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ABSTRACT
We present the JWST Emission Line Survey (JELS), a Cycle 1 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 ionised gas morphology in individual
galaxies across cosmic history. The primary JELS observations comprise ∼ 4.7𝜇m narrow-band imaging over ∼ 63 arcmin2

designed to enable selection of H𝛼 emitters at 𝑧 ∼ 6.1, as well as the selection of a host of novel emission-line samples
including [O iii] at 𝑧 ∼ 8.3 and Paschen 𝛼/𝛽 at 𝑧 ∼ 1.5/2.8. For the prime F466N and F470N narrow-band observations,
the emission-line sensitivities achieved are up to ∼ 2× more sensitive than current slitless spectroscopy surveys (5𝜎 limits of
1.1–1.6×10−18 erg s−1cm−2), corresponding to unobscured H𝛼 star-formation rates (SFRs) of 1–1.6 M⊙ yr−1 at 𝑧 ∼ 6.1 and
extending emission-line selections in the EoR to fainter populations. Simultaneously, JELS also obtained F200W broadband
and F212N narrow-band imaging (H𝛼 at 𝑧 ∼ 2.23) that probes SFRs ≳ 5× fainter than previous ground-based narrow-band
studies (∼ 0.2 M⊙ yr−1), offering an unprecedented resolved view of star formation at cosmic noon. In this paper we describe the
detailed JELS survey design, key data processing steps specific to the survey observations, and demonstrate the exceptional data
quality and imaging sensitivity achieved. We then summarise the key scientific goals of JELS and present some early science
results, including examples of spectroscopically confirmed H𝛼 and [O iii] emitters discovered by JELS that illustrate the novel
parameter space probed.
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1 INTRODUCTION

Since its launch, JWST has been delivering on its promise to trans-
form our understanding of the earliest stages of galaxy formation,
discovering a wealth of galaxies out to unprecedented redshifts (e.g.
Robertson et al. 2024; Carniani et al. 2024), routinely providing
spectroscopic confirmation of galaxies at 𝑧 > 10 (e.g. Curtis-Lake
et al. 2023; Arrabal Haro et al. 2023) and discovering new popula-
tions of active galactic nuclei (AGN, e.g. Labbe et al. 2023; Matthee
et al. 2023), whilst also beginning to reveal the detailed properties
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of the galaxies which powered the process of cosmic reionization
(Sanders 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: how and when do
the first galaxies assemble? how does the chemical enrichment of
the Universe proceed (Arellano-Córdova 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 (Labbe et al.
2023; Larson et al. 2023a; Maiolino et al. 2023; Greene et al. 2024;
Matthee et al. 2024)? which galaxies drive the process of reioniza-
tion and what is its detailed topology (Tang et al. 2023; Umeda et al.
2024; Mascia et al. 2024; Witstok et al. 2024)?
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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 broadband colours
(de Graaff et al. 2024) or photometric redshift estimates (e.g. Bunker
et al. 2023; 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 contin-
uum 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 (Mármol-Queraltó et al. 2016; Khostovan 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 se-
lection 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; Covelo-Paz et al. 2024; Meyer
et al. 2024).

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 a star-formation rate-
selected sample. When compared to broadband photometric selec-
tions, narrow-band surveys also offer the advantage that the robustly
selected samples lie within a narrow redshift range while minimising
the complex selection 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 H𝛼 luminosity function out to 𝑧 ∼ 2.2 (Geach et al. 2008; So-
bral et al. 2013; Matthee et al. 2017), providing robust measurements
of the cosmic star-formation rate 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 environ-
ment (Sobral et al. 2011) of star-forming galaxies. Finally, narrow-
band selections also offer the advantage of providing a direct resolved
view of the ionised 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; Cheng
et al. 2020; Cochrane et al. 2021).

With the inclusion of narrow-band filters on the Near-Infrared
Camera (NIRCam; Rieke et al. 2005, 2023) from 1.645𝜇m all the
way out to 4.7𝜇m, JWST now offers the potential for narrow-band
selection of key optical emission lines such as H𝛼 and [O iii] out
into the epoch of reionization (EoR; 𝑧 ∼ 6.1 and 8.3 respectively).
Simultaneously, the longest wavelength NIRCam narrow-bands can
also probe emission lines such as Pa𝛼 and Pa 𝛽 that were previously
largely inaccessible in galaxies at the peak of cosmic star-formation
history (1 ≲ 𝑧 ≲ 3). The short wavelength (< 2.5𝜇m) narrow-band
filters, while not breaking new redshift ground, can exploit JWST’s
exceptional resolution and sensitivity to constrain the detailed mor-
phology of ionised 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 sen-
sitivity of JWST/NIRCam to extend narrow-band galaxy selections
into previously inaccessible observational regimes. Specifically, us-
ing F466N/F470N filters at ∼ 4.7𝜇m, the primary goal of JELS is
to provide a clean H𝛼 emission selected sample of galaxies in the
EoR (𝑧 = 6.1) that provides complementary constraints on the cos-
mic star-formation history and whose properties can be characterised
and compared against UV-selected samples (Pirie et al. subm.). Si-
multaneous 2.12𝜇m (F212N) narrow-band imaging is designed to
probe a factor of ∼ 5 deeper than previous ground based studies of
H𝛼 at 𝑧 ∼ 2 (e.g. Sobral et al. 2012), doing so with sub-kpc reso-
lution to reveal the distribution in star forming galaxies at the peak
of cosmic star formation activity in unprecedented detail. In this pa-
per, we present an overview of JELS; outlining the survey design, the
JWST/NIRCam observations, the corresponding data processing and
resulting properties. We then summarise the broader scientific goals
of the survey, with illustrations of the unique statistical and resolved
studies it enables.

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 results from a sample of JELS
H𝛼 and [O iii]𝜆5008 emission-line candidates confirmed by spec-
troscopic follow-up observations. Section 5 then summarises our
conclusions. Throughout this paper, all magnitudes are quoted in the
AB system (Oke & Gunn 1983) unless otherwise stated. We also
assume a Λ Cold Dark Matter (ΛCDM) cosmology with 𝐻0 = 70
km s−1 Mpc−1, Ω𝑚 = 0.3 and ΩΛ = 0.7.

2 SURVEY OVERVIEW

The overall observing strategy and survey design of JELS was driven
by requirements of the primary science case: firstly, to probe suf-
ficient cosmological volume to detect a statistical sample of 𝑧 > 6
H𝛼 emitters (a prediction of 40–60 based on conversion from the UV
luminosity function), and secondly to probe significantly below the
break of the luminosity function for H𝛼 emitters at 𝑧 > 6, thus iden-
tifying ‘typical’ star-forming galaxies comparable to those selected
in Lyman-break selected samples but with a highly complementary
selection function.

While designed to be scientifically viable with only existing legacy
multi-wavelength 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; PI
Dunlop, GO #1837). The complementary broadband observations
across the full NIRCam wavelength range from PRIMER enable
narrow-band excess selection at ∼ 4.7𝜇m (see below), and are criti-
cal for panchromatic spectral energy distribution modelling and ro-
bust emission-line disambiguation for line emitters selected at both
2.12𝜇m and ∼ 4.7𝜇m. An additional survey design criteria was
therefore for the narrow-band imaging to be located entirely within
both the pre-existing deep optical and contemporaneous PRIMER
NIRCam observations.

MNRAS 000, 1–13 (2024)
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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 4.707𝜇m respectively (and effective fil-
ter widths, 𝑊eff, of 0.535 and 0.510𝜇m). Either through difference
imaging between the adjacent F466N/F470N bands, or narrow-band
excess selection with respect to the F444W broadband imaging pro-
vided by the PRIMER COSMOS observations, line emitters can be
selected in both filters and enable selection of H𝛼 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 (𝜆pivot = 2.12𝜇m , 𝑊eff =

0.027𝜇m) and F200W broadband (𝜆pivot = 1.99𝜇m , 𝑊eff =

0.419𝜇m) filters with a traditional narrow–broadband approach
(Fig. 1). The F212N filter probes H𝛼 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 ionised gas at
sub-kpc resolution. Besides ensuring matched broadband coverage
for F212N narrow-band selection, the F200W broadband imaging
also adds 2 − 3× 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 × 3 mosaic strategy with 5 per cent overlap in each
row and 57 per cent overlap between each column. We also adopt
the standard 3-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 arcmin2. Combining the wavelength coverage of both
F466N and F470N, this area corresponds to a H𝛼 selection volume
of ∼ 2.4× 104 Mpc3. For F212N, the single narrower filter results in
an approximate H𝛼 selection comoving volume of∼ 0.9×104 Mpc3.

For the NIRCam SW and LW filter pairs, all observations use
the MEDIUM-10 readout strategy, with 6 total integrations/dithers
at each mosaic position. The F212N and F470N(+F444W)1 filter
combination was observed with 10 groups per integration, with this
observing setup resulting in an on-sky integration time of 6 313s
over the full mosaic. Over the central ∼ 40 per cent of the mosaic
that is imaged twice, the total exposure time reaches 12 626s. The
F200W and F466N(+F444W)1 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
the full mosaic (11 338s over the central 40 per cent). Note that the
difference in groups per integration between F466N and F470N ob-
servations (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 prioritised to maximise the sensitiv-
ity in F212N.

2.2 Observations and image reduction

The initial JELS observations were acquired over the period of May 6
to May 27 2023. Of these observations, 13 of 18 visits were observed
without issue. In five of the eighteen total visits of the JELS ob-
servations (one F200W+F466N, four F212N+F470N), the NIRCam

1 Both F466N and F470N are observed with F444W as a blocking filter. We
use ‘(+F444W)’ here to denote that.

imaging was subject to unusually bright scattered light, or ‘wisps’,
that resulted in features in both the SW and LW detectors.2 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 no-
table small-scale variation in morphology between exposures within
a given visit. With the corresponding LW images also impacted, stan-
dard 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 arte-
facts are not viable for the proposed scientific goals, these specific
pointings have been re-scheduled for observations. The F212N anal-
ysis (and to a lesser degree F470N) presented below therefore does
not represent the final expected JELS image quality and sensitivity.

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; Dunlop et al., in prep) soft-
ware, an enhanced version of the JWST pipeline (version 1.10.2).
This PENCIL pipeline includes additional routines for the re-
moval 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
et al. 2022) reference frame and stacked to a consistent pixel scale
(0.03 arcsec× 0.03 arcsec). Prior to the construction of the final mo-
saics, we also take additional steps to mitigate the impact of the
non-standard wisp artefacts in the five impacted JELS visits.

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:

(i) Compact sources within the image are identified, with source
detection employing a small locally varying background (25 × 25
pixel box-size) to select sources within regions of diffuse scattered
light. In each exposure, the compact sources are then masked with
additional dilation around each source.

(ii) The six frames are median stacked in the image plane to
produce a wisp template for the frame. The median stacked template

2 See e.g. the JWST Known Issues
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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 H 𝛼 (𝑧 = 2.23 for F212N, 𝑧 = 6.17 for F470N)
and [O iii]𝜆5008 (𝑧 = 8.29 for F466N). The continuum flux density values are normalised arbitrarily for visualisation 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
additional measurements at 𝑧 > 3 from recent studies in the rest-UV (Bouwens et al. 2022) and far-IR (Dudzevičiūtė et al. 2020, for 850𝜇m sources brighter
than > 0.2mJy).

JW02321002009 NRCALONG (F466N) JW02321003001 NRCBLONG (F470N) JW02321003004 NRCALONG (F470N) JW02321002009 NRCA4 (F200W) JW02321003004 NRCB3 (F212N)

JW02321002009 NRCA3 (F200W) JW02321003004 NRCB4 (F212N)

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 F466N/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.

is then convolved with a Gaussian smoothing kernel with a full-width
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×𝜎RMS
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 leaves some areas of
fainter diffuse scattered light present within individual frames prior

MNRAS 000, 1–13 (2024)
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to the final mosaicing and combination of all frames covering the
region. 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. How-
ever, 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 preliminary JELS SW
data reduction, we therefore follow a similar procedure as above, gen-
erating an average scattered light template for each affected module.
The scattered light mask generated from template generation pro-
cedure 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 onto 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.

2.3 JELS Data Properties

Fig.3 illustrates the relative position of the JELS imaging in the con-
text 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 broadband imaging necessary for op-
timal F466N/F470N emission-line selection. We estimate the local
noise in the JELS imaging by placing down 0.3 arcsec diameter aper-
tures in empty regions of the image, with the 1𝜎 noise at a given
sky position based on the scatter in the nearest 200 apertures. For a
given limiting flux density in 𝑓𝜈 , we then estimate the corresponding
maximum emission line sensitivity, 𝐹line (erg s−1cm−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 broadband (F444W for F466N/F470N, F200W
for F212N) is negligible. Note, this conversion also assumes the emis-
sion line is centred at the pivot wavelength, 𝜆pivot, of the narrow-band
filter. Finally, the 0.3 arcsec aperture line flux limits are corrected to
total fluxes for an assumed 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 F466N 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 summarise 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 (log10 (𝐹line/erg s−1cm−2); lower panel). As
designed, the F466N and F470N imaging reach comparable depths,
with F470N reaching fractionally higher sensitivity over the field due
to the additional group per integration and the additional depth of the
central region is immediately apparent (e.g. lower panel of Fig 4). To
summarise the sensitivities reached in the central and overall field ar-
eas, Table 1 presents the limiting line flux sensitivities reached for the
deepest 35and 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
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Figure 3. Illustration of the layout and sensitivity of the JELS narrow-band
imaging within the PRIMER COSMOS field. The background image shows
the PRIMER F444W broadband image with an illustrative image stretch. The
5𝜎 limiting magnitude and corresponding maximum emission line sensitivity
for the JELS F466N 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 Table 1 is the limiting observed H𝛼 luminosity, 𝐿H𝛼, correspond-
ing to the flux limit for the specified redshifts. The conversion to
H𝛼 luminosity includes a correction for the typical expected contri-
bution from [N ii]𝜆6585, assuming log10 ([N ii]𝜆6585/H𝛼 ) = −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 𝐿H𝛼).

The measured sensitivity presented in Fig. 4 (and Table 1)
compares to the pre-launch predicted sensitivity of 2.2 ×
10−18 erg s−1cm−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 ∼ 6 000s total exposure, extending down to
1.5 × 10−18 erg s−1cm−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 sen-
sitive than pre-launch predictions, in line with in-flight performance
for NIRCam photometry seen more widely in medium and broadband
imaging (Rigby et al. 2023).
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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 sensitiv-
ity (bottom). The cumulative area corresponding to the deepest 35 per cent
(∼ 22 arcmin2; i.e. the central region with double exposure) and 90 per
cent (∼ 57 arcmin2) 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 corre-
sponding H 𝛼 luminosity limit. Also plotted for reference are the line fluxes
corresponding to 50 and 80 per cent completeness derived for H 𝛼 sources
at 4.9 < 𝑧 < 6.6 in the FRESCO slitless spectroscopy survey (thick vertical
lines; Covelo-Paz et al. 2024).

The limiting 𝐿H𝛼 corresponds to unobscured H𝛼 star-formation
rates of 2.7–4 M⊙ yr−1 based on low-redshift calibrations (Hao
et al. 2011), or 1–1.6 M⊙ yr−1 for SFR calibrations more
appropriate for younger stellar populations at higher redshift
(log10 (𝐿H𝛼/M⊙ yr−1) = −41.64; Theios et al. 2019). We note that
the intrinsic H𝛼 luminosity distribution probed, once corrected for
dust attenuation, will naturally be brighter. For example, Covelo-
Paz et al. (2024) measure an average extinction of 𝐴H 𝛼 = 0.47 for
4 < 𝑧 < 6.5 H𝛼 emitters.

Given the ∼ 4.7𝜇𝑚 sensitivities achieved over the survey area of
∼ 63 arcmin2, the JELS narrow-band survey probes a complemen-
tary parameter space to the "First Reionization Epoch Spectroscop-
ically Complete Observations" (FRESCO; GO #1895, Oesch et al.
2023) slitless spectroscopy survey, which reaches a 5𝜎 line sensitiv-
ity at ∼ 4−5𝜇m of 2×10−18 erg s−1cm−2 (see also Covelo-Paz et al.
2024, as shown in Fig. 4). Covering two∼ 62 arcmin2 fields (of which
4.4− 5𝜇m 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 simultaneous
spectroscopic confirmation). In contrast, the JELS narrow-band is
sensitive to fainter line fluxes at ∼ 4.7𝜇m over the full mosaic, reach-
ing up to ∼ 2× fainter in the central region, with no losses due to dis-
persion off the detector or significant blending or contamination from
bright sources. As such, JELS is able to robustly detect a sample of
H𝛼 emitters at 𝑧 > 6 comparable to both FRESCO fields combined,
despite the limited volume (𝑧 ∼ 6.1 vs 6 < 𝑧 < 6.6, see Section 3.1.1
below). Additionally, as further discussed in Section 3.2, the narrow-
band imaging retains the full two-dimensional morphological infor-
mation, providing information on the spatially resolved ionised gas
structures of individual galaxies (cf. the ensemble structural infor-

Table 1. Limiting emission line flux and corresponding 𝐿H𝛼 sensitivity
reached for the three JELS narrow-band images shown in Fig. 4, with limits
corresponding to the deepest 35 per cent of the field (∼ 22 arcmin2; i.e.
the central region with double exposure) and the deepest 90 per cent (∼ 57
arcmin2).

Filter (𝑧H𝛼) Flux Limit Luminosity Limit
log10 (𝐹line/erg s−1cm−2 ) log10 (𝐿H𝛼/erg s−1 )

Percentage of the JELS coverage
35% 90% 35% 90%

F212N (2.23) −17.75 −17.54 40.85 41.05
F466N (6.09) −17.95 −17.79 41.69 41.85
F470N (6.17) −17.96 −17.79 41.69 41.86

mation robustly measurable in slitless spectroscopy; Matharu et al.
2024).

2.3.2 F212N Narrow-band Sensitivity

For the F212N narrow-band, the preliminary mosaic reaches a 5𝜎
limiting line flux of 2.9 × 10−18erg s−1cm−2 for the deepest 90
per cent of the field (see Table 1). This depth corresponds to ∼
0.8 dex lower H𝛼 luminosities than probed at 𝑧 ∼ 6.1, reaching
𝐿H𝛼 > 1041.05erg s−1 (1040.85erg s−1 in the central doubly imaged
area). For the same SFR calibration assumed above (Theios et al.
2019), these limits correspond to unobscured H𝛼 SFRs of 0.16-0.26
M⊙ yr−1. We note that in Fig. 4, the bi-modality corresponding to
the central region is currently less clearly defined for the F212N
filter due to the loss of exposure from scattered light masking and
the increased impact of bright stars in the field (c.f the extent of
diffraction spikes in Fig 5 relative to Fig. 3). Nevertheless, the JELS
imaging still reaches line sensitivities ∼ 5× 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. ∼ 1041.7erg s−1;
Geach et al. 2008; Hayes et al. 2010; Sobral et al. 2013). Once the
visits severely impacted by scattered light have been re-observed, the
overall noise properties of the complete F212N mosaic within the
effected region are expected to significantly improve.

2.3.3 F200W Broadband Sensitivity

Finally, in Fig. 5, we illustrate the additional F200W broadband
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 5𝜎 depth
of 𝑚F200W = 28.3 over the best 63 arcmin2 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 homogenised images). With the
JELS F200W imaging included, the equivalent deepest area within
the field reaches a median depth of 𝑚F200W = 28.7.

3 SCIENTIFIC GOALS

3.1 Global line emitter properties

3.1.1 A census of H𝛼 emitters at 𝑧 ∼ 6.1

The primary goal of the JELS survey is to carry out the first narrow-
band H𝛼 survey at 𝑧 > 6, obtaining a sample of ≳ 40 H𝛼 emitters

MNRAS 000, 1–13 (2024)



The JWST Emission Line Survey (JELS) 7

150.20° 150.15° 150.10° 150.05°

2.40°

2.35°

2.30°

2.25°

Right Ascension

De
cli

na
tio

n

27.0 27.5 28.0 28.5 29.0 29.5
F200W 5  Magnitude Limit

Figure 5. Illustration of sensitivity of the combined PRIMER and JELS
F200W imaging in the COSMOS field. The 5𝜎 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.

(Pirie et al. subm.). The JELS H𝛼 sample is designed to provide
tight constraints on the faint end of the H𝛼 luminosity function at
𝑧 ∼ 6, with sufficient accuracy to constrain the space density of
H𝛼 emitters at these luminosities to within 0.1 dex. In addition to
providing new integral constraints on the cosmic star-formation rate
density of galaxies in the EoR (Madau & Dickinson 2014, see Fig. 1),
the JELS 𝑧 ∼ 6.1 H𝛼 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
prep) and clustering properties (Hale et al., in prep).

To illustrate the complementarity between the JELS narrow-band
and other slitless spectroscopy approaches, in Fig. 6 we show the
distribution in redshift and emission-line flux for a sample of the
35 most robust F466N/F470N H𝛼 emitters (presented in Pirie et
al. subm.), alongside the published sample of H𝛼 emitters detected
in the FRESCO survey (Covelo-Paz et al. 2024). Given the high
completeness within the survey volume and the range of line fluxes
probed, the JELS H𝛼 sample also offers a valuable test-bed for under-
standing 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 under-
stood 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 luminosity functions (Sun et al. 2023b), as well as
strongly impacting estimates of key galaxy properties such as stel-
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Figure 6. Illustration of the novel sample size and emission-line flux parame-
ter space probed by the JELS H 𝛼 selection compared to slitless spectroscopy
samples in the literature. Filled hexagons show the photo-𝑧 and measured
line flux for the robust H 𝛼 samples (log10 (𝐹line/erg s−1cm−2 ); Pirie et al.,
in prep.) selected in F466N and F470N. The FRESCO H 𝛼 sample (Covelo-
Paz et al. 2024) is shown for comparison. Light shaded regions correspond to
the redshift range where H 𝛼 falls within the minimum and maximum (> 1
per cent of peak filter throughput) wavelengths covered by F466N/F470N,
with the darker shaded ranges illustrating the corresponding effective wave-
length range.

lar mass (Endsley et al. 2023) and ionising photon escape (Flury
et al. 2024). With JELS, it is possible to derive the distribution of
H𝛼 (∼ 10 Myr time-scales) to UV star-formation rates (∼ 100 Myr
timescales) 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
width population and hence provides constraints on the youngest or
most extreme burst populations (see e.g. Maseda et al. 2023). Re-
cent 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 ionising photon
producers (i.e. higher 𝜉ion; Simmonds et al. 2024), while modelling
predicts that very high H𝛼 SFRs could correlate with increased ISM
porosity (Clarke & Oey 2002) and hence Lyman continuum pho-
ton escape. The high EW emission-line sources selected by JELS
may therefore offer an especially valuable probe of the most extreme
ionisers of the IGM.

Further enhancing the scientific potential of the JELS H𝛼 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 ∼ 1.75× greater area.
The combination of a homogeneously selected H𝛼 sample with com-
plete 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 Ly𝛼 emitter frac-
tions (Stark et al. 2010), Ly𝛼 emission-line profiles (Mason et al.
2018), constraints on 𝜉ion as a function of Ly𝛼 properties (Prieto-
Lyon et al. 2023; Saxena et al. 2024) and resolved studies of Ly𝛼
(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
minimises redshift projection effects (cf. Geach et al. 2012; Cochrane
et al. 2017). Measurement of the correlation of H𝛼 emitters at 𝑧 ∼
6.1 will enable constraints on the dark-matter halos hosting these
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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 Ly𝛼 emitter galaxy
samples at this epoch (see also Section 3.1.3).

3.1.2 The faint SF 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
𝑀UV > −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, 𝛼 ± 0.04) and clear evidence of steepening
slopes as redshift increases. Current constraints on the H𝛼 LF are
however significantly more limited (Sobral et al. 2012). This is a
critical measurement, since the difference between a faint-end slope
of 𝛼 = −1.75 and 𝛼 = −1.5 corresponds to a factor-of-two difference
in the integrated star-formation rate density.

The extreme depth of our JWST NIRCam imaging means that
the JELS F212N observations will detect H𝛼 emitters ∼ 5× 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 H𝛼 luminosity function can achieve a precision of 𝛿𝛼 < 0.05,
almost 3× better than current limits, thereby tightly constraining
the relative evolution of dwarf galaxies. Furthermore, the extensive
broadband imaging from HST/CANDELS and PRIMER will enable
robust constraints on the stellar masses, star-formation histories and
the dust attenuation of the H𝛼 sample.

In addition to the F212N H𝛼 sample constraints at 𝑧 = 2.23, the
JELS F466N/F470N filters also probe the Paschen lines Pa𝛼 and
Pa 𝛽 at 𝑧 ∼ 1.5 and 2.6 respectively, bracketing the peak of cos-
mic star-formation (Fig. 1). Essentially unaffected by dust, the Pa𝛼
(1.87𝜇m) and Pa 𝛽 (1.28𝜇m)-lines offer unbiased instantaneous SFR-
indicators (Cleri et al. 2022). For the JELS F466N limiting line flux
(90th percentile), the corresponding Pa𝛼 and Pa 𝛽 luminosity limits
reach 1040.36 and 1040.96erg s−1 respectively (0.17 dex deeper in
the central region). Assuming Case B recombination, a temperature
of 10,000K and electron density, 𝑁𝑒 = 104 cm−3, we expect line
intensity ratios of H𝛼 /Pa𝛼 = 8.584 and H𝛼 /Pa 𝛽 = 17.614 (Storey
& Hummer 1995). The Paschen line sensitivities at 𝑧 ∼ 1.5 (Pa𝛼 )
and 2.6 (Pa 𝛽 ) therefore correspond to equivalent H𝛼 luminosities
of 1041.29 and 1042.2erg s−1, or star-formation rates of 0.27 and
2.29 M⊙ yr−1 respectively3. We caveat that recent evidence suggests
that the standard Case B assumption may not be valid in all galax-
ies, 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 star-formation rates 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 in-
terstellar medium (ISM) conditions in star-forming galaxies through
the distribution of Balmer and Paschen line ratios.

3 Where log10 (SFRH𝛼/ M⊙ yr−1 ) = −41.64+ log10 (𝐿H𝛼/erg s−1 ) assum-
ing the SFR calibration of Theios et al. (2019).

3.1.3 The role of galaxies in reionization – [O iii] emitters at
8.3 ≲ 𝑧 ≲ 8.5

Prior to JWST, the prevalence of high EW [O iii] emitters at 𝑧 > 6
had been studied in large samples based on strong broadband colour
excess (e.g. De Barros et al. 2019), with the [O iii] EW found to
strongly correlate with redshift (Khostovan et al. 2016). Studies of
the properties of [O iii] emitters at 𝑧 > 6 from medium/broadband
JWST observations (Simmonds et al. 2023) 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 reioniza-
tion. Similar to the H𝛼 selection, homogeneously selected samples
of [O iii] emission-line sources from JELS can therefore offer a probe
of the earlier stages of reionization at 𝑧 ∼ 8.4, both through the over-
all statistical constraints and by sign-posting the sites of the largest
ionised bubbles (e.g. Witstok et al. 2024).

When the [O iii]𝜆5008 line falls within F466N (𝑧 = 8.298 at
𝜆pivot), the narrow-band line flux limits presented in Table 1 cor-
respond to luminosity limits of 𝐿[O iii]𝜆5008 ∼ 1041.97 erg s−1

for the deeper JELS region, increasing to ∼ 1042.14erg s−1 for
90 per cent of the survey area. At slightly higher redshifts, the
fainter [O iii]𝜆4960 line is also then redshifted into the narrow-
bands (extending up to e.g. 𝑧 = 8.492 at 𝜆pivot,F470N) with
comparable measured line sensitivity. For an assumed intrinsic
[O iii]𝜆5008 /[O iii]𝜆4960 ratio of 2.98 (Storey & Zeippen 2000),
we note however the effective [O iii]𝜆4960 sensitivity is ∼ 0.5 dex
lower than for [O iii]𝜆5008 selection. The JELS narrow-band imag-
ing is highly complementary to slitless spectroscopic surveys, ex-
tending emission-line selections to fainter 𝐿[O iii]𝜆5008 at 𝑧 ∼ 8
(Meyer et al. 2024), improving constraints on the faint end of the
[O iii]𝜆5008 LF and revealing key populations critical in the process
of cosmic reionization. The full sample of JELS selected [O iii] emit-
ters will be presented in Duncan et al. (in prep), however 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 3.3𝜇m poly-aromatic hydrocarbon (PAH) feature at 𝑧 ∼ 0.4
(F466N/F470N) in the lower redshift Universe, to [S iii]𝜆9069 at
𝑧 ∼ 4.1 (F466N/F470N) and [O ii]𝜆3727 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 photo-𝑧 and SED
modelling precision for all such sources, as well as the potential for
detailed morphological studies.

3.2 Spatially resolving ionised 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,

MNRAS 000, 1–13 (2024)



The JWST Emission Line Survey (JELS) 9

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 morpholo-
gies at 𝑧 > 2 is crucial for far more than simple galaxy classifica-
tion. 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 hydro-dynamical 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 ionised 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. 2024; Shen
et al. 2024), or the stacking analysis of statistical samples (Nelson
et al. 2013; Matharu et al. 2024; Liu et al. 2024).

As with integrated measurements above (Sections 3.1.1-3.1.4),
this is particularly valuable when the ionised gas offers a direct SF
tracer. The JELS H𝛼 and F466N/F470N Pa𝛼 /Pa 𝛽 samples offer a
clean probe of sub-L★ galaxies at their respective redshifts whose
multi-wavelength properties, resolved structures and parametrised
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. 7 we show the rest-UV, ionised gas (narrow-band excess) and
rest-optical/near-infrared continuum morphologies for examples of
both F466N/F470N and F212N excess selected emission-line sam-
ples. The advantage of resolving both the UV and H𝛼 (or Pa𝛼 ) star
formation is immediately evident, with significant variation both be-
tween 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 timescales within the galaxy). When
extended to the full narrow-band samples, JELS can therefore con-
strain 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 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 F466N detected catalogue with SNRF466N > 5 in
0.3 arcsec apertures. All sources satisfy emission-line excess criteria
with colours 𝐹444𝑊−𝐹466𝑁 > 0.3 and 𝐹470𝑁−𝐹466𝑁 > 0.15 (cor-
responding to a rest-frame equivalent width of EW0 ≳ 20Å). Photo-
metric redshifts (photo-𝑧s) derived from PSF homogenised photom-
etry from all available HST/ACS, HST/WFC3 and JWST/NIRCam
filters identified all sources as secure high-𝑧 (𝑧 > 5.5) candidates4. Of

4 The photo-𝑧s were estimated using EAzY (Brammer et al. 2008) with

the four JELS emission-line candidates observed with NIRSpec, two
are robustly identified as H𝛼 emitters with well constrained photo-
𝑧s at 𝑧 ∼ 6.1, with the other two robustly identified as 𝑧 ∼ 8.3
[O iii]𝜆5008 emitters.

In Fig. 8, we show a subset of the available HST and
JWST/NIRCam cutouts for each object as well as the standard MAST
pipeline reduced 2D and 1D PRISM spectra. Motivated by the expec-
tation of high-EW emission-lines, we derive spectroscopic redshifts
from the 1D PRISM spectra through a simple 𝜒2-minimisation, fit-
ting an emission-line template (convolved to the PRISM spectral
resolution at 4.6𝜇m) to the continuum-subtracted spectrum over the
wavelength range of 3 < 𝜆 < 5𝜇m5.

The two confirmed H𝛼 sources are shown in the top row of Fig 8,
observed with exposure times of 5 909 and 17 725s respectively.
JELS J1500823.2+022355.5 (upper left panel) is representative of a
large fraction of the H𝛼 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 cutouts alone, with [O iii] and
H 𝛽 responsible for the F356W broadband showing clearly elevated
flux; this is confirmed by the PRISM spectroscopy. In comparison,
JELS J1500819.9+022331.7 (upper right panel) exhibits significant
UV and optical continuum detections across the broadband 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.

The bottom row of Fig. 8 then presents the two [O iii]𝜆5008 -
emitters selected from JELS, both with total on-source exposure
times of 11 817s. The left-hand source, J15000519.6+022231.5, is
securely identified as a 𝑧 ∼ 8.3 [O iii]𝜆5008 emitter by the photo-𝑧
analysis to a precision of < 0.005× (1+ 𝑧) despite having only weak
constraints on the Lyman break and very faint rest-UV continuum.
With SNRF115W < 1 and SNRF150W < 4 (in 0.3-arcsec diameter
apertures), photo-𝑧 estimates using broadband photometry only are
limited to constraining the source as 𝑧 ≳ 5, but with a very broad pos-
terior allowing solutions up to 𝑧 > 10. Although faint, the extracted
1D PRISM spectrum for this source shows clear H 𝛽, [O iii]𝜆4960 ,
[O iii]𝜆5008 and [O ii]𝜆3727 lines confirming the photo-𝑧 redshift
solution. The right-hand source, J1500620.022024.6, 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 broadband photometry (and was
also included in the DD filler programme from an independent se-
lection). The rest-UV continuum is detected in the NIRSpec PRISM
observation (we limit the wavelength range of the PRISM spectra
in Fig. 8 to > 2.5𝜇m to demonstrate the resolved [O iii]𝜆4960 and
[O iii]𝜆5008 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

three different template sets: the default fsps 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. (2023) 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. (in prep) for full
details.
5 Our derived spectroscopic redshifts are all in agreement with the
independently derived estimates from the DAWN JWST Archive:https:
//s3.amazonaws.com/msaexp-nirspec/extractions/nirspec_
graded_v3.html.
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Figure 7. Illustration of resolved rest-UV (left), emission-line (centre) and rest-frame optical/NIR (right) for H 𝛼 , [O iii] and Pa 𝛼 emission line objects in JELS.
Examples of F466N or F470N selected sources are shown in the left column, with examples of bright extended F212N excess sources shown in the right column.
The corresponding broad and narrow-band filter combinations are indicated in each image. Cutouts are 2 arcsec × 2 arcsec in size, with consistent colour scales
illustrated by the corresponding colour bar and 1 proper kiloparsec at the corresponding redshift shown for reference.

photometric data alone, the JELS emission-line samples are there-
fore ideal for future spectroscopic studies.

5 SUMMARY

We have presented an overview of the JWST Emission Line Sur-
vey (JELS), a JWST imaging survey designed to extend selection
of emission-line galaxies using narrow-band filters into new red-
shift 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 arcmin2 within the wider PRIMER COSMOS
legacy field (Dunlop et al., in prep.), which provides both the key
F444W broadband imaging necessary for F466N/F470N excess se-
lection as well as extensive multi-wavelength 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 5𝜎 limiting magnitudes in
the F466N and F470N mosaics (in 0.3 arcsec diameter apertures), the
limiting line fluxes are estimated to be 1–1.6 × 10−18 erg s−1cm−2

over 90 per cent of the field, reaching up to ∼ 2× fainter emission
lines than current slitless spectroscopic surveys in the literature. For
the primary science goal of probing H𝛼 at 𝑧 ∼ 6.1, these flux limits
correspond to log10 (𝐿H𝛼/erg s−1) ∼ 41.69 − 41.85, or unobscured
star-formation rates of 1–1.6 M⊙ yr−1.

The preliminary F212N narrow-band mosaic reaches line
sensitivities of 1.8–2.9×10−18 erg s−1cm−2, corresponding to
log10 (𝐿H𝛼/erg s−1) ∼ 40.85 − 41.05; a factor of ∼ 5 − 10 further
down the 𝑧 = 2.23 H𝛼 LF than previously available from ground-
based narrow-band surveys. The combination of this extraordinary
depth with JWST’s exquisite spatial resolution offers an unprece-

dented 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 H𝛼 , UV and in-situ
stellar mass in representative samples of galaxies.

We have highlighted the unique science cases for the JELS obser-
vations: a census of H𝛼 emitters at 𝑧 ∼ 6.1 that offers complementary
constraints on the cosmic star-formation history and the galaxy pop-
ulation in the early Universe, novel probes of both early (through
[O iii] emitters) and late stages (H𝛼 at 𝑧 ∼ 6.1) of cosmic reioniza-
tion, dust unbiased samples of star-forming galaxies at cosmic noon
(H𝛼 /Pa𝛼 /Pa 𝛽 ), and spatially resolved properties of ionised gas in
galaxies on sub-kpc scales at 2 < 𝑧 < 6. Initial results for the primary
H𝛼 sample at 𝑧 ∼ 6.1 are presented in a companion paper, Pirie et al.
(subm.), with a number of further studies on the detailed properties
of H𝛼 , Pa𝛼 /Pa 𝛽 and [O iii] samples also in progress. With JELS
adding both novel wavelength information (F212N, F466N, F470N)
and significant additional broadband sensitivity (F200W) within one
of the key extra-galactic legacy fields, we expect the broader scien-
tific return from the community to extend far beyond these initial
goals.
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Figure 8. 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 cutouts (2 arcsec × 2 arcsec) from HST/ACS (F606W) and JWST/NIRCam from both
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