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ABSTRACT

The Near-infrared Spectrograph (NIRSpec) on the James Webb Space Telescope is uniquely suited to studying galaxies in the distant
Universe with its combination of multi-object capabilities and sensitivity over a large range in wavelength (0.6—5.3 um). Here we
present the NIRSpec Wide survey, part of the NIRSpec Instrument Science Team’s Guaranteed Time Observations, using NIRSpec’s
microshutter array to obtain spectra of more than 3200 galaxies at z > 1 at both low and high resolution (R ~ 100 and 2700) for
a total of 105 hours. With 31 pointings covering ~320 arcmin? across the five CANDELS fields with exquisite ancillary photometry
from the Hubble Space Telescope, the NIRSpec Wide survey represents a fast and efficient way of probing galaxies in the early Uni-
verse. Pointing centers are determined to maximize the observability of the rarest, high-value sources. Subsequently, the microshutter
configurations are optimized to observe the maximum number of “census” galaxies with a selection function based primarily on
HST/F160W magnitude, photometric or slitless grism redshift, and predicted Ha flux tracing the bulk of the galaxy population at
cosmic noon (zmea = 2.0). We present details on the survey strategy, the target selection, an outline of the motivating science cases,

and discuss upcoming public data releases to the community.

Key words. surveys — galaxies: evolution — galaxies: formation — galaxies: high-redshift

1. Introduction

The James Webb Space Telescope (JWST; Gardner et al. 2023)
represents a substantial leap forward in our ability to study
galaxies in the distant Universe. Its wavelength coverage beyond
2.4 um, the effective limit for ground-based spectroscopy of faint
targets, permits studies of the restframe-optical region of galaxy
spectra at and beyond “cosmic noon” at 1 < z < 3. The Near-
infrared Spectrograph (NIRSpec; Jakobsen et al. 2022) in par-
ticular offers spectral coverage from 0.6 to 5.3 um at a variety
of spectral resolutions for up to 200 galaxies simultaneously
using the micro-shutter array (MSA; Ferruit et al. 2022).

To harness the capabilities of NIRSpec, a multi-tiered Guar-
anteed Time Observations (GTO) program was conceived with
a primary focus on the growth and evolution of galaxies across

* Corresponding author; maseda@astro.wisc.edu

cosmic time. Multiple tiers can serve as a way to mitigate the
traditional trade-off between survey depth and survey area. The
“deep” and “medium” tiers of the extragalactic multi-object por-
tion of the NIRSpec GTO program are combined with deep
imaging from the NIRCam instrument, with the collective joint
program referred to as the JWST Advanced Deep Extragalac-
tic Survey (JADES; Eisenstein et al. 2023). However, even the
broadest-area spectroscopic coverage in JADES (at a “medium”
depth of ~29mag) covers less than 175 square arcminutes in
total in two extragalactic fields (GOODS-N and GOODS-S;
Giavalisco et al. 2004), as shown in Figure 1.

At a discovery-space level, the motivation for an even
wider tier is driven by the fact that even relatively short expo-
sures with NIRSpec can obtain data of a depth and wave-
length coverage completely unattainable with other facilities
(e.g. Arrabal Haro et al. 2023; Fujimoto et al. 2023). This is fur-
ther enhanced with the unique multi-object spectroscopic (MOS)
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capabilities of NIRSpec, allowing for powerful large-scale sur-
veys of faint targets. The NIRSpec Wide GTO Program (hence-
forth referred to as Wide), allocated 105hours, is the fastest
general covering of the CANDELS fields (Grogin et al. 2011;
Koekemoer et al. 2011) possible with NIRSpec while still main-
taining an overall science-to-total efficiency of >50% when
accounting for instrument and facility overheads. Wide is less
than a magnitude shallower but covers an area twice as large
than the “JWST-Medium” layer in JADES.

Instead of multiple spectroscopic visits to the same area
of the sky to maximize completeness (e.g. the strategy of the
JADES Deep and UNCOVER surveys; Eisenstein et al. 2023;
Bezanson et al. 2022), Wide maximizes the independent area
covered by NIRSpec to characterize the rarest galaxy popu-
lations with source densities on the order of one per NIR-
Spec field-of-view (FoV excluding gaps ~9 arcmin?) or less.
To go as wide as possible in Cycle 1, we utilize the existing
larger-area photometric survey CANDELS, performed with the
Hubble Space Telescope (HST). In particular, we focus on the
~900 square arcminutes with homogeneously produced photo-
metric and WFC3/G141 slitless grism spectroscopic catalogs
from the 3D-HST survey (Brammer et al. 2012; Skelton et al.
2014; Momchevaetal. 2016). The photometric data spans
from the UV to the near-IR, including multi-band HST and
Spitzer/IRAC photometry. The extensive filter coverage in these
fields combined with imaging sensitivities that are well-matched
to our intended (short) exposure times make these HST legacy
fields ideally suited for target selection in Wide.

The science cases facilitated by a wide-area spectroscopic
survey covering 0.6 to 5.3 um are myriad. Focusing on the
intermediate- to high-z Universe (z = 1), a survey like Wide is
ideally suited to understanding the nature of galaxy growth and
quenching across cosmic time, including the peak of the cosmic
star formation rate density at 1 < z < 2 (Madau & Dickinson
2014). Even spectra of modest resolution (R ~ 30—300) can pro-
vide significantly more detailed information about the stellar and
ionized gas properties in distant galaxies than photometry alone
(e.g. van Dokkum & Brammer 2010; Curtis-Lake et al. 2023). In
addition, high-resolution spectroscopy (here, R ~ 2700) can be a
key diagnostic in understanding the kinematic properties of the
ionized gas in galaxies, including measurements of dynamical
masses (de Graaff et al. 2024) or the interplay between the host
galaxy and an accreting supermassive black hole. By combin-
ing these two spectral modes for a sample of more than 3200
galaxies at z > 1, the Wide survey will provide a key reference
point and treasury dataset for future NIRSpec surveys focused
on galaxy growth and evolution across cosmic time.

In this paper, we present the Wide Survey with a char-
acterization of the observation strategy (Section 2), the tar-
get selection (Section 3), the data reduction (Section 4), the
primary science cases (Section 5), and a data release plan
(Section 6). Throughout we assume a flat ACDM cosmology
with Hy=70kms™! Mpc’1 and Q,, = 0.3, and we utilize AB
magnitudes (Oke & Gunn 1983).

2. Observational summary

The major science goals (described in Section 5) set the basic
requirements for the NIRSpec observations. Low-resolution
spectra of moderate depth are sufficient to understand the general
stellar and ionized gas properties of galaxies over a wide red-
shift range. At the same time, we need high-resolution spectra to
accurately characterize the galaxy kinematics and galactic out-
flows, and to resolve closely spaced emission lines such as [N II]

A73, page 2 of 14

5000 —T5.0
©GTO WIDE
(this paper)
r4.8
®JADES-Medium-JWST [4.6
" @JADES-Medium-HST
- 4.4
2
5 4.2 ‘8"
2 kel
§ ®CEERS
= 1000t 1 4.0
@UNCOVER 38
500 JADES-Deep 36
10 100 1000

NIRSpec Survey Area (sg. arcmin.)

Fig. 1. Area covered by the NIRSpec MSA versus total number of
targets observed in the survey for various Cycle 1 programs (limited
to PRISM observations). While amongst the shallowest in terms of
(PRISM) exposure time, the NIRSpec “Wide” GTO survey covers the
largest area and targets the most individual galaxies. In addition, the
Wide survey is spread over five non-contiguous fields in order to maxi-
mize the chances of observing cosmologically rare targets.

116548, 6584 and Ha for use in e.g. active galactic nuclei (AGN)
diagnostics. As described below, we designed our MSA config-
urations to allow us to simultaneously obtain spectra of >130
galaxies. For the low-resolution spectra, we use the PRISM dis-
perser with the CLEAR filter which covers a wavelength range of
0.6 um-5.3 pm at a spectral resolution of R = 100 (varying from
30 to 300 for a uniformly illuminated shutter; Jakobsen et al.
2022). The high resolution spectra are obtained with the G235H
and G395H gratings (and associated F170LP and F290LP fil-
ters), providing a maximum wavelength coverage of 1.66 um—
3.05 um and 2.87 um-5.14 um, respectively, at a spectral reso-
lution of R ~ 2700. Using two' high resolution gratings allows
us to obtain multiple important optical diagnostics lines, such
as [OIII] 45007, He, [NII], and [SII] 416717,6730, at suffi-
cient spectral resolution to resolve multiple kinematic compo-
nents and dis-entangle closely spaced lines for a given galaxy
over a wide redshift range from 2.3 to 6.6.

The MSA features almost 250 000 micro shutters with a pro-
jected open size of ~0720 x 0”746 which are structured in four
nearly squared quadrants assembled of 365 shutters in the disper-
sion direction and 171 shutters in the cross-dispersion direction
(Ferruit et al. 2022). The full patrol field of the MSA is about
3.6’ x 3.4’ with small gaps in between the quadrants. About 15%
of shutters are unable to open (Rawle et al. 2022; Boker et al.
2023) which adds complexity in the mask design. For Wide we
used the standard scheme of opening three shutters per target
aligned in the cross-dispersion direction to create a pseudo-slit
of 0”72 x 1”/5 to facilitate sky subtraction via nodding.

Using the high-resolution modes requires careful planning
as the dispersed spectra cannot always be fully covered by the

' For a single pointing, 09 in GOODS-S, we include an additional
observation in G140M/F0O90LP (R ~ 1000). This is designed to assess
the utility of shorter-wavelength or lower-resolution data to several of
our priority science cases.
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detector array, depending on the position of the shutter (see also
Maseda et al. 2019; Jakobsen et al. 2022; Ferruit et al. 2022). As
such, objects lying in different parts of the MSA area will have
different spectral coverage due to truncation, in addition to the
obscuration by the gap between the NRS1 and NRS2 detectors.
Another limitation is that the maximum number of targets that can
be observed without overlapping spectra in the high-resolution
setups is about a factor of four smaller than for the PRISM setup.

For Wide we define a strategy to mitigate these limitations and
maximize the observable number of targets. The impact of the lim-
ited wavelength coverage of the high-resolution setups can be mit-
igated by enforcing a redshift-dependent constraint for assigning
targets to specific shutters so that specific emission lines are still
covered on the detector. This process will be described in detail in
Section 3.2. Since the expected count rates per pixel in the high-
resolution modes will be small for the zodiacal background and
the continuum emission of the galaxies, we allowed these spectra
to overlap on the detector. As the emission lines will occupy only a
very small area on the detector, the chances for overlapping emis-
sion lines will be minimal whereas any background can be sub-
tracted locally (see Section 4). Therefore, we used the same MSA
configuration in PRISM, G235H, and G395H, allowing spectra
to overlap in the high-resolution modes.

2.1. Survey fields

Given the high angular resolution of JWST and the small “slit”
size of the MSA, it is necessary to know target coordinates to
better than 25 milliarcsec. The Wide survey is based on the Cos-
mic Assembly Near-infrared Deep Extragalactic Legacy Sur-
vey (CANDELS; Grogin et al. 2011; Koekemoer et al. 2011),
which provides high-quality NIR imaging for five extensively
studied regions on the sky from the two Great Observato-
ries Origins Deep Survey (GOODS, Giavalisco et al. 2004)
fields north and south, i.e. GOODS-N and GOODS-S, the
Cosmic Evolution survey (COSMOS, Scoville et al. 2007),
the All-wavelength Extended Groth Strip International Survey
(AEGIS, Davis et al. 2007), and the UKIDSS Ultra-deep Sur-
vey field (UDS, Lawrence et al. 2007). In all five of these
fields, we use astrometry that is tied to the Gaia DR2 ref-
erence frame (Lindegren etal. 2012), based on re-reduced
HST mosaics (G. Brammer: https://s3.amazonaws.com/
grizli-stsci/Mosaics/index.html)

Due to the orientation requirements of the JWST spacecraft,
each of the five fields can only be observed during specific observ-
ing windows with a limited range of position angles. To aid flex-
ibility in the observation scheduling, the NIRSpec Wide survey
did not request fixed position angles to control the NIRSpec MSA
orientation beforehand. The general pointing centers are chosen
to maximize the potential observability of the highest-priority
sources (Section 3.1), using a patrol field of 9’ diameter (Jakobsen
2017). The final pointing centers as well as the assigned NIR-
Spec position angles (APA, not V3PA) are listed in Table 1. In
total, Wide consists of 31 NIRSpec MSA pointings of which five
are in AEGIS, five are in COSMOS, five are in UDS, nine are in
GOODS-N, and seven are in GOODS-S: see Figure 2.

2.2. Exposure times

The aim of the Wide survey is to efficiently cover a large area
while incurring minimal observing overheads. A fast general
covering of the sky becomes efficient if the observatory and
instrument overheads are less than ~50% of the total observ-
ing time. This sets a minimum of approximately 100 minutes
per pointing of integration time when including the large tele-

Table 1. Observed Wide pointings.

Field RA Dec APA Obs. date
(J2000) (J2000) (deg)

GOODS-N (PID 1211)
00 12:36:16  62:13:05 318.70 2023-03-26
01 12:36:38  62:16:28  322.76 2023-03-25
02 12:36:39  62:08:23  322.57 2023-03-25
03 12:37:06  62:20:20  322.90 2023-03-28
04 12:37:20  62:13:22 32277 2024-03-24 ™)
05 12:37:22  62:16:07 31.21  2024-01-30™
06 12:37:47  62:17:08 32294 2023-03-26
07 12:36:53  62:16:40  322.79 2023-03-26
08 12:37:30  62:18:38  322.96 2023-03-26

GOODS-S (PID 1212)
09 03:32:16 —27:48:02 89.52 2023-10-14
10 03:32:36 —27:42:02 88.52 2023-10-14
11 03:32:12 -27:43:59 89.49 2023-10-08
12 03:32:18 —27:51:30 202.74 2024-01-27®
13 03:32:33 -27:50:15 89.56 2023-10-12
14 03:32:28 —27:54:09  89.52 2023-10-13
15 03:32:42 -27:53:14  89.55 2023-10-14

AEGIS (PID 1213)

17 14:20:38  53:03:42 17.34 2023-03-08
18 14:20:20  52:59:16 17.24 2023-03-08
19 14:19:55  52:55:49 17.11 2023-03-09
20 14:19:31  52:50:09 17.01 2023-03-09
21 14:19:11  52:48:00 268.75 2023-06-28 *)

COSMOS (PID 1214)
23 10:00:40  02:27:39 71.56 2023-12-02
24 10:00:24  02:22:38 71.55 2023-12-08
25 10:00:40  02:20:36 71.56 2023-12-09
27 10:00:36  02:14:22 71.56 2024-01-06
28 10:00:26  02:13:53 71.55 2023-12-03

UDS (PID 1215)

29 02:18:12 -05:10:55 32.47 2023-07-23
30 02:17:48 —-05:10:08 32.45 2023-08-19
31 02:17:48 —05:15:29 3243 2023-08-19
32 02:17:26 —05:09:59 32.43 2023-08-19
33 02:17:06 —05:14:06 32.41 2023-08-20

Notes. APA refers to the aperture position angle (in degrees), i.e. the
angle that the rectangular microshutters make as projected onto the
sky, not the “V3PA” of the instrument itself. Fields 16, 22, and 26
were initially planned but never observed and are omitted from this
table. Y Observation was repeated as original exposures were affected
by either a telescope guide star acquisition error or a bright short in the
MSA control electronics.

scope slew time to include each of the five CANDELS fields in
the survey. With a total time allocation of 105 h for Wide from
the overall NIRSpec GTO budget this permits us to observe 31
pointings, i.e. the scope of the Wide survey is set by observatory
overheads?, naturally dove-tailing with our scientific priority of
maximal non-contiguous areal coverage.

2 For this reason we opted not to include coordinated parallel obser-
vations, as they would incur telescope overheads. However, given the
prime location of the Wide pointings, pure parallel programs such as
PANORAMIC (JWST-GO-2514; PIs C. Williams and P. Oesch) can
obtain scientifically useful data with no additional cost.
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Fig. 2. The NIRSpec Wide pointings within the CANDELS fields. The background images are the F160W mosaics from all HST programs in
these fields (G. Brammer, private communication). Overlaid are the NIRCam imaging regions from CEERS (AEGIS; Bagley et al. 2023), PRIMER
(UDS; PI: J. Dunlop; JWST-GO-1837), and JADES (GOODS-N and GOODS-S; Eisenstein et al. 2023); COSMOS-Web (Casey et al. 2023) and

PRIMER-COSMOS cover the full area of the COSMOS field shown here.

Adopting the NRSIRS2RAPID read-out mode of the detec-
tors (Rauscher et al. 2017) and a standard three-point nodding
pattern to cycle through the three shutter-slitlet per target, we
took one exposure with 55 groups for the PRISM spectral setup.
This leads to an effective exposure time of 2451 s (41 minutes).
Due to the extended nature of the z = 1-3 Wide galaxies, for
both high-resolution gratings we only nodded between the two
outer shutter positions to minimize source self-subtraction, i.e.
the source is only ever centered in the upper and lower open
shutter. For G235H we took one exposure with 55 groups for
each of the two nodding positions (1634 s or 27 m total), and for
G395H we took one exposure with 60 groups for each of the
two nodding positions (1780s or 30 m total). The small differ-
ence between G395H and G235H is motivated by obtaining the
highest possible signal-to-noise in He emission line at the high-
est redshifts. The associated sensitivities are shown in Figure 3
(see also Giardino et al. 2022).

3. Target selection and MSA design

Once a position angle was assigned to a pointing, we chose the
optimal field center corresponding to the best observability of
our highest-priority targets (Section 3.1). The remaining MSA
shutters were allocated to sources drawn from the 3D-HST cata-
log (Momcheva et al. 2016). These “census” sources were prior-
itized according to a combination of their F160W magnitude (a
direct observable), grism redshift (which in some cases is sim-
ply a photometric redshift; Brammer et al. 2012; Maseda et al.
2018), UV plus IR star formation rate (derived assuming the
grism redshift), and/or observability of optical emission lines in
the G235H or G395H gratings. We detail our priority classes in
Table 2 and Section 3.2. These classes are used to optimize the
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final MSA configuration, the process of which is described in
Section 3.3.

3.1. Highest-priority targets

Individual high-priority objects were used to set the initial rel-
ative pointing centers during Phase I of the observing prepara-
tions, and then they were used again to define exact pointing cen-
ters once a final position angle was assigned (see Section 3.3),
utilizing a weighting scheme for different classes. These “P1”
target categories are:

— Galaxies at z > 1.5 with estimated stellar masses
210" My, in the 3D-HST survey (Momcheva et al. 2016,
weight = 1000).

— Sources that are continuum-bright in NIRCam F444W
imaging (where available at the time of scheduling),
but significantly fainter in HST F160W imaging. This
selection is defined by both F444W < 245 and
F160W > 25.2, and is optimized to sample sources
that would be missed by our default selection of
continuum-bright sources based on F160W magnitude alone
(weight = 500).

— IRAC-excess sources from Smitetal. (2015), Roberts-
Borsani et al. (2016), i.e. z = 6 — 8 sources with strong
optical emission lines determined from Spitzer/IRAC pho-
tometry (weight = 300).

— z > 4 photometric dropouts with F160W < 24 from
Bouwens et al. (2015, weight = 300).

— Compact quiescent galaxies at z > 3 from Straatman et al.
(2016, weight = 300).

— Radio AGN (Li4GHz > 10**5 W Hz™!
Magliocchetti et al. (2018, weight = 120).

from e.g.
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Fig. 3. Empirically derived emission line (top) and continuum (bot-
tom) sensitivities for the Wide survey as a function of disperser and
observed wavelength. The solid lines are the 5-0 sensitivities for a cen-
tered point source, while the dashed lines are the 5-0 sensitivities for an
“extended” source, namely a centered object with a Sersic index n = 1
and a half-light radius of 0”3 (a typical star-forming galaxy at z = 1.5;
van der Wel et al. 2014).

— X-ray AGN (hard X-ray luminosity L > 103 ergs™!) from
e.g. Aird et al. (2015, weight = 60).

— Individual interesting sources such as GN-20 (Daddi et al.
2009), a bright submillimeter galaxy, or GN-z11 (Oesch
et al. 2016; Bunker et al. 2023a; Maiolino et al. 2024), the
highest-redshift galaxy confirmed with HST (weight = 500).

A representative object from each P1 class is shown in Figure 4.
In addition to these P1 AGN, we include an additional, lower-
priority class of AGN (Priority Class 6) without the radio or
X-ray luminosity cuts described above. These samples are more
heterogeneous, depending on the depth of the radio or X-ray data
in the field, but nevertheless help increase the dynamic range of
accretion rates and black hole masses probed in Wide.

3.2. Priority classes

One of the key motivators of the Wide survey with
JWST/NIRSpec is to observe the restframe-optical part of a
galaxy’s spectrum at wavelengths that are difficult or impossible
to observe with ground-based instruments. As such, our highest
priority classes primarily focus on the z > 2.4 regime where Ha
becomes redshifted beyond the K-band. As our high-resolution
spectroscopy covers redwards of 1.66 um, this means we also
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Fig. 4. Example PRISM spectra for objects in each of the highest-
priority “P1” categories (Section 3.1), including the unique number
observed in the survey when applicable. Inset figures show high-
resolution data covering Ha (vertical dashed lines) and [N II] (vertical
dotted lines), when detected.

have high-resolution data for [O III] and HB. We therefore can
cover the pre-eminent restframe-optical emission lines (Ha, HS,
and [OIII]) out to z =~ 7, which includes the aforementioned
Spitzer/IRAC-excess sources. At 1.5 < z < 2.4 we do not have
high-resolution coverage for [O III] and HB, but we do typically
have coverage of Ha: this represents our second-priority red-
shift range. To summarize, our highest-priority redshift range is
z > 2.4 where all strong optical lines are potentially visible in
G235H or G395H (in practice, with the WFC3-based detection
from 3D-HST our main census is limited to z < 4-5), followed
by the range 1.5 < z < 2.4 where Ha is potentially visible in
G235H, followed by objects at z < 1.5. This tiered structure,
with more objects in lower priority classes, is crucial to effi-
ciently fill the MSA with targets.
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One additional point is that the G235H and G395H gratings
do not offer uniform wavelength coverage for all targets in the
MSA field-of-view. The spectra are dispersed beyond the edge of
the detector and/or are dispersed across the gap between the two
detectors. However, the precise wavelength coverage for every
shutter is calculable. Combined with our photometric and grism
redshifts we can, for a given spatial position, determine whether
or not the specified emission lines are observable in one of the
high-resolution gratings observed in Wide.

Thus, within these different redshift ranges we sub-prioritize
based on the object’s F160W magnitude, predicted Ha lumi-
nosity (based on the 3D-HST UV+IR star formation rates),
and the possibility of observable optical emission lines in the
high-resolution spectra. This prioritization is performed after
an initial pointing position is generated (see Section 3.3) based
on our highest priority targets, which we outline in the fol-
lowing section. We note that the F160W selection prioritizes
sources brighter than AB magnitude 24, which is the approx-
imate limit where we expect our PRISM observations to pro-
duce a continuum signal-to-noise of 10 per resolution element
for a source with a typical amount of geometrical slit losses
(1.4 mag; see Figure 3). Likewise, for predicted Ha fluxes
above 107'%%ergs™! cm™ we expect our high-resolution spec-
tra to detect optical emission lines at sufficient signal-to-noise,
in this case providing Hp at a signal-to-noise in excess of 3 at all
wavelengths (modulo uncertainties on the star formation rates
themselves and dust attenuation, and assuming [OIII] and Ha
will be visible at a signal-to-noise greater than 10).

3.3. MSA configurations with eMPT

In order to make MSA configurations, we used the above-
mentioned priority classes as input to the eMPT software
(Bonaventura et al. 2023)3. The eMPT code operates in two
stages. First, the optimal pointing is determined by maximiz-
ing the simultaneous observability of “P1” or the highest-priority
sources (Section 3.1) using the Initial Pointing Algorithm (IPA)
incorporating the weights assigned to each P1 category. This
results in a set of pointings that maximize the observability
of the highest-value P1 sources. Second, at the best pointing
centers from the IPA, a figure-of-merit is calculated based on
the observability of sources in each of the subsequent prior-
ity classes (Table 2). The optimal pointing is then the one that
maximizes the simultaneous observability of P1 targets as well
as all of the other priority classes with decreasing importance.
Allowing for overlaps on the detector in the high-resolution
modes but not the PRISM mode (Section 2) allowed us to
observe a mean of 135 targets per configuration. This num-
ber ranges from 111 to 151 targets per pointing, scaling pre-
dominantly with the source density of targets in the parent
catalog.

In Figure 5, we show the final completeness of the Wide
spectroscopic sample compared to the parent 3D-HST sample
in the M,—SFR plane in three different bins of redshift. Our
completeness increases above z = 1.5 (Section 3.2), where we
are effectively sampling across the main sequence of star forma-
tion. In the 1.5 < z < 2.4 range, the distribution of SFR values
in WIDE is indistinguishable from the distribution in 3D-HST
according to a two-sided Kolmogorov-Smirnov test at masses
above 10 M.

3 https://github.com/esdc-esac-esa-int/eMPT_vl
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3.4. Target acquisition

Given the small size of each NIRSpec microshutter, care must be
taken to ensure a proper alignment between the instrument aper-
tures and the targets is made. We utilized the HST-based images
from the aforementioned CANDELS fields, but with astrometry
updated to the Gaia reference frame (Lindegren et al. 2012).

We adopted the MSATA procedure for the actual target
acquisition. This involves observing a number of “reference
objects”, or compact sources that are within a fixed range of
magnitudes so as to be well-detected in a fixed exposure time
without being saturated. The exposure time and the NIRSpec
target acquisition filter (F110W, F140X, and CLEAR) can be
chosen to maximize the number of observable reference objects,
up to 8. These sources are observed through grids of 13 by 7
open microshutters. Since the reference objects must be compact
and inter-shutter bars occlude a significant fraction of the areal
coverage, as well as a number of shutters being completely inop-
erable, a larger number of usable sources must be constructed for
each prospective pointing to ensure a successful acquisition.

We constructed a catalog of usable reference objects again
based on the 3D-HST photometric catalog. Although these cata-
logs have HST/WFC3 and Spitzer/IRAC photometry covering
the same wavelength range as the NIRSpec target acqui-
sition filters, care must be taken to accurately predict the
exact magnitudes for each object. We used the MAGPHYS code
(da Cunha et al. 2008) to fit the broad-band photometry for
each object in the 3D-HST catalog. Based on the best-fit spec-
tral energy distribution for each source, we calculated the pre-
dicted magnitude in the NIRSpec target acquisition filters using
PySynphot (STScl Development Team 2013). Additionally, we
required a source to be spatially compact based on the catalog
CLASS_STAR value, typically >0.8 in F160W although in some
cases this is relaxed to 0.5 in fields where an insufficient num-
ber of reference objects would result. A final visual inspection of
each potential reference object was performed to ensure that e.g.
a brighter nearby source would not interfere with the MSATA
procedure. When NIRCam imaging is available, we verified that
sources with large proper motions were removed by comparing
the HST positions (circa 2010) with the NIRCam ones (circa
2023). The final list of reference objects was added to APT and
the optimal setup, typically seven or eight reference objects in
three or four MSA quadrants, was used for the target acquisition.
This procedure was successfully adopted for all Wide pointings,
resulting in a 100 percent target acquisition success rate (with
the exception of a single failure due to an observatory guide star
issue unrelated to the MSATA procedure).

3.5. Final survey statistics

In total, the Wide survey consists of NIRSpec observations of
4127 unique objects across the five CANDELS fields, includ-
ing 189 unique “P1” sources. The distribution of their priority
classes, F160W magnitudes, and 3D-HST redshifts are shown
in Figure 6, including the AEGIS subset which constitutes the
first Wide public data release (see Section 6).

4. Data reduction

We use the same core reduction procedure as other NIRSpec
MOS GTO surveys (e.g. Curtis-Lake et al. 2023; Cameron et al.
2023; Carniani et al. 2024; Bunker et al. 2023b; Saxena et al.
2023), developed by the ESA NIRSpec Science Operations
Team (SOT) and GTO teams. This procedure will be described
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Table 2. Wide Priority Classes, as used in the allocation of MSA slitlets (see Section 3).

Priority Redshift F160W He flux (ergs™' cm™2)® Other

1 - - - (see Section 3.1)

2 72224 F160W < 24 log fra < —16.9 -

3 1.5<z<24 F160W <24 log fia < —16.9 -

4 7224 - log fue = —16.9 Coverage of Ha, HB, and [OIII] in G235H or G395H

5 7224 - log fie = —16.9 Coverage of Ha in G235H or G395H (cf. Priority class 4)
6 - - - Selected as an AGN (see Section 3.1)

7 7224 F160W > 24 log fie = —16.9 Coverage of He, HB, and [O111] in G235H or G395H

8 7>24 F160W > 24 log fro = —16.9 Coverage of He in G235H or G395H (cf. Priority class 7)
9 1.5<z<24 F160W <24 log fie = —16.9 Coverage of Ha in G235H or G395H

10 1.5<z<24 F160W > 24 log fe = —16.9 Coverage of Ha in G235H or G395H

11 z7>24 F160W > 24 log fra = —16.9 (cf. Priority class 7)

12 1.5<z<24 F160W <24 log fae = —16.9 (cf. Priority class 9)

13 1.5<z<24 F160W > 24 log fie = —16.9 (cf. Priority class 10)

14 z<15 F160W < 24 log fe < —16.9 (Satisfies one or both of the quoted magnitude and He cuts)
15 z<15 F160W > 22 - -

Notes. For a source that fulfills multiple criteria, e.g. a source that could be in priority class 4 or 5, the source is put into the highest possible
priority class (class 4, in this case). Note that below a redshift of z = 2.4 we no longer have coverage of HB or [OIII] in G235H. ®'Derived from
the UV+IR star formation rate at zism (Momcheva et al. 2016), assuming Case B recombination and no dust attenuation.

z<1l5

15<z<24

z>24

---- Star-forming Main Sequence
| —— 3D-HST (Parent Sample)

log SFR (Mg yr™1)

70

N Observed, WIDE

9 10 11 7 8 9
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log M. (My)

10 11 7 8 9 10 11
log M. (My)

Fig. 5. Observed galaxies in the Wide survey (colors) compared to the parent catalog from 3D-HST (Momcheva et al. 2016 contours at 250, 500,
and 1000 sources) in our three primary redshift bins. Across all redshift and mass ranges, Wide is sampling galaxies across the full range of
SFRs from 3D-HST, including those that lie below the “main sequence” (overplotted at +1-0- as dashed lines at z = 1, 2, and 3, respectively;

Speagle et al. 2014).

fully by Carniani et al. (in prep.), but we summarize here.
Most of the pipeline workflow uses the same algorithms adopted
by the official STScI pipeline (Alves de Oliveira et al. 2018;
Ferruit et al. 2022), with small optimizations for our observa-
tions. Namely, we use a finer grid in wavelength with regu-
lar steps in the 2D rectification process. We also estimate path
losses for each source by taking into account its relative intra-
shutter position and assuming a point-like morphology, as in
Bunker et al. (2023b), Curti et al. (2024): further work will be
done in the future to optimize these estimates for extended
sources. The single point of divergence between the Wide reduc-
tions and the other GTO reductions are in the sigma-clipping
algorithm. This algorithm does not work well when the number
of exposures is low (as in Wide) and does not account for Pois-
son noise from bright pixels (as is typical for many Wide targets).
Future data releases will utilize an updated sigma-clipping pro-
cedure, but the current release (see Section 6) omits this step.
We note that outliers due to cosmic rays and/or hot pixels are
still identified during the ramp-to-slope processing step and are
removed in the combination process.

The local sky background is subtracted using the nodded
exposures (2 nods for G235H and G395H; three nods for
PRISM). In the two nod configuration, the local sky background
is corrected via the direct subtraction of the other exposure. In
the case of three nods, it is corrected via the average of the two
other exposures in the sequence. For some very extended objects,
the three-point nodding of the PRISM exposures leads to signifi-
cant self-subtraction and a two-point reduction is necessary; see
Section 6. 1D extractions are performed with boxcar apertures.
The default width is five pixels corresponding to a single open
shutter; three pixel and 15 pixel extractions are also available for
the two-point reductions described above.

5. Science goals

The Wide survey covers the largest area of all NIRSpec Cycle
1 programs, more than 320 arcmin?, including all of the other
NIRSpec GTO survey tiers (Figure 1). Although Wide has con-
siderably less exposure time per spectroscopic pointing than
the JADES survey, the large area opens up an observational
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Fig. 7. Comparison of photometric and spectroscopic redshifts in Wide. Left: Photometric redshifts (from EAzY) versus Wide spectroscopic
redshifts for targets in the AEGIS field constituting the first Wide data release. While many of the objects had accurate photo-z estimates (70%
have | Az/(1+z) | values below 0.25), there is a significant benefit to obtaining precise redshifts from spectroscopy for many of our primary science
cases. Center and right: Example PRISM spectra of objects with a discrepancy between zpno; and Zgpec. The black line shows the best-fitting EAzY
template at each of the redshifts, where the Wide-based spectroscopic redshifts are unequivocally correct.

discovery space that is otherwise unattainable. Specifically,
Wide is designed to characterize the galaxy population at inter-
mediate redshifts (here, I < z < 5) as a complement to the
deeper JADES survey reaching to higher redshifts. At the same
time, Wide is well suited to study rare objects which would not
be observed in great numbers by the other tiers. The main sci-
ence drivers for the Wide observing strategy are:

5.1. A census of galaxies at Cosmic Noon

One of the key design features of Wide is the tiered nature of
the priority classes, where more objects are generally available
and observed in the lower priority classes. This leads to a sur-
vey with good number statistics in the higher-priority, higher-
z categories while also broadly sampling the population of tar-
gets with intermediate priorities. In the case of Wide, this means
that 50% of the observed sample (1909 galaxies; Figure 6) is
located at 1.5 < zgism < 3, where the cosmic star formation rate
density peaks (Madau & Dickinson 2014). This unprecedentedly
large sample of galaxies at “cosmic noon” will allow us to better
understand the buildup of the galaxy population when most of
the star formation in the history of the Universe took place.

As many of our priority classes explicitly incorporate exist-
ing redshift information, an initial key test of the Wide survey
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will be verification of these redshifts compared to the Wide
spectroscopic redshifts (see Section 6 and Figure 7). More-
over, our relaxed requirements for inclusion into lower priority
classes allows Wide to survey any potential population of galax-
ies that are mis-identified from their photometry alone (e.g. con-
fusion between Lyman-breaks and Balmer-breaks as explained
in Curtis-Lake et al. 2023).

Wide will facilitate the determination of stellar masses
from fitting to broadband photometry with these spectro-
scopic redshifts, star formation rates from Ha fluxes, and gas-
phase metallicity determinations from strong-line ratios such
as [OII]/HB, [NI]/He, [OII]/HB, and combinations thereof
(e.g. Laseter etal. 2024). These are the necessary pieces to
reconstruct scaling relations such as the “star formation main
sequence” (the relation between star formation rate and stellar
mass; Speagle et al. 2014) or the stellar mass—gas-phase metal-
licity relation (Curti et al. 2024) over a large dynamic range in
stellar mass and redshift.

5.2. The evolution of galaxy quenching across cosmic time

The local galaxy population at M, > 10° My is bimodal
with respect to its color, age and star formation rate (e.g.,
Kauffmann et al. 2003; Bell et al. 2004; Brinchmann et al. 2004)
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Fig. 8. Example PRISM spectrum (top left) and photometry (bottom left) for a galaxy in the Wide survey (3D-HST ID: UDS 22634). Both the
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panels show posterior probability distributions for the stellar metallicity (top right) and age (bottom right) for an exponentially declining star for-
mation history. The spectroscopic fit (filled histogram) results in better-constrained posteriors with a significantly different physical interpretation
than would be possible with photometry alone (see also Kriek et al. 2006).

and hence is split into actively star-forming galaxies and
mainly passively evolving systems. The galaxy bimodality is
detected out to z > 3 with a significant population of galax-
ies with no or low-levels of star formation already present at
those redshifts (Nanayakkara et al. 2024; Carnall et al. 2023;
Strait et al. 2023; Looser et al. 2024; Glazebrook et al. 2024;
Kakimoto et al. 2024). How the galaxy population became
bimodal and which mechanisms are mainly responsible for the
suppression of star formation remain observationally unsettled
questions. With JWST we are able, for the first time, to obtain
rest-frame optical continuum spectra out to z < 7 that allow us
to derive star formation histories (SFHs) and stellar population
parameters for galaxies across the galaxy population, including
direct measurements of the Balmer break from the spectra. Spec-
tral fitting can provide far more information than photometry
alone can, and is capable of breaking degeneracies in critical
parameters such as age and metallicity (Figure 8).

Moreover, while galaxies can generally be separated into
star-forming and quiescent on the basis of their restframe UV]J
colors (e.g. Williams et al. 2009), spectroscopy can reveal the
presence of emission lines like Ha, which could be an indica-
tion of AGN activity, hidden star formation, or the presence of
hot, evolved stars in an otherwise passive galaxy (e.g. Figure 9;
Byler et al. 2019). With spectroscopic data, reliable and consis-
tent methods can be used to track the evolution in star formation
rates (SFRs) from the local Universe out to high redshifts. The
NIRSpec Wide survey complements the deeper JADES tiers by
focusing on redder and more massive galaxies, providing large
number statistics for the full population of galaxies in the inter-
mediate redshift range 1 < z < 5 connecting the present day and
infant Universe.

5.3. Rest-frame optical spectra of Spitzer/IRAC excess
sources

Prior to NIRSpec, most spectroscopic observations of the
highest-redshift sources were restricted to the rest-frame UV
(observed NIR). However, techniques have been developed
using broadband Spitzer/IRAC photometry as “low-resolution”
spectroscopy over large areas: Lyman-break galaxies are
selected via optical/NIR imaging, where optical spectral fea-
tures are contained inside the IRAC bandpasses in certain red-
shift windows. Strong photometric excesses in these bands were
attributed to emission lines (e.g. Ha and/or [OIII]; Stark et al.
2013; Smitet al. 2015; Roberts-Borsani et al. 2016) or to a
strong Balmer break (e.g. Eyles et al. 2005; Hashimoto et al.
2018). Bright galaxies with the strongest photometric excesses
are sufficiently rare (~50 across all five CANDELS fields) so
that Wide is the only GTO tier that can realistically probe the
full population. Low-resolution spectra with NIRSpec trivially
measure the bright emission lines (if present) for accurate red-
shifts, metallicities, and SFR measurements. These galaxies are
the brightest sources available at z ~ 6—8 and are well suited for
more detailed follow-up studies.

5.4. lonized gas outflows from SF and AGN galaxies at
2<z<5

Massive gas outflows from galaxies are thought to be an
important mechanism to regulate star formation in galaxies
(e.g Silk & Rees 1998; King 2003; Hopkins et al. 2008) and
to enrich the inter-galactic medium with metals. Galactic out-
flows have often been detected as broad wings, typically
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Fig. 9. Observed UVJ diagram (Williams et al. 2009), showing rest-
frame U — V and V — J colors (calculated using EAzY; Brammer et al.
2008), for objects at 1.5 < z < 2.4 with M, > 10° M,, in the AEGIS
pointings of Wide. Upper panel: Solid orange points are the observed
sample and transparent grey points are the parent sample. While objects
located within the boundary in the upper-left corner are often considered
to be quiescent in nature (e.g. Whitaker et al. 2011; Muzzin et al. 2013),
Wide spectroscopy reveals Ha emission in some of them (squares) indi-
cating some source of ionizing photons (e.g. residual star formation,
heating by old stellar populations, and/or an AGN; Byler et al. 2019;
Maseda et al. 2021). Lower panels: Wide PRISM spectra for the two
objects denoted by stars in the upper panel; sources close to the bound-
ary between star-forming and quiescent. While the characteristic uncer-
tainty in the restframe colors is large (shown in the lower-right corner
of the upper panel), spectroscopy can unambiguously differentiate via
e.g. a detection of Ha emission at 6563 A in excess of the BAGPIPES-
determined stellar continuum.

blue-shifted, of both forbidden and permitted emission lines
(e.g. Mullaney et al. 2013; Harrison et al. 2016; Zakamska et al.
2016). Ionized gas outflows are prevalent in starburst galaxies
(e.g. Westmoquette et al. 2012; Cicone et al. 2016), but are par-
ticularly strong in AGN host galaxies (e.g. Arribas et al. 2014;
Carniani et al. 2016; Husemann et al. 2019). While systematic
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analyses of ionized gas outflows from rest-frame optical emis-
sion lines have been performed from the ground already up to
redshift z ~ 2.5 (Newman et al. 2012; Forster Schreiber et al.
2019), only JWST is able to probe the redshift range beyond
z > 2 based on Ha (Carniani et al. 2024; Xu et al. 2023). The
detection of the outflows and their characterization requires a
high spectral resolution to properly resolve the line shapes into
multiple components.

5.5. The evolution of black hole mass — host galaxy scaling
relations

The tight relation between black hole (BH) mass and host galaxy
properties, such as stellar velocity dispersion o, and bulge mass
Myyige, have been established as a fundamental characteristic of
massive galaxies (e.g. Gebhardt et al. 2000; Ferrarese & Merritt
2000; Hiring & Rix 2004). Initially, BH and galaxy growth were
assumed to be regulated via AGN feedback, but it has been
shown that simply the merging of galaxies and their BHs nat-
urally lead to tight BH mass — host galaxy mass relation due to
the central limit theorem (Peng 2007; Jahnke & Maccio 2011). It
is vital to explore the evolution of the relation between BH mass
and their host galaxies to further understand its origin and dis-
criminate between different pathways. However, it is challeng-
ing to probe the BH mass — host galaxy scaling relations beyond
z > 1 (Jahnke et al. 2009; Merloni et al. 2010), and these studies
have reported inconsistent results. With JWST NIRSpec spec-
troscopy we aim to measure o, from the redshifted Ca triplet in
the stellar continuum of unobscured AGN at 1 < z < 2, or esti-
mate o, from narrow emission lines. In addition, we can explore
the BH mass — stellar mass relation by performing joint stellar
population and AGN modeling to the PRISM spectroscopy (e.g.
Maiolino et al. 2023; Wang et al. 2024). This opens the possibil-
ity to study the evolution in the BH mass — host galaxy relation
out to z & 6 with the Wide survey, extending JWST results to
much larger samples and a wider range in black hole mass than
are currently available (e.g. Greene et al. 2024; Maiolino et al.
2023; Ubler et al. 2023).

5.6. The dynamics of galaxies including dark matter content

The kinematic structure of galaxies is observed to evolve
over time, as ionized gas velocity dispersions of galaxies
increase with redshift, while galaxy sizes and rotational support
decrease (e.g., van der Wel et al. 2014; Wisnioski et al. 2015;
Simons et al. 2016; Ubler et al. 2019). Theoretical studies show
that star-forming galaxies at high redshift (z ~ 2) may consist
of gas-rich turbulent disks, which grow through cold accretion
and minor mergers (e.g. Dekel etal. 2009; Ceverino et al.
2012; Genel et al. 2012). Measurements of the kinematics of
high-redshift galaxies therefore provide crucial insight into
galaxy mass assembly and feedback mechanisms. Beyond
z 2 2, however, the rest-frame optical emission lines typically
studied become extremely challenging to observe. Although
much progress at 1 < z < 3 has been made in recent years with
ground-based surveys to infer the internal motions of typically
massive and extended galaxies using the KMOS, MOSFIRE
and SINFONI near-IR spectrographs (Kriek etal. 2015;
Wisnioski et al. 2015; Simons et al. 2016; Stott et al. 2016;
Turner et al. 2017; Forster Schreiber et al. 2018; Price et al.
2020), and using ALMA observations of rest-frame FIR lines in
bright galaxies at z ~ 4—7 (e.g. Smit et al. 2018; Neeleman et al.
2020; Jonesetal. 2021; Lellietal. 2021; Rizzo etal.
2021), the precise physical mechanisms that govern galaxy
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Fig. 10. Example Wide data for GN20 (Pope et al. 2006; Bik et al. 2024; Crespo Gomez et al. 2024), a bright submillimeter galaxy in the GOODS-
N field at z = 4.05. Left: HST/WFC3 and JWST/MIRI images of the system with the NIRSpec microshutters overplotted (the 1 x 3 configuration
adopted in Wide along with the +1 shutter above and below observed in the two different nodding positions). As noted in Hodge et al. (2015) and
Bik et al. (2024), there is significant dust attenuation in the center of the system along with an unobscured (UV-bright) component visible in e.g.
F160W. Right: The 2D and 1D Wide spectra for this object, with extractions peformed for a single shutter (colors). The unobscured component
(upper shutter) is well-detected in Ha, while the obscured component is observed with a prominent red continuum.

kinematics remain unclear, particularly for low-mass and com-
pact systems. Observational limitations, including ground-based
seeing and OH skyline contamination, are a major motivator to
undertake these investigations with NIRSpec.

With the NIRSpec Wide survey, we will systematically
explore the internal galaxy kinematics based on the widths of
integrated rest-frame optical emission lines out to high redshifts
and even study rotation curves from spatially resolved kinemat-
ics for a significant subset of galaxies. Through dynamical mod-
eling of the kinematics, we will constrain the total mass bud-
gets of the galaxies, including dark matter on galactic scales
(de Graaff et al. 2024). As Wide is targeting several thousand
galaxies spanning a wide range in both stellar mass and red-
shift, we will be able to trace the evolution in the galaxy mass
budget and explore the physical origins and evolution of galaxy
kinematics.

5.7. Galaxy clustering estimates at z~ 2—6

In the ACDM framework, galaxies are formed in the centers
of dark matter halos (e.g. White & Rees 1978; Blumenthal et al.
1984; White & Frenk 1991), hence their properties are closely
linked to the properties of the halos they reside in. Assessing
this galaxy-dark matter relation gives insight into the efficiency
of stellar mass assembly and places key constraints on galaxy
formation and evolution models. A commonly used method to
assess the galaxy-dark matter connection and provide a diag-
nostic for distinguishing theoretical models is measuring the
clustering of galaxy populations using pairwise velocity disper-
sion and two-point correlation function methods (Peebles 1980;
Davis & Peebles 1983). Studies of ~10—100s of thousands of
galaxies have linked galaxies to their local environment and indi-
cated only a slight evolution of galaxy clustering across z =
0-2, with the strength depending on galaxy type and physical
properties (e.g. Li et al. 2006; Zehavi et al. 2011; Bielby et al.

2014; Loveday et al. 2018). There has been an effort to extend
the analysis to higher redshift (z = 2-6; e.g. Ishikawa et al.
2017, Hatfield et al. 2018; Harikane et al. 2018), however, sam-
ple statistics and/or uncertainties associated with photometric
surveys make it difficult to put stringent constraints on the
stellar-halo mass relation. Nevertheless, spectroscopic studies
(e.g. Durkalec et al. 2015) have suggested that the stellar mass-
halo mass ratio at z = 3 might be higher than expected from
theoretical models. Larger spectroscopically confirmed samples
extending to higher redshifts are required to assess galaxy clus-
tering at z > 2, with JWST expected to deliver the required sen-
sitivity out to z = 10 (Endsley et al. 2020). NIRSpec Wide will
provide the accuracy and precision (<100kms™! for S/N> 5 in
G235H or G395H) over a large volume to identify galaxy pairs
across z = 2—6, with ~2500 expected galaxy pairs at z 2 2.5.
This survey will allow us to assess the pairwise velocity disper-
sion and derive the two-point correlation function for subsets of
the sources across z = 2—6 to infer the dark matter halo masses
and compare with simulations and observational clustering mea-
surements of the expected descendants in the local Universe.

5.8. Spatially resolved spectroscopy of galaxies at Cosmic
Noon

Recent JWST/NIRSpec integral field spectroscopic (IFS) stud-
ies of galaxies at early cosmic times (ie. 3 < z < 9)
have revealed the frequent presence of clumps and companions
(Rodriguez Del Pino et al. 2024; Jones et al. 2024), metallicity
gradients (Arribas et al. 2024), outflow-induced gas turbulence
(Parlanti et al. 2024), off-centered and dual AGN (Ubler et al.
2024; Perna et al. 2023, 2024), and other complex structures that
are difficult to interpret without spatiallyresolved spectroscopy.
Although limited along the cross-dispersion direction, Wide
offers the possibility to probe spectrally the spatial structure of
individual objects (Figure 10). Additionally, Wide will obtain
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Fig. 11. Example Wide PRISM spectra (top) and signal-to-noise (bottom) for three objects in GOODS-N, showing the effect of the choice of
the nodding pattern and extraction on the resulting 1D spectra. Insets show the HST/WFC3 F160W images with the NIRSpec MSA shutters
overplotted; note a 1x 3 microshutter configuration with the observed three-point nodding in the PRISM results in a projected area of 1 x5
shutters on the sky. Left: A compact object, well-centered in the MSA: there is very little difference between the different nodding and extraction
choices. Center: A very extended object: in this case, self-subtraction becomes an issue with the three-point nodding resulting in a higher signal and
signal-to-noise when the two-point reduction is used. Right: An intermediate case: the choice of different extractions can be motivated scientifically

(see e.g. Section 5.8).

average radial profiles of key properties (e.g. metallicity, ioniza-
tion, velocity dispersion) for large samples, potentially an order
of magnitude higher than with the GTO GA-NIFS survey. This
information is of paramount importance to compare with the pre-
dictions of current high-resolution cosmological zoom-in simu-
lations of high-z galaxy populations (e.g. Ceverino et al. 2016,
2021; Nakazato et al. 2024).

6. Data release and plans

The full suite of reduced data products for the Wide point-
ings in the AEGIS field (Program 1213) are available at
MAST as a High Level Science Product via https://doi.
org/10.17909/57km-j134 and https://mast.stsci.edu/
hlsp/. The distribution of their priority classes, F'160W mag-
nitudes, and 3D-HST redshifts compared to the full Wide sam-
ple are shown in Figure 6. Additionally, we commit to similar
releases for the remaining four fields in the future.

A key contribution of the Wide survey is spectroscopic con-
firmation of the redshifts for the target sample. For the five
Wide AEGIS pointings, our initial redshift catalog based on the
PRISM data (forthcoming with the data release described here)
results in 435 secure redshifts from 713 total targets, resulting
in a 61% success rate. The remaining targets are predominantly
in lower priority classes: 272 of the 278 without Wide spectro-
scopic redshifts are in priority class 7 or below, 196 are in prior-
ity class 10 or below, and 148 are in priority class 14 or below.
This is comparable to the results from the JADES Deep sur-
vey (Bunker et al. 2023b), which obtained a 70% spectroscopic
redshift confirmation rate with similarly lower success rates for
lower priority classes.
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This release includes reduced 1D and 2D spectra, including
multiple options for the data processing and 1D spectral extrac-
tions, as well as a catalog of redshifts determined from the spec-
troscopy (see Figure 7). Specifically, we process the PRISM data
in two different ways: (1) in an identical fashion to the grat-
ing data, taking the sum of the exposures in the top and bottom
microshutters only (“2 nods”), as well as (2) using all three nods
(“3 nods”). The former is particularly useful when a source is
very extended spatially and hence background self-subtraction
from closely nodded exposures can cause issues (see the cen-
tral panel in Figure 11). In the two nods case, we also include
three different spectral extraction sizes: three, five (default),
and 15 pixels in the cross-dispersion direction. While the larger
extractions include more flux, which is useful in the case of an
extended object, it increases the chance of contamination from
hot pixels and/or cosmic ray hits as well as increases the total
amount of detector noise in the extracted spectrum. Care should
be taken when deciding which extraction and nodding pattern to
use for which type of object: see Figure 11. We also note that
the same point-source slit loss correction is applied to all these
different 1D and 2D extractions, and therefore caution that addi-
tional flux calibration is needed for sources that are resolved by
JWST/NIRSpec (2071).

7. Conclusions and outlook

The NIRSpec GTO Wide program is an ambitious Cycle 1
project designed to study the evolution of the galaxy popula-
tion at 1 < z < 5, with extensions to higher redshifts for some
bright, rare targets. Wide was conceived to be the optimal way
to rapidly tile the sky to maximize the observability of high-
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value targets with a spatial density of a few per MSA field-of-
view while simultaneously providing a much larger census of
galaxy spectra with a wavelength coverage and sensitivity that
is unmatched by other facilities. The 105 hours allocated to the
program result in 31 pointings, spread across the five CANDELS
fields with ancillary photometric information from HST.

The science cases for Wide are varied (Section 5), includ-
ing a large census of galaxies at cosmic noon, the assembly of
star-forming galaxies in the early Universe, the incidence rate
of galaxy-scale outflows across a large dynamic range in stellar
mass, and the nature of accreting supermassive black holes and
their relationship with their host galaxies. Spectroscopy can pro-
vide additional information that cannot be obtained by photom-
etry alone. These science cases naturally lead to an observing
strategy like the one adopted here, combining low- and high-
resolution spectroscopy for a large number of targets spread
across the sky. Wide accomplishes these and other science goals
with a unique target selection facilitated by the eMPT software
and a results-oriented prioritization strategy.

Future data releases from Wide will provide a tremendous
legacy value to the community, representing a detailed census of
galaxies and AGN focused on the epoch of Cosmic Noon. The
observing strategies, prioritization schemes, and data reduction
techniques will also serve as a blueprint for future large spec-
troscopic surveys with NIRSpec. And, together with its part-
ner JADES and the GA-NIFS programs, these surveys will form
the core of spectroscopic information about galaxies in the early
Universe for years to come.
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