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A B S T R A C T 

We present the JWST Emission-Line Surv e y (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 μm narrow-band imaging o v er ∼ 63 arcmin 

2 

designed to enable selection of H α emitters at z ∼ 6 . 1 and a host of no v el emission-line samples, including [O III ] ( z ∼ 8 . 3) 
and P aschen α/β ( z ∼ 1 . 5 / 2 . 8). F or the F466N/F470N narrow-band observations, the emission-line sensitivities achieved are 
up to ∼ 2 × more sensitive than current slitless spectroscopy surv e ys (5 σ limits of 0.8–1.2 ×10 

−18 erg s −1 cm 

−2 ), corresponding 

to unobscured H α star formation rates (SFRs) of 0.9–1.3 M � yr −1 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 α 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. We present the detailed JELS design, key data processing steps specific to the 
surv e y 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 reco v ery 

through detailed simulations, and present examples of spectroscopically confirmed H α and [O III ] emitters disco v ered by JELS 

that illustrate the no v el parameter space probed. 

K ey words: galaxies: e volution – galaxies: high-redshift – surv e ys – dark ages, reionization, first stars. 
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 I N T RO D U C T I O N  

ince its launch, JWST has been delivering on its promise to trans-
orm our understanding of the earliest stages of galaxy formation, 
isco v ering a wealth of galaxies out to unprecedented redshifts (e.g.
arniani et al. 2024 ; Robertson et al. 2024 ), routinely providing
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pectroscopic confirmation of galaxies at z > 10 (e.g. Arrabal Haro
t al. 2023 ; Curtis-Lake et al. 2023 ) and disco v ering new populations
f active galactic nuclei (AGNs; e.g. Matthee et al. 2023 ; Labbe et al.
025 ), whilst also beginning to reveal the detailed properties of the
alaxies that powered the process of cosmic reionization (Sanders 
t al. 2023 ; Shapley et al. 2023 ). These early JWST results have
emonstrated the potential to begin answering some of the key 
utstanding questions in extra-galactic astronomy. For example, how 

nd when do the first galaxies assemble? How does the chemical
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nrichment of the Universe proceed (Arellano-C ́ordova et al. 2022 ;
ameron et al. 2023 ; Curti et al. 2023 ; Isobe et al. 2023 ; Topping
t al. 2024 )? When do the first supermassive black holes (SMBHs)
orm (Larson et al. 2023a ; Greene et al. 2024 ; Maiolino et al. 2024 ;

atthee et al. 2024 ; Labbe et al. 2025 )? Which galaxies drive the
rocess of reionization and what is its detailed topology (Tang et al.
023 ; Mascia et al. 2024 ; Umeda et al. 2024 ; Witstok et al. 2024 )? 
Ho we ver, to date, the majority of z > 6 galaxy samples confirmed

y the JWST Near-Infrared Spectrograph (NIRSpec; Jakobsen et al.
022 ) have typically been selected on the basis of broad-band
olours (de Graaff et al. 2025 ) or photometric redshift estimates
e.g. Bunker et al. 2024 ; Hu et al. 2024 ; Maseda et al. 2024 ). Such
elections, ho we ver, can be limited by strong biases, with photometric
edshift estimates highly dependent on prior assumptions on the
V continuum slopes and emission-line properties (Arrabal Haro

t al. 2023 ; Larson et al. 2023b ). To constrain models of galaxy
ssembly and understand the processes driving early galaxy evolution
Somerville & Dav ́e 2015 ; Yung et al. 2019 ), it is critical to study
tellar mass or star formation rate (SFR)-selected samples of galaxies
cross cosmic time that are as complete and unbiased as possible (and
here any remaining biases can be easily modelled). 
The increasing strength of optical emission lines at z > 2 has

een observ ed e xtensiv ely (Khosto van et al. 2016 ; M ́armol-Queralt ́o
t al. 2016 ; Reddy et al. 2018 ). This trend, along with the ubiquity
f high equi v alent width emission lines in z > 5 galaxies (e.g.
e Barros et al. 2019 ) can therefore be used to our advantage,

hrough the efficient selection of galaxies based on their rest-optical
mission lines. Slitless spectroscopic surv e ys (Kashino et al. 2023 ;
esch et al. 2023 ) have already showcased the scientific potential
f emission-line-selected samples with the JWST . These surv e ys
rovide a powerful method to trace the evolution of star-forming
alaxies and AGN throughout cosmic history (Matthee et al. 2023 ;
eyer et al. 2024 ; Covelo-Paz et al. 2025 ). 
Complementary to the grism or slitless spectroscopic approach is

he selection of emission-line galaxies using photometric narrow-
and observations. Like slitless spectroscopy, a key advantage of
arrow-band selection is that galaxies are selected on the strength of
heir emission lines, broadly representing an SFR-selected sample.

hen compared to broad-band photometric selections, narrow-band
urv e ys also offer the advantage that the robustly selected samples lie
ithin a narrow redshift range while minimizing the complex selec-

ion effects and biases (e.g. source blending) of slitless samples. As
uch, in recent years deep ground-based narrow-band surv e ys in the
ptical and near -IR ha ve enabled measurements of the H α luminosity
unction (LF) out to z ∼ 2 . 2 (Geach et al. 2008 ; Sobral et al. 2013 ;

atthee et al. 2017 ), providing robust measurements of the cosmic
FR density, and enabled detailed studies of the morphology (Sobral
t al. 2009 , 2016 ), clustering (Sobral et al. 2010 ; Geach et al. 2012 ;
ochrane et al. 2017 , 2018 ) and environment (Sobral et al. 2011 ) of

tar-forming galaxies. Finally, narrow-band selections also offer the
dvantage of providing a direct resolved view of the ionized gas in
ndi vidual galaxies. Pre vious narro w-band studies hav e also pro vided
he samples for high-resolution follow-up observations that enable

ore detailed morphological, chemical, and dynamical studies (e.g.
winbank et al. 2012 ; Stott et al. 2014 ; Molina et al. 2019 ; Cheng
t al. 2020 ; Cochrane et al. 2021 ). 

With the inclusion of narrow-band filters on the Near-Infrared
amera (NIRCam; Rieke, Kelly & Horner 2005 ; Rieke et al. 2023 )

rom 1.645 μm all the way out to 4.7 μm, JWST now offers the poten-
ial for narrow-band selection of key optical emission lines such as
 α and [O III ] out into the Epoch of Reionization (EoR; z ∼ 6 . 1 and
.3, respectively). Simultaneously, the longest wavelength NIRCam
NRAS 541, 1329–1347 (2025) 
arrow-bands can also probe emission lines such as Pa α and Pa β that
ere previously largely inaccessible in galaxies at the peak of cosmic

tar formation history (1 � z � 3). The short wavelength ( < 2 . 5 μm )
arrow-band filters, while not breaking new redshift ground, can
xploit JWST ’s exceptional resolution and sensitivity to constrain
he detailed morphology of ionized gas in galaxies at cosmic noon
hile also probing substantially fainter populations than previously
ossible from the ground (e.g. Geach et al. 2008 ; Sobral et al. 2013 ;
atthee et al. 2017 ). 
The JWST Emission-Line Surv e y (JELS; GO #2321, PI: Best) is

 Cycle 1 NIRCam imaging programme designed to explore this
ew disco v ery space using narro w-band observ ations to detect and
tudy emission-line galaxies across cosmic time. JELS leverages the
 xtraordinary wav elength co v erage, spatial resolution, and sensitivity
f JWST /NIRCam to extend narrow-band galaxy selections into
re viously inaccessible observ ational regimes. Specifically, using
he F466N/F470N filters at ∼ 4 . 7 μm , the primary goal of JELS is to
rovide a clean H α emission-selected sample of galaxies in the EoR
 z = 6 . 1) that provides complementary constraints on the cosmic
tar formation history and whose properties can be characterized
nd compared against UV-selected samples (Pirie et al. 2025 ).
imultaneous 2.12 μm (F212N) narrow-band imaging is designed

o probe a factor of ∼ 5 deeper than previous ground-based studies
f H α at z ∼ 2 (e.g. Sobral et al. 2013 ), doing so with sub-kpc
esolution to reveal the distribution in star-forming galaxies at the
eak of cosmic star formation activity in unprecedented detail. In this
aper, we present an o v erview of JELS; outlining the surv e y design,
he JWST /NIRCam observations, the corresponding data-processing
nd resulting properties of the JELS imaging. We then summarize the
roader scientific goals of the surv e y, with illustrations of the unique
tatistical and resolved studies it enables. Finally, we demonstrate
he practical capabilities of the JELS imaging through realistic
imulations of z > 6 emission-line galaxy populations, as well
s presenting illustrative examples of spectroscopically confirmed
 α and [O III] λ5008 emitters identified by JELS. 
The rest of this paper is set out as follows. In Section 2 , we present

he technical design of the JELS surv e y, the data reduction process
nd the photometric properties of the JELS imaging. In Section 3 ,
e outline the scientific goals of JELS and the expected scientific

eturns. In Section 4 , we present detailed simulations of the redshift
nd emission-line precision that can be achieved by JELS H α and
O III] λ5008 emission-line selected samples. Section 5 then presents
esults from a sample of JELS H α and [O III] λ5008 emission-line
andidates confirmed by spectroscopic follow-up observations. Sec-
ion 6 then summarizes our conclusions. Throughout this paper, all
agnitudes are quoted in the AB system (Oke & Gunn 1983 ) unless

therwise stated. We also assume a � Cold Dark Matter ( � CDM)
osmology with H 0 = 70 km s −1 Mpc −1 , �m 

= 0 . 3, and �� 

= 0 . 7. 

 SUR  V E Y  OV ER  VI EW  

he o v erall observing strate gy and surv e y design of JELS was
riven by requirements of the primary science case: first, to probe
ufficient cosmological volume to detect a statistical sample of
 > 6 H α emitters (a prediction of 40–60 based on conversion
rom the UV LF of Bouwens et al. 2015 and assuming UV to
 α conversion as presented in Hao et al. 2011 ), and secondly to
robe significantly below the break of the LF for H α emitters at
 > 6, thus identifying ‘typical’ star-forming galaxies comparable to
hose selected in Lyman-break selected samples but with a highly
omplementary 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 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 v alues are normalized arbitrarily for visualization purposes. Right: K ey 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 (Dudzevi ̌ci ̄ut ̇e et al. 2020 , for 850 μm sources brighter 
than > 0 . 2 mJy ). 
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1 Both F466N and F470N are observed with F444W as a blocking filter. We 
use ‘( + F444W)’ here to denote that. 
While designed to be scientifically viable with only existing legacy 
ultiwavelength observations (e.g. CANDELS COSMOS; Grogin 

t al. 2011 ; Koekemoer et al. 2011 ), JELS was designed in tandem
ith the JWST Cycle 1 Guest Observer Treasury Program ‘Public 
elease Imaging For Extragalactic Research’ Survey (PRIMER; GO 

1837, Dunlop et al. in preparation). The complementary broad- 
and observations across the full NIRCam wavelength range from 

RIMER impro v e the reliability of narrow-band excess selection at 
4 . 7 μm (see below), and are critical for panchromatic spectral en-

rgy distribution modelling and robust emission-line disambiguation 
or line emitters selected at both 2.12 and ∼ 4 . 7 μm. An additional
urv e y design criterion was therefore for the narrow-band imaging 
o be located entirely within both the pre-existing deep optical and 
ontemporaneous PRIMER NIRCam observations. 

.1 Sur v ey design 

n the NIRCam long-wavelength (LW) channels, JELS employs 
he closely separated F466N and F470N narrow-band filters, with 
iv ot wa velengths of 4.654 and 4.707 μm, respectively (and ef fecti ve
lter widths, W eff , of 0.054 and 0.051 μm). Either through difference

maging between the adjacent F466N/F470N bands, or narrow-band 
xcess selection with respect to the F444W broad-band imaging 
rovided by the PRIMER COSMOS observations, line emitters can 
e selected in both filters and enable selection of H α emitters in two
 v erlapping volumes centred at z ∼ 6 . 09 and z ∼ 6 . 17 (see Fig. 1 ). 
Simultaneously, in the NIRCam short-wavelength (SW) chan- 

els, JELS employs the F212N narrow ( λpivot = 2 . 12 μm , W eff =
 . 027 μm ) and F200W broad-band ( λpivot = 1 . 99 μm , W eff =
 . 419 μm ) filters with a traditional narrow–broad-band approach 
Fig. 1 ). The F212N filter probes H α at z = 2 . 23, corresponding
o the peak epoch of cosmic star formation, significantly extending 
he luminosity range of existing ground-based studies at this key 
edshift while also enabling resolved studies of the ionized gas at
ub-kpc resolution. Besides ensuring matched broad-band co v erage 
or F212N narrow-band selection, the F200W broad-band imaging 
lso adds 2 –3 × the PRIMER exposure times within the centre of
he field, providing significant gains in sensitivity for broader galaxy 
volution studies in this critical le gac y field. 

JELS uses a 3 × 3 mosaic strategy with 5 per cent o v erlap in each
ow and 57 per cent o v erlap between each column. We also adopt
he standard three-point intra-module dithering at each location to 
ll in short-band intra-chip gaps and account for both bad pixels and
osmic rays, with sub-pixel shifts at each primary dither position. 
he full JELS mosaic pro vides contiguous co v erage o v er a total
rea of ∼ 63 arcmin 2 . Combining the wavelength coverage of both 
466N and F470N, this area corresponds to a H α selection volume
f ∼ 2 . 4 × 10 4 Mpc 3 (at z ∼ 6 . 1). For F212N, the single narrower
lter results in an approximate H α selection comoving volume of 

0 . 9 × 10 4 Mpc 3 (at z ∼ 2 . 2). 
For the NIRCam SW and LW filter pairs, all observations use

he MEDIUM-10 read-out strategy, with 6 total integrations/dithers 
t each mosaic position. The F212N and F470N( + F444W) 1 filter
ombination was observed with 10 groups per integration, with this 
bserving set-up resulting in an on-sky integration time of 6 313 s
 v er the full mosaic. Over the central ∼ 40 per cent of the mosaic
hat is imaged twice, the total exposure time reaches 12 626 s. The
200W and F466N( + F444W) 1 filter combination was observed with 
 groups per integration with the same number of total integrations
nd dithers, yielding a total on-sky integration time of 5 669s over
MNRAS 541, 1329–1347 (2025) 



1332 K. J. Duncan et al. 

M

t  

t  

o  

s  

r  

r  

t

2

T  

M  

o  

J  

t  

o
I  

i  

a  

a
 

i  

n  

w  

i  

n  

F  

F  

o  

v  

s  

s
N

 

t  

f  

w  

f  

w  

s

2

T  

J  

I  

s  

a  

(  

t  

f  

a  

C  

p  

t  

i  

v

2

i
a

2

F  

s  

t  

t  

(  

b  

(  

p  

t  

o  

p
 

C  

g

 

d  

p  

s  

m  

t  

e
 

p  

i  

a  

(
 

l  

R
σ

 

t  

s  

o  

p  

t  

o  

s  

s  

s  

t  

e  

i  

L
 

e  

S  

H  

t  

s  

d  

g  

m  

p  
he full mosaic (11 338 s o v er the central 40 per cent). Note that
he difference in groups per integration between F466N and F470N
bservations (9 versus 10) is a result of changes to the readout
trategy from the initial proposal (DEEP-10 to MEDIUM-10) to
educe the impact of cosmic rays, and the additional o v erheads that
esulted in. The F212N/F470N pairing was prioritized to maximize
he sensitivity in F212N. 

.2 Obser v ations and image reduction 

he initial JELS observations were acquired o v er the period of 2023
ay 6 to May 27. Of these observations, 13 of 18 visits were

bserved without issue. In five of the eighteen total visits of the
ELS observations (one F200W + F466N, four F212N + F470N),
he NIRCam imaging was subject to unusually bright scattered light,
r ‘wisps’, that resulted in features in both the SW and LW detectors. 2 

nitial tests demonstrated that the LW wisps remained spatially
nvariant within the field of view and have approximately constant
mplitude within a visit and could therefore be ef fecti v ely remo v ed
s set out below. 

Ho we ver, unlike most common wisps, the scattered light in the
mpacted JELS SW images is both extremely bright and shows
otable small-scale variation in morphology between exposures
ithin a given visit. With the corresponding LW images also

mpacted, standard approaches to mitigate the scattered light are
ot viable (see e.g. Robotham et al. 2023 ). For the impacted
200W + F466N visit, the availability of the separate PRIMER
200W observations and the limited impact on F466N mean that the
 v erall impact is negligible. Ho we ver, for the four F212N + F470N
isits where the F212N exposures are not viable for the proposed
cientific goals, these specific pointings were re-scheduled and
uccessfully observ ed o v er the period of 2024 No v ember 23 to 
o v ember 24. 
In the following sections, we describe the current version of

he data reduction and the resultant imaging properties from this
ull data set (v1.0). Other early JELS analyses (Pirie et al. 2025 )
ere based on an earlier data reduction, in which the re-observed

rames were not included (v0.8). For completeness, in Appendix A
e describe the differences between the v0.8 and v1.0 data

ets. 

.2.1 Imaging pipeline 

o ensure consistency with the key ancillary imaging in the field, all
ELS imaging is processed through the Primer Enhanced NIRCam
mage Processing Library (PENCIL; Magee et al. in preparation)
oftware, an enhanced version of the JWST pipeline (version 1.13.4)
nd using the JWST 1303.PMAP Calibration Reference Data System
CRDS) file. This PENCIL pipeline includes additional routines for
he removal of snowballs and standard wisp artefacts, correction
or 1 /f noise striping as well as background subtraction. The
strometry of the reduced images is tied to the Gaia DR3 (Gaia
ollaboration 2022 ) reference frame and stacked to a consistent
ixel scale (0 . 03 arcsec × 0 . 03 arcsec ). Prior to the construction of
he final mosaics, we also take additional steps to mitigate the
mpact of the non-standard wisp artefacts in the five impacted JELS
NRAS 541, 1329–1347 (2025) 

isits. 

 See e.g. the JWST Known Issues: https:// jwst-docs.stsci.edu/ known- 
ssues- with- jwst- data/nircam- known- issues/nircam- scattered- light- 
rtif acts#NIRCamScatteredLightArtif acts-wisps 

a
 

t  

g  

2  
.2.2 Scattered light removal 

or the affected LW images that drive the primary JELS science aims,
ubtraction of the wisps is possible, but requires a specific approach
uned to these observations. In NIRCam observations impacted by
he typical wisp scattered light patterns, the robust prior positions
and spatial extent) of real sources in the affected SW modules can
e obtained from the corresponding unaffected LW module image
Robotham et al. 2023 ). F or the sev ere wisps in JELS, this is not
ossible since the LW frames themselves are affected. Templates for
he LW scattered light therefore must be derived directly from the
bserved data and make use of the fact that our observing strategy
rovides 3 intra-module dithers at each pointing. 
The impacted frames are first processed through the initial PEN-

IL data reduction stages as abo v e. A scattered light template for a
iven set of exposures is then generated as follows: 

(i) Compact sources within the image are identified, with source
etection employing a small locally varying background (25 × 25
ixel box-size) to select genuine sources within regions of diffuse
cattered light. In each exposure, the compact sources are then
asked with additional dilation around each source, consisting of

wo iterations using a binary dilation structure with connectivity
quals one (i.e. no diagonal elements are neighbours). 

(ii) The six frames are median stacked in the image plane to
roduce a wisp template for the frame. The median stacked template
s then convolved with a Gaussian smoothing kernel with a full-width
t 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
ight template with a larger Gaussian kernel (FWHM = 25 pixels).
egions of the smoothed template image with flux below 0 . 5 ×
RMS 

are set to zero. 

The final step is included to a v oid the addition of noise from
he generated template to pixels that are largely unaffected by the
cattered light. By construction ho we ver, this may leave some areas
f fainter diffuse scattered light present within individual frames
rior to the final mosaicing and combination of all frames co v ering
he region. We mitigate the impact of this lo w-le vel scattered light
utside the masked regions in the following way. First we mask
ources with a dilated segmentation map (size = 5, increasing to
ize = 20 for the most extended sources). We then make a median
tack of the three masked, odd valued dithers and subtracted this from
he even valued dithers. The procedure is then applied for subtracting
 ven v alued dithers from odd, before the final processed frames were
ncluded in the mosaicing. Fig. 2 illustrates the ef fecti veness of the
W wisp removal on one of the impacted JELS visits. 
Due to the extreme brightness and significant exposure-to-

xposure variation in the spatial distribution within the affected
W frames, subtraction of the scattered light in SW is not feasible.
o we ver, e ven for the most severely impacted NIRCam SW modules,

he majority of pixels in each frame remain perfectly usable for
cientific analysis (see right panels of Fig. 2 ). For the JELS SW
ata reduction, we therefore follow a similar procedure as abo v e,
enerating an average scattered light template for each affected
odule. The scattered light mask generated from template generation

rocedure outlined abo v e is instead then used to mask the most severe
reas of scattered light before the subsequent mosaicing. 

Finally, once scattered light has been either subtracted or masked,
he JELS imaging is then stacked on to the same 0.03 arcsec pixel
rid as the PRIMER COSMOS imaging (see e.g. Donnan et al.
024 ) that is tied to the same astrometric reference. In the regions

https://jwst-docs.stsci.edu/known-issues-with-jwst-data/nircam-known-issues/nircam-scattered-light-artifacts#NIRCamScatteredLightArtifacts-wisps
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Figure 2. Left: Illustration of the transient scattered light and associated removal for the NIRCam long wavelength imaging. The top ro w sho ws 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 o v erlapping 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. 
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mpacted by severe scattered light, the final SW mosaics and the 
470N LW mosaic combine both the initial observations (with the 
evere scattered light treated following the procedure outlined abo v e) 
nd any additional data from the respective repeat observations. 

.3 JELS data properties 

ig. 3 illustrates the relative position of the JELS imaging in the
ontext of the PRIMER COSMOS field for the final observed position 
ngles. With the exception of a small region in the south–west of
he field (the majority of which is co v ered by two or fewer dither
ositions), the JELS LW narrow-band imaging is fully contained 
ithin the NIRCam F444W broad-band imaging necessary for 
ptimal F466N/F470N emission-line selection. 
We estimate the local noise in the JELS imaging by placing down

.3 arcsec diameter apertures in empty regions of the image, with 
he 1 σ noise at a giv en sk y position based on the scatter in the
earest 200 apertures. For a given limiting flux density in f ν , we
hen estimate the corresponding maximum emission-line sensitivity, 
 line ( erg s −1 cm 

−2 ), assuming the flux density in the narrow-band 
s dominated by the emission line (i.e. ∼ 0 continuum) or the 
ncertainty on the continuum estimate from the underlying broad- 
and (F444W for F466N/F470N, F200W for F212N) is negligible. 
ote, this conversion also assumes the emission line is centred at 

he piv ot wa velength, λpivot , of the narrow-band filter. Finally, the 0.3
rcsec aperture line flux limits are corrected to total fluxes for an as-
umed point-source based on the corresponding fraction of encircled 
nergy for the respective point-spread function (PSF). The resulting 
istribution of limiting magnitudes and line fluxes for the F466N 

maging is shown by the colour scale in Fig. 3 with the additional
epth achieved in the central region of the field clearly visible. 

.3.1 F466N and F470N narrow-band sensitivity 

o summarize the distribution of limiting line fluxes for the JELS
arrow-band mosaics, in Fig. 4 we present the estimated line flux 
ensitivity as a function of both cumulative area (upper panel) and
rea per limiting flux ( log 10 ( F line / erg s −1 cm 

−2 ; lower panel). As
esigned, the F466N and F470N imaging reach broadly comparable 
epths, but with F470N reaching higher sensitivity o v er the full field
ue to the additional group per integration and the additional repeat
bservations also increasing the maximum sensitivity reached in the 
eepest part of the field. For both F466N and F470N, the additional
epth of the central region is immediately apparent (e.g. the lower
anel of Fig. 4 ). 
To summarize the sensitivities reached in the central and o v erall

eld areas, Table 1 presents the limiting line flux sensitivities reached
or the deepest 35 and 90 per cent of the field (see also the
ertical dotted and dashed lines in Fig. 4 ) in each of the JELS
arro w-bands. Also sho wn in Table 1 is the limiting observed
 α luminosity, L H α , corresponding to the flux limit for the specified

edshifts. The conversion to H α luminosity includes a correction 
or the typical expected contribution from [N II] λ6585 , assuming
og 10 ( [N II] λ6585 / H α ) = −1 . 31 as measured for high- z galaxies in
arly JWST samples (Shapley et al. 2023 , which leads to a 0 . 021 dex
orrection to L H α). In the remainder of the manuscript, all quoted
 H α at z ∼ 6 are corrected for [N II] λ6585 contribution based on this
ssumption unless explicitly specified (e.g. L H α+ [ N II ] ). 

The measured sensitivity presented in Fig. 4 (and Table 1 )
ompares fa v ourably to the pre-launch predicted sensitivity of 
 . 2 × 10 −18 erg s −1 cm 

−2 within a 0.4 arcsec aperture (for an assumed
haracteristic radius of 0.15 arcsec and S ́ersic n = 1 . 2 light-profile)
or the areas with ∼ 6 000s total e xposure, e xtending down to
 . 5 × 10 −18 erg s −1 cm 

−2 o v er the central region with double the
xposure time. Although formally not the exact same metric, the 
easured luminosity limits are between ∼ 0 . 2 –0 . 3 dex more sensi-

ive than pre-launch predictions, in line with in-flight performance for 
IRCam photometry seen more widely in medium and broad-band 

maging (Rigby et al. 2023 ). 
The limiting L H α corresponds to unobscured H α SFRs of 1.9–3.2 
 � yr −1 based on low-redshift calibrations (Hao et al. 2011 ), or 0.9–

.3 M � yr −1 for SFR calibrations more appropriate for younger stel- 
MNRAS 541, 1329–1347 (2025) 
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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 5 σ 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 / 3 rd of the JELS field that has double the exposure time is immediately apparent in both 
mosaics. Similarly, the o v erall gain in sensitivity from repeats of observ ations most se verely impacted by scattered light can be seen in the north east quadrant 
of the F470N depth map. 
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ar populations at higher redshift ( log 10 ( L H α/ M � yr −1 ) = −41 . 64;
heios et al. 2019 ). We note that the intrinsic H α luminosity distri-
ution probed, once corrected for dust attenuation, will naturally be
righter. F or e xample, Co v elo-P az et al. ( 2025 ) measure an av erage
xtinction of A H α = 0 . 47 for 4 < z < 6 . 5 H α emitters. 

Given the ∼ 4 . 7 μm sensitivities achieved over the survey area
f ∼ 63 arcmin 2 , the JELS narrow-band surv e y probes a comple-
entary parameter space to the ‘First Reionization Epoch Spectro-

copically Complete Observations’ (FRESCO; GO #1895, Oesch
t al. 2023 ) slitless spectroscopy surv e y, which reaches a 5 σ line
ensitivity at ∼ 4 –5 μm of 2 × 10 −18 erg s −1 cm 

−2 (Fig. 4 , see also
o v elo-P az et al. 2025 ). Co v ering two ∼ 62 arcmin 2 fields (of which
 . 4 –5 μm is visible o v er ∼ 73 per cent), the wav elength co v erage of
RESCO allows un-targeted detection of emission-line sources o v er
 wider redshift range and hence surv e y volume (plus simultane-
us spectroscopic confirmation). While the robust identification of
ingle lines like H α may be challenging (Baronchelli et al. 2020 ),
ontinuum-subtracted detection techniques have proven to be highly
f fecti ve (see e.g. Helton et al. 2024 ; Meyer et al. 2024 , in addition
o the citations abo v e) for grism surv e ys. Although probing a more
imited redshift range, the JELS narrow-band is sensitive to fainter
NRAS 541, 1329–1347 (2025) 
ine fluxes at ∼ 4 . 7 μm over the full mosaic, reaching up to ∼ 2 ×
ainter in the central region, with no losses due to dispersion off the
etector and reduced blending or contamination from bright sources.
s such, JELS is able to robustly detect a sample of H α emitters at
 > 6 comparable to both FRESCO fields combined, despite the
imited volume ( z ∼ 6 . 1 versus 6 < z < 6 . 6, see Section 3.1.1 ).
dditionally, as further discussed in Section 3.2 , the narrow-band

maging retains the full two-dimensional (2D) morphological in-
ormation, providing information on the spatially resolved ionized
as structures of individual galaxies (cf. the ensemble structural
nformation robustly measurable in slitless spectroscopy; Matharu
t al. 2024 ). The two approaches are therefore highly complementary,
nd combined probe a broader dynamic range of emission-line
alaxies in the EoR. 

.3.2 F212N narrow-band sensitivity 

or the F212N narrow-band, the mosaic reaches a 5 σ limiting
ine flux of 2 . 5 × 10 −18 erg s −1 cm 

−2 for the deepest 90 per cent
f the field (see Table 1 ). This depth corresponds to ∼ 0 . 7 –0 . 8 dex
ainter H α 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 co v ered, both cumulativ e area (top) and area per limiting sensitivity 
(bottom). The cumulative area corresponding to the deepest 35 per cent ( ∼ 22 
arcmin 2 ; i.e. the central region with double exposure) and 90 per cent ( ∼ 57 
arcmin 2 ) of the full JELS area are marked with thin horizontal dotted/dashed 
lines, respectiv ely, with v ertical lines where the y intersect the sensitivity 
curve. Exact values are tabulated in Table 1 alongside the corresponding 
H α luminosity limit. Also plotted for reference is the average 5 σ limiting 
line sensitivity for H α sources at 4 . 9 < z < 6 . 6 in the FRESCO slitless 
spectroscopy surv e y (thick v ertical line; Oesch et al. 2023 ). 

Table 1. Limiting emission-line flux and corresponding observed L H α

sensitivity (corrected for [N II] λ6585 contribution) reached for the three 
JELS narrow-band images shown in Fig. 4 , with 5 σ point-source limits 
corresponding to the deepest 35 per cent of the field ( ∼ 22 arcmin 2 ; i.e. 
the central region with double exposure) and the deepest 90 per cent ( ∼ 57 
arcmin 2 ). As noted in the main text, intrinsic L H α limits accounting for dust 
attenuation will be higher than the quoted values. 

Filter ( z H α) 5 σ Flux limit 5 σ Luminosity limit 
log 10 ( F line / erg s −1 cm 

−2 ) log 10 ( L H α/ erg s −1 ) 

Percentage of the JELS co v erage 
35 per cent 90 per cent 35 per cent 90 per cent 

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 
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robe at z ∼ 6 . 1, reaching L H α > 10 40 . 99 erg s −1 (10 40 . 75 erg s −1 in
he doubly imaged area). For the same SFR calibration assumed 
bo v e (Theios et al. 2019 ), these limits correspond to unobscured
 α SFRs of 0.13–0.22 M � yr −1 . We note that in Fig. 4 , the bi-
odality corresponding to the central region is less clearly defined 

or the F212N filter due to the variation in depths from mosaicing
f the smaller SW modules and the increased impact of bright stars
n the field (cf. the extent of diffraction spikes in Fig. 5 relative to
ig. 3 ). Nevertheless, the JELS imaging still reaches line sensitivities

5 × more sensitive than the previous state of the art o v er the full
eld and almost an order of magnitude more sensitive in the central
egion (cf. ∼ 10 41 . 7 erg s −1 ; Geach et al. 2008 ; Hayes, Schaerer &
¨ stlin 2010 ; Sobral et al. 2013 ). 
.3.3 F200W broad-band sensitivity 

inally, in Fig. 5 , we illustrate the additional F200W broad-band
epth gained in the centre of the PRIMER COSMOS field from
he addition of the JELS imaging. The F200W mosaic in COSMOS
sing only PRIMER imaging reaches an average global 5 σ depth 
f m F200W 

= 28 . 3 o v er the best 63 arcmin 2 of the field when the
epths are calculated using the same 0.3 arcsec apertures corrected 
o total flux (we note that the different depths quoted in Donnan
t al. 2024 are calculated from PSF homogenized images). With the
ELS F200W imaging included, the equi v alent deepest area within
he field reaches a median depth of m F200W 

= 28 . 7. We note that in
ig. 5 , the impact and extent of bright stars in the field is visibly
orse than seen in any of the narrow-band images. We attribute

his difference primarily to the significantly increased continuum 

ensitivity of the F200W image and the resulting increased dynamic 
ange that makes the presence of extended diffraction spikes more 
isible. The full extent of the brighter stars is already visible in
ust the PRIMER imaging alone, so other broad-band filters will 
e affected to a similar degree. Additionally, unlike the diffraction 
atterns for the narrow-band filters (that are somewhat stippled due to
he narrow wavelength coverage), the F200W diffraction spikes are 
ontinuous and therefore contribute more to the local noise in these
e gions. Giv en the importance of the ancillary data to the narrow-
and selection, bright star masks that fully co v er the effected regions
ill need to be incorporated in subsequent scientific analysis (as is

tandard in the literature). 

 SCIENTIFIC  G OA L S  

.1 Global line emitter properties 

.1.1 A census of H α emitters at z ∼ 6 . 1 

he primary goal of the JELS surv e y is to carry out the first narrow-
and H α surv e y at z > 6, obtaining a sample of � 40 H α emitters
Pirie et al. 2025 ). The JELS H α sample is designed to provide
ight constraints on the faint end of the H α LF at z ∼ 6, with
ufficient accuracy to constrain the space density of H α emitters 
t these luminosities to within 0.1 dex. In addition to providing new
ntegral constraints on the cosmic SFR density of galaxies in the EoR
Madau & Dickinson 2014 , see Fig. 1 ), the JELS z ∼ 6 . 1 H α sample
ill make it possible to study the nature of star-forming galaxies at

his epoch in a relatively unbiased sample and to constrain the scaling
elations linking ongoing star formation to key galaxy properties such
s masses, sizes (Stephenson et al. in preparation) and clustering 
roperties (Hale et al. in preparation). 
Given the high completeness within the surv e y volume and the

ange of line fluxes probed, the JELS H α sample also offers a valu-
ble test-bed for understanding the potential biases and limitations 
f UV-based selection techniques that are ubiquitously used at high 
edshifts. F or e xample, the bursty nature of star formation in low-
ass galaxies is now understood to play a key role in dictating the

bservability of high-redshift galaxies (Sun et al. 2023a ), and hence
ignificantly impacting on the inferred UV LFs (Sun et al. 2023b ),
s well as strongly impacting estimates of key galaxy properties 
uch as stellar mass (Endsley et al. 2023 ) and ionizing photon
scape (Flury et al. 2025 ). With JELS, it is possible to derive the
istribution of H α ( ∼ 10 Myr time-scales) to UV SFRs ( ∼ 100 Myr
ime-scales) in a homogeneously selected sample of galaxies in the 
oR for the first time. By selecting on emission-line strength, the
arrow-band selection is naturally sensitive to the highest equi v alent
MNRAS 541, 1329–1347 (2025) 
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M

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

w  

o  

R  

t  

s  

p  

p  

p  

e  

t  

i
 

i  

(  

J  

S  

M  

a  

c  

s  

i  

(  

c  

2  

e
 

t  

s  

C  

a  

t  

i  

g  

c  

g

3

O  

d  

L  

b  

M  

2  

n  

s  
idth population and hence provides constraints on the youngest
r most extreme burst populations (see e.g. Maseda et al. 2023 ).
ecent studies with JWST medium bands confirm the expectation

hat high-redshift galaxies displaying evidence for elevated recent
tar formation activity are typically the most efficient ionizing photon
roducers (i.e. higher ξion ; Simmonds et al. 2024 ), while modelling
redicts that very high H α SFRs could correlate with increased ISM
orosity (Clarke & Oey 2002 ) and hence Lyman continuum photon
scape. The high EW emission-line sources selected by JELS may
herefore offer an especially valuable probe of the most extreme
onizers of the IGM. 

Further enhancing the scientific potential of the JELS H α sample
n this area is the ongoing deep Multi Unit Spectroscopic Explorer
MUSE; Bacon et al. 2010 ) integral field spectroscopy over the full
ELS surv e y footprint (ESO Large Programme 112.25WM.001, PI:
winbank), reaching triple the exposure time per pointing of the
USE-Wide Surv e y (Urrutia et al. 2019 ) o v er ∼ 1 . 75 × greater

rea. The combination of a homogeneously selected H α sample with
omplete resolved rest-UV spectroscopy will enable a broad range of
tudies into the late stages of cosmic reionization, with the potential to
mpro v e on and complement existing studies of Ly α emitter fractions
Stark et al. 2010 ), Ly α emission-line profiles (Mason et al. 2018 ),
onstraints on ξion as a function of Ly α properties (Prieto-Lyon et al.
NRAS 541, 1329–1347 (2025) 
023 ; Saxena et al. 2024 ) and resolved studies of Ly α (e.g. Smith
t al. 2018 ; Roy et al. 2023 ). 

Another key advantage offered by narrow-band samples is that
hey are ideally suited for clustering analyses, as the narrow redshift
lice minimizes redshift projection effects (cf. Geach et al. 2012 ;
ochrane et al. 2017 ). Measurement of the correlation of H α emitters
t z ∼ 6 . 1 will enable constraints on the dark-matter haloes hosting
hese star-forming galaxies. In addition to placing these sources
nto their broader cosmological context for direct comparisons with
alaxy formation simulations, these measurements will offer another
ritical comparison against existing Lyman break and Ly α emitter
alaxy samples at this epoch (see also Section 3.1.3 ). 

.1.2 The faint star formation population at cosmic noon 

ne of the largest uncertainties in constraining the global cosmic SFR
ensity is the precision to which the faint-end slope of respective
Fs can be reliably constrained. The faint end of the UV LF has
een tightly constrained across the bulk of cosmic history (reaching
 UV > −15 out to z > 6; Bhatawdekar et al. 2019 ; Bouwens et al.

022 ; Harikane et al. 2022 ), with very tight constraints at cosmic
oon (Parsa et al. 2016 , α ± 0 . 04) and clear evidence of steepening
lopes as redshift increases. Current constraints on the faint end of
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he H α LF at cosmic noon are, ho we ver, significantly more limited
Sobral et al. 2013 ; Terao et al. 2022 ). This is a critical measurement,
ince the difference between a faint-end slope of α = −1 . 75 and
= −1 . 5 corresponds to a factor of 2 difference in the integrated

FR density. 
The extreme depth of our JWST NIRCam imaging means that 

he JELS F212N observations will detect H α emitters ∼ 5 × fainter 
han previous ground-based studies, with an estimated sample size of 

200. The resulting determination of the faint-end slope of the z =
 . 23 H α LF can achieve a precision of δα < 0 . 05, almost 3 × better
han current limits, thereby tightly constraining the relati ve e volution 
f dwarf galaxies. Furthermore, the e xtensiv e broad-band imaging 
rom HST /CANDELS and PRIMER will enable robust constraints 
n the stellar masses, star formation histories and the dust attenuation 
f the H α sample. 
In addition to the F212N H α sample constraints at z = 2 . 23, the

ELS F466N/F470N filters also probe the Paschen lines Pa α and 
a β at z ∼ 1 . 5 and 2.6, respectively, bracketing the peak of cos-
ic star formation (Fig. 1 ). Essentially unaffected by dust, the 
a α (1.87 μm) and Pa β (1.28 μm)-lines offer unbiased instanta- 
eous SFR-indicators (Cleri et al. 2022 ). For the JELS F466N 

imiting line flux (90th percentile), the corresponding Pa α and 
a β luminosity limits reach 10 40 . 25 and 10 40 . 84 erg s −1 , respectively 
0 . 17 dex deeper in the central region). Assuming Case B recom-
ination, a temperature of 10,000K and electron density, N e = 

0 4 cm 

−3 , we expect line intensity ratios of H α /Pa α = 8 . 584 and
 α /Pa β = 17 . 614 (Storey & Hummer 1995 ). The Paschen line

ensitivities at z ∼ 1 . 5 (Pa α) and 2.6 (Pa β) therefore correspond
o equi v alent H α luminosities of 10 41 . 18 and 10 42 . 1 erg s −1 , or SFRs
f 0.35 and 3 . 6M � yr −1 , respectively. 3 The Paschen line depths are
herefore comparable to, or deeper, than those achieved for existing 
 α narrow-band samples at these redshifts (Geach et al. 2008 ; Sobral 

t al. 2013 ). We caveat that recent evidence suggests that the standard
ase B assumption may not be valid in all galaxies, both in the lower

edshift Universe (Flury et al. 2022 ; Scarlata et al. 2024 ) and at
he redshifts probed by the JELS Paschen samples (Pirzkal et al. 
024 ). The inferred limiting SFRs are therefore only illustrative. 
tatistical samples of bright Paschen line emitters at cosmic noon 
elected by JELS therefore also offer an ideal test-bed for future 
pectroscopic studies exploring the diversity of interstellar medium 

ISM) conditions in star-forming galaxies through the distribution of 
almer and Paschen line ratios. 

.1.3 The role of galaxies in reionization – [O III ] emitters at 
 . 3 � z � 8 . 5 

rior to JWST , the pre v alence of high EW [O III ] emitters at z > 6
ad been studied in large samples based on strong broad-band colour 
xcess (e.g. De Barros et al. 2019 ), with the [O III ] EW found to
trongly correlate with redshift (Khostovan et al. 2016 ). Studies 
f the properties of [O III ] emitters at z > 6 from medium/broad-
and JWST observations (Simmonds et al. 2023 ; Be gle y et al. 2024 ;
old et al. 2025 ) and slitless spectroscopy (Matthee et al. 2023 )

ndicate that the highest EW sources are likely to be producing 
onizing photons with very high efficiency, and could therefore 
epresent key drivers of the early stages of cosmic reionization. 
imilar to the H α selection, homogeneously selected samples of 
O III ] emission-line sources from JELS can therefore offer a probe of
 Where log 10 ( SFR H α/ M � yr −1 ) = −41 . 64 + log 10 ( L H α/ erg s −1 ) assum- 
ng the SFR calibration of Theios et al. ( 2019 ). 

T
g
w
d

he earlier stages of reionization at z ∼ 8 . 4, both through the o v erall
tatistical constraints and by sign-posting the sites of the largest 
onized bubbles that can then be probed through Ly α transmission 

odelling (e.g. Tang et al. 2024 ; Witstok et al. 2024 ). When the
O III] λ5008 line falls within F466N ( z = 8 . 298 at λpivot ), the narrow-
and line flux limits presented in Table 1 correspond to luminosity
imits of L [O III] λ5008 ∼ 10 41 . 8 –10 41 . 9 erg s −1 for the deeper JELS 

egion, increasing to ∼ 10 42 . 0 erg s −1 for 90 per cent of the surv e y
rea. At slightly higher redshifts, the fainter [O III] λ4960 line is also
hen redshifted into the narrow-bands (extending up to e.g. z = 8 . 492
t λpivot,F470N ) with comparable measured line sensitivity. For an 
ssumed intrinsic [O III] λ5008 /[O III] λ4960 ratio of 2.98 (Storey &
eippen 2000 ), we note ho we ver the ef fecti ve [O III] λ4960 sensitivity

s ∼ 0 . 5 dex lower than for [O III] λ5008 selection. The JELS narrow-
and imaging is highly complementary to slitless spectroscopic 
urv e ys, e xtending emission-line selections to fainter L [O III] λ5008 
t z > 8 (cf. Meyer et al. 2024 ), potentially improving constraints
n the faint end of the [O III] λ5008 LF and rev ealing ke y populations
ritical in the process of cosmic reionization. Below we illustrate 
he exquisite morphological information provided by the narrow- 
and imaging (Section 3.2 ) and the reliability and sensitivity of the
election (Section 4 ). 

.1.4 Other line emitter samples 

inally, while the science cases outlined abo v e focus on intrinsically
righter emission-line species, the combination of high-sensitivity 
nd e xtensiv e ancillary observ ations suf ficient to distinguish between
otential redshift solutions means that JELS is sensitive to a broad
ange of no v el emission-line sources. Further e xamples range from
he 3.3 μm poly-aromatic hydrocarbon (PAH) feature at z ∼ 0 . 4
F466N/F470N) in the lower redshift Universe, to [S III] λ9069 at
 ∼ 4 . 1 (F466N/F470N) and [O II] λ3727 at z ∼ 4 . 7 (F212N) in the
arly Universe. Sources with line strengths in intrinsically weaker 
ptical–near-IR line species sufficiently bright to be robustly selected 
s excess sources in JELS likely represent ideal targets for detailed
pectroscopic follow-up. Regardless, the ability to isolate emission 
ines in narrow-band filters results in impro v ed photometric redshift
photo- z) and SED modelling precision for all such sources, as well
s the potential for detailed morphological studies. 

.2 Spatially resolving ionized gas properties 

arly JWST observations have demonstrated that the preceding pic- 
ure where regular Hubble-sequence morphologies emerged around 
osmic noon (1 < z < 3; Mortlock et al. 2013 ) may not be correct,
ith discy morphologies potentially dominating the galaxy popula- 

ion as early as z ∼ 7 (e.g. Ferreira et al. 2022 ; Kartaltepe et al. 2023 ;
onselice et al. 2024 ). Robustly measuring galaxy morphologies 
t z > 2 is crucial for far more than simple galaxy classification.
onstraining the spatial distribution of on-going star formation 
ithin galaxies as a function of stellar mass (and ideally halo mass),
r other key properties such as AGN activity, can directly inform
odels of feedback in hydrodynamical simulations (Cochrane et al. 

023 ). One of the key advantages offered by narrow-band emission-
ine selection o v er slitless spectroscopic surv e ys is immediate access
o the robust 2D emission-line morphologies in individual galaxies. 
his means that JELS will enable studies of resolved ionized 
as properties in less biased galaxy samples on sub-kpc scales 
ithout the need for complex forwarding modelling of multiple 
ispersion directions (Pirzkal et al. 2018 ; Estrada-Carpenter et al. 
MNRAS 541, 1329–1347 (2025) 
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Figure 6. 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. Cut-outs 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. 
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024 ; Shen et al. 2024 ), or the stacking analysis of statistical samples
Nelson et al. 2013 ; Liu, Morishita & Kodama 2024 ; Matharu 
t al. 2024 ). 

As with integrated measurements above (Sections 3.1.1 –3.1.4 ),
his is particularly valuable when the ionized gas offers a di-
ect star formation tracer. The JELS H α and F466N/F470N
 a α /P a β samples offer a clean probe of sub-L 

� galaxies at their
espective redshifts whose multiwavelength properties, resolved
tructures, and parametrized morphologies can be compared with
hose of brighter galaxies (and lower-redshift samples) to investigate
he physical processes driving star formation within these galaxies
e.g. Cochrane et al. 2021 ). In Fig. 6 , we show the rest-UV, ionized
as (narrow-band excess) and rest-optical/near-infrared continuum
orphologies for examples of both F466N/F470N and F212N excess

elected emission-line galaxies. The advantage of resolving both the
V and H α (or Pa α) star formation is immediately evident, with

ignificant variation both between the two star formation probes and
he underlying continuum that gives insights into the star formation
roperties of galaxies that cannot be obtained from one alone (e.g.
he distribution of dust, or the variation of star formation time-
cales within the galaxy). When extended to the full narrow-band
amples, JELS can therefore constrain the morphology of on-going
tar formation compared to that of the in situ stellar mass (measured
rom resolved SED fitting with full PRIMER observations) for a
epresentative sample of SFGs, testing whether the inside-out growth
f galaxies inferred from stacks at z < 1 . 5 (Nelson et al. 2016 ) is
rue for all individual galaxies and tracing this o v er a critical period
n the morphological history of galaxies. 

 PREDICTED  H  α A N D  [O  I I I ] λ5008 REDSHIFT  

N D  EMISSION-LINE  R E C OV E RY  

emonstrating the rele v ant sensiti vity and physical constraints en-
bled by the JELS narrow-band imaging for all of the potential
NRAS 541, 1329–1347 (2025) 
cience cases is impractical given the wide range in emission
ines, redshifts and associated physical properties (integrated or
esolv ed) probed. Nev ertheless, for the ke y target samples of
 α and [O III] λ5008 -emitters, it is informative to test the prac-

ical ability for JELS to reco v er emission-line-selected galaxies
n narrow redshift slices at z > 6, alongside the precision to
hich corresponding emission-line properties can be estimated.
dditionally, we can explore the quantitative advantages offered
y narrow-band imaging o v er e xisting broad-band imaging alone,
r potential alternatives such as medium-band surv e ys that could
robe larger cosmological volumes at the expense of redshift
recision. 
To generate a range of intrinsic SEDs that span a plausible range

n equi v alent widths while also pro viding realistic accompan ying
ontinuum and broad-band colours, we use the Prospector
ayesian SED modelling code (Johnson et al. 2021b ) to efficiently
enerate stellar population models from the Flexible Stellar Popula-
ion Synthesis (FSPS; Conroy, Gunn & White 2009 ; Conroy & Gunn
010 ; Johnson et al. 2021a ) package, with accompanying CLOUDY

Ferland et al. 2013 ) photo-ionization nebular line and continuum
mission as outlined in Byler et al. ( 2017 ). 

To a v oid unnecessary duplication and analysis, we make the
implifying assumption that any conclusions drawn from an F466N
ample will be largely applicable to an F470N-selected sample, or
hat the increased sensitivity of F470N would only result in increased
recision or sensitivity. For each of the emission-line samples, we
herefore generate a full parent sample of mock galaxies o v er a
ange of redshifts corresponding to just the JELS F466N wavelength
o v erage. At each redshift step, we generate 1000 mock galaxy SEDs
ith a range of stellar population parameters designed to ensure that

he emission-line equi v alent widths extend belo w the range expected
or real galaxies samples at these redshifts (e.g. Endsley et al. 2024 ).
he redshift ranges and corresponding ages for each sample are
hosen to be as follows: 
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(i) H α : Redshifts spanning 6 . 06 < z < 6 . 12 with a step size of
z = 0 . 01. For all redshift steps, the time since the onset of star
ormation, t age , for a constant star formation history (CSFH) is drawn
rom a log-uniform prior in the range −2 . 3 < log 10 ( t/ Gyr ) < −0 . 15.

(ii) [O III] λ5008 : Redshifts in the range of 8 . 25 < z < 8 . 35 with
z = 0 . 01, and a corresponding CSFH t age distribution from −2 . 3 <
og 10 ( t/ Gyr ) < −0 . 37. 

For both mock galaxy samples, metallicity is drawn from a flat 
istribution in log 10 ( Z/Z �) in the range of −0 . 7 < log 10 ( Z/Z �) <
0 (with the assumption that Z gas = Z stellar ). Additionally, to allow

or a plausible variation in emission-line properties the ionisation 
arameter, log 10 ( U ), is drawn from a range appropriate for the 
etallicity ( −3 < log 10 ( Z/Z �) < −2, see e.g. Reddy et al. 2023 ).
or dust attenuation, we assume a simple Calzetti et al. ( 2000 ) dust
ttenuation law with extinction magnitude, A V , drawn from a log- 
ormal distribution with a mean of ln ( A V ) = −1 . 69 (i.e. A V = 0 . 18)
nd standard deviation of 0.5. The specific distribution values are 
hosen to broadly to match the typical attenuation estimated for the 
eal observed H α emitter sample (Pirie et al. 2025 ). 

For the simulated SED population, we generate the correspond- 
ng intrinsic flux densities in the Hubble Space Telescope ( HST )
ptical (ACS/WFC F435W, F606W, and F814W), PRIMER NIR- 
am and JELS F466N/F470N filters (see table 1 of Pirie et al.
025 ). Additionally, to enable simulation of an equi v alent medium-
and emission-line selection surv e y, we also generate photom- 
try in the NIRCam/F460M ( λpivot = 4 . 63 μm , W eff = 0 . 23 μm )
hat encompasses the JELS LW narrow-band filters. The ‘true’ 
 α /[O III] λ5008 emission-line luminosities and equi v alent widths 

re measured directly from the corresponding noise-free model 
pectra. We note that the H α measurements do not account for
nderlying Balmer absorption, ho we ver for the purposes of this
xperiment we determine that any resulting systematics are negligible 
n the basis that the young stellar populations and corresponding 
igh equi v alent widths probed by these high-redshift sources means 
uch corrections will typically be minimal. With the emission-line 
roperties measured, the parent SED sample and the corresponding 
ock photometry is renormalized to a constant line luminosity of 
 line = 10 41 erg s −1 . 
For the subsequent analysis, the mock galaxy samples and as- 

ociated photometry are then scaled to create 10 different sam- 
les with intrinsic emission-line luminosity (H α , [O III] λ5008 ) 
panning the ranges of 41 ≤ log 10 ( L H α/ erg s −1 ) ≤ 43 and 41 . 3 ≤
og 10 ( L [O III] λ5008 / erg s −1 ) ≤ 43 . 3, respectively. Photometric un- 
ertainties for each filter are drawn from a Gaussian distribution 
ith a standard deviation set by the median uncertainties measured 

or faint sources in 0.3 ′′ diameter apertures in the PSF-homogenized 
mages and associated catalogues presented by Pirie et al. ( 2025 ).
or simplicity, we assume that the mock galaxies are point sources
nd for the target PSF in the JELS PSF-homogenized photometry 
atalogues, the 0.3 ′′ aperture captures 50.3 per cent of the total flux of
 point source. We therefore correct the simulated SNR accordingly. 

For the simulated F460M filter, for which current imaging does not 
xist, we assume a typical depth that is twice as sensitive as measured
n the existing PRIMER F410M imaging. Given that the instrumental 
ensitivity for F410M is approximately twice that of F460M for the 
ame equi v alent exposure time, 4 the F460M sensiti vity for our mock
edium-band surv e y therefore corresponds to ∼ 16 × the PRIMER 
 See e.g. https:// jwst-docs.stsci.edu/ jwst-near-infrared-camera/ nircam- 
erformance/nircam-sensitivity 

e
a  

b  

w  

T  
410M exposure time and equi v alent to observing for the combined
466N and F470N exposure times. 

.1 Photometric redshift precision of narrow-band selected 

amples 

o explore the practical photo- z precision achieved for a JELS
arrow-band selection, we first run the mock emission-line galaxy 
ample through photo- z analysis comparable to that applied to either
eal JELS samples or other JWST -selected broad-band samples. To 
nable lik e-for-lik e comparison, we perform photo- z analysis for
he mock sample using three different subsets of JWST NIRCam 

lters: the full PRIMER filter-set plus JELS LW narrow-band filters 
F466N/F470N), the PRIMER filters supplemented with the deep 
460M medium-band filter, and a PRIMER-only run. The same HST 

ptical filters (F435W, F606W, and F814W) are included for all three
uns. 

We measure photo- zs using the EAZY (Brammer, van Dokkum &
oppi 2008 ) template fitting code using the default fsps set

upplemented with the high- z appropriate templates of Larson et al.
 2023b ). Since the photometry is completely synthetic, we do not
erform any photometric zero-point offset corrections as part of the 
hoto- z analysis. Ho we ver, we do include an additional 5 per cent
ystematic uncertainty (added in quadrature) during the template- 
tting analysis. We quantify the precision of the resulting photo- z 
stimates as a function of intrinsic line luminosity and rest-frame 
qui v alent width using two metrics. Firstly, we define the metric,
 z , as the redshift range that spans between the 16th and 84th

ercentiles of the stacked photo- z posterior of all galaxies in a
iven bin, i.e. z 84 − z 16 where for example z 84 is defined such that
 z 84 
0 CDF ( z) d z = 0 . 841. Secondly, we calculate the robust scatter of
 given bin, σNMAD 

, defined as as follows: 

NMAD 

= 1 . 48 × median ( | δz | / (1 + z true )) , (1) 

here δz = z phot − z true . Together, these metrics give a picture of
oth the typical precision to which an individual galaxy’s redshift 
an be constrained ( � z ) and the o v erall sample precision ( σNMAD 

).
ote that the catastrophic outlier fraction (i.e. δz/ (1 + z true ) >
 . 15) was also investigated as a metric. Ho we ver, for the majority of
he emission-line parameter space probed, in the narrow-band and 

edium-band photo- z runs the outlier fractions were exactly zero 
uch that any quantitative comparison was uninformative. 

In Fig. 7 , we present the resulting photo- z statistics for both the
imulated H α and [O III] λ5008 emission-line samples. To determine 
hether a given source would be included in the corresponding 
hotometric sample, we apply an SNR cut similar to that applied
n real sample selections (Pirie et al. 2025 ). For all three filter
ets, we require f F444W 

/σF444W 

> 5 as well as f F356W 

/σF356W 

> 3.
dditionally, for the narrow-band and medium-band runs we require 
 F466N /σF466N > 5 and f F460M 

/σF460M 

> 5, respectively. 
We observe a number of trends in photo- z precision as a function

f intrinsic properties that are consistent across both emission- 
ine samples. Firstly, there is a consistent correlation between 
ncreased emission-line luminosity and impro v ed photo- z precision 
n both metrics (i.e. lower σNMAD 

and � z ). This correlation is
o be expected as the line-luminosity most directly correlates with 
hotometric signal-to-noise ratio. Secondly, both the individual and 
nsemble photo- z precision achieved when JELS narrow-band filters 
re included is typically ≈ 2 –5 × better than the mock medium-
and surv e y for the equi v alent intrinsic properties (cf. the ef fecti ve
idth of the F460M filter being ≈ 4 × wider than the F466N filter).
he impro v ement in � z gained from the medium-band filter when
MNRAS 541, 1329–1347 (2025) 

https://jwst-docs.stsci.edu/jwst-near-infrared-camera/nircam-performance/nircam-sensitivity
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Figure 7. Photo- z statistics, � z and σNMAD 

, as a function of rest-frame equi v alent width EW 0 ( x-axes) and intrinsic line-luminosity (colour-scale) for the 
simulated H α (top) and [O III] λ5008 (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 10 ( L H α/ erg s −1 ) ∼ 42 and log 10 ( L [O III] λ5008 / erg s −1 ) ∼ 42 . 3). 
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ompared to PRIMER-only is less significant, while for a large
raction of parameter space the medium-band surv e y yields no
ignificant impro v ement in σNMAD 

for the same comparison. 
We do, ho we ver, see v ariations in the relati v e impro v ement when

ncluding a narrow-/medium-band, as a function of EW 0 . For low
est-frame equi v alent widths ( EW 0 < 200 Å), the dependence of
 z on line luminosity becomes negligible. By construction, since

he input SEDs are normalized to a given line-luminosity, lower
qui v alent width sources will have correspondingly brighter stellar
NRAS 541, 1329–1347 (2025) 
ontinuum and hence higher SNR in their broad-band photometry.
he convergence in photo- z statistics at lower- EW 0 when narrow-
and filters are included illustrates the parameter space where the
hoto- z precision is no longer dictated by the precision to which the
ele v ant emission line can be constrained, but instead dominated by
ther broad-band features such as the Lyman and Balmer breaks.
n this regime, there is still, ho we v er, a significant impro v ement
rom the inclusion of narrow-band, while corresponding medium-
and estimates offer only marginal gains o v er broad-band only
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Figure 8. Measured emission-line luminosities, L meas , as inferred from the 
F466N narrow-band excess relative to the true intrinsic line luminosities, 
L input , for the simulated H α (purple circles) and [O III] λ5008 (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 abo v e the 5 σ
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 (H α) to 10 per cent ([O III] λ5008 ). 
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stimates. The majority of z > 6 galaxies are expected to have
ignificantly stronger emission-line contributions; Endsley et al. 
 2024 ) estimate the typical EW 0 ( H α) for z ∼ 6 galaxies ranges
rom ∼ 580 to 850 Å ( log 10 ( EW 0 ( H α) / Å) ∼ 2 . 8). Fig. 7 therefore
emonstrates that for the expected emission-line luminosities probed 
y JELS H α and [O III] λ5008 samples (see Table 1 ), the inclusion
f narrow-band filters should yield samples with typical photo- z 
catter σNMAD 

� 0 . 005 × (1 + z) and with individual photo- zs
onstrained to � z � 0 . 03. Furthermore, we note that for input line
uminosities of L OIII , input > 10 42 erg s −1 , the JELS narrow-bands are 
ble to constrain the redshift in individual sources to � z < 0 . 08.
ompared to the redshifts of [O III] λ4960 and [O III] λ5008 at the
iv ot wa velength of the F466N narrow-band filter ( z = 8 . 29 and z =
 . 38, respectively), this illustrates that the combination of both JELS
arrow-bands and PRIMER photometry enables sufficient photo- 
 precision to reliably identify and isolate individual [O III ] lines. In
ontrast, the medium-band photo- z estimates are only able to achieve 
uch precision for the most luminous and highest-EW [O III] λ5008 
mitters. 

The increased precision from NB-based photo- zs is particularly 
dvantageous for enabling efficient follow-up observations with 
LMA to study far-infrared molecular lines (e.g. Carniani et al. 
017 ; Le F ̀evre et al. 2020 ; Bouwens et al. 2022 ). The predicted
hotometric precision corresponds to ± 600–1700 km s −1 , sufficient 
o ensure the redshifted [C II ] 158 μm or [O III ] 88 μm lines would
all into a 3.75-GHz ALMA side band in band 6 or 7, respectively.
n Section 5 , we further illustrate the practical photo- z precision
chieved with real JELS-selected emission-line galaxies for which 
pectroscopic redshifts have been obtained. 

.2 Sensitivity and accuracy of emission-line recovery 

uilding on the results abo v e, it is also instructive to explore the
orresponding accuracy of the emission-line luminosity that can 
e reco v ered from the JELS narrow-band e xcess emission. F or a
imulated galaxy to be ‘selected’ as an emission-line excess source, 
e require the same individual filter SNR cuts as outlined abo v e in
ection 4.1 , an emission-line excess significance of 
 > 3 (equation
 of Pirie et al. 2025 ) and that o v er 50 per cent of the photo- z posterior
ies within the range 6 . 06 < z < 6 . 12 for H α emitters or 8 . 25 <
 < 8 . 35 for [O III] λ5008 emitters. For H α emission-line fluxes from
he simulated photometry, we follow the standard prescription for 
stimating the line-flux based on the observed narrow-band excess 
Sobral et al. 2013 ; Pirie et al. 2025 ): 

 H α = �λF466N 
f λ, F466N f λ, F444W 

1 ( �λF466N /�λF444W 

) 
erg s −1 cm 

−2 , (2) 

here f λ,i is the measured flux density in filter i, in units of

rg s −1 cm 

−2 Å
−1 

and the corresponding filter ef fecti ve widths, �λi 

n Å. We also subtract a constant 0 . 021 dex correction to account for
he contribution of [N II] λ6585 to the narrow-band emission, both 
or consistency within this manuscript (cf. Section 2.3.1 ) but also to
llustrate the validity of this approach in a more realistic application. 
or [O III] λ5008 , a similar approach can be taken. Ho we ver, due to

he very narrow rest-frame wavelength probed by the JELS narrow- 
ands at z ∼ 8 . 3, accurately estimating the [O III] λ5008 luminosity
equires correcting for an additional contribution from [O III] λ4960 
hat contributes to the narrow-band flux only at some redshifts. While 
mall, these corrections are non-negligible given the high emission- 
ine equi v alent widths of galaxies at this redshift. In Appendix B ,
e outline how we account for these corrections and the changes 

equired to equation ( 2 ) for measuring [O III] λ5008 line luminosities.
As with the photo- z simulation abo v e, our mock emission-line
alaxy sample allows us to calculate the accuracy of narrow-band 
stimated emission-line luminosities as a function of both true 
nput luminosity and rest-frame equi v alent width. For the purpose
f visualization, and to provide an illustration of the realistic 
v erage accurac y, we instead choose to estimate the av erage accurac y
arginalized o v er the e xpected EW 0 distributions for H α at z ∼ 6

nd [O III] λ5008 at z ∼ 8. We base our assumed EW 0 distributions
n the observational results from JWST photometric samples, specifi- 
ally using the inferred H α EW 0 distribution for ‘faint’ galaxies from 

ndsley et al. ( 2024 ) with a lognormal distribution of mean μEW 0 =
80 Å and width σEW 0 = 0 . 26 dex . For [O III] λ5008 , we assume
 lognormal distribution with μEW 0 = 380 Å and σEW 0 = 0 . 4 dex ,
roadly consistent with the [O III ] + H β EW 0 distributions inferred
y Endsley et al. ( 2024 ) and Be gle y et al. ( 2024 ) with the mean scaled
ased on the assumed ratio of [O III] λ5008 /[O III] λ4960 = 2 . 98. For
ach input luminosity bin we make 100 draws from the photo- z 
osterior of each source (see Appendix B ) in the bin before randomly
electing 500 samples with a probability weighting based on the 
ssumed EW 0 distribution. 

In Fig. 8 , we present the resulting distribution of measured to
true’ line luminosity measured directly from the original noise- 
ree simulated spectrum. For each luminosity bin, we show the 
edian measured to input luminosity ratio, with error bars indicating 

he 16–84th percentiles of the distribution. We see that for both
mission-line samples, at bright intrinsic luminosities the narrow- 
and 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 H α and ∼ 0 . 05 − 0 . 1 dex for [O III] λ5008 .
or input luminosities close to and below the expected 5 σ detection

imit (see e.g. Table 1 ), the average measured luminosity becomes
ignificantly biased relative to the input population. The bias arises 
rom the fact that the intrinsic fluxes for the faint sources are near
r below the flux limits for the narrow-band filter, so the subset
f sources that pass the selection criteria are those that are scattered
bo v e the detection threshold and hence the resulting average inferred
uminosity is biased high. To support this conclusion, in Fig. 8 we
lso show the percentage of the simulated sample (again weighted by
MNRAS 541, 1329–1347 (2025) 



1342 K. J. Duncan et al. 

M

E  

a  

s  

t  

c

4

T  

r  

w  

c  

T  

a  

t  

f  

i  

s
 

a  

t  

s  

s  

a  

e  

r  

t  

t  

z  

w  

a  

2

5
E

T  

t  

s  

l  

t
 

w  

0  

w  

(  

w  

e  

f  

i  

r  

w  

o  

5

d
z

o
c
p
d

Figure 9. Normalized photo- z posteriors, ˜ P ( 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. 
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W 0 ) in each luminosity bin that passes the individual SNR, excess
nd photo- z selection criteria. For the luminosity bins exhibiting
ignificant bias ( L H α, input < 10 41 . 5 erg s −1 , L OIII , input < 10 42 erg s −1 ),
he fraction of galaxies passing the selection criteria is below 50 per
ent. 

.3 Summary of simulation results 

ogether, the simulation results for photo- z precision and line
eco v ery presented here illustrate that for any emission-line sample
ith luminosities abo v e the 5 σ detection limit, the photo- zs should be

onstrained to extremely high precision ( σNMAD < 0 . 005 × (1 + z)).
he inferred narrow-band luminosities measured from JELS will
lso be both accurate ( ±0 . 02 –0 . 1 dex ) and precise ( ±0 . 01 dex ), with
he uncertainties for scientific analysis therefore likely dominated by
actors such as the dust attenuation corrections required to estimate
ntrinsic emission-line luminosities – a limitation true also true for
litless spectroscopic samples and many spectroscopic surveys. 

We caveat ho we ver that these simplified simulations do not
ccount for realistic extended morphologies, which will decrease
he precision of any estimates through both increased noise and
ystematic uncertainties from measuring total fluxes. Future JELS
tudies will incorporate more extended completeness simulations that
ccount for the full range of observed morphologies and sizes (Pirie
t al. in preparation). Furthermore, we have presented simulation
esults only for sources where the line species of interest falls within
he target JELS narrow-band. Therefore, while we have demonstrated
hat the JELS narrow-band filters provide substantial gains in photo-
 accuracy within the target redshifts, JWST medium-band surveys
ill naturally offer the advantage of probing the high- EW 0 lines o v er
 wider redshift range (e.g. Suess et al. 2024 , see also Muzzin et al.
025 ) and provide complementary constraints to JELS. 

 SPECTROSCOPICALLY  C O N F I R M E D  JELS  

MITTERS  

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

The JELS sample configured in the NIRSpec PRISM observations
as selected from a F466N detected catalogue with SNR F466N > 5 in
.3 arcsec apertures. All sources satisfy emission-line excess criteria
ith colours F444W − F466N > 0.3 and F470N − F466N > 0.15

corresponding to a rest-frame equi v alent width of EW 0 � 20 Å) and
ith emission-line excess significance, 
 > 3 (see equation 2 of Pirie

t al. 2025 ). Photo- zs derived from PSF homogenized photometry
rom all available HST /ACS, HST /WFC3, and JWST /NIRCam filters
dentified all sources as secure high- z ( z > 5 . 5) candidates. 5 The
esulting photo- z posteriors are shown in Fig. 9 (solid lines), along
ith the corresponding photo- z posteriors for the same sources when
nly the PRIMER NIRCam photometry is used (dashed lines). Of
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 The photo- zs were estimated using EAZY (Brammer et al. 2008 ) with three 
ifferent template sets: the default fsps set supplemented with the high- 
 templates of Larson et al. ( 2023b ), the SFHZ set supplemented with the 
bscured AGN template of Killi et al. ( 2024 ) and the EAZY V1.3 set. The 
onsensus photo- zs combining all three estimates are derived following the 
rocedure outlined in Duncan et al. ( 2019 ). See Pirie et al. ( 2025 ) for full 
etails. 
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he four JELS emission-line candidates observed with NIRSpec,
wo are robustly identified as H α emitters with well constrained
hoto- zs at z ∼ 6 . 1, with the other two robustly identified as z ∼ 8 . 3
O III] λ5008 emitters. 

In Fig. 10 , we show a subset of the available HST and
WST /NIRCam cut-outs for each object as well as the standard
AST pipeline reduced 2D and 1D PRISM spectra. Moti v ated by the

xpectation of high-EW emission-lines, we derive spectroscopic red-
hifts from the 1D PRISM spectra through a simple χ2 -minimization,
tting an emission-line template (convolved to the PRISM spectral
esolution at 4.6 μm) to the continuum-subtracted spectrum o v er the
avelength range of 3 < λ < 5 μm . 6 

The two confirmed H α sources are shown in the top row of Fig.
0 , observed with exposure times of 5 909 and 17 725s respectively.
ELS J100033.5 + 022355.5 (upper left panel) is representative
f a large fraction of the H α emitters selected by JELS, with
he o v erall spectral energy distribution (SED) dominated by high
qui v alent width (EW) emission lines. The high-EW emission-line
ontribution can be inferred from the photometry cut-outs alone,
ith [O III ] and H β responsible for the F356W broad-band showing

learly ele v ated flux; this is confirmed by the PRISM spectroscopy.
n comparison, JELS J100033.3 + 022331.7 (upper right panel)
xhibits significant UV and optical continuum detections across the
road-band SED, although F356W is still significantly enhanced
elative to F277W. The corresponding PRISM spectrum reveals
ignificantly lower EW emission-lines, with evidence for a more
volved stellar population in the form of a clear Balmer break. While
oth sources are correctly identified as z ∼ 6 sources when using only
RIMER observations, with the spectroscopic redshift contained
ithin the photo- z posterior, the widths of the photo- z posteriors

re significantly broader than the PRIMER + JELS estimates by up
o ∼ 10 × (consistent with the results from Section 4.1 ). 

The bottom row of Fig. 10 then presents the two [O III] λ5008 -
mitters selected from JELS, both with total on-source exposure
imes of 11 817s. The left-hand source, J100021.3 + 022231.5, is
 Our derived spectroscopic redshifts are all in agreement with the inde- 
endently derived estimates from the DAWN JWST Archive: https://s3. 
mazona ws.com/msae xp-nirspec/e xtractions/nirspec graded v3.html . 

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 × 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 α emitters, while the bottom row 

shows sources selected as robust z ∼ 8 . 3 [O III] λ5008 emitters. Note that at z ∼ 8 . 3, the width of the F466N/F470N narrow-bands is such that [O III] λ4960 and 
[O III] λ5008 (and potentially H β) can be individually isolated from photometry alone. 
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ecurely identified as a z ∼ 8 . 3 [O III] λ5008 emitter by the photo-
 analysis to a precision of < 0 . 005 × (1 + z), despite having
nly weak constraints on the Lyman break and very faint rest-UV 

ontinuum. With SNR F115W 

< 1 and SNR F150W 

< 4 (in 0.3-arcsec 
iameter apertures), photo- z estimates using broad-band photometry 
nly are limited to constraining the source as z � 5, but with a
ery broad posterior allowing solutions up to z > 10 (see Fig. 9 ).
lthough faint, the extracted 1D PRISM spectrum for this source 

hows clear H β, [O III] λ4960 , [O III] λ5008 and [O II] λ3727 lines
onfirming the photo- z redshift solution. The right-hand source, 
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100025.4 + 022024.6, is selected as a narrow-band excess by JELS,
ut is also bright enough in the rest-UV to be robustly selected as
 ∼ 8 from broad-band photometry with o v er 90 per cent of the
RIMER-only photo- z posterior in the range of 8 < z < 9 (and hence
as also included in the DD filler programme from an independent

election). We note that the rest-UV continuum is detected in the
IRSpec PRISM observ ation, ho we ver, we limit the wavelength

ange of the PRISM spectra presented in Fig. 10 to > 2 . 5 μm to
emonstrate the resolved [O III] λ4960 and [O III] λ5008 lines. 
Although only a limited sample, the confirmation of all four

arrow-band excess selected sources and their diverse properties
i ves e vidence that JELS of fers a broad and robust selection in no v el
arameter space. In addition to enabling unique science from the
hotometric data alone, the JELS emission-line samples are therefore
deal for future spectroscopic studies. 

 SUMMARY  

e have presented an overview of JELS, a JWST imaging survey
esigned to extend selection of emission-line galaxies using narrow-
and filters into new redshift regimes using the JWST /NIRCam
466N and F470N filters. Simultaneously, JELS aims to provide
 window into the resolved properties of star-forming galaxies at
osmic noon with matching F212N and F200W observations. The
ELS Cycle 1 observations presented co v er ∼ 63 arcmin 2 within the
ider PRIMER COSMOS le gac y field (Dunlop et al. in preparation),
hich provides both the key F444W broad-band imaging necessary

or F466N/F470N excess selection as well as e xtensiv e multiwav e-
ength imaging required for robust line identification. 

We have demonstrated that the JELS imaging reaches the ex-
remely high sensitivities required to achieve the survey’s primary
cience goals. Based on the distribution of 5 σ limiting magnitudes in
he F466N and F470N mosaics (in 0.3 arcsec diameter apertures), the
imiting line fluxes are estimated to be ∼ 1 . 2 × 10 −18 erg s −1 cm 

−2 

 v er 90 per cent of the field, reaching up to ∼ 2 × fainter emission
ines than current slitless spectroscopic surv e ys in the literature. For
he primary science goal of probing H α at z ∼ 6 . 1, these flux limits
orrespond to log 10 ( L H α/ erg s −1 ) ∼ 41 . 53 − 41 . 76, or unobscured
FRs of 0.9–1.3 M � yr −1 . 
The F212N narrow-band mosaic reaches line sensitivities of 1.4–

.5 ×10 −18 erg s −1 cm 

−2 , corresponding to log 10 ( L H α/ erg s −1 ) ∼
0 . 75 –40 . 99; a factor of up to ∼ 10 further down the z = 2 . 23 H α LF
han previously available from ground-based narrow-band surv e ys.
he combination of this extraordinary depth with JWST ’s exquisite
patial resolution offers an unprecedented view of the resolved star
ormation properties in galaxies at the peak of cosmic star formation
istory, for example by enabling detailed morphological comparison
etween H α , UV and in situ stellar mass in representative samples
f galaxies. 
We have highlighted the unique science cases for the JELS

bservations: a census of H α emitters at z ∼ 6 . 1 that offers com-
lementary constraints on the cosmic star formation history and
he galaxy population in the early Univ erse, no v el probes of both
arly (through [O III ] emitters) and late stages (H α at z ∼ 6 . 1) of
osmic reionization, dust unbiased samples of star-forming galaxies
t cosmic noon (H α /Pa α /Pa β), and spatially resolved properties
f ionized gas in galaxies on sub-kpc scales at 2 � z � 6. Through
etailed simulations of realistic H α and [O III] λ5008 emitter popula-
ions, we have also demonstrated that for intrinsic line luminosities
bo v e the JELS limiting magnitudes, the resulting photo- z estimates
an be constrained to near spectroscopic accuracy ( σNMAD < 0 . 005 ×
1 + z)) for a wide range of intrinsic equi v alent widths. These
NRAS 541, 1329–1347 (2025) 
imulations also show that the emission-line luminosities estimated
rom the JELS narrow-band excess can be both extremely accurate
bias less than 0.01 dex) and measured with sufficient precision
 ±0 . 05 − 0 . 1 dex ) that the limiting precision on intrinsic properties
ill the precision to which dust attenuation corrections can be made

as is also the case in slitless spectroscopic surv e ys). 
Initial results for the primary H α sample at z ∼ 6 . 1 and full JELS-

elected photometry catalogues are presented in a companion paper,
irie et al. ( 2025 ), with a number of further studies on the detailed
roperties of H α , Pa α /Pa β, and [O III ] samples also in progress.
ith JELS adding both no v el wav elength information (F212N,

466N, F470N) and significant additional broad-band sensitivity
F200W) within one of the key extra-galactic legacy fields, we expect
he broader scientific return from the community to extend far beyond
hese initial goals. 
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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 F466N and F470N panels is the average 5 σ
limiting line sensitivity for the FRESCO slitless spectroscopy surv e y (thick 
vertical line; Oesch et al. 2023 ). 
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PPENDIX  A :  JELS  NA R R  OW-B  A N D  MOSAI C  

ELEASE  V E R S I O N S  

s outlined in Section 2 , the initial JELS observations were impacted
y severe scattered light. Initial versions of the JELS imaging
roducts, including those used in Pirie et al. ( 2025 , v0.8), made
se of the data available and analysis pipelines at the time of
nalysis. The imaging products and associated depths presented in
his manuscript correspond to the versions with all JELS observing
rogramme (GO 2321) data acquired (v1.0). For completeness,
ere we outline the key differences in the JELS mosaic release
ersions and provide a quantitative comparison of the limiting
mission-line sensitivities achieved by the respectiv e v ersions. The
ey data and pipeline differences between images version are as
ollows: 

(i) v0.8: Image reduction using PENCIL version based on JWST
ipeline version 1.10.2 ( JWST 1107.PMAP ). Mosaics incorporate all
rames observed 2023 May, with scattered light contribution sub-
racted from LW filters (F466N/F470N) and scattered light masked
rom impacted SW frames (F212N/F200W). 

(ii) v1.0: Image reduction using PENCIL version based on JWST
ipeline version 1.13.4 ( JWST 1303.PMAP ). Mosaics incorporate all
rames observed 2023 May and 2024 November. Scattered light
ontributions subtracted from LW (F466N/F470N) and masked in
W (F212N/F200W) frames from 2023 May, with corresponding
024 No v ember frames included in addition. 

In Fig. A1 , we present the area per limiting sensitivity in each
arrow-band filter for both v0.8 and v1.0 of the JELS mosaics
ollowing the procedure outlined in Section 2.3 (cf. Fig. 4 ).
or F466N, where the scattered light impact was negligible and
NRAS 541, 1329–1347 (2025) 
he input imaging for v0.8 and v1.0 is ef fecti vely unchanged,
e find that the v1.0 mosaic achieves a consistent ∼ 0 . 09 dex

mpro v ement in sensitivity across the full image; indicative of
eneral NIRCam sensitivity impro v ements from revisions to the
ele v ant read-noise and flat-field calibration files from the later
RDS v ersion. F or F470N, the sensitivity distribution includes

he same ∼ 0 . 09 dex systematic shift as for F466N, but with an
dditional increase in sensitivity from the repeat observations; a
igher fraction of the mosaic is co v ered by two full visits at the
ull JELS exposure time, with an additional fraction now observed
t 3 × ∼ 6000 s . 

For F212N, which was most severely impacted by the enhanced
cattered light, the peak of the sensitivity distribution is ∼ 0 . 2 dex
ainter, reflecting the significantly increased area with 2 × ∼ 6000 s
isits (per the original surv e y design), a subset of area now with 3 ×
isits due to repeats, and similar systematic gains from calibration
mpro v ements. Based on the change in sensitivity of the shallowest
egions of the field where no new data is included, we estimate
hat the systematic impro v ement in F212N sensitivity from CRDS
eference file changes is smaller than for the LW bands, at the level
f ∼ 0 . 05 dex . 
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For all three JELS narrow-band filters, we note that while the gains
n sensitivity for v1.0 are consistent and statistically significant with 
espect to our ability to constrain the image noise itself, the changes
re not as scientifically significant. Impacts to the robust emission- 
ine samples produced from JELS imaging and the predictions of the 
imulations presented in Section 4 are negligible between versions. 
ample sizes from v1.0 may be increased in size, but only at the
0–20 per cent le vel. Ho we ver, the inferred properties and redshifts
or individual objects are as robust in v0.8 as in v1.0 due to the more
ignificant impacts of large photometric uncertainties in other filters 
or sources near the detection limit and the standard inclusion of
–10 per cent flux uncertainties for photo- z/SED-fitting analysis. 

PPENDIX  B:  C O R R E C T I N G  F O R  

O  I I I ] λ4960 C O N T R I BU T I O N S  IN  

O  I I I ] λ5008 LUMINOSITY  ESTIMATION  

or the [O III] λ5008 emission-line selection, the JELS narrow-bands 
re sufficiently narrow that typically only one of the [O III ] doublet
ines contributes the majority of flux at an y giv en redshift (unlike for
ome lower redshift narrow-band surv e ys where both [O III ] line, and
ometimes H β , are often encompassed by the narrow-band filter, 
.g. Khostovan et al. 2016 ). The contribution from the secondary 
ine, i.e. [O III] λ4960 for [O III] λ5008 excess selection, ho we ver, is
on-ne gligible and naiv e estimates of the line flux based on the
arrow-band colour excess alone could therefore overestimate the 
rue [O III] λ5008 line flux. Furthermore, given the high-EWs of the
 ∼ 8 . 3 samples, the [O III] λ4960 emission will have significant
ontribution to the surrounding broad-band flux, f λ, F444W 

, that 
ould lead to an o v erestimate of the stellar continuum level and
ence an underestimate of the inferred [O III] λ5008 flux. Formally, 
igh-EW H β emission will also contribute to an o v erestimate of
he stellar continuum, ho we ver gi ven the high [O III ] /H β ratios
bserved at z > 6 (Sanders et al. 2023 ; Shapley et al. 2023 ), we
ssume that any resulting corrections would be negligible relative 
o the photometric uncertainties. Regardless, the relative balance of 
hese two competing secondary or tertiary line contaminations will 
epend on the precise redshift. We therefore implement a simple 
nalytic correction based on the e xpected relativ e contribution of the
O III ] lines to both the narrow-band and broad-band filter flux es. F or
The Author(s) 2025. 
ublished by Oxford University Press on behalf of the American Institute of Biological Sciences. Thi
icense ( https://cr eativecommons.or g/licenses/by/4.0/), which permits unrestricted reuse, distribution,
he simplifying assumption that the emission lines themselves have 
f fecti vely no velocity dispersion, and assuming the standard ratio of
O III] λ5008 /[O III] λ4960 = 2 . 98, the relative contributions of both
O III ] lines to a given filter, f OIII ,i , is proportional to 

 OIII ,i ∝ f λ5008 ̃  t i,λ5008 ( z ) + 

f λ5008 

2 . 98 
˜ t i,λ4960 ( z ) , or 

 OIII ,i ∝ f λ5008 

(
˜ t i,λ5008 ( z ) + 

˜ t i,λ4960 ( z ) 

2 . 98 

)
, (B1) 

here ˜ t i, line ( z) is the filter throughput at the wavelength of the
orresponding line at redshift z, normalized to the peak filter 
hroughput. The redshift-dependent correction factor, C i ( z), to relate 
he observed flux to that corresponding to only the [O III] λ5008 flux
an then simply be defined as 

 i ( z ) = 

1 

˜ t i,λ5008 ( z ) + 

˜ t i,λ4960 ( z) 
2 . 98 

. (B2) 

quation ( 2 ) can then be modified such that the
O III] λ5008 emission-line flux can estimated as 

 λ5008 ( z) = �λF466N 
f λ, F466N C F466N ( z ) f λ, F444W 

C F444W 

( z ) 

1 ( �λF466N /�λF444W 

) 

erg s −1 cm 

−2 . (B3) 

rom tests convolving model [O III ] emission lines with the F466N
nd F444W filters o v er a range of plausible velocity dispersions and
cross the redshift range probed by the excess selection, we find that
he simplifying assumption of infinitely narrow intrinsic lines is ac- 
urate to ∼ 1 per cent for intrinsic velocity dispersions with FWHM 

ess than 250 km s −1 . When estimating the line luminosity for an
O III] λ5008 source, we then draw 100 redshifts from the photo- z 
osterior, calculating F λ5008 ( z) using equation ( B3 ) and incorporating
he redshift into the corresponding luminosity distance calculation. 
he estimated line luminosity for an individual source including 

he uncertainty from the redshift-dependent [O III] λ4960 contribution 
an then be derived from the resulting distribution (i.e. 16, 50, and
4th percentiles). 
MNRAS 541, 1329–1347 (2025) 
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