linear
galaxy bias out to z ~ 6 for g, r, and i band dropouts. We will
extend this analysis to the full 59 deg? of the DAWN survey and
use its robust photometric redshifts to select our galaxy samples,
which should reduce the uncertainties by more than a factor of
three. By cross-correlating our galaxy clustering measurements
with CMB lensing (e.g. Planck Collaboration VI 2020), we can
constrain og at high-redshift and compare our result with con-
straints from previous work (Murphree et al., in prep.).
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The total volume of the DAWN survey out to z ~ 7 will be
about 3.8 Gpc®. This volume is large enough to include several
extreme density fluctuations. By applying advanced statistical
techniques such as sufficient statistics and indicator functions,
we can double this volume and make robust estimates of cos-
mological parameters (Wolk et al. 2015; Repp & Szapudi 2022).
The DAWN data set will allow us to constrain parameters (see
Fig. 10) well beyond the z ~ 2.5 forecasted for the photometric
Euclid data set (Euclid Collaboration: Ili¢ et al. 2022).

6. Summary

The DAWN survey is a deep multiwavelength imaging survey
that covers ~59deg® in the EEDFs and EAFs. Deep space-
based NIR image data from Euclid NISP and Spitzer/IRAC
form the core of the DAWN data set along with comple-
mentary ground-based UV-optical data from CFHT/MegaCam,
Subaru/HSC, and future observations from the Vera Rubin
Observatory. The DAWN survey aims to provide catalogues for
the widest area collection of extragalactic deep fields with con-
sistently measured photometry. These data will be essential for
photometric redshift calibration of the EWS and will be the ref-
erence data set for extragalactic studies in the EDFs and EAFs.

The DAWN survey is designed to address a variety of sci-
ence goals including measuring the galaxy SMF to z = 8§,
mapping reionisation, studying the formation of LSS, and char-
acterising the first quenched galaxies. Data collection for the
survey is ongoing with the ground-based component planned
to be completed in the next few years and the Euclid observa-
tions scheduled to be completed by 2030. A companion paper,
Euclid Collaboration: Zalesky et al. (2025), will provide the first
DAWN data release of photometric catalogues and galaxy phys-
ical parameters in EDF-N and EDF-F. Future publications will
present subsequent data releases of image data and catalogues
that include all DAWN fields. The DAWN data have immediate
value for studying galaxy formation and evolution in the high-
redshift Universe and that legacy value will only increase as the
survey is completed.
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