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ABSTRACT

We present the JWST Emission-Line Survey (JELS), a JWST imaging programme exploiting the wavelength coverage and
sensitivity of the Near-Infrared Camera (NIRCam) to extend narrow-band rest-optical emission-line selection into the Epoch
of Reionization (EoR) for the first time, and to enable unique studies of the resolved ionized gas morphology in individual
galaxies across cosmic history. The primary JELS observations comprise ~ 4.7 um narrow-band imaging over ~ 63 arcmin?
designed to enable selection of Ha emitters at z ~ 6.1 and a host of novel emission-line samples, including [OTI] (z ~ 8.3)
and Paschen /B (z ~ 1.5/2.8). For the F466N/F470N narrow-band observations, the emission-line sensitivities achieved are
up to ~ 2x more sensitive than current slitless spectroscopy surveys (5o limits of 0.8-1.2x 10~ '8 erg s~!em™2), corresponding
to unobscured He star formation rates (SFRs) of 0.9-1.3 Mg yr~! at z ~ 6.1, extending emission-line selections in the EoR
to fainter populations. Simultaneously, JELS also adds F200W broad-band and F212N narrow-band imaging (H« at z ~ 2.23)
that probes SFRs > 5x fainter than previous ground-based narrow-band studies (~ 0.2 Mg yr~!), offering an unprecedented
resolved view of star formation at cosmic noon. We present the detailed JELS design, key data processing steps specific to the
survey observations, and demonstrate the exceptional data quality and imaging sensitivity achieved. We then summarize the key
scientific goals of JELS, demonstrate the precision and accuracy of the expected redshift and measured emission-line recovery
through detailed simulations, and present examples of spectroscopically confirmed H « and [O 111] emitters discovered by JELS
that illustrate the novel parameter space probed.
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spectroscopic confirmation of galaxies at z > 10 (e.g. Arrabal Haro

1 INTRODUCTION et al. 2023; Curtis-Lake et al. 2023) and discovering new populations

Since its launch, JWST has been delivering on its promise to trans- of active galactic nuclei (AGNs; e.g. Matthee et al. 2023; Labbe et al.
form our understanding of the earliest stages of galaxy formation, 2025), whilst also beginning to reveal the detailed properties of the
discovering a wealth of galaxies out to unprecedented redshifts (e.g. galaxies that powered the process of cosmic reionization (Sanders

Carniani et al. 2024; Robertson et al. 2024), routinely providing et al. 2023; Shapley et al. 2023). These early JWST results have
demonstrated the potential to begin answering some of the key
outstanding questions in extra-galactic astronomy. For example, how

* B-mail: kdun@roe.ac.uk and when do the first galaxies assemble? How does the chemical
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enrichment of the Universe proceed (Arellano-Cérdova et al. 2022;
Cameron et al. 2023; Curti et al. 2023; Isobe et al. 2023; Topping
et al. 2024)? When do the first supermassive black holes (SMBHs)
form (Larson et al. 2023a; Greene et al. 2024; Maiolino et al. 2024,
Matthee et al. 2024; Labbe et al. 2025)? Which galaxies drive the
process of reionization and what is its detailed topology (Tang et al.
2023; Mascia et al. 2024; Umeda et al. 2024; Witstok et al. 2024)?

However, to date, the majority of z > 6 galaxy samples confirmed
by the JWST Near-Infrared Spectrograph (NIRSpec; Jakobsen et al.
2022) have typically been selected on the basis of broad-band
colours (de Graaff et al. 2025) or photometric redshift estimates
(e.g. Bunker et al. 2024; Hu et al. 2024; Maseda et al. 2024). Such
selections, however, can be limited by strong biases, with photometric
redshift estimates highly dependent on prior assumptions on the
UV continuum slopes and emission-line properties (Arrabal Haro
et al. 2023; Larson et al. 2023b). To constrain models of galaxy
assembly and understand the processes driving early galaxy evolution
(Somerville & Davé 2015; Yung et al. 2019), it is critical to study
stellar mass or star formation rate (SFR)-selected samples of galaxies
across cosmic time that are as complete and unbiased as possible (and
where any remaining biases can be easily modelled).

The increasing strength of optical emission lines at z > 2 has
been observed extensively (Khostovan et al. 2016; Marmol-Queralté
et al. 2016; Reddy et al. 2018). This trend, along with the ubiquity
of high equivalent width emission lines in z > 5 galaxies (e.g.
De Barros et al. 2019) can therefore be used to our advantage,
through the efficient selection of galaxies based on their rest-optical
emission lines. Slitless spectroscopic surveys (Kashino et al. 2023;
Oesch et al. 2023) have already showcased the scientific potential
of emission-line-selected samples with the JWST. These surveys
provide a powerful method to trace the evolution of star-forming
galaxies and AGN throughout cosmic history (Matthee et al. 2023;
Meyer et al. 2024; Covelo-Paz et al. 2025).

Complementary to the grism or slitless spectroscopic approach is
the selection of emission-line galaxies using photometric narrow-
band observations. Like slitless spectroscopy, a key advantage of
narrow-band selection is that galaxies are selected on the strength of
their emission lines, broadly representing an SFR-selected sample.
When compared to broad-band photometric selections, narrow-band
surveys also offer the advantage that the robustly selected samples lie
within a narrow redshift range while minimizing the complex selec-
tion effects and biases (e.g. source blending) of slitless samples. As
such, in recent years deep ground-based narrow-band surveys in the
optical and near-IR have enabled measurements of the H oo luminosity
function (LF) out to z ~ 2.2 (Geach et al. 2008; Sobral et al. 2013;
Matthee et al. 2017), providing robust measurements of the cosmic
SFR density, and enabled detailed studies of the morphology (Sobral
et al. 2009, 2016), clustering (Sobral et al. 2010; Geach et al. 2012;
Cochrane et al. 2017, 2018) and environment (Sobral et al. 2011) of
star-forming galaxies. Finally, narrow-band selections also offer the
advantage of providing a direct resolved view of the ionized gas in
individual galaxies. Previous narrow-band studies have also provided
the samples for high-resolution follow-up observations that enable
more detailed morphological, chemical, and dynamical studies (e.g.
Swinbank et al. 2012; Stott et al. 2014; Molina et al. 2019; Cheng
et al. 2020; Cochrane et al. 2021).

With the inclusion of narrow-band filters on the Near-Infrared
Camera (NIRCam; Rieke, Kelly & Horner 2005; Rieke et al. 2023)
from 1.645 pum all the way out to 4.7 um, JWST now offers the poten-
tial for narrow-band selection of key optical emission lines such as
H « and [O 111] out into the Epoch of Reionization (EoR; z ~ 6.1 and
8.3, respectively). Simultaneously, the longest wavelength NIRCam
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narrow-bands can also probe emission lines such as Pa o and Pa § that
were previously largely inaccessible in galaxies at the peak of cosmic
star formation history (1 < z < 3). The short wavelength (< 2.5 um)
narrow-band filters, while not breaking new redshift ground, can
exploit JWST’s exceptional resolution and sensitivity to constrain
the detailed morphology of ionized gas in galaxies at cosmic noon
while also probing substantially fainter populations than previously
possible from the ground (e.g. Geach et al. 2008; Sobral et al. 2013;
Matthee et al. 2017).

The JWST Emission-Line Survey (JELS; GO #2321, PI: Best) is
a Cycle 1 NIRCam imaging programme designed to explore this
new discovery space using narrow-band observations to detect and
study emission-line galaxies across cosmic time. JELS leverages the
extraordinary wavelength coverage, spatial resolution, and sensitivity
of JWST/NIRCam to extend narrow-band galaxy selections into
previously inaccessible observational regimes. Specifically, using
the F466N/F470N filters at ~ 4.7 um, the primary goal of JELS is to
provide a clean H @ emission-selected sample of galaxies in the EoR
(z = 6.1) that provides complementary constraints on the cosmic
star formation history and whose properties can be characterized
and compared against UV-selected samples (Pirie et al. 2025).
Simultaneous 2.12 um (F212N) narrow-band imaging is designed
to probe a factor of ~ 5 deeper than previous ground-based studies
of Hoat z ~ 2 (e.g. Sobral et al. 2013), doing so with sub-kpc
resolution to reveal the distribution in star-forming galaxies at the
peak of cosmic star formation activity in unprecedented detail. In this
paper, we present an overview of JELS; outlining the survey design,
the JWST/NIRCam observations, the corresponding data-processing
and resulting properties of the JELS imaging. We then summarize the
broader scientific goals of the survey, with illustrations of the unique
statistical and resolved studies it enables. Finally, we demonstrate
the practical capabilities of the JELS imaging through realistic
simulations of z > 6 emission-line galaxy populations, as well
as presenting illustrative examples of spectroscopically confirmed
H « and [O m]A5008 emitters identified by JELS.

The rest of this paper is set out as follows. In Section 2, we present
the technical design of the JELS survey, the data reduction process
and the photometric properties of the JELS imaging. In Section 3,
we outline the scientific goals of JELS and the expected scientific
returns. In Section 4, we present detailed simulations of the redshift
and emission-line precision that can be achieved by JELS H« and
[0 1m1]A5008 emission-line selected samples. Section 5 then presents
results from a sample of JELS Ho and [O 11]JA5008 emission-line
candidates confirmed by spectroscopic follow-up observations. Sec-
tion 6 then summarizes our conclusions. Throughout this paper, all
magnitudes are quoted in the AB system (Oke & Gunn 1983) unless
otherwise stated. We also assume a ACold Dark Matter (ACDM)
cosmology with Hy = 70 kms~' Mpc™', Q,, = 0.3, and Q, = 0.7.

2 SURVEY OVERVIEW

The overall observing strategy and survey design of JELS was
driven by requirements of the primary science case: first, to probe
sufficient cosmological volume to detect a statistical sample of
z > 6 Hoemitters (a prediction of 40-60 based on conversion
from the UV LF of Bouwens et al. 2015 and assuming UV to
H o conversion as presented in Hao et al. 2011), and secondly to
probe significantly below the break of the LF for H « emitters at
z > 6, thus identifying ‘typical’ star-forming galaxies comparable to
those selected in Lyman-break selected samples but with a highly
complementary selection function.
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Figure 1. Left: Illustration of the JELS filter-set in the NIRCam/SW (upper panel) and LW bands (lower panel). Shown for reference is an illustrative star-
forming galaxy spectral energy distribution redshifted to key redshifts where the narrow-band filters probe Ha (z = 2.23 for F212N, z = 6.17 for F470N)
and [O1I]A5008 (z = 8.29 for F466N). The continuum flux density values are normalized arbitrarily for visualization purposes. Right: Key emission lines and
SFR-indicators probed by the JELS narrow-band filters in the context of the cosmic SFR density evolution. Literature UV/Optical (narrow diamonds) and
infrared (wide diamonds) SFR density measurements are shown from the compilation by Madau & Dickinson (2014, see references therein) and illustrative

than > 0.2 mJy).

While designed to be scientifically viable with only existing legacy
multiwavelength observations (e.g. CANDELS COSMOS; Grogin
et al. 2011; Koekemoer et al. 2011), JELS was designed in tandem
with the JWST Cycle 1 Guest Observer Treasury Program ‘Public
Release Imaging For Extragalactic Research’ Survey (PRIMER; GO
#1837, Dunlop et al. in preparation). The complementary broad-
band observations across the full NIRCam wavelength range from
PRIMER improve the reliability of narrow-band excess selection at
~ 4.7 pm (see below), and are critical for panchromatic spectral en-
ergy distribution modelling and robust emission-line disambiguation
for line emitters selected at both 2.12 and ~ 4.7um. An additional
survey design criterion was therefore for the narrow-band imaging
to be located entirely within both the pre-existing deep optical and
contemporaneous PRIMER NIRCam observations.

2.1 Survey design

In the NIRCam long-wavelength (LW) channels, JELS employs
the closely separated F466N and F470N narrow-band filters, with
pivot wavelengths of 4.654 and 4.707um, respectively (and effective
filter widths, Weg, of 0.054 and 0.051pum). Either through difference
imaging between the adjacent F466N/F470N bands, or narrow-band
excess selection with respect to the F444W broad-band imaging
provided by the PRIMER COSMOS observations, line emitters can
be selected in both filters and enable selection of H « emitters in two
overlapping volumes centred at z ~ 6.09 and z ~ 6.17 (see Fig. 1).

Simultaneously, in the NIRCam short-wavelength (SW) chan-
nels, JELS employs the F212N narrow (Apivor = 2.12 um, Wegr =
0.027 um) and F200W broad-band (Apivot = 1.99 um, W =
0.419 um) filters with a traditional narrow—broad-band approach
(Fig. 1). The F212N filter probes Hwo at z = 2.23, corresponding
to the peak epoch of cosmic star formation, significantly extending

the luminosity range of existing ground-based studies at this key
redshift while also enabling resolved studies of the ionized gas at
sub-kpc resolution. Besides ensuring matched broad-band coverage
for F212N narrow-band selection, the F200W broad-band imaging
also adds 2-3x the PRIMER exposure times within the centre of
the field, providing significant gains in sensitivity for broader galaxy
evolution studies in this critical legacy field.

JELS uses a 3 x 3 mosaic strategy with 5 per cent overlap in each
row and 57 per cent overlap between each column. We also adopt
the standard three-point intra-module dithering at each location to
fill in short-band intra-chip gaps and account for both bad pixels and
cosmic rays, with sub-pixel shifts at each primary dither position.
The full JELS mosaic provides contiguous coverage over a total
area of ~ 63 arcmin®. Combining the wavelength coverage of both
F466N and F470N, this area corresponds to a H « selection volume
of ~ 2.4 x 10* Mpc? (at z ~ 6.1). For F212N, the single narrower
filter results in an approximate H « selection comoving volume of
~ 0.9 x 10* Mpc? (at z ~ 2.2).

For the NIRCam SW and LW filter pairs, all observations use
the MEDIUM-10 read-out strategy, with 6 total integrations/dithers
at each mosaic position. The F212N and F470N(+F444W)! filter
combination was observed with 10 groups per integration, with this
observing set-up resulting in an on-sky integration time of 6313 s
over the full mosaic. Over the central ~ 40 per cent of the mosaic
that is imaged twice, the total exposure time reaches 12626 s. The
F200W and F466N(+F444W)! filter combination was observed with
9 groups per integration with the same number of total integrations
and dithers, yielding a total on-sky integration time of 5 669s over

'Both F466N and F470N are observed with F444W as a blocking filter. We
use ‘(4 F444W)’ here to denote that.
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the full mosaic (11338 s over the central 40 per cent). Note that
the difference in groups per integration between F466N and F470N
observations (9 versus 10) is a result of changes to the readout
strategy from the initial proposal (DEEP-10 to MEDIUM-10) to
reduce the impact of cosmic rays, and the additional overheads that
resulted in. The F212N/F470N pairing was prioritized to maximize
the sensitivity in F212N.

2.2 Observations and image reduction

The initial JELS observations were acquired over the period of 2023
May 6 to May 27. Of these observations, 13 of 18 visits were
observed without issue. In five of the eighteen total visits of the
JELS observations (one F200W + F466N, four F212N + F470N),
the NIRCam imaging was subject to unusually bright scattered light,
or ‘wisps’, thatresulted in features in both the SW and LW detectors.?
Initial tests demonstrated that the LW wisps remained spatially
invariant within the field of view and have approximately constant
amplitude within a visit and could therefore be effectively removed
as set out below.

However, unlike most common wisps, the scattered light in the
impacted JELS SW images is both extremely bright and shows
notable small-scale variation in morphology between exposures
within a given visit. With the corresponding LW images also
impacted, standard approaches to mitigate the scattered light are
not viable (see e.g. Robotham et al. 2023). For the impacted
F200W + F466N visit, the availability of the separate PRIMER
F200W observations and the limited impact on F466N mean that the
overall impact is negligible. However, for the four F212N + F470N
visits where the F212N exposures are not viable for the proposed
scientific goals, these specific pointings were re-scheduled and
successfully observed over the period of 2024 November 23 to
November 24.

In the following sections, we describe the current version of
the data reduction and the resultant imaging properties from this
full data set (v1.0). Other early JELS analyses (Pirie et al. 2025)
were based on an earlier data reduction, in which the re-observed
frames were not included (v0.8). For completeness, in Appendix A
we describe the differences between the v0.8 and v1.0 data
sets.

2.2.1 Imaging pipeline

To ensure consistency with the key ancillary imaging in the field, all
JELS imaging is processed through the Primer Enhanced NIRCam
Image Processing Library (PENCIL; Magee et al. in preparation)
software, an enhanced version of the JWST pipeline (version 1.13.4)
and using the JWST_1303.PMAP Calibration Reference Data System
(CRDS) file. This PENCIL pipeline includes additional routines for
the removal of snowballs and standard wisp artefacts, correction
for 1/f noise striping as well as background subtraction. The
astrometry of the reduced images is tied to the Gaia DR3 (Gaia
Collaboration 2022) reference frame and stacked to a consistent
pixel scale (0.03 arcsec x 0.03 arcsec). Prior to the construction of
the final mosaics, we also take additional steps to mitigate the
impact of the non-standard wisp artefacts in the five impacted JELS
visits.

2See e.g. the JWST Known Issues: https:/jwst-docs.stsci.edu/known-
issues-with-jwst-data/nircam-known-issues/nircam- scattered-light-
artifacts#NIRCamScatteredLightArtifacts- wisps

MNRAS 541, 1329-1347 (2025)

2.2.2 Scattered light removal

For the affected LW images that drive the primary JELS science aims,
subtraction of the wisps is possible, but requires a specific approach
tuned to these observations. In NIRCam observations impacted by
the typical wisp scattered light patterns, the robust prior positions
(and spatial extent) of real sources in the affected SW modules can
be obtained from the corresponding unaffected LW module image
(Robotham et al. 2023). For the severe wisps in JELS, this is not
possible since the LW frames themselves are affected. Templates for
the LW scattered light therefore must be derived directly from the
observed data and make use of the fact that our observing strategy
provides 3 intra-module dithers at each pointing.

The impacted frames are first processed through the initial PEN-
CIL data reduction stages as above. A scattered light template for a
given set of exposures is then generated as follows:

(1) Compact sources within the image are identified, with source
detection employing a small locally varying background (25 x 25
pixel box-size) to select genuine sources within regions of diffuse
scattered light. In each exposure, the compact sources are then
masked with additional dilation around each source, consisting of
two iterations using a binary dilation structure with connectivity
equals one (i.e. no diagonal elements are neighbours).

(i) The six frames are median stacked in the image plane to
produce a wisp template for the frame. The median stacked template
is then convolved with a Gaussian smoothing kernel with a full-width
at half-maximum (FWHM) of 5 pixels to reduce small-scale noise
(with interpolation for any remaining masked pixels).

(iii) A template mask is then generated by smoothing the scattered
light template with a larger Gaussian kernel (FWHM = 25 pixels).
Regions of the smoothed template image with flux below 0.5 x
ORMS are set to zero.

The final step is included to avoid the addition of noise from
the generated template to pixels that are largely unaffected by the
scattered light. By construction however, this may leave some areas
of fainter diffuse scattered light present within individual frames
prior to the final mosaicing and combination of all frames covering
the region. We mitigate the impact of this low-level scattered light
outside the masked regions in the following way. First we mask
sources with a dilated segmentation map (size = 5, increasing to
size = 20 for the most extended sources). We then make a median
stack of the three masked, odd valued dithers and subtracted this from
the even valued dithers. The procedure is then applied for subtracting
even valued dithers from odd, before the final processed frames were
included in the mosaicing. Fig. 2 illustrates the effectiveness of the
LW wisp removal on one of the impacted JELS visits.

Due to the extreme brightness and significant exposure-to-
exposure variation in the spatial distribution within the affected
SW frames, subtraction of the scattered light in SW is not feasible.
However, even for the most severely impacted NIRCam SW modules,
the majority of pixels in each frame remain perfectly usable for
scientific analysis (see right panels of Fig. 2). For the JELS SW
data reduction, we therefore follow a similar procedure as above,
generating an average scattered light template for each affected
module. The scattered light mask generated from template generation
procedure outlined above is instead then used to mask the most severe
areas of scattered light before the subsequent mosaicing.

Finally, once scattered light has been either subtracted or masked,
the JELS imaging is then stacked on to the same 0.03 arcsec pixel
grid as the PRIMER COSMOS imaging (see e.g. Donnan et al.
2024) that is tied to the same astrometric reference. In the regions
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Figure 2. Left: Illustration of the transient scattered light and associated removal for the NIRCam long wavelength imaging. The top row shows reduced
individual frames for a single exposure in three of the FA66N/F470N visits impacted by scattered light, labelled with the corresponding observation ID, NIRCam
module and filter. The bottom row shows the corresponding region of sky from the final mosaic after subtraction of the scattered light in individual frames and
all overlapping dithers or mosaic visits have been combined. Each region (i.e. column) is shown with the same colour scale, with a linear stretch between 2 and
99.5 per cent of the individual impacted visit. Right: Illustration of the more extreme scattered light impacting the F200W and F212N observations.

impacted by severe scattered light, the final SW mosaics and the
F470N LW mosaic combine both the initial observations (with the
severe scattered light treated following the procedure outlined above)
and any additional data from the respective repeat observations.

2.3 JELS data properties

Fig. 3 illustrates the relative position of the JELS imaging in the
context of the PRIMER COSMOS field for the final observed position
angles. With the exception of a small region in the south-west of
the field (the majority of which is covered by two or fewer dither
positions), the JELS LW narrow-band imaging is fully contained
within the NIRCam F444W broad-band imaging necessary for
optimal FA66N/F470N emission-line selection.

We estimate the local noise in the JELS imaging by placing down
0.3 arcsec diameter apertures in empty regions of the image, with
the 1o noise at a given sky position based on the scatter in the
nearest 200 apertures. For a given limiting flux density in f,, we
then estimate the corresponding maximum emission-line sensitivity,
Fiine(e1g s~lem™2), assuming the flux density in the narrow-band
is dominated by the emission line (i.e. ~ 0 continuum) or the
uncertainty on the continuum estimate from the underlying broad-
band (F444W for FA66N/F470N, F200W for F212N) is negligible.
Note, this conversion also assumes the emission line is centred at
the pivot wavelength, Aiyq, of the narrow-band filter. Finally, the 0.3
arcsec aperture line flux limits are corrected to total fluxes for an as-
sumed point-source based on the corresponding fraction of encircled
energy for the respective point-spread function (PSF). The resulting
distribution of limiting magnitudes and line fluxes for the F4A66N
imaging is shown by the colour scale in Fig. 3 with the additional
depth achieved in the central region of the field clearly visible.

2.3.1 F466N and F470N narrow-band sensitivity

To summarize the distribution of limiting line fluxes for the JELS
narrow-band mosaics, in Fig. 4 we present the estimated line flux

sensitivity as a function of both cumulative area (upper panel) and
area per limiting flux (log,,(Fie/erg s~'cm=2; lower panel). As
designed, the F466N and F470N imaging reach broadly comparable
depths, but with F470N reaching higher sensitivity over the full field
due to the additional group per integration and the additional repeat
observations also increasing the maximum sensitivity reached in the
deepest part of the field. For both F466N and F470N, the additional
depth of the central region is immediately apparent (e.g. the lower
panel of Fig. 4).

To summarize the sensitivities reached in the central and overall
field areas, Table 1 presents the limiting line flux sensitivities reached
for the deepest 35 and 90 per cent of the field (see also the
vertical dotted and dashed lines in Fig. 4) in each of the JELS
narrow-bands. Also shown in Table 1 is the limiting observed
H o luminosity, Ly,, corresponding to the flux limit for the specified
redshifts. The conversion to H « luminosity includes a correction
for the typical expected contribution from [NIJA6585, assuming
log ([N 11]JA6585/H o ) = —1.31 as measured for high-z galaxies in
early JWST samples (Shapley et al. 2023, which leads to a 0.021 dex
correction to Ly,). In the remainder of the manuscript, all quoted
Ly at 7 ~ 6 are corrected for [N I1]JA6585 contribution based on this
assumption unless explicitly specified (e.g. Ly m)-

The measured sensitivity presented in Fig. 4 (and Table 1)
compares favourably to the pre-launch predicted sensitivity of
2.2 x 1078 erg s~'em~2 within a 0.4 arcsec aperture (for an assumed
characteristic radius of 0.15 arcsec and Sérsic n = 1.2 light-profile)
for the areas with ~ 6000s total exposure, extending down to
1.5 x 1078 erg s~'em™2 over the central region with double the
exposure time. Although formally not the exact same metric, the
measured luminosity limits are between ~ 0.2-0.3 dex more sensi-
tive than pre-launch predictions, in line with in-flight performance for
NIRCam photometry seen more widely in medium and broad-band
imaging (Rigby et al. 2023).

The limiting Ly, corresponds to unobscured Ho SFRs of 1.9-3.2
Mo yr~! based on low-redshift calibrations (Hao et al. 2011), or 0.9—
1.3 Mg, yr~! for SFR calibrations more appropriate for younger stel-
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Figure 3. Illustration of the layout and sensitivity of the JELS LW narrow-band imaging within the PRIMER COSMOS field. The background image shows
the PRIMER F444W broad-band image with an illustrative image stretch. The 5o limiting magnitude and corresponding maximum emission-line sensitivity
for the JELS F466N (left) and F470N (right) narrow-band imaging are shown by the colour scale, where the local noise at a given pixel is estimated from the
nearest 200 0.3 arcsec apertures in empty sky regions. The central ~ 1/3rd of the JELS field that has double the exposure time is immediately apparent in both
mosaics. Similarly, the overall gain in sensitivity from repeats of observations most severely impacted by scattered light can be seen in the north east quadrant

of the F470N depth map.

lar populations at higher redshift (log;o(Lus/Mg yr—!) = —41.64;
Theios et al. 2019). We note that the intrinsic H o luminosity distri-
bution probed, once corrected for dust attenuation, will naturally be
brighter. For example, Covelo-Paz et al. (2025) measure an average
extinction of Ay, = 0.47 for 4 < z < 6.5 H« emitters.

Given the ~ 4.7 um sensitivities achieved over the survey area
of ~ 63 arcmin?, the JELS narrow-band survey probes a comple-
mentary parameter space to the ‘First Reionization Epoch Spectro-
scopically Complete Observations’ (FRESCO; GO #1895, Oesch
et al. 2023) slitless spectroscopy survey, which reaches a 5o line
sensitivity at ~ 4—5 pum of 2 x 10~ erg s~'em~? (Fig. 4, see also
Covelo-Paz et al. 2025). Covering two ~ 62 arcmin? fields (of which
4.4-5 pm is visible over ~ 73 per cent), the wavelength coverage of
FRESCO allows un-targeted detection of emission-line sources over
a wider redshift range and hence survey volume (plus simultane-
ous spectroscopic confirmation). While the robust identification of
single lines like H o may be challenging (Baronchelli et al. 2020),
continuum-subtracted detection techniques have proven to be highly
effective (see e.g. Helton et al. 2024; Meyer et al. 2024, in addition
to the citations above) for grism surveys. Although probing a more
limited redshift range, the JELS narrow-band is sensitive to fainter
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line fluxes at ~ 4.7um over the full mosaic, reaching up to ~ 2x
fainter in the central region, with no losses due to dispersion off the
detector and reduced blending or contamination from bright sources.
As such, JELS is able to robustly detect a sample of H « emitters at
z > 6 comparable to both FRESCO fields combined, despite the
limited volume (z ~ 6.1 versus 6 < z < 6.6, see Section 3.1.1).
Additionally, as further discussed in Section 3.2, the narrow-band
imaging retains the full two-dimensional (2D) morphological in-
formation, providing information on the spatially resolved ionized
gas structures of individual galaxies (cf. the ensemble structural
information robustly measurable in slitless spectroscopy; Matharu
etal. 2024). The two approaches are therefore highly complementary,
and combined probe a broader dynamic range of emission-line
galaxies in the EoR.

2.3.2 F212N narrow-band sensitivity

For the F212N narrow-band, the mosaic reaches a 50 limiting
line flux of 2.5 x 10~ erg s~'cm™2 for the deepest 90 per cent
of the field (see Table 1). This depth corresponds to ~ 0.7-0.8 dex
fainter H o luminosities probed at z ~ 2.2 than the LW narrow-bands
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Figure 4. Emission-line sensitivity of the JELS narrow-bands as a function
of area covered, both cumulative area (top) and area per limiting sensitivity
(bottom). The cumulative area corresponding to the deepest 35 per cent (~ 22
arcmin?; i.e. the central region with double exposure) and 90 per cent (~ 57
arcmin?) of the full JELS area are marked with thin horizontal dotted/dashed
lines, respectively, with vertical lines where they intersect the sensitivity
curve. Exact values are tabulated in Table 1 alongside the corresponding
H o luminosity limit. Also plotted for reference is the average 5o limiting
line sensitivity for Ha sources at 4.9 < z < 6.6 in the FRESCO slitless
spectroscopy survey (thick vertical line; Oesch et al. 2023).

Table 1. Limiting emission-line flux and corresponding observed Ly,
sensitivity (corrected for [NIJA6585 contribution) reached for the three
JELS narrow-band images shown in Fig. 4, with 50 point-source limits
corresponding to the deepest 35 per cent of the field (~ 22 arcmin?; i.e.
the central region with double exposure) and the deepest 90 per cent (~ 57
arcmin?). As noted in the main text, intrinsic Ly, limits accounting for dust

attenuation will be higher than the quoted values.

50 Flux limit
logo(Fline/€rg s”lem™2)

Filter (zpy) 5o Luminosity limit

logo(Lue/erg s7h

Percentage of the JELS coverage

35 percent 90 percent 35 percent 90 percent
F212N (2.23) —17.84 —17.60 40.75 40.99
F466N (6.09) —18.04 —17.88 41.60 41.76
F470N (6.17) —18.12 —-17.92 41.53 41.73

probe at z ~ 6.1, reaching Ly, > 10%%erg s~ (10**7erg s! in

the doubly imaged area). For the same SFR calibration assumed
above (Theios et al. 2019), these limits correspond to unobscured
Ha SFRs of 0.13-0.22 Mg yr~!. We note that in Fig. 4, the bi-
modality corresponding to the central region is less clearly defined
for the F212N filter due to the variation in depths from mosaicing
of the smaller SW modules and the increased impact of bright stars
in the field (cf. the extent of diffraction spikes in Fig. 5 relative to
Fig. 3). Nevertheless, the JELS imaging still reaches line sensitivities
~ 5x more sensitive than the previous state of the art over the full
field and almost an order of magnitude more sensitive in the central
region (cf. ~ 10*7erg s™!; Geach et al. 2008; Hayes, Schaerer &
Ostlin 2010; Sobral et al. 2013).
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2.3.3 F200W broad-band sensitivity

Finally, in Fig. 5, we illustrate the additional F200W broad-band
depth gained in the centre of the PRIMER COSMOS field from
the addition of the JELS imaging. The F200W mosaic in COSMOS
using only PRIMER imaging reaches an average global 5o depth
of mpagow = 28.3 over the best 63 arcmin® of the field when the
depths are calculated using the same 0.3 arcsec apertures corrected
to total flux (we note that the different depths quoted in Donnan
et al. 2024 are calculated from PSF homogenized images). With the
JELS F200W imaging included, the equivalent deepest area within
the field reaches a median depth of mgyow = 28.7. We note that in
Fig. 5, the impact and extent of bright stars in the field is visibly
worse than seen in any of the narrow-band images. We attribute
this difference primarily to the significantly increased continuum
sensitivity of the F200W image and the resulting increased dynamic
range that makes the presence of extended diffraction spikes more
visible. The full extent of the brighter stars is already visible in
just the PRIMER imaging alone, so other broad-band filters will
be affected to a similar degree. Additionally, unlike the diffraction
patterns for the narrow-band filters (that are somewhat stippled due to
the narrow wavelength coverage), the F200W diffraction spikes are
continuous and therefore contribute more to the local noise in these
regions. Given the importance of the ancillary data to the narrow-
band selection, bright star masks that fully cover the effected regions
will need to be incorporated in subsequent scientific analysis (as is
standard in the literature).

3 SCIENTIFIC GOALS

3.1 Global line emitter properties

3.1.1 A census of H o emitters at z ~ 6.1

The primary goal of the JELS survey is to carry out the first narrow-
band Ha survey at z > 6, obtaining a sample of = 40 H « emitters
(Pirie et al. 2025). The JELS H o« sample is designed to provide
tight constraints on the faint end of the Ha LF at z ~ 6, with
sufficient accuracy to constrain the space density of H« emitters
at these luminosities to within 0.1 dex. In addition to providing new
integral constraints on the cosmic SFR density of galaxies in the EoOR
(Madau & Dickinson 2014, see Fig. 1), the JELS z ~ 6.1 H o sample
will make it possible to study the nature of star-forming galaxies at
this epoch in a relatively unbiased sample and to constrain the scaling
relations linking ongoing star formation to key galaxy properties such
as masses, sizes (Stephenson et al. in preparation) and clustering
properties (Hale et al. in preparation).

Given the high completeness within the survey volume and the
range of line fluxes probed, the JELS H o sample also offers a valu-
able test-bed for understanding the potential biases and limitations
of UV-based selection techniques that are ubiquitously used at high
redshifts. For example, the bursty nature of star formation in low-
mass galaxies is now understood to play a key role in dictating the
observability of high-redshift galaxies (Sun et al. 2023a), and hence
significantly impacting on the inferred UV LFs (Sun et al. 2023b),
as well as strongly impacting estimates of key galaxy properties
such as stellar mass (Endsley et al. 2023) and ionizing photon
escape (Flury et al. 2025). With JELS, it is possible to derive the
distribution of H v (~ 10 Myr time-scales) to UV SFRs (~ 100 Myr
time-scales) in a homogeneously selected sample of galaxies in the
EoR for the first time. By selecting on emission-line strength, the
narrow-band selection is naturally sensitive to the highest equivalent
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Figure 5. Illustration of sensitivity of the combined PRIMER and JELS F200W imaging in the COSMOS field. The 5o limiting magnitude and corresponding
maximum emission-line sensitivity are shown by the colour scale, where the local noise at a given pixel is estimated from the nearest 200 0.3-arcsec apertures
in empty sky regions and corrected to total fluxes given the fraction of encircled energy for the F200W PSF. As for F470N, the overall gain in sensitivity from
repeats of observations impacted by scattered light can be seen in the north east quadrant of the F212N depth map.

width population and hence provides constraints on the youngest
or most extreme burst populations (see e.g. Maseda et al. 2023).
Recent studies with JWST medium bands confirm the expectation
that high-redshift galaxies displaying evidence for elevated recent
star formation activity are typically the most efficient ionizing photon
producers (i.e. higher &,,; Simmonds et al. 2024), while modelling
predicts that very high H o SFRs could correlate with increased ISM
porosity (Clarke & Oey 2002) and hence Lyman continuum photon
escape. The high EW emission-line sources selected by JELS may
therefore offer an especially valuable probe of the most extreme
ionizers of the IGM.

Further enhancing the scientific potential of the JELS H o sample
in this area is the ongoing deep Multi Unit Spectroscopic Explorer
(MUSE; Bacon et al. 2010) integral field spectroscopy over the full
JELS survey footprint (ESO Large Programme 112.25WM.001, PI:
Swinbank), reaching triple the exposure time per pointing of the
MUSE-Wide Survey (Urrutia et al. 2019) over ~ 1.75x greater
area. The combination of a homogeneously selected H o sample with
complete resolved rest-UV spectroscopy will enable a broad range of
studies into the late stages of cosmic reionization, with the potential to
improve on and complement existing studies of Ly « emitter fractions
(Stark et al. 2010), Ly « emission-line profiles (Mason et al. 2018),
constraints on &, as a function of Ly « properties (Prieto-Lyon et al.
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2023; Saxena et al. 2024) and resolved studies of Ly « (e.g. Smith
et al. 2018; Roy et al. 2023).

Another key advantage offered by narrow-band samples is that
they are ideally suited for clustering analyses, as the narrow redshift
slice minimizes redshift projection effects (cf. Geach et al. 2012;
Cochrane et al. 2017). Measurement of the correlation of H o emitters
at z ~ 6.1 will enable constraints on the dark-matter haloes hosting
these star-forming galaxies. In addition to placing these sources
into their broader cosmological context for direct comparisons with
galaxy formation simulations, these measurements will offer another
critical comparison against existing Lyman break and Ly o emitter
galaxy samples at this epoch (see also Section 3.1.3).

3.1.2 The faint star formation population at cosmic noon

One of the largest uncertainties in constraining the global cosmic SFR
density is the precision to which the faint-end slope of respective
LFs can be reliably constrained. The faint end of the UV LF has
been tightly constrained across the bulk of cosmic history (reaching
Myy > —15 out to z > 6; Bhatawdekar et al. 2019; Bouwens et al.
2022; Harikane et al. 2022), with very tight constraints at cosmic
noon (Parsa et al. 2016, o 4= 0.04) and clear evidence of steepening
slopes as redshift increases. Current constraints on the faint end of



the Ho LF at cosmic noon are, however, significantly more limited
(Sobral et al. 2013; Terao et al. 2022). This is a critical measurement,

since the difference between a faint-end slope of o« = —1.75 and
a = —1.5 corresponds to a factor of 2 difference in the integrated
SFR density.

The extreme depth of our JWST NIRCam imaging means that
the JELS F212N observations will detect H « emitters ~ 5x fainter
than previous ground-based studies, with an estimated sample size of
~ 200. The resulting determination of the faint-end slope of the z =
2.23 Ha LF can achieve a precision of §, < 0.05, almost 3x better
than current limits, thereby tightly constraining the relative evolution
of dwarf galaxies. Furthermore, the extensive broad-band imaging
from HST/CANDELS and PRIMER will enable robust constraints
on the stellar masses, star formation histories and the dust attenuation
of the H o sample.

In addition to the F212N H « sample constraints at z = 2.23, the
JELS F466N/F470N filters also probe the Paschen lines Pa« and
Papg at z ~ 1.5 and 2.6, respectively, bracketing the peak of cos-
mic star formation (Fig. 1). Essentially unaffected by dust, the
Paa (1.87 um) and Pa g (1.28 wm)-lines offer unbiased instanta-
neous SFR-indicators (Cleri et al. 2022). For the JELS F466N
limiting line flux (90th percentile), the corresponding Pa« and
Pa 8 luminosity limits reach 10*%2 and 10**%erg s~!, respectively
(0.17 dex deeper in the central region). Assuming Case B recom-
bination, a temperature of 10,000K and electron density, N, =
10* cm™3, we expect line intensity ratios of He /Pac = 8.584 and
Ha/Pap = 17.614 (Storey & Hummer 1995). The Paschen line
sensitivities at z ~ 1.5 (Pa«) and 2.6 (Pa 8) therefore correspond
to equivalent H o luminosities of 10*""'® and 10*!erg s~!, or SFRs
of 0.35 and 3.6Mg, yr~!, respectively.’ The Paschen line depths are
therefore comparable to, or deeper, than those achieved for existing
H o narrow-band samples at these redshifts (Geach et al. 2008; Sobral
etal. 2013). We caveat that recent evidence suggests that the standard
Case B assumption may not be valid in all galaxies, both in the lower
redshift Universe (Flury et al. 2022; Scarlata et al. 2024) and at
the redshifts probed by the JELS Paschen samples (Pirzkal et al.
2024). The inferred limiting SFRs are therefore only illustrative.
Statistical samples of bright Paschen line emitters at cosmic noon
selected by JELS therefore also offer an ideal test-bed for future
spectroscopic studies exploring the diversity of interstellar medium
(ISM) conditions in star-forming galaxies through the distribution of
Balmer and Paschen line ratios.

3.1.3 The role of galaxies in reionization — [O 1] emitters at
83<z<85

Prior to JWST, the prevalence of high EW [O111] emitters at z > 6
had been studied in large samples based on strong broad-band colour
excess (e.g. De Barros et al. 2019), with the [OTII] EW found to
strongly correlate with redshift (Khostovan et al. 2016). Studies
of the properties of [O11I] emitters at z > 6 from medium/broad-
band JWST observations (Simmonds et al. 2023; Begley et al. 2024;
Wold et al. 2025) and slitless spectroscopy (Matthee et al. 2023)
indicate that the highest EW sources are likely to be producing
ionizing photons with very high efficiency, and could therefore
represent key drivers of the early stages of cosmic reionization.
Similar to the H« selection, homogeneously selected samples of
[O 11] emission-line sources from JELS can therefore offer a probe of

3Where log;y(SFRue /Mg yr 1) = —41.64 + logo(Lua/erg s~1) assum-
ing the SFR calibration of Theios et al. (2019).
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the earlier stages of reionization at z ~ 8.4, both through the overall
statistical constraints and by sign-posting the sites of the largest
ionized bubbles that can then be probed through Ly « transmission
modelling (e.g. Tang et al. 2024; Witstok et al. 2024). When the
[0 1]A5008 line falls within F4A66N (z = 8.298 at Apiy0r), the narrow-
band line flux limits presented in Table 1 correspond to luminosity
limits of L[O mjA5008 ~ 10*18-10*9 erg s~! for the deeper JELS

region, increasing to ~ 10**%erg s=! for 90 per cent of the survey
area. At slightly higher redshifts, the fainter [O 111JA4960 line is also
then redshifted into the narrow-bands (extending up toe.g. z = 8.492
at Apivorr470N) With comparable measured line sensitivity. For an
assumed intrinsic [O mJA5008 /[O 11]A4960 ratio of 2.98 (Storey &
Zeippen 2000), we note however the effective [O ITJA4960 sensitivity
is ~ 0.5 dex lower than for [O 11]A5008 selection. The JELS narrow-
band imaging is highly complementary to slitless spectroscopic
surveys, extending emission-line selections to fainter L[O m]A5008
at z > 8 (cf. Meyer et al. 2024), potentially improving constraints
on the faint end of the [O 1]JA5008 LF and revealing key populations
critical in the process of cosmic reionization. Below we illustrate
the exquisite morphological information provided by the narrow-
band imaging (Section 3.2) and the reliability and sensitivity of the
selection (Section 4).

3.1.4 Other line emitter samples

Finally, while the science cases outlined above focus on intrinsically
brighter emission-line species, the combination of high-sensitivity
and extensive ancillary observations sufficient to distinguish between
potential redshift solutions means that JELS is sensitive to a broad
range of novel emission-line sources. Further examples range from
the 3.3 pm poly-aromatic hydrocarbon (PAH) feature at z ~ 0.4
(F466N/F470N) in the lower redshift Universe, to [S II]A9069 at
z ~ 4.1 (F466N/F470N) and [O]A3727 at z ~ 4.7 (F212N) in the
early Universe. Sources with line strengths in intrinsically weaker
optical-near-IR line species sufficiently bright to be robustly selected
as excess sources in JELS likely represent ideal targets for detailed
spectroscopic follow-up. Regardless, the ability to isolate emission
lines in narrow-band filters results in improved photometric redshift
(photo-z) and SED modelling precision for all such sources, as well
as the potential for detailed morphological studies.

3.2 Spatially resolving ionized gas properties

Early JWST observations have demonstrated that the preceding pic-
ture where regular Hubble-sequence morphologies emerged around
cosmic noon (1 < z < 3; Mortlock et al. 2013) may not be correct,
with discy morphologies potentially dominating the galaxy popula-
tion as early as z ~ 7 (e.g. Ferreira et al. 2022; Kartaltepe et al. 2023;
Conselice et al. 2024). Robustly measuring galaxy morphologies
at z > 2 is crucial for far more than simple galaxy classification.
Constraining the spatial distribution of on-going star formation
within galaxies as a function of stellar mass (and ideally halo mass),
or other key properties such as AGN activity, can directly inform
models of feedback in hydrodynamical simulations (Cochrane et al.
2023). One of the key advantages offered by narrow-band emission-
line selection over slitless spectroscopic surveys is immediate access
to the robust 2D emission-line morphologies in individual galaxies.
This means that JELS will enable studies of resolved ionized
gas properties in less biased galaxy samples on sub-kpc scales
without the need for complex forwarding modelling of multiple
dispersion directions (Pirzkal et al. 2018; Estrada-Carpenter et al.
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Figure 6. Illustration of resolved rest-UV (left), emission-line (centre) and rest-frame optical/NIR (right) for He, [O111] and Pa« emission-line objects in
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2024; Shen et al. 2024), or the stacking analysis of statistical samples
(Nelson et al. 2013; Liu, Morishita & Kodama 2024; Matharu
et al. 2024).

As with integrated measurements above (Sections 3.1.1-3.1.4),
this is particularly valuable when the ionized gas offers a di-
rect star formation tracer. The JELS Hoaand F466N/F470N
Pa o /Pa B samples offer a clean probe of sub-L* galaxies at their
respective redshifts whose multiwavelength properties, resolved
structures, and parametrized morphologies can be compared with
those of brighter galaxies (and lower-redshift samples) to investigate
the physical processes driving star formation within these galaxies
(e.g. Cochrane et al. 2021). In Fig. 6, we show the rest-UYV, ionized
gas (narrow-band excess) and rest-optical/near-infrared continuum
morphologies for examples of both FA66N/F470N and F212N excess
selected emission-line galaxies. The advantage of resolving both the
UV and Ha (or Paa) star formation is immediately evident, with
significant variation both between the two star formation probes and
the underlying continuum that gives insights into the star formation
properties of galaxies that cannot be obtained from one alone (e.g.
the distribution of dust, or the variation of star formation time-
scales within the galaxy). When extended to the full narrow-band
samples, JELS can therefore constrain the morphology of on-going
star formation compared to that of the in situ stellar mass (measured
from resolved SED fitting with full PRIMER observations) for a
representative sample of SFGs, testing whether the inside-out growth
of galaxies inferred from stacks at z < 1.5 (Nelson et al. 2016) is
true for all individual galaxies and tracing this over a critical period
in the morphological history of galaxies.

4 PREDICTED Ha AND [O111]A5008 REDSHIFT
AND EMISSION-LINE RECOVERY

Demonstrating the relevant sensitivity and physical constraints en-
abled by the JELS narrow-band imaging for all of the potential
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science cases is impractical given the wide range in emission
lines, redshifts and associated physical properties (integrated or
resolved) probed. Nevertheless, for the key target samples of
Ha and [OTI]A5008 -emitters, it is informative to test the prac-
tical ability for JELS to recover emission-line-selected galaxies
in narrow redshift slices at z > 6, alongside the precision to
which corresponding emission-line properties can be estimated.
Additionally, we can explore the quantitative advantages offered
by narrow-band imaging over existing broad-band imaging alone,
or potential alternatives such as medium-band surveys that could
probe larger cosmological volumes at the expense of redshift
precision.

To generate a range of intrinsic SEDs that span a plausible range
in equivalent widths while also providing realistic accompanying
continuum and broad-band colours, we use the Prospector
Bayesian SED modelling code (Johnson et al. 2021b) to efficiently
generate stellar population models from the Flexible Stellar Popula-
tion Synthesis (FSPS; Conroy, Gunn & White 2009; Conroy & Gunn
2010; Johnson et al. 2021a) package, with accompanying CLOUDY
(Ferland et al. 2013) photo-ionization nebular line and continuum
emission as outlined in Byler et al. (2017).

To avoid unnecessary duplication and analysis, we make the
simplifying assumption that any conclusions drawn from an F4A66N
sample will be largely applicable to an F470N-selected sample, or
that the increased sensitivity of FA70N would only result in increased
precision or sensitivity. For each of the emission-line samples, we
therefore generate a full parent sample of mock galaxies over a
range of redshifts corresponding to just the JELS F466N wavelength
coverage. At each redshift step, we generate 1000 mock galaxy SEDs
with a range of stellar population parameters designed to ensure that
the emission-line equivalent widths extend below the range expected
for real galaxies samples at these redshifts (e.g. Endsley et al. 2024).
The redshift ranges and corresponding ages for each sample are
chosen to be as follows:



(i) Ho : Redshifts spanning 6.06 < z < 6.12 with a step size of
8z = 0.01. For all redshift steps, the time since the onset of star
formation, g, for a constant star formation history (CSFH) is drawn
from a log-uniform prior in the range —2.3 < log,,(¢/Gyr) < —0.15.

(ii) [O I]A5008 : Redshifts in the range of 8.25 < z < 8.35 with
8z = 0.01, and a corresponding CSFH t,. distribution from —2.3 <
log,,(t/Gyr) < —0.37.

For both mock galaxy samples, metallicity is drawn from a flat
distribution in log,,(Z/Zs) in the range of —0.7 < log,((Z/Zy) <
—0 (with the assumption that Zy,s = Zgeiiar). Additionally, to allow
for a plausible variation in emission-line properties the ionisation
parameter, log,,(U), is drawn from a range appropriate for the
metallicity (=3 < log,((Z/Zs) < —2, see e.g. Reddy et al. 2023).
For dust attenuation, we assume a simple Calzetti et al. (2000) dust
attenuation law with extinction magnitude, Ay, drawn from a log-
normal distribution with amean of In(Ay) = —1.69 (i.e. Ay = 0.18)
and standard deviation of 0.5. The specific distribution values are
chosen to broadly to match the typical attenuation estimated for the
real observed H o emitter sample (Pirie et al. 2025).

For the simulated SED population, we generate the correspond-
ing intrinsic flux densities in the Hubble Space Telescope (HST)
Optical (ACS/WFC F435W, F606W, and F814W), PRIMER NIR-
Cam and JELS F466N/F470N filters (see table 1 of Pirie et al.
2025). Additionally, to enable simulation of an equivalent medium-
band emission-line selection survey, we also generate photom-
etry in the NIRCam/F460M (Apivoc = 4.63 um, Weyr = 0.23um)
that encompasses the JELS LW narrow-band filters. The ‘true’
H « /[O11]A5008 emission-line luminosities and equivalent widths
are measured directly from the corresponding noise-free model
spectra. We note that the Ho measurements do not account for
underlying Balmer absorption, however for the purposes of this
experiment we determine that any resulting systematics are negligible
on the basis that the young stellar populations and corresponding
high equivalent widths probed by these high-redshift sources means
such corrections will typically be minimal. With the emission-line
properties measured, the parent SED sample and the corresponding
mock photometry is renormalized to a constant line luminosity of
Liine = 104'erg sl

For the subsequent analysis, the mock galaxy samples and as-
sociated photometry are then scaled to create 10 different sam-
ples with intrinsic emission-line luminosity (Ha, [O1IJAS008)
spanning the ranges of 41 < log;o(Lu,/ergs™!) <43 and 41.3 <
10g10(L[O 1]A5008 Jerg s~!) < 43.3, respectively. Photometric un-
certainties for each filter are drawn from a Gaussian distribution
with a standard deviation set by the median uncertainties measured
for faint sources in 0.3”diameter apertures in the PSF-homogenized
images and associated catalogues presented by Pirie et al. (2025).
For simplicity, we assume that the mock galaxies are point sources
and for the target PSF in the JELS PSF-homogenized photometry
catalogues, the 0.3"aperture captures 50.3 per cent of the total flux of
a point source. We therefore correct the simulated SNR accordingly.

For the simulated F460M filter, for which current imaging does not
exist, we assume a typical depth that is twice as sensitive as measured
in the existing PRIMER F410M imaging. Given that the instrumental
sensitivity for F410M is approximately twice that of F460M for the
same equivalent exposure time,* the F460M sensitivity for our mock
medium-band survey therefore corresponds to ~ 16x the PRIMER

4See e.g. https://jwst-docs.stsci.edu/jwst-near-infrared-camera/nircam-
performance/nircam-sensitivity
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F410M exposure time and equivalent to observing for the combined
F466N and F470N exposure times.

4.1 Photometric redshift precision of narrow-band selected
samples

To explore the practical photo-z precision achieved for a JELS
narrow-band selection, we first run the mock emission-line galaxy
sample through photo-z analysis comparable to that applied to either
real JELS samples or other JWST-selected broad-band samples. To
enable like-for-like comparison, we perform photo-z analysis for
the mock sample using three different subsets of JWST NIRCam
filters: the full PRIMER filter-set plus JELS LW narrow-band filters
(F466N/F470N), the PRIMER filters supplemented with the deep
F460M medium-band filter, and a PRIMER-only run. The same HST
optical filters (F435W, F606W, and F8§14W) are included for all three
runs.

We measure photo-zs using the EAZY (Brammer, van Dokkum &
Coppi 2008) template fitting code using the default £sps set
supplemented with the high-z appropriate templates of Larson et al.
(2023b). Since the photometry is completely synthetic, we do not
perform any photometric zero-point offset corrections as part of the
photo-z analysis. However, we do include an additional 5 per cent
systematic uncertainty (added in quadrature) during the template-
fitting analysis. We quantify the precision of the resulting photo-z
estimates as a function of intrinsic line luminosity and rest-frame
equivalent width using two metrics. Firstly, we define the metric,
A,, as the redshift range that spans between the 16th and 84th
percentiles of the stacked photo-z posterior of all galaxies in a
given bin, i.e. zg4 — 216 Where for example zg4 is defined such that
Jo¥ CDF(z) dz = 0.841. Secondly, we calculate the robust scatter of
a given bin, oM AD- defined as as follows:

ONMAD = 1.48 x median(|6z] /(1 + ztrue))- (D

where 6z = Zphot — Ztrue- Together, these metrics give a picture of
both the typical precision to which an individual galaxy’s redshift
can be constrained (A ;) and the overall sample precision (oNMAD)-
Note that the catastrophic outlier fraction (i.e. 6z/(1 + Ztrye) >
0.15) was also investigated as a metric. However, for the majority of
the emission-line parameter space probed, in the narrow-band and
medium-band photo-z runs the outlier fractions were exactly zero
such that any quantitative comparison was uninformative.

In Fig. 7, we present the resulting photo-z statistics for both the
simulated H o and [O 111]A5008 emission-line samples. To determine
whether a given source would be included in the corresponding
photometric sample, we apply an SNR cut similar to that applied
in real sample selections (Pirie et al. 2025). For all three filter
sets, we require fraqqw/Oraaaw > 5 as well as frssew /Omsew > 3.
Additionally, for the narrow-band and medium-band runs we require
Srason/Orasen > 5 and fragom/Oracom > 5, respectively.

We observe a number of trends in photo-z precision as a function
of intrinsic properties that are consistent across both emission-
line samples. Firstly, there is a consistent correlation between
increased emission-line luminosity and improved photo-z precision
in both metrics (i.e. lower opnpap and A;). This correlation is
to be expected as the line-luminosity most directly correlates with
photometric signal-to-noise ratio. Secondly, both the individual and
ensemble photo-z precision achieved when JELS narrow-band filters
are included is typically ~ 2-5x better than the mock medium-
band survey for the equivalent intrinsic properties (cf. the effective
width of the F460M filter being ~ 4 x wider than the F466N filter).
The improvement in A, gained from the medium-band filter when
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Figure 7. Photo-z statistics, A; and onpAD- @8 @ function of rest-frame equivalent width EW( (x-axes) and intrinsic line-luminosity (colour-scale) for the
simulated H « (top) and [O 11]A5008 (bottom) emission-line galaxy samples. For each sample, we present the statistics when both JELS LW narrow-bands are
included, when extremely deep F460M medium-band filter is included, and when using the PRIMER filters only (left, centre, and right columns, respectively). To
aid comparison, on the middle and right-hand columns the dashed line illustrates the corresponding narrow-band sample statistics for an intrinsic line luminosity
close to L* (specifically the bins centred at log;o(Ly«/erg s™1) ~ 42 and loglo(L[O jA5008 Jerg s71) ~ 42.3).

compared to PRIMER-only is less significant, while for a large continuum and hence higher SNR in their broad-band photometry.

fraction of parameter space the medium-band survey yields no The convergence in photo-z statistics at lower-EW, when narrow-
significant improvement in onpAD for the same comparison. band filters are included illustrates the parameter space where the

We do, however, see variations in the relative improvement when photo-z precision is no longer dictated by the precision to which the
including a narrow-/medium-band, as a function of EW,. For low relevant emission line can be constrained, but instead dominated by
rest-frame equivalent widths (EW, < 2OOA), the dependence of other broad-band features such as the Lyman and Balmer breaks.
A, on line luminosity becomes negligible. By construction, since In this regime, there is still, however, a significant improvement
the input SEDs are normalized to a given line-luminosity, lower from the inclusion of narrow-band, while corresponding medium-
equivalent width sources will have correspondingly brighter stellar band estimates offer only marginal gains over broad-band only
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estimates. The majority of z > 6 galaxies are expected to have
significantly stronger emission-line contributions; Endsley et al.
(2024) estimate the typical EWy(Ha) for z ~ 6 galaxies ranges
from ~ 580 to 850A (log,o(EWo(H oz)/A) ~ 2.8). Fig. 7 therefore
demonstrates that for the expected emission-line luminosities probed
by JELS Ha and [O1I]A5008 samples (see Table 1), the inclusion
of narrow-band filters should yield samples with typical photo-z
scatter oNMAD S 0.005 x (1 +z) and with individual photo-zs
constrained to A, < 0.03. Furthermore, we note that for input line
luminosities of Loy input > 10*2 erg s~!, the JELS narrow-bands are
able to constrain the redshift in individual sources to A, < 0.08.
Compared to the redshifts of [O1I]A4960 and [O mI]A5008 at the
pivot wavelength of the F466N narrow-band filter (z = 8.29 and z =
8.38, respectively), this illustrates that the combination of both JELS
narrow-bands and PRIMER photometry enables sufficient photo-
z precision to reliably identify and isolate individual [O 111] lines. In
contrast, the medium-band photo-z estimates are only able to achieve
such precision for the most luminous and highest-EW [O 1m]A5008
emitters.

The increased precision from NB-based photo-zs is particularly
advantageous for enabling efficient follow-up observations with
ALMA to study far-infrared molecular lines (e.g. Carniani et al.
2017; Le Fevre et al. 2020; Bouwens et al. 2022). The predicted
photometric precision corresponds to 4= 600-1700 kms~!, sufficient
to ensure the redshifted [Cir] 158 um or [Or111] 88 um lines would
fall into a 3.75-GHz ALMA side band in band 6 or 7, respectively.
In Section 5, we further illustrate the practical photo-z precision
achieved with real JELS-selected emission-line galaxies for which
spectroscopic redshifts have been obtained.

4.2 Sensitivity and accuracy of emission-line recovery

Building on the results above, it is also instructive to explore the
corresponding accuracy of the emission-line luminosity that can
be recovered from the JELS narrow-band excess emission. For a
simulated galaxy to be ‘selected’” as an emission-line excess source,
we require the same individual filter SNR cuts as outlined above in
Section 4.1, an emission-line excess significance of ¥ > 3 (equation
2 of Pirie et al. 2025) and that over 50 per cent of the photo-z posterior
lies within the range 6.06 < z < 6.12 for H o emitters or 8.25 <
z < 8.35 for [O m1]A5008 emitters. For H o emission-line fluxes from
the simulated photometry, we follow the standard prescription for
estimating the line-flux based on the observed narrow-band excess
(Sobral et al. 2013; Pirie et al. 2025):

S Fa66N S Fadaw
1 (AApasoN/ DAFasaw)

where f5; is the measured flux density in filter i, in units of

erg s~lem™2, 2)

Fre = AApsssn

erg slem™2A"" and the corresponding filter effective widths, AX;
in A. We also subtract a constant 0.021 dex correction to account for
the contribution of [NII]A6585 to the narrow-band emission, both
for consistency within this manuscript (cf. Section 2.3.1) but also to
illustrate the validity of this approach in a more realistic application.
For [O1IJA5008, a similar approach can be taken. However, due to
the very narrow rest-frame wavelength probed by the JELS narrow-
bands at z ~ 8.3, accurately estimating the [O 1IIJA5008 luminosity
requires correcting for an additional contribution from [O 11]A4960
that contributes to the narrow-band flux only at some redshifts. While
small, these corrections are non-negligible given the high emission-
line equivalent widths of galaxies at this redshift. In Appendix B,
we outline how we account for these corrections and the changes
required to equation (2) for measuring [O 1IIJA5008 line luminosities.
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Figure 8. Measured emission-line luminosities, Lmeas, as inferred from the
F466N narrow-band excess relative to the true intrinsic line luminosities,
Linput, for the simulated H & (purple circles) and [O 1]A5008 (teal diamonds)
samples. For each bin in input luminosity, we show the median and 16-84th
percentiles of measured to input line luminosity for a random sub-sample
weighted to produce the expected EW distribution (see the text). The shaded
horizontal region illustrates 0 + 0.02 dex. Also shown are the fraction of sim-
ulated galaxies in each weighted sub-sample that pass the photo-z selection
criteria. Altogether, this figure illustrates that for emission lines above the 5o
limits (see Table 1), JELS can reliably select > 95 per cent of line-emitters
and accurately measure the apparent line luminosity with negligible bias and
with typical precision of 5 (Ha) to 10 per cent ([O 11]A5008).

As with the photo-z simulation above, our mock emission-line
galaxy sample allows us to calculate the accuracy of narrow-band
estimated emission-line luminosities as a function of both true
input luminosity and rest-frame equivalent width. For the purpose
of visualization, and to provide an illustration of the realistic
average accuracy, we instead choose to estimate the average accuracy
marginalized over the expected EW,, distributions for Ho at z ~ 6
and [OmI]A5008 at z ~ 8. We base our assumed EW, distributions
on the observational results from JWST photometric samples, specifi-
cally using the inferred H @« EW)y distribution for ‘faint’ galaxies from
Endsley et al. (2024) with a lognormal distribution of mean ugw, =
580 A and width oew, = 0.26 dex. For [O1I]A5008, we assume
a lognormal distribution with pgw, = 380 A and ogw, = 0.4 dex,
broadly consistent with the [O 111] 4+ H 8 EW|, distributions inferred
by Endsley et al. (2024) and Begley et al. (2024) with the mean scaled
based on the assumed ratio of [O 1]A5008 /[O 11]A4960 = 2.98. For
each input luminosity bin we make 100 draws from the photo-z
posterior of each source (see Appendix B) in the bin before randomly
selecting 500 samples with a probability weighting based on the
assumed EW,, distribution.

In Fig. 8, we present the resulting distribution of measured to
‘true’ line luminosity measured directly from the original noise-
free simulated spectrum. For each luminosity bin, we show the
median measured to input luminosity ratio, with error bars indicating
the 16-84th percentiles of the distribution. We see that for both
emission-line samples, at bright intrinsic luminosities the narrow-
band estimated luminosities are measured to both a high accuracy
(with bias < 0.01 dex) and to good precision, with a scatter of
~0.02-0.05 dex for Heand ~ 0.05 — 0.1 dex for [Om]A5008.
For input luminosities close to and below the expected 50 detection
limit (see e.g. Table 1), the average measured luminosity becomes
significantly biased relative to the input population. The bias arises
from the fact that the intrinsic fluxes for the faint sources are near
or below the flux limits for the narrow-band filter, so the subset
of sources that pass the selection criteria are those that are scattered
above the detection threshold and hence the resulting average inferred
luminosity is biased high. To support this conclusion, in Fig. 8 we
also show the percentage of the simulated sample (again weighted by
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EW)) in each luminosity bin that passes the individual SNR, excess
and photo-z selection criteria. For the luminosity bins exhibiting
significant bias (Lg,input < 1043 erg s71, Lom,input < 10% erg s™1),
the fraction of galaxies passing the selection criteria is below 50 per
cent.

4.3 Summary of simulation results

Together, the simulation results for photo-z precision and line
recovery presented here illustrate that for any emission-line sample
with luminosities above the 5o detection limit, the photo-zs should be
constrained to extremely high precision (oxpmap < 0.005 x (1 + 2)).
The inferred narrow-band luminosities measured from JELS will
also be both accurate (£0.02-0.1 dex) and precise (£0.01 dex), with
the uncertainties for scientific analysis therefore likely dominated by
factors such as the dust attenuation corrections required to estimate
intrinsic emission-line luminosities — a limitation true also true for
slitless spectroscopic samples and many spectroscopic surveys.

We caveat however that these simplified simulations do not
account for realistic extended morphologies, which will decrease
the precision of any estimates through both increased noise and
systematic uncertainties from measuring fotal fluxes. Future JELS
studies will incorporate more extended completeness simulations that
account for the full range of observed morphologies and sizes (Pirie
et al. in preparation). Furthermore, we have presented simulation
results only for sources where the line species of interest falls within
the target JELS narrow-band. Therefore, while we have demonstrated
that the JELS narrow-band filters provide substantial gains in photo-
z accuracy within the target redshifts, JWST medium-band surveys
will naturally offer the advantage of probing the high-EW, lines over
a wider redshift range (e.g. Suess et al. 2024, see also Muzzin et al.
2025) and provide complementary constraints to JELS.

5 SPECTROSCOPICALLY CONFIRMED JELS
EMITTERS

To further illustrate the diversity of galaxy properties present within
the populations selected by JELS and the efficacy of the narrow-band
selection, here we present spectroscopic confirmations of four high-z
line emitters selected by JELS that were included as filler targets in
the Director’s Discretionary program DD 6585 (PI: Coulter).

The JELS sample configured in the NIRSpec PRISM observations
was selected from a FA66N detected catalogue with SNRpagen > 5 in
0.3 arcsec apertures. All sources satisfy emission-line excess criteria
with colours F444W — F466N > 0.3 and F470N — F466N > 0.15
(corresponding to a rest-frame equivalent width of EW,, > 20A) and
with emission-line excess significance, ¥ > 3 (see equation 2 of Pirie
et al. 2025). Photo-zs derived from PSF homogenized photometry
from all available HST/ACS, HST/WFC3, and JWST/NIRCam filters
identified all sources as secure high-z (z > 5.5) candidates.’ The
resulting photo-z posteriors are shown in Fig. 9 (solid lines), along
with the corresponding photo-z posteriors for the same sources when
only the PRIMER NIRCam photometry is used (dashed lines). Of

5The photo-zs were estimated using EAZY (Brammer et al. 2008) with three
different template sets: the default £sps set supplemented with the high-
z templates of Larson et al. (2023b), the SFHZ set supplemented with the
obscured AGN template of Killi et al. (2024) and the EAzY_V1.3 set. The
consensus photo-zs combining all three estimates are derived following the
procedure outlined in Duncan et al. (2019). See Pirie et al. (2025) for full
details.
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Figure 9. Normalized photo-z posteriors, Pi (z), with (solid lines) and without
(dashed lines) the inclusion of the JELS F466N and F470N filters for the
spectroscopically confirmed line emitters. Due to the extremely narrow
posteriors when JELS narrow-band filters are included, the photo-z posteriors
have been normalized by their maximum a posteriori values to aid visual
comparison. Spectroscopic redshifts from the DDT Prism observations are
illustrated by corresponding vertical dotted lines.

the four JELS emission-line candidates observed with NIRSpec,
two are robustly identified as H« emitters with well constrained
photo-zs at z ~ 6.1, with the other two robustly identified as z ~ 8.3
[O 11]A5008 emitters.

In Fig. 10, we show a subset of the available HST and
JWST/NIRCam cut-outs for each object as well as the standard
MAST pipeline reduced 2D and 1D PRISM spectra. Motivated by the
expectation of high-EW emission-lines, we derive spectroscopic red-
shifts from the 1D PRISM spectra through a simple x >-minimization,
fitting an emission-line template (convolved to the PRISM spectral
resolution at 4.6 um) to the continuum-subtracted spectrum over the
wavelength range of 3 < A < 5 um.®

The two confirmed H « sources are shown in the top row of Fig.
10, observed with exposure times of 5909 and 17 725s respectively.
JELS J100033.5 + 022355.5 (upper left panel) is representative
of a large fraction of the Ha emitters selected by JELS, with
the overall spectral energy distribution (SED) dominated by high
equivalent width (EW) emission lines. The high-EW emission-line
contribution can be inferred from the photometry cut-outs alone,
with [O11] and H B responsible for the F356W broad-band showing
clearly elevated flux; this is confirmed by the PRISM spectroscopy.
In comparison, JELS J100033.3 + 022331.7 (upper right panel)
exhibits significant UV and optical continuum detections across the
broad-band SED, although F356W is still significantly enhanced
relative to F277W. The corresponding PRISM spectrum reveals
significantly lower EW emission-lines, with evidence for a more
evolved stellar population in the form of a clear Balmer break. While
both sources are correctly identified as z ~ 6 sources when using only
PRIMER observations, with the spectroscopic redshift contained
within the photo-z posterior, the widths of the photo-z posteriors
are significantly broader than the PRIMER + JELS estimates by up
to ~ 10x (consistent with the results from Section 4.1).

The bottom row of Fig. 10 then presents the two [OI]JA5008 -
emitters selected from JELS, both with total on-source exposure
times of 11817s. The left-hand source, J100021.3 4 022231.5, is

Qur derived spectroscopic redshifts are all in agreement with the inde-
pendently derived estimates from the DAWN JWST Archive: https://s3.
amazonaws.com/msaexp-nirspec/extractions/nirspec_graded_v3.html.
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Figure 10. Example emission-line sources selected in JELS narrow-band imaging with spectroscopic confirmation from NIRSpec PRISM spectroscopy (DD
6585, PI Coulter). For each source, the upper panel shows photometry cut-outs (2 arcsec x 2 arcsec) from HST/ACS (F606W) and JWST/NIRCam from both
PRIMER and JELS. The lower panel for each source shows the corresponding standard pipeline reduced 2D and 1D PRISM spectra. A subset of bright rest-frame
optical emission lines at the confirmed spectroscopic redshift are illustrated by the vertical dashed lines and corresponding labels. Shaded regions also show
the wavelength coverage of the overlapping F466N and F470N filters for reference. The top row shows sources selected as H « emitters, while the bottom row
shows sources selected as robust z ~ 8.3 [O 11]A5008 emitters. Note that at z ~ 8.3, the width of the F466N/F470N narrow-bands is such that [O 111]14960 and
[O 11]A5008 (and potentially H 8) can be individually isolated from photometry alone.

securely identified as a z ~ 8.3 [O IJA5008 emitter by the photo-
z analysis to a precision of < 0.005 x (1 + z), despite having
only weak constraints on the Lyman break and very faint rest-UV
continuum. With SNRg;sw < 1 and SNRg5ow < 4 (in 0.3-arcsec
diameter apertures), photo-z estimates using broad-band photometry

only are limited to constraining the source as z = 5, but with a
very broad posterior allowing solutions up to z > 10 (see Fig. 9).
Although faint, the extracted 1D PRISM spectrum for this source
shows clear H B, [O11]A4960, [Omr]A5008 and [O 1m]A3727 lines
confirming the photo-z redshift solution. The right-hand source,
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J100025.4 + 022024.6, is selected as a narrow-band excess by JELS,
but is also bright enough in the rest-UV to be robustly selected as
z ~ 8 from broad-band photometry with over 90 per cent of the
PRIMER-only photo-z posterior in the range of 8 < z < 9 (and hence
was also included in the DD filler programme from an independent
selection). We note that the rest-UV continuum is detected in the
NIRSpec PRISM observation, however, we limit the wavelength
range of the PRISM spectra presented in Fig. 10 to > 2.5umto
demonstrate the resolved [O 11]A4960 and [O 11]A5008 lines.
Although only a limited sample, the confirmation of all four
narrow-band excess selected sources and their diverse properties
gives evidence that JELS offers a broad and robust selection in novel
parameter space. In addition to enabling unique science from the
photometric data alone, the JELS emission-line samples are therefore
ideal for future spectroscopic studies.

6 SUMMARY

We have presented an overview of JELS, a JWST imaging survey
designed to extend selection of emission-line galaxies using narrow-
band filters into new redshift regimes using the JWST/NIRCam
F466N and F470N filters. Simultaneously, JELS aims to provide
a window into the resolved properties of star-forming galaxies at
cosmic noon with matching F212N and F200W observations. The
JELS Cycle 1 observations presented cover ~ 63 arcmin® within the
wider PRIMER COSMOS legacy field (Dunlop et al. in preparation),
which provides both the key F444W broad-band imaging necessary
for FA66N/F470N excess selection as well as extensive multiwave-
length imaging required for robust line identification.

We have demonstrated that the JELS imaging reaches the ex-
tremely high sensitivities required to achieve the survey’s primary
science goals. Based on the distribution of 5o limiting magnitudes in
the F466N and F470N mosaics (in 0.3 arcsec diameter apertures), the
limiting line fluxes are estimated to be ~ 1.2 x 10~"® erg s™'ecm™2
over 90 per cent of the field, reaching up to ~ 2x fainter emission
lines than current slitless spectroscopic surveys in the literature. For
the primary science goal of probing H« at z ~ 6.1, these flux limits
correspond to log,,(Lye/erg s71) ~ 41.53 — 41.76, or unobscured
SFRs of 0.9-1.3 Mg yr—'.

The F212N narrow-band mosaic reaches line sensitivities of 1.4—
2.5x107 ¥ erg s7'cm™2, corresponding to log,o(Lua/ergs™!) ~
40.75-40.99; a factor of up to ~ 10 furtherdownthe z = 2.23 Ho LF
than previously available from ground-based narrow-band surveys.
The combination of this extraordinary depth with JWST’s exquisite
spatial resolution offers an unprecedented view of the resolved star
formation properties in galaxies at the peak of cosmic star formation
history, for example by enabling detailed morphological comparison
between Ho , UV and in situ stellar mass in representative samples
of galaxies.

We have highlighted the unique science cases for the JELS
observations: a census of H o emitters at z ~ 6.1 that offers com-
plementary constraints on the cosmic star formation history and
the galaxy population in the early Universe, novel probes of both
early (through [O 1] emitters) and late stages (Ha at z ~ 6.1) of
cosmic reionization, dust unbiased samples of star-forming galaxies
at cosmic noon (Ha /Pac /PaB), and spatially resolved properties
of ionized gas in galaxies on sub-kpc scales at 2 < z < 6. Through
detailed simulations of realistic H o and [O 11]JA5008 emitter popula-
tions, we have also demonstrated that for intrinsic line luminosities
above the JELS limiting magnitudes, the resulting photo-z estimates
can be constrained to near spectroscopic accuracy (oxmap < 0.005 x
(14 z)) for a wide range of intrinsic equivalent widths. These
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simulations also show that the emission-line luminosities estimated
from the JELS narrow-band excess can be both extremely accurate
(bias less than 0.01 dex) and measured with sufficient precision
(£0.05 — 0.1dex) that the limiting precision on intrinsic properties
will the precision to which dust attenuation corrections can be made
(as is also the case in slitless spectroscopic surveys).

Initial results for the primary H o sample at z ~ 6.1 and full JELS-
selected photometry catalogues are presented in a companion paper,
Pirie et al. (2025), with a number of further studies on the detailed
properties of Ho, Paa /Pa 8, and [O111] samples also in progress.
With JELS adding both novel wavelength information (F212N,
F466N, F470N) and significant additional broad-band sensitivity
(F200W) within one of the key extra-galactic legacy fields, we expect
the broader scientific return from the community to extend far beyond
these initial goals.
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APPENDIX A: JELS NARROW-BAND MOSAIC
RELEASE VERSIONS

As outlined in Section 2, the initial JELS observations were impacted
by severe scattered light. Initial versions of the JELS imaging
products, including those used in Pirie et al. (2025, v0.8), made
use of the data available and analysis pipelines at the time of
analysis. The imaging products and associated depths presented in
this manuscript correspond to the versions with all JELS observing
programme (GO 2321) data acquired (v1.0). For completeness,
here we outline the key differences in the JELS mosaic release
versions and provide a quantitative comparison of the limiting
emission-line sensitivities achieved by the respective versions. The
key data and pipeline differences between images version are as
follows:

(1) v0.8: Image reduction using PENCIL version based on JWST
pipeline version 1.10.2 (JWST_1107.PMAP). Mosaics incorporate all
frames observed 2023 May, with scattered light contribution sub-
tracted from LW filters (F466N/F470N) and scattered light masked
from impacted SW frames (F212N/F200W).

(i1) v1.0: Image reduction using PENCIL version based on JWST
pipeline version 1.13.4 (JWST_1303.PMAP). Mosaics incorporate all
frames observed 2023 May and 2024 November. Scattered light
contributions subtracted from LW (F466N/F470N) and masked in
SW (F212N/F200W) frames from 2023 May, with corresponding
2024 November frames included in addition.

In Fig. Al, we present the area per limiting sensitivity in each
narrow-band filter for both v0.8 and v1.0 of the JELS mosaics
following the procedure outlined in Section 2.3 (cf. Fig. 4).
For F466N, where the scattered light impact was negligible and
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Figure A1. Emission-line sensitivity of the JELS narrow-bands as a function
of area per limiting sensitivity for v0.8 of the JELS mosaics (e.g. Pirie et al.
2025, dashed lines) and the v1.0 mosaics presented here (solid lines). Also
plotted for reference for the FA66N and F470N panels is the average 5o
limiting line sensitivity for the FRESCO slitless spectroscopy survey (thick
vertical line; Oesch et al. 2023).

the input imaging for v0.8 and v1.0 is effectively unchanged,
we find that the v1.0 mosaic achieves a consistent ~ 0.09 dex
improvement in sensitivity across the full image; indicative of
general NIRCam sensitivity improvements from revisions to the
relevant read-noise and flat-field calibration files from the later
CRDS version. For FA70N, the sensitivity distribution includes
the same ~ 0.09 dex systematic shift as for F466N, but with an
additional increase in sensitivity from the repeat observations; a
higher fraction of the mosaic is covered by two full visits at the
full JELS exposure time, with an additional fraction now observed
at 3x ~ 6000s.

For F212N, which was most severely impacted by the enhanced
scattered light, the peak of the sensitivity distribution is ~ 0.2 dex
fainter, reflecting the significantly increased area with 2x ~ 6000s
visits (per the original survey design), a subset of area now with 3x
visits due to repeats, and similar systematic gains from calibration
improvements. Based on the change in sensitivity of the shallowest
regions of the field where no new data is included, we estimate
that the systematic improvement in F212N sensitivity from CRDS
reference file changes is smaller than for the LW bands, at the level
of ~ 0.05 dex.
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For all three JELS narrow-band filters, we note that while the gains
in sensitivity for v1.0 are consistent and statistically significant with
respect to our ability to constrain the image noise itself, the changes
are not as scientifically significant. Impacts to the robust emission-
line samples produced from JELS imaging and the predictions of the
simulations presented in Section 4 are negligible between versions.
Sample sizes from v1.0 may be increased in size, but only at the
10-20 per cent level. However, the inferred properties and redshifts
for individual objects are as robust in v0.8 as in v1.0 due to the more
significant impacts of large photometric uncertainties in other filters
for sources near the detection limit and the standard inclusion of
5-10 per cent flux uncertainties for photo-z/SED-fitting analysis.

APPENDIX B: CORRECTING FOR
[O111]A4960 CONTRIBUTIONS IN
[O111]AS008 LUMINOSITY ESTIMATION

For the [O r]A5008 emission-line selection, the JELS narrow-bands
are sufficiently narrow that typically only one of the [O1i1] doublet
lines contributes the majority of flux at any given redshift (unlike for
some lower redshift narrow-band surveys where both [O 111] line, and
sometimes H B, are often encompassed by the narrow-band filter,
e.g. Khostovan et al. 2016). The contribution from the secondary
line, i.e. [O 1m]A4960 for [O 1I]A5008 excess selection, however, is
non-negligible and naive estimates of the line flux based on the
narrow-band colour excess alone could therefore overestimate the
true [O 11]A5008 line flux. Furthermore, given the high-EWs of the
z ~ 8.3 samples, the [O11]A4960 emission will have significant
contribution to the surrounding broad-band flux, f; paaw, that
could lead to an overestimate of the stellar continuum level and
hence an underestimate of the inferred [O n1JA5008 flux. Formally,
high-EW H g emission will also contribute to an overestimate of
the stellar continuum, however given the high [O 1] /H f§ ratios
observed at z > 6 (Sanders et al. 2023; Shapley et al. 2023), we
assume that any resulting corrections would be negligible relative
to the photometric uncertainties. Regardless, the relative balance of
these two competing secondary or tertiary line contaminations will
depend on the precise redshift. We therefore implement a simple
analytic correction based on the expected relative contribution of the
[O 1] lines to both the narrow-band and broad-band filter fluxes. For
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the simplifying assumption that the emission lines themselves have
effectively no velocity dispersion, and assuming the standard ratio of
[O m]A5008 /[O m]A4960 = 2.98, the relative contributions of both
[O 1] lines to a given filter, foy,;, is proportional to

~ Sis008 ~
Som,i ¢ fiso0sfi xs5008(2) + ;Wti,)A%O(Z)s or
_ i 54960(2)
Som,i ¢ fis00s (ti,)\soos(z) + 7’2 ;8 > , (B1)

where 7; jine(z) is the filter throughput at the wavelength of the
corresponding line at redshift z, normalized to the peak filter
throughput. The redshift-dependent correction factor, C;(z), to relate
the observed flux to that corresponding to only the [O mJA5008 flux
can then simply be defined as

1
> 7i,34960(2)
fi 35008(2) + =595 —

Equation (2) can then be modified such that the
[O 1m1]A5008 emission-line flux can estimated as

Ci(z) = (B2)

S5 FasNCrason(2) fi Faaaw Crasaw ()
1 (AApasoN/ DAEaaaw)
erg s”lem™2. (B3)

Fi5008(z) = AArasen

From tests convolving model [O 111] emission lines with the F466N
and F444W filters over a range of plausible velocity dispersions and
across the redshift range probed by the excess selection, we find that
the simplifying assumption of infinitely narrow intrinsic lines is ac-
curate to ~ 1 per cent for intrinsic velocity dispersions with FWHM
less than 250 km s~!. When estimating the line luminosity for an
[O1]A5008 source, we then draw 100 redshifts from the photo-z
posterior, calculating F;s003(z) using equation (B3) and incorporating
the redshift into the corresponding luminosity distance calculation.
The estimated line luminosity for an individual source including
the uncertainty from the redshift-dependent [O II]A4960 contribution
can then be derived from the resulting distribution (i.e. 16, 50, and
84th percentiles).
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