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ABSTRACT

We used the ultra-deep GLIMPSE JWST/NIRCam survey to constrain the faint end of the [O 111]+HJ luminosity function (LF) down
to 10¥erg s! at z ~ 79 behind the lensed Hubble Frontier Field galaxy cluster Abell S1063. We applied a spectral energy distribution
fitting on a Lyman-break galaxy selected sample of 164 lensed galaxies and measured their combined HB+[O 111]144960, 5008 flux to
build the emission line LF. We found a [O m1]+HB LF with a faint-end slope (@ = —1.78705¢ forz = 7 — 8 and @ = —1.55*}] for z =
8 —9), which is flatter than the UV LF at similar redshifts (¢ < —2) and suggests a lower number density of weak [O III]+H/ emitting
galaxies at fixed Myy. We analysed several possible explanations: (i) a decrease in the [O mI]+Hg-to-UV ratio due to bursty star
formation histories (SFHs), (ii) the effect of metallicity on the [O 11]-to-Hp ratio, or (iii) signs of a faint-end turnover in the UV
LF. Under the assumption of an evolving [O 11]-to-HS ratio, we separated the contribution of [O mI]45008 and HB and obtained a
flatter [O 1I]A5008 LF (@ = —1.66"0% forz = 7 - 8 and @ = —1.4570% for z = 8 — 9) but steeper H3 LF (¢ = —1.9570%8 for
z=T7-8anda = —1.68f8;ﬁ for z = 8 — 9). The combination of a decreasing metallicity and bursty SFH can reconcile the observed
differences between the UV and [O 11]+HS LF. By converting this LF into the ionising photon-production rate Nj,,, we show that
galaxies with Ly, > 10% erg s™!, that is, with a star formation rate (SFR) (Ha) > 5x 107 Mg, yr™!) cause 31%—90% and 46%—156%
of the ionising photon budget (at 7 < z < 8 and 8 < z < 9), when we assume a constant escape fraction of Lyman-continuum photon
(fese = 0.14). The shape of the LF further shows the negligible contribution of faint galaxies to the Nion- Additionally, we derived the
cosmic star formation rate density (SFRD), finding results consistent with previous estimates. However, the sensitivity of GLIMPSE
to lower SFRs reinforces the conclusion that very faint galaxies contribute very little to N, and the SFRD. Our results suggests that
GLIMPSE has detected the bulk of the total [O III]+Hp emission from star-forming galaxies, and that galaxies below our detection
limits are likely minor contributors to cosmic re-ionisation.

Key words. galaxies: dwarf — galaxies: high-redshift — galaxies: luminosity function, mass function — galaxies: photometry —

galaxies: star formation — dark ages, reionization, first stars

1. Introduction

During its first billion years, the Universe underwent significant
transformations. After a gradual cooling, the Universe entered
the so-called dark ages, a period in which photons decoupled
from matter, rendering the Universe opaque to our telescopes
(Ferrara & Pandolfi 2014; Adamo et al. 2025). This epoch ended
around z ~ 30 with the so-called epoch of re-ionisation (EoR)
with the formation of massive and metal-free Population III
stars (Ferrara 1998). These newly born objects emitted enough

* Corresponding author: damien.korber@protonmail . ch

ionising photons to ionise the surrounding gas while domi-
nating the recombination of hydrogen (Ferrara 1998; Bromm
2013). They emitted sufficient ionising photons to counteract
recombination and ionise the surrounding gas in a patchy man-
ner. Each bubble of ionised gas expanded and leaked more
ionising photons, which ultimately re-ionised the whole Uni-
verse (e.g. Zaroubi 2013; D’Aloisio et al. 2015; Bosman et al.
2022; Robertson 2022; Korber et al. 2023; Meyer et al. 2025.
The EoR is expected to have ended around z ~ 5 — 6 accord-
ing to measurements of the Gunn-Peterson effect in quasar
spectra (e.g. Becker et al. 2001; Fan et al. 2006; Keating et al.
2020; Bosman et al. 2022) and the decreasing fraction of Lyman
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a emitting galaxies detected above z > 6 (Stark etal. 2011;
Schenker et al. 2012). While galaxies are often considered as
primary drivers of re-ionisation, the relative importance of
fainter or brighter galaxies remains debated. A first scenario
gives a prime role to faint galaxies because despite their small
individual contribution to the ionising photon budget, their high
number density might produce enough to re-ionise the Uni-
verse (e.g. Oesch et al. 2009; Finkelstein et al. 2019; Yeh et al.
2023; Atek et al. 2024; Simmonds et al. 2024b). Another sce-
nario gives more weight to bright galaxies, which have a
large individual contribution despite their rarity (Naidu et al.
2020). However, some studies also suggested that active galac-
tic nuclei (AGNs) might also play a significant role in re-
ionisation (Dayal et al. 2020; Madau et al. 2024; Maiolino et al.
2024; Grazian et al. 2024; Singha et al. 2025).

Until recently, probing galaxies during the EoR was hin-
dered by technical limitations. The Hubble Space Telescope
(HST) and Spitzer Space Telescope enabled us to probe the
end of the EoR (z > 6) in great detail (e.g. Ellis et al. 2013;
Oesch et al. 2018; Atek et al. 2018; Bouwens et al. 2019) owing
to very deep surveys such as the Hubble frontier field (HFF;
Lotz et al. 2017). However, studies at higher redshift remained
limited to the observations of a handful of very bright galax-
ies (z > 8 objects; (e.g. Zitrin et al. 2015b; Oesch et al. 2016)
due to the wavelength coverage and limited sensitivity of HST,
the resolution of Spitzer, and the transmission of IR light for
ground-based astronomy. Since 2022, the James Webb Space
Telescope (JWST) enables us to probe farther and deeper into
the EoR with regular detections of record redshift galaxies (e.g.
Curtis-Lake et al. 2023; Wang et al. 2023; Fujimoto et al. 2023;
Harikane et al. 2024; Napolitano et al. 2025; Naidu et al. 2026)
and studies of the faintest galaxies (e.g. Eisenstein et al. 2023;
Bezanson et al. 2024; Suess et al. 2024; Finkelstein et al. 2025).

Uncovering the behaviour of the faintest galaxies (i.e. Myy >
—17) is paramount to understanding the EoR. Faint galaxies are
very numerous in the Universe, but remain difficult to study. The
star formation in these galaxies is highly unstable and charac-
terised by periods of intense activity, followed by prolonged qui-
escence (e.g. Endsley et al. 2025). On the one hand, the large
abundance of extreme emission line emitters (EELGs), that is,
of galaxies with emission lines reaching a rest-frame equiva-
lent width of >1000 A, shows the signature of low-mass galax-
ies undergoing an intense star formation period (Rinaldi et al.
2023). While rather rare at low redshift (Matthee et al. 2023),
they appear to be more common at high redshift (e.g. Atek et al.
2011; van der Wel etal. 2011; Smitetal. 2014; Tang et al.
2019; Izotov et al. 2020; Onodera et al. 2020; Berg et al. 2021;
Davis et al. 2024; Llerenaetal. 2024; Rinaldietal. 2025;
Boyettet al. 2024; Endsley etal. 2024; Begley etal. 2025;
Daikuhara et al. 2025). On the other hand, the numerous detec-
tions of galaxies with low star formation rates (SFRs), variously
referred to as (mini-)quenched, in a phase of SFR downturn,
or dormant (e.g. Gelli et al. 2023; Strait et al. 2023; Dome et al.
2024; Endsley et al. 2025; Looser et al. 2024, 2025; Mintz et al.
2025; Trussler et al. 2025; Covelo-Paz et al. 2026), shows the
complex and bursty nature of star formation in the EoR, with
short intense star formation periods followed by a longer period
of very low star formation. EELGs are more readily detectable
as their strong emission lines boost the filters through which
they are observed (Schaerer & de Barros 2009). Faint low-mass
galaxies, with low star formation, lack this additional boost,
which limits their detection. Their importance is further con-
firmed by recent studies, however, which showed evidence
for missing low-mass galaxies in a statistical sample, with a

A43, page 2 of 24

low SFR, which skews the statistics (e.g. Endsley et al. 2025;
Simmonds et al. 2024b).

The luminosity function (LF) characterises the number den-
sity of galaxies for a certain luminosity, providing a powerful
description of the galaxy population demographics. Measur-
ing the LF in different fields enables us to compare galaxy
populations and examine variations in different regions. The
UV LF was extensively studied in the EoR to understand the
contribution of galaxies to the re-ionisation (e.g. Richard et al.
2008; Oesch et al. 2009, 2018; Atek et al. 2018; Bouwens et al.
2020; Moutard et al. 2020; Bowler et al. 2020; Bouwens et al.
2022; Willott et al. 2024; Harikane et al. 2025; Weibel et al.
2025; Chemerynska et al. 2026, Atek et al. in prep.). Knowing
the exact number density distribution enables us to assess the
contribution of each type of galaxy by measuring their ionising
photon-production rate (e.g. Naidu et al. 2020; Atek et al. 2024,
Simmonds et al. 2024b). However, the challenges in constrain-
ing the Lyman-continuum escape fraction (fs) at high redshift
means that this question remains unresolved. Jecmen et al.
(2026) recently studied fi. for the JWST GLIMPSE survey
using its relation to S-slope (e.g. Chisholm et al. 2022). Their
results indicated a constant fo,c ~ 14%, consistent with the
Jfese ~ 10% from earlier studies (Robertson et al. 2013, 2015;
Giovinazzo et al. 2026; Mascia et al. 2025), but extends these
constraints to significantly fainter galaxies. Emerging evidence,
including from Jecmen etal. (2026), further suggests that
fese might evolve with galaxy mass, thereby significantly
affecting the relative contribution of faint and bright galaxies
to re-ionisation (e.g. Begley et al. 2022; Saldana-Lopez et al.
2023; Jecmen et al. 2026. In addition, the ionising photon-
production efficiency &, also requires attention. By
overestimating it, the measured steep UV LF results in an over-
shooting of the ionising photon-production rate, and therefore, in
fast re-ionisation (Robertson et al. 2013, 2015; Muiioz et al. 2024;
Simmonds et al. 2024b; Bosman & Davies 2024).

The ionisation of the interstellar medium of galaxies pro-
duces a wealth of information through emission lines (see
Kewley et al. 2019). Ha is a major tracer of the instantaneous
star formation in galaxies (Kennicutt & Evans 2012), but its
observation with JWST/NIRCam is limited to redshift z <
6.5. Therefore, we used the second-strongest Balmer series
line HB to study star formation. However, due to the prox-
imity of this line with [O 11]114960, 5008 (hereafter [O TII]),
we were unable to distinguish them with broadband pho-
tometry, motivating the study of the combined [O m]+HpB
complex. However, this adds complexity to tracing the star
formation because the [O II] doublet and R3 = [O 11]45008-
to-HB ratio are heavily affected by the ISM metallicity (e.g.
Curti et al. 2017; Maiolino & Mannucci 2019; Curti et al. 2020;
Sanders et al. 2024; Scholte et al. 2025).

The [O 1] or [O m]+HB LF has been measured
multiple times for different fields (e.g. Colbertetal. 2013;
Khostovan et al. 2015; De Barros et al. 2019; Khostovan et al.
2020; Bowman et al. 2021; Matthee et al. 2023; Sun et al. 2023;
Nagaraj et al. 2023; Meyer et al. 2024; Wold et al. 2025), but
was limited at high redshift by the wavelength coverage of
WFC3/HST (z < 3), the resolution of Spitzer/IRAC, and the
poor infrared transmission through atmosphere for ground-based
astronomy. The early results from (De Barros et al. 2019) were
able to push the redshift limits to z ~ 8 using a combina-
tion of Spitzer 3.6 um and 4.5 um, the deep fields of HST, and
an assumed relation between the UV LF and the [O 11] LF.
Meyer et al. (2024) measured a non-biased [O 11] LF using the
JWST/NIRCam/WFSS FRESCO (Oesch et al. 2023) survey for
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relatively bright (Myy < —18) galaxies between 6.8 < z <
9.0. They found a number density lower than previously esti-
mated and observed a rapid decline in the [O II] number den-
sity at z > 7. Matthee et al. (2023) measured the [O 1] LF at
5 < z < 7 using JWST/NIRCam/WFSS EIGER (Kashino et al.
2023) images and found little evolution of the [O 11] LF when
compared to lower-redshift ranges (z < 5; Khostovan et al.
2015). However, until recently, the faint end of the LF was
either indirectly constrained or simply fixed because only a few
sources were detected. This is significant because the faint-
end slope critically affects our understanding of the evolution
of re-ionisation and the role of low-mass galaxies during this
era (Naidu et al. 2020; Atek et al. 2024; Muiioz et al. 2024).
Wold et al. (2025) was the first study to push the faint-end lim-
its of the [O 1] LF back at high redshift. To achieve this,
they used photometric data from the strongly lensed Abell
2744 HFF field, observed by the JWST ultradeep NIRSpec and
NIRCam observations before the epoch of re-ionisation team
(UNCOVER, Bezanson et al. 2024), which made use of magni-
fication to obtain deeper observations. So far, Wold et al. (2025)
alone pushed the faint-end limits of the [O mI] LF back at
high redshift (Lio masos = 10! erg s! for Wold et al. (2025),
whereas Liommasos 2 10173 ©%2erg s7! for Matthee et al.
(2023), Meyer et al. (2024).

To be able to reach the faintest galaxies and constrain the
faint end of the [O mI]+HS LF, we used the deepest JWST sur-
vey to date, GLIMPSE, on the strongly lensed HFF galaxy clus-
ter Abell S1063. The unprecedented depth of the survey cou-
pled to the strong magnification of some galaxies enabled us to
reach the faintest galaxies ever observed at high redshift. We
used a Lyman-break selection (Sect. 3.1) and constrained the
strong-lensing (SL) model to deduce magnification, multiplets,
and effective volumes (Sects. 3.2 and 3.3). We then made use
of SED fits to measure their emission line fluxes (Sect. 3.4),
we estimated the completeness of our sample (Sect. 3.6), and
we constructed the [O 1T]+Hp LFs and analysed their behaviour
(Sect. 4). Finally, we discuss the implication of the resulting LFs
with respect to the ionising photon budget required to re-ionise
the Universe and the measured cosmic star formation rate den-
sity (SFRD; Sect. 5). We considered a flat ACDM cosmology
with Hy = 70 km s™! Mpc’l, Qu = 0.3, and Qp = 0.7. All mag-
nitudes are expressed in the AB system (Oke & Gunn 1983), and
we adopted the (Chabrier 2003) IMF.

2. Data
2.1. Observations

The GLIMPSE survey is a cycle 2 JWST/NIRCam large pro-
gram (GO-3293; PI Atek & Chisholm; Atek et al. 2025) that per-
formed the deepest observations of the HFF (Lotz et al. 2017)
galaxy cluster Abell S1063 (z = 0.348). The observations con-
sist of one pointing with two modules: the first one centred on
the lensed field and the second one on a nearby region. The field
was observed with 7 JWST/NIRCam broadband filters (FO90W,
F115W, F150W, F200W, F277W, F356W and F444W) reaching
50 depths of ~30.9 mag and 2 JWST/NIRCam medium bands
(F410M, F480M) reaching So- depth of ~30.1 mag (Atek et al.
2025). In addition to GLIMPSE data, we also used shallow cycle
1 JWST/NIRCam observations with the F250M and F300M
medium bands (Hashimoto et al. 2023), as these bands could
provide some constraint on the SED fitting. In addition to the
JWST/NIRCam observations, we also included the legacy data
from the HST from the HFF survey (Lotz et al. 2017) and the

beyond ultra-deep frontier fields and legacy observations survey
(BUFFALO, Steinhardt et al. 2020). These observation provide
deep imaging from HST/ACS (F606W, F814W) and HST/WFC3
(F105W, F125W, F140W, F160W), which constrain the rest-
frame UV and blue-optical of the targeted galaxies in this
study.

All the data were reduced following the procedure from
(Endsley et al. 2024). In summary, the Point Spread Func-
tion (PSF) was built from the stars observed in the field.
The JWST and HST images were then PSF matched to
the reddest filter (F480M). The foreground bright cluster
galaxies were subtracted following the method described in
(Shipley et al. 2018; Weaver et al. 2024; Suess etal. 2024).
Then, we performed source extraction using Sextractor
(Bertin & Arnouts 1996) on an inverse-variance weighted stack
of F277TW+F356W+F444W, the broadband long wavelength fil-
ters of NIRCam. We extracted the photometry with an aperture
size of D = 0.2” and calculated the uncertainty by measuring
the standard deviation from 2000 random photometric measure-
ment at the same aperture in nearby empty regions. The small
aperture size is motived by two key factors. First, the extreme
depth of the GLIMPSE survey on the lensed field Abell S1063
results in a highly clustered field. Secondly, our primary science
goal is the study of faint high-redshift galaxies, which are com-
pact. Therefore, a smaller aperture ensures that we maximise the
signal-to-noise for these galaxies, by reducing nearby contami-
nation. We corrected the aperture using empirical measurements
of the PSF curve of growth, enabling us to measure the fraction
of flux missing. The total flux is corrected from aperture by a
factor 0.412. The full detail of the reduction is described in the
GLIMPSE survey paper (Atek et al. 2025).

2.2. Simulations

In addition to observational data, we also used simulated fields
to assess our results with simulations. We used the JWST extra-
galactic mock catalog (JAGUAR, Williams et al. 2018), which
is a catalogue of pre-JWST simulated galaxies with the aim of
preparing for JWST science. These galaxies span a wide redshift
range 0.2 < z < 15 for galaxies of masses M, > 10° M. This
simulation was mainly used to prepare for observations from the
JWST advanced deep extragalactic survey (JADES, Rieke et al.
2023; Eisenstein et al. 2023). This simulation includes two
branches: one containing star-forming galaxies and the other
containing quiescent galaxies. In this paper, we only focus on the
first realisation (R1) of the star-forming galaxies catalogue. To
produce these catalogues, JAGUAR assumes an UV LF extrapo-
lation from HST observations for its galaxy count, which can
then be used to extrapolate the stellar mass of those galax-
ies. Galaxy models of BEAGLE (Chevallard & Charlot 2016)
were then used to generate realistic SEDs of the galaxies. These
models span many parameters, which are then validated against
observations of that time, such as 3D-HST (Skelton et al. 2014).
As observations back then were limited in specific regions of
the parameter space, such as low stellar mass galaxies (M, <
103 My), they relied on the theoretical knowledge of the time
to forward-model galaxies. In practice, they enforce a sharp
cut at M, > 10% My, which will affect our very faint galax-
ies comparison (Williams et al. 2018). However, galaxies with
Myy < —16 should not be affected. While these simulations do
not reproduce exactly current observations, they still enable us to
test and calibrate our methods (e.g. Meyer et al. 2024; Sun et al.
2023).

A43, page 3 of 24



Korber, D., et al.: A&A, 708, A43 (2026)

3. Method and results
3.1. Source selection

The selection of the present sample is based on a combination of
the Lyman-break technique and photometric redshift estimates.
The same approach is used by Chemerynska et al. (2026) at red-
shifts z > 9. We first apply a colour-colour selection that aims at
identifying the flux dropout in the bands blueward of rest-frame
Lyman-a, and at the same time minimise the contamination of
low-redshift red sources by using the colours from the redder
bands. For galaxies in the redshift range 7 < z < 9, we relied on
a dropout in the FO90W filter by adopting the following colour-
colour selection criteria:

mogo — myys > 0.8
A mys — mysg > 1.6 + (mys9 — mogp)
Amypis —myso < 0.5V mysg — mygp < 0.5 °

ey

where we also required galaxies to be detected with high signif-
icance, at a 5o level, in at least one band. In addition, we verify
that all galaxies remain undetected at a 20~ level in all of the HST
bands. Furthermore, we restricted our search area to regions with
at least three-dither overlap to mitigate contamination by spuri-
ous sources. Accordingly, the survey area presented in Sect. 3.3
has been corrected for these restrictions of the search area and
we end up with an effective survey area of 4.30 to 4.34 arcmin?.

The second step of this selection is based on photomet-
ric redshifts computed with Eazy (Brammer et al. 2008). We
used the following parameters during the SED fitting pro-
cedure: the blue_sfhz_13 templates, dust attenuation fol-
lowing (Calzetti et al. 2000) and IGM attenuation following
(Inoue et al. 2014). The Eazy redshift grid spanned the full
range, from z = 0.01 to z = 30. We ensure that all dropout-
selected galaxies have a best-fit solution at redshifts higher
than z > 6. The final sample contains 173 galaxies between
7 < z < 9, and their Myy distribution is shown in Fig. 1

3.2. Gravitational lensing

In order to account for the strong gravitational lensing (SL) effect
of Abell S1063, we use a new parametric SL mass model of
the cluster, constructed with the Zitrin et al. (2015a) parametric
method (see Furtak et al. 2023), revised to be fully analytic, i.e.
not limited to a grid resolution. The lens model will be presented
in detail in Furtak et al. (in prep.) and we refer the reader to that
work for more details.

In short, the model comprises two smooth dark matter (DM)
halos parametrised as pseudo-isothermal elliptical mass dis-
tribution (PIEMD; Kassiola & Kovner 1993), one centred on
the brightest cluster galaxy (BCG), and the other on a group
of galaxies in the north-east of the cluster as found by pre-
vious works (Bergamini et al. 2019; Beauchesne et al. 2024).
In addition, the model includes 303 cluster member galax-
ies, parametrised as dual pseudo-isothermal ellipsoids (dPIEs;
Eliasdoéttir et al. 2007). The model is constrained with 75 multi-
ple images of 28 sources, 24 of which have spectroscopic red-
shifts. Optimised using a Monte Carlo Markov chain (MCMC)
analysis, the lens model achieves a final lens-plane image repro-
duction RMS of Agys = 0.54”. This model has previously been
used various projects (e.g. Topping et al. 2024; Kokorev et al.
2025; Fujimoto et al. 2025; Chemerynska et al. 2026).

We use the lens model to compute the gravitational mag-
nification at the coordinates and redshift of each objects. All
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Fig. 1. Relation between the de-lensed absolute UV magnitude Myy
of the GLIMPSE FO90W dropouts selected in this work and their SL
magnification y. Beyond Myy = —16, we need magnification to detect
these objects. This is shown by the grey area, which is the minimum
magnification required for a 5o detection at z = 7 to 9 with F115W, our
deepest band (see Atek et al. 2025). The top and right histograms show
the normalised distribution of Myy and u for each redshift bins.

sources, even in the off-cluster module, are magnified by at least
a factor u = 1.19. In Fig. 1, we show the explored Myy against
magnification u. We see that for Myy > —16, stronger mag-
nifications are required to even detect the objects, reaching
max(u) ~ 219 for our strongest-lensed galaxy.

We also need to account for multiple imaging in our object
counts when deriving the LF in order to avoid double- or even
triple-counting galaxies. This is done in an iterative process
where image positions are injected into the lens model to predict
eventual counter image positions. We then search the data for
corresponding sources in the 3 arcseconds area surrounding the
predicted counter-images location and carefully matched pho-
tometries and SEDs to make sure they are the same object. In the
event of multiple imaging, we keep the counter-image with the
highest F444W signal-to-noise. From our sample of 173 galax-
ies, 68 expect one or more counter-images. 9 of them can be
found within our Lyman-Break Galaxy LBG sample at 7 <z <9,
which reduces our total sample size to 164 galaxies.

3.3. Estimating the effective survey volume

Estimating the effective volume of each source relies on our
SL model of the field. As described in Atek et al. (2018), the
effective volume is estimated as the integral of the co-moving
volume that comes from the cosmology to which we apply com-
pleteness and magnification. It corresponds to the source plane
volume in which we effectively observe a galaxy of observed
magnitude m. Typically, a faint source can only be detected in
highly magnified regions, which reduces the effective volume
for these sources. The effective volume can be analytically com-
puted and is defined as

0 A"/
Ver = f dz f dQu ) =2 Cemp ~ VXC, ()
0 M>Mmin <

d

where Vg is the effective volume, Vo is the co-moving cosmo-
logical volume, C(z, m, 1) the detection completeness for sources
at redshift z, with apparent magnitude m and magnification y,
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Fig. 2. Top panel: Evolution of the effective volume probed for each
UV magnitude Myy for our two redshift bins 7 < z < 8 (blue) and
8 < z < 9 (orange) with 1o uncertainties in the shaded area. Bottom
panel: Completeness estimate for the same Myy and redshift bins.

and dQ(u, z) is the surface element that depends on magnifica-
tion and redshift (Atek et al. 2018). The volume uncertainties are
obtained by propagating the magnification-dependent systematic
error in the cumulated source plane area, the error on the com-
pleteness described in Sect. 3.6, and the variation of the effective
volume in the Myy bin. In this work, we extracted the complete-
ness out of the integral by considering discrete bins of complete-
ness and volumes instead of continuous functions. We refer to
V as the average volume and to C as the average completeness
over a given Myy bin.

Figure 2 shows the evolution of the effective volume with
respect to the galaxy UV magnitude Myy. For brighter sources
(Myy < —17), a plateau is reached that corresponds to sources
that should be detected in the entire image regardless of magni-
fication, but for fainter sources (Myy > —17), the magnification
becomes important for the detection, which then quickly reduces
the surveyed effective volume.

In summary, we integrated the source planes from the SL
model for sources at different redshifts, with different appar-
ent magnitudes and located in different magnification regions to
obtain the effective volumes for each galaxy.

3.4. Line flux measurement of [O 11]+Hp

We measured line fluxes by fitting the SEDs of our dropout-
selected galaxies. For this, we use the CIGALE (Boquien et al.
2019) SED fitting software with the fixed redshift obtained by
EASY. We used a delayed-7 (sfhdelayed) star formation his-

tory with an e-folding time and an age interval between 1 Myr
and 13.5 Gyr. Galaxies are bound to the redshift, and there-
fore, no galaxies exceed 500 Myr. We used the Bruzual&Charlot
(bc0®3) (Bruzual & Charlot 2003) simple stellar populations
assuming a Chabrier initial mass function (IMF; Chabrier 2003)
and a fixed gas and stellar metallicity of 0.004 (the mass fraction
of atoms heavier than helium, where Z, = 0.02). We include
nebular templates with the ionisation parameter varying between
log U = —1 and —4 and an electron density of 100 cm™. We also
account for dust attenuation, using a module based on a modifi-
cation by Leitherer et al. (2002) of the law from Calzetti et al.
(2000). We vary the E(B — V), colour excess of the nebular
lines between 0 and 1.5 and a power law modifying the atten-
uation curve between —0.5 and 0. In addition, we also adopt the
Milky Way extinction curve from Cardelli et al. (1989) updated
by O’Donnell (1994) to better match high resolution extinction
curves from Bastiaansen (1992). More details on the different fit-
ting modules are described in Boquien et al. (2019). We measure
the line flux using the internal logic from CIGALE, which uses a
Bayesian estimation for each measured parameter by weighting
templates by their likelihood. In CIGALE, the gas and stellar
metallicity are considered as two separate quantities. Because
of their degeneracies with other parameters, they end up being
poorly constrained and might yield unphysical solutions with
large differences between stellar and gas metallicities. Therefore,
we decided to keep the metallicity fixed to Z = 0.004 in the fit-
ting. As a test, we also varied the metallicity, but no significant
differences in the LFs were observed. Therefore, for the perfor-
mance improvement as well as coherence of the gas and stel-
lar metallicity, we decided to keep the SED fitting metallicities
parameters constant. Three representative galaxies with stamps
cutouts and SED can be found in Appendix B.

To validate our measurement method, we assessed it with
the JAGUAR simulations (Williams et al. 2018), which showed
a good correlation (correlation coefficients of 0.93 and 0.79)
between the absolute JAGUAR value of [O 1iT]+Hg flux and EW
and the retrieved SED fitting estimation of the same parame-
ters. In addition, we also validated our method through a direct
measurement of the [O II]+Hg flux and EW based on excess in
the available F356W, F410M, F444W and F480M bands, which
again showed a reasonably good correlation coefficient of 0.67
for the flux, but 0.20 for the EW. We see some divergence on the
faint end for the EW, but this most probably comes from greater
uncertainties in the direct measurement due to a lack of medium
band availability. The details of the validation can be found in
Appendix A.

3.5. Dust attenuation

Unless otherwise stated, the results reported in this paper cor-
respond to observed quantities, which are not corrected for dust
attenuation. To correct for attenuation, we use SED fitting, as
described in Sect. 3.4, to infer the line colour excess E(B — V),
which is defined in Calzetti et al. (2000) as the continuum E(B —
V) divided by an empirical factor 0.44 +0.03. The inferred emis-
sion line fluxes (or luminosities) are then corrected for dust atten-
uation, adopting the extinction law from (Cardelli et al. 1989).
Figure 3 shows the E(B — V), distribution of our sample. The
median measurement lies at E(B — V) = 0.013, and the major-
ity of the galaxies are compatible with a low attenuation of
E(B-V); <0.1. We do not find significant correlations between
dust attenuation and parameters such as Myy. Therefore, these
low E(B — V); values imply that dust is unlikely to play an out-
sized role in the inferred [O m1]+Hg flux values.
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Fig. 3. Histogram of the dust attenuation parameter E(B — V), sampled
from the SED fitting of our sample of 7 < z < 9 galaxies. N = 10000
realisations of the measurement are performed for each galaxy, follow-
ing the distributions of the SED fitting, and the histogram is normalised
by N.

3.6. [O 111]+HB completeness estimation

Given the non-trivial nature of oxygen lines, we used an indirect
method to estimate the completeness of our sample via Myy.
We used the completeness estimation made by the GLIMPSE
collaboration (e.g. Chemerynska et al. 2026), which follows the
procedures described in Chemerynska et al. (2024b), Atek et al.
(2018). In summary, synthetic galaxies were added into the
source plane, mapped into the lens plane using the SL. model (see
Sect. 3.2), added to the images, and then selected using the same
process as described earlier. This Myy-based completeness does
not exactly correspond to our [O TII] completeness. However,
Myv and the [O m1]+Hg line flux correlate (Matthee et al. 2023).
Figure 4 shows the correlation between the [O III]+Hg line
flux and the Myy for the GLIMPSE sample and the sample
from Meyer et al. (2024). The sample shows a good correla-
tion between the two quantities, but shows a bimodal distribu-
tion of Ljo ym+np for Myy > —17. This bimodality emerges from
the poorer constrains on the faintest observed objects. At this
magnitude, the galaxies are near the observed detection limit of
GLIMPSE and their signal-to-noise is limited. Therefore, degen-
eracies between fitting parameters increase and the flux esti-
mation becomes uncertain as many model fit the data. These
galaxies are then propagated to lower magnitude Myy due to
magnification, which gives this second mode in the [O 1I]+Hg-
to-UV relation. However, while their flux measurements are
more uncertain, the values inferred from the model are physi-
cally motivated and the posterior distributions will be sampled
to account for their variety. Therefore, despite the scatter, the
quantities correlate well, and the completeness for Myy approx-
imately translates to [O 11]+HS line flux.

To measure uncertainties for the completeness, we assumed
that it follows a binomial distribution B(n, p) where n is the total
number of synthetic sources and p is the completeness for this
type of source (depending on the Myy and magnification u of
the source). This yields the estimation of the standard devia-
tion for the completeness o ¢, with C the completeness, as given
by

sc= /4 =9.
n
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Fig. 4. Correlation between the [O 111]+Hg line flux against Myy for our
GLIMPSE sample (circles) and measurements from Meyer et al. (2024,
shown as crosses). To match our observations, we only kept sources
within the same 7 < z < 9 redshift range. Bayesian error estimates
using CIGALE are also shown for the GLIMPSE measurements.

4. The [O 1m1]+Hg luminosity functionatz ~ 7 -9

We now describe our standard approach to measuring the
[O m]+HB LF. We computed the LF using the following equa-
tion:

1

O(Lydlogyo(L) = ) o

i

“

where L is the [O III]+Hg line luminosity, V; is the effective sur-
vey volume for a given source i, C; is its associated completeness
at given redshift and L.

To construct the LF, we first varied the line flux
[O m]+Hp (and Myy for the completeness correction) from the
measurements of the fitted SED templates. For this, we extracted
the measurements of both quantities from CIGALE, as well as
the associated template y. By weighting each measurement by
the likelihood £ = exp(=0.5x%), we obtain a 2D histogram (N-
dimensions when dust attenuation or other parameters are sam-
pled) from which we sampled » = 10000 realisations of the
parameters. To avoid discretisation effects caused by the sam-
pling of the histogram, we uniformly varied the measurements
within their bins. The [O 11]+Hg line flux was treated on a loga-
rithmic scale. As the SED was fitted to the observed photometry,
the magnification was also sampled following a normal distribu-
tion, and was applied to Myy and [O 11]+Hg flux.

From there, we measure the LF and its associated uncer-
tainties from each realisation. While the LF is measured follow-
ing Eq. (4), the uncertainties are more complex and come from
multiple sources. First, we measured the intrinsic error of each
luminosity bin coming from the uncertainties of the effective sur-
vey volume (which includes the completeness). By propagating
uncertainties, we end up with the following:

oVi 2 oCi 2
5 (%) +(7%)

In(10)d logo(L) & v

orlog,o @(L) =

&)

where 61 log,, ®(L) is the intrinsic uncertainty on the log-LF, oV;
is the uncertainty on the volume and ¢C; is the uncertainty on the
completeness.
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Fig. 5. Luminosity function of HB+[O 111]214960, 5008 for our two redshift ranges. The GLIMPSE data points give the mean and standard
deviation of the LF, while the fits provide the median value as a solid line, and the 16-84 percentile in the shaded area. We added previous
studies of the LF using JWST/NIRCam GRISM slitless spectroscopy (Meyer et al. 2024; Matthee et al. 2023; Sun et al. 2023), a JWST/NIRCam
medium band survey by Wold et al. (2025) and a former Spitzer study by De Barros et al. (2019). All the JWST surveys specifically study the
[O III]/15007A, so we converted them to [O 1I]+Hp by considering their respective measured R3 factor as well as [O 11]45008/[O 111]44960 = 2.98
(Storey & Zeippen 2000). The data can be found in Table C.1 and the parametrisation can be found in Table 1.

In addition to the intrinsic errors, we also account for Pois-
sonian errors given by the number of sources in each bin of the
LF. For a bin uncertainty given by VN, with N the number of
sources in each luminosity bin, we obtain the following:

1

oplog,, O(L) = '
plogy VN In(10)d log;(L)

(6)

The intrinsic error and the Poissonian error are then summed
in quadrature to obtain the final measurement of the LF for each
realisation. We therefore have n = 10000 realisations of the
same LF, where each luminosity bin has a measurement with
uncertainties. To combine them all into one final LF, we sample
100 subsample of each LF realisation, giving us 10 000 x 100 LF
for which we measure mean and standard deviation.

In order to reduce biases from very low statistics due to non-
detection in the faint end and small volume in the bright end,
we applied two cuts to the LFs. First, each luminosity bin needs
to have at least one source on average ((N) > 1), meaning that
out of all realisations, on average, at least one object should lie
in the luminosity bin. To avoid cases with large uncertainties on
the [O 1]+Hg line flux, we measure the median value for each
galaxy and we further enforced that each [O 1II]+Hp bin needs
at least one median object (N > 1).

While we use a Bayesian approach for our statistics, we
would like to estimate the quality of our results using some
signal-to-noise ratio (S/N) estimation. For this, we assume a log-
normal distribution of our luminosity bins and use the general
definition of the expected value (E) and the variance (Var) to
measure our signal-to-noise. Then, using ¢ and o as the bins

mean and standard deviation, we estimate the following equa-
tions:

2
E = exp(u+ ) (7)
Var = (¢7 — 1)exp(u + o) ®)
SN=—L_ ©)
Var

The S/N of each bin is reported in their associated tables.

4.1. The [O 11J+HB luminosity function atz ~7 -9

In Fig. 5 we show the [O 11]+Hp LF for our two redshift ranges,
and their comparison to the values from literature. We separated
our LF in luminosity bins of 0.5 dex, resulting in 9 bins for the
z="T-8 ({z) ~ 7.48) redshift range and 6 bins for the z = 8 — 9
({z) ~ 8.33) redshift range. We observe large uncertainties on the
bright and faint-ends of the LF. On the bright end, the low num-
ber statistics drives the Poissonian errors, but on the faint-end,
the addition of the uncertainties caused by degeneracies between
the different solutions in the SED fitting models and the small
effective volume increases the uncertainties. Nevertheless, we
have a relatively low uncertainty between 10*%erg s=! and 10*
erg s™!, with S/N > 3. The strength of GLIMPSE is the depth
reached. Indeed, by combining a photometry approach on a very
deep lensed galaxy field, we are able to reach unprecedented
[O 1] +Hg line fluxes. The deepest comparison from Wold et al.
(2025) allowed us to securely probe the [O 1I]+HS LF down to
~10*13 erg s7!, while GLIMPSE goes down to ~10°° erg s7!,
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which constrains the high redshift faint end of the [O m1]+HS LF
to unprecedented depths. The full detail of the [O m1]+HpS LF is
provided in Table C.1.

Because most of the previous studies only computed
the [O 1I]A5008 emission line, we needed to convert these
previous measurements into HB+[O  11]114960, 5008.
To do this, we assumed an oxygen line ratio of
[O m1]A5008/[0 11]24960 = 2.98 (Storey & Zeippen 2000) and
the R3 = [O m1]A5008/Hp ratio measured or assumed in each
study (R3 = 6.72 in Wold et al. (2025), 6.38 in Meyer et al.
(2024), 6.30 in Matthee et al. (2023), 6.3 in Sun et al. (2023),
and De Barros et al. (2019) report directly [O m1]+HS). While
this approach simplifies the conversion, since a rigorous
treatment requires refitting each LF with individual R3 measure-
ments, we adopt it to constrain the bright end of our LF, using
the results from Meyer et al. (2024) as reference. The agreement
between our LF and previous literature results in Fig. 5 suggests
that this simplification does not significantly bias our results.

To parametrise our LFs, we use the common Schechter func-
tion (Schechter 1976) as given by

L\ L L

v (] ool- o).

This function is parametrised by three variables: the normali-
sation ¢, the characteristic luminosity L* and the faint-end slope
a. While we can probe very deep into the [O 1TI]+Hg LF, the field
area (one NIRCam pointing in two modules) strongly limits the
ability to probe brighter objects, which are less common than
their faint counterparts. Indeed, we do not detect objects above
10* erg s~ and only a handful of objects above 10** erg s
Given that the characteristic luminosity is typically located in
the vicinity of these luminosities, GLIMPSE does not enable us
to strongly constrain the bright end of the [O 11]+Hp LF. There-
fore, we combine our results with those of Meyer et al. (2024),
who studied the bright end of the [O 1I1]A5008 LF using an unbi-
ased sample of GRISM spectra. They measured the LF down to
1075 erg s7! for the high-redshift ((z) ~ 7.9) sample, which
is at a redshift comparable to our lower-redshift sample. Their
[O 1] 45008 LF is converted to [O 1iI]+Hg thanks to the median
R3 = [O m1]A5008/HB = 6.38 + 0.85 measurement from their
stacked spectroscopic spectra, enabling us to securely constrain
the bright end of the LF, while leaving the faint-end constraints
to GLIMPSE.

We used a MCMC approach to fit the LF. The likelihood £
that we use is defined as

| [ GLIMPSE #(L) - O(L, 4", L*, )\
10g10-£ = _§|: Z ( 0-¢(L) )
FRESCO(¢(L) — (L. ¢*’L*,a'))2 (11)
4 o) ’

where ¢(L) is the mean observed density with uncertainty (L)
for a given luminosity L, ®(L, ¢*, L*, @) is the estimation of the
parametrisation of the Schechter function at a given luminos-
ity L. This parametrisation @ corresponds to the convolution of
the Schechter function with a Gaussian kernel, allowing us to
account for the Eddington bias (Eddington 1913), which is a
selection bias in which rare categories of objects are more often
contaminated with more common categories of objects than the
reverse because of their abundance. Finally, the first summa-
tion spans the luminosity range from GLIMPSE, and the sec-
ond one from FRESCO (Meyer et al. 2024) at (z) ~ 7.9. To
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Table 1. Schechter parametrisation of the LFs.

Redshift bin L o* a
Fig. 5: [O m1]+HB LF

(2y ~748  43.00%0% -3.77°022  —1.78+006

(z) ~ 8.33 42 85+8Il4 -3 5]+821% -1 55+81??
: 92011 ~ 1021 Y011

Fig. C.1: [O 11]+Hp LF limited at 10*'erg s~
(z) ~7.48 43.88;%:% —5.23;%:%% —2.19;&2
(z) ~ 8.33 43.15%,; -4.02775 19275
Fig. C.2: HSLF

7) ~1.48 42,1798 —4,03%033  —1,95+008

: 70014 92040 9%_0.14
Fig. C.3: [O 11]45008 LF
(z) ~ 748 42.78f8:{; —3.68”_’853 —1.66t§:§§
(z) ~ 8.33 42.65’:8:{8 —3.451’8;}? -1.45757%0
Fig. C.4: dust-corrected He LF

(z) ~7.48 42.60+046  _399+029  _1 96+0-08

(z) ~ 8.33 42 38+8:{? -3 60+8Zg? -1 67+8I(f§
: %013 V026 27014

estimate the uncertainties on the Schechter parameters, we sam-
pled n = 10000 realisations of the LF and fitted them with the
above procedure. We then measured the median and 16-84%
percentiles. The resulting fit parameters are listed in Table 1.

4.2. The characteristic luminosity and normalisation
parameters

At the bright end of the LF, we obtain a characteristic lumi-
nosity of L* = 43.00f8ﬁ and L* = 42.85f8}‘11 for the (z) ~
7.48 and (z) ~ 8.33 LFs respectfully. It agrees well with the
literature results at similar redshifts (e.g. Meyer et al. 2024;
Wold et al. 2025; De Barros et al. 2019) but differs from lower
redshift studies, which indicates some evolution with redshift
(e.g. Khostovan et al. 2015; Matthee et al. 2023). However, it is
difficult to assess the impact of GLIMPSE in constraining the
characteristic luminosity L* because of the very limited sample.
The uncertainties of GLIMPSE are large in the bright end, and
the result is mostly driven by Meyer et al. (2024).

Regarding the normalisation, we obtain ¢* = -3.77*03
and ¢* = -3.5170)7 for the (z) ~ 7.48 and (z) ~ 8.33

LFs respectfully. It agrees within uncertainties with studies
at similar redshift (e.g. Meyer et al. 2024; Wold et al. 2025),
except for De Barros et al. (2019) which quickly diverge from
our observations. However, this last study did not measure
[O mI]+Hp directly, but converted it from UV using a UV-
to-[O TI]+Hp calibration with Spitzer and HST data, which
can explain the visible difference. For lower redshifts, there
seems to be an evolution between z = 0 — 3 with a decreas-
ing normalisation with increasing redshift (Colbert et al. 2013;
Khostovan et al. 2015, 2020; Bowman et al. 2021; Nagaraj et al.
2023), but little evolution between z = 3—9 (e.g. Khostovan et al.
2015; Matthee et al. 2023). GLIMPSE further confirms that
trend with no statistically significant evolution between redshift
7 to 9. The evolution of all three fitting parameters is shown in
Fig. 6.
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Fig. 6. Redshift evolution of the fitting parameters from Fig. 5.
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Fig. 7. Distribution of the [O 111]+Hp equivalent width for each redshift
bin. This figure is not completeness-corrected. The colours represent the
two redshift ranges and the lines are KDE estimate of the distribution
for clarity.

4.3. Faint end of the [O 1m1]+HB luminosity function

The unique intrinsic depth of GLIMPSE in combination with
the strong lensing magnification enables us to derive for the
first time the faint-end slope of the [O mi]+HB LF (i.e. <10
erg s~!). We do find a significant differences between « at red-

shift 7 < z < 8 and 8 < z < 9 as we obtain @ = —1.78*00

and @ = —1.55f8:}{ respectively, which is slightly above the 1o
threshold (see Table 1). This could be caused by the increasing
difficulty of observing the faintest galaxies at higher-redshift, but
this effect should be accounted for by completeness correction.
However, an evolution of the metallicity could also be an expla-
nation, with higher-redshift galaxies having less time in their his-
tory to synthesise metals.

We can compare this result to (Wold et al. 2025), who con-
strained the faint end of the [O HIJ45008 LF at z ~ 7 from
photometric data of the HFF A2744 strongly lensed field, assum-
ing the R3 = 6.72 ratio measured by (Sunetal. 2023) to
infer [O 11]A5008 from [O mI]+HpB. They obtain a slope @ =
—2.07f8:§%, which is steeper than our result. We investigate pos-
sible reasons for this difference here below.

Firstly, the parametrisation is different as they use a double
power law with a fixed value of log;, L* = 42 erg s~!, which
could cause some different constraints on the fit. However, by
refitting their observed LF with a Schechter function fixed at our
log,o L* ~ 43.0+0.3 erg s~! and (z) ~ 7.9 data from Meyer et al.
(2024) at the bright end, we obtain a similar & = —2.18*0'1. The
faint-end slope is compatible between the two parametrisations,
so the use of double power law with fixed characteristic lumi-
nosity does not explain the difference.
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Fig. 8. Redshift evolution of the faint-end slope (a) in the Schechter
(diamond) and double power-law (circle) fits for the UV continuum
(grey symbols) and nebular emission line (coloured points) LFs. The
orange squares with a black outline correspond to this study. The com-
pilation of the data, including GLIMPSE, can be found in Table D.1.

Another difference could be the ranges of faint-end luminosi-
ties probed by Wold et al. (2025) and GLIMPSE. The former is
only constrained by a few data points, with limited detections,
down to L ~ 10*! erg s™!, while GLIMPSE reaches to L ~ 10%
erg s~'. By fitting our GLIMPSE LF again with a faint-end
luminosity limit of L > 10*! erg s~!, which corresponds to the

Wold et al. (2025) limit, we obtain a = —2.19f8:%g for (z) ~ 7.48

and @ = —1.92%02¢ for (z) ~ 8.33, which is significantly steeper
than our main result, and compatible with Wold et al. (2025).
Further details on this can be found in Appendix C.

In addition to the bias induced by the differences in depth,
the galaxies selected in Wold et al. (2025) do not include
faint [O mI]+HB galaxies. While we do not set limits on the
[O m1]+Hg equivalent width, Wold et al. (2025) uses a colour-
colour selection comparable to a cut of EW([O mI]15008) >
500A (equivalent to EW([O mI]+HB) > 742A assuming their
R3 = 6.72 and [O 11]A5008/[O m1]14960 = 2.98). Figure 7
shows the distribution of [O mI]+HS equivalent widths for the
different redshift bins in GLIMPSE. A significant number of
GLIMPSE galaxies (~64%) have log(EW/q uj+np) < 2.87, indi-
cating that a significant number of galaxies reside below the
detection threshold of Wold et al. (2025), which might skew
their statistics (Endsley et al. 2025, 2024). Therefore, the differ-
ences between the selection method and survey depth explains
the strong difference between the faint end of the GLIMPSE and
Wold et al. (2025) [O 11]+HgB LFE.

4.4. The faint-end slope of the nebular emission lines and
UV luminosity functions

In Fig. 8 we report the evolution of the faint-end slope a for mul-
tiple LFs from past studies at various redshifts. We considered
two types of studies: Nebular emission line LFs ([O 111], He, HB)
and UV LFs. First, we note a clear difference between their red-
shift evolution. While the faint-end slope of the nebular emission
line LF, ayep, stays approximately constant at aep, ~ —1.62+0.21
(within large uncertainties) from redshift 0 to 9, the faint-end
slope of the UV LFs, ayy, steepens from ayy ~ —1.4atz =0
to ayy ~ —2.2 at redshift 9. This means that at high red-
shift, UV-faint galaxies outnumber UV-bright galaxies, while the
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Fig. 9. Evolution of the [O m1]+HpB-to-UV ratio with Myy for the 7 < z < 8 sample (left panel) and the 8 < z < 9 sample (right panel). In black is
the FRESCO data from Meyer et al. (2024) with depth limit in dashed line, to cover the bright end. The dotted line shows the assumed evolution
of the ratio following R = —0.1 X Myy — 4.2, which enables us to flatten an nebular emission line LF from an intrinsically steep LF, as shown in
Fig. 10. This law is arbitrary and chosen to follow the data in a simple manner. However, it does follow closely the linear fit of the data.

proportion of nebular bright to faint galaxies stays approxi-
mately constant over time. This result is independent of the
exact parametrisation of the LF — i.e. the Schechter func-
tion (Schechter 1976) or double power law (Dunlop & Peacock
1990) — as also shown in this figure.

Several processes or physical causes could explain the red-
shift evolution difference between the UV and the nebular faint-
end slopes: (1) bursty or variable star formation histories, leading
to an incoherence between Myy and nebular lines due to their
different timescales (2) a strong luminosity dependence of the
metallicity, causing lower [O III]+HS emission at fainter lumi-
nosities, or (3) an intrinsic turnover of the UV LF at the faint-
end, but below the range currently observed, possibly flattening
the faint end of the [O 1r]+HB LF. We now discuss their effects
on the LF one by one.

4.4.1. The impact of bursty star formation histories on the
[O m]+HB LF

The different timescales of UV continuum or nebular line emis-
sion (<100Myr and <10Myr, Kennicutt & Evans 2012) pow-
ered by star formation might cause a decoupling of the slope
of the UV and [O m]+HB LF, as we would expect fainter
galaxies to vary on shorter timescales (e.g. Endsley et al. 2024).
Indeed, with variable or bursty star formation histories, these
two quantities are expected to evolve differently, resulting in a
large scatter between the relative [O 1I]+HS and UV emission.
If L([O m]+HP)/Lyy decreases systematically towards fainter
galaxies due to an increased fraction of galaxies with decreasing
star formation histories, this could thus in principle explain the
relative flattening of the nebular LF with respect to the UV one.

In Fig. 9, we show the [O mI]+HS-to-UV luminosity ratio
over Myy for our two redshift bins. We find that the ratio
slowly evolves with Myy, with roughly one order of magni-
tude change over the whole Myy range. We checked the cor-
relation of the data using a spearman test. For both redshifts
bins, the correlation is > 3o--significant (p-values of 8.14 x 10~°
and 7.07 X 107 for 7 < z < 8 and 8 < z < 9). Then, to
test the effect that such an evolution would have on the LF,
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Fig. 10. Demonstration of the effects that arise from allowing the neb-
ular emission lines to be fainter than the continuum in the faintest
sources. This enables us to flatten an intrinsically steep UV LF (o ~ -2,
in grey) into a flatter nebular emission line LF (@ ~ —1.89, in black).
In red is the Schechter least square fit (@ = —1.89, log,, L* = 42.09,
log,,¢. = —3.63) of the simulated [O MI]+HB LF. The bright end is
dashed, as the effect applied yields non-Schechter-like profile on the
bright end.
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and following observations from Fig. 9, we consider a log-

linear evolution from log, (Lo m+ng/Luv) = —2 to —3 between
Myy = -22to =12 (R = -0.1Myy — 4.2). By sampling 10
million galaxies from a UV LF with an @ = —2 and converting

them to a [O 1T]+Hp LF using the assumed relation, we obtain a
[O m1]+HB LF with @ ~ —1.89 (Fig. 10). This shows that the evo-
lution of the [O mI]+HB-to-UV ratio has the effect of flattening
the [O m1]+HB LF, which could explain the difference between
our results and some of the observed UV LF. However, most of
the UV LFs are steeper than @ = —2 in Fig. 8 and require more
than a bursty star formation.
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4.4.2. The impact of metallicity on the [O 11]+HgB LF

Since HB and other H recombination lines are directly related to
the number of ionising photons absorbed by the neutral hydro-
gen (therefore, to the SFR), but forbidden metal lines such
as [O ] also strongly depend on other physical parameters
(metallicity and ionisation parameter in particular), it is impor-
tant to separate their relative contribution to the measurement
of [O mI]+HP LF reported here. Ideally, this would allow us
to infer the pure HB LF, providing a cleaner quantity to com-
pare with the UV LF, which, like HB also samples massive stars
(although on longer timescales). To achieve this, we now exam-
ine the impact of systematic variations of [O MT]A5008/HB as a
function of galaxy luminosity.

Indeed, it is well known that R3 = [O 1r]A5008/Hp is
on average a bimodal function of metallicity which peaks
at 12 + log(O/H) ~ 8, with a maximum R3 ~ 6 (or
([O 11]424960, 5008)/HB ~ 8), and decreases at higher and
lower metallicities (e.g. Curti et al. 2017; Maiolino & Mannucci
2019; Nakajima et al. 2022; Sanders et al. 2024; Scholte et al.
2025). The relation between Myy and metallicity is com-
plex, but emerges from the mass-metallicity relation,
which states that lower-mass galaxies have lower metallic-
ity (e.g. Chemerynska et al. 2024a; Curti et al. 2020, 2024;
Nakajima et al. 2024). We therefore expect the metallicity to
decrease to fainter Myy (Tremontietal. 2004; Laseter et al.
2025). Unfortunately, direct measurements for galaxies as
faint as those in our sample require deep medium-resolution
and high signal-to-noise spectroscopy. Chemerynska et al.
(2024a) studied the dependency of R3 on stellar mass for
very faint galaxies at redshift z ~ 6 — 7, by measuring the
metallicities of 8 galaxies to be 12 + log(O/H) ~ 6.70 — 7.56
with R3 ~ 1.4 — 5.5 at Myy ~ —15.34 to —17.17. The evolution
of 12 + log(O/H) follows the expected decrease in metallicity
with Myy and stellar mass. The Chemerynska et al. (2024a)
sample required ultra deep spectroscopy and is already very
challenging to observe. However, GLIMPSE goes deeper than
Myv > —15 with photometry, which is vastly unexplored at this
redshift and might yield lower R3, as shown by detections or
tentative detections of galaxies with R3 < 1 and Myy ranging
from —11 to —16 (Vanzella et al. 2023; Fujimoto et al. 2025;
Morishita et al. 2025; Hsiao et al. 2025). Such galaxies require
higher magnifications and difficult to reach exposure time, mak-
ing it challenging to statistically analyse them. Therefore, deep
photometric studies such as GLIMPSE have their limitation,
but enables indirect probes of the effect of metallicity on very
faint (Myy > —15) galaxies. Regarding the brighter end of
[O 11]+Hg fluxes, studies such as Meyer et al. (2024) measured
an extreme R3 = 6.38 + 0.85 line ratio and Myy ~ —19.65
for their median stack, close to the maximum observed by
Curti et al. (2017), Maiolino & Mannucci (2019). Such values
were also confirmed by other JWST surveys (Nakajima et al.
2022; Sanders et al. 2024; Scholte et al. 2025).

To account for systematic variations of the [O II]-to-Hp ratio
with Myy, we define the following simple function:

6.34 if Myy < —19
—].SXMuv—25.7 .
LBMN DT i My € [-19, -16.5]
R3(Myy) = : 12
(Mov) DM AD - if My € [-16.5,-12.5] 12)
1.49 if Myy > —12.5

where R3(Myy) varies between 1.49 and 6.34 for Myy =
—12.5 to —19. We used the measurements of Chemerynska et al.
(2024a) and Meyer et al. (2024) as the foundation for this

Myv [AB mag]
4 —16

—12 -1 —18 —20
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Fig. 11. Simulation of the effect of scattering on a sharp faint-
end turnover in a Schechter LF. We used the (B22, Bouwens et al.
2022) Schechter parametrisation at z ~ 8, with a sharper turnover
8 L' = 10%ergs™ (Myy = =209), « = =22, § = 2.0, Ly =
102% ergs™!(Myy = —15.2). We include scatter that correspond to the
natural scatter between [O II1]+HgB and Myy (as seen in Fig. 4) by sam-
pling from a normal distribution with parameters N(o = 0.4).

function, and we extrapolated for fainter galaxies to account
for our measurements. We converted our ratio into the more
common ratio following ([O 11]114960,5008)/HB = 1.34 X
[O 1]A5008 /HB. Therefore, at the bright end (Myy ~ —19), the
high R3 increases the contribution of [O m1]15008 (~66%) to the
total [O m1]+Hg relative to HB (~10%). However, at the faint end
(Myy ~ —12), the R3 ratio becomes so small that HB (~33%)
contributes comparably to [O 1T]+Hg as [O 11]A5008 (~50%).
This evolving R3 ratio with Myy predicts a steeper H3 LF and
flatter [O 111] LF once HB and [O m1]A5008 are separated. By
applying this separation to our LF from Fig. 5, we can split the
contribution of HB and [O 11]45008 as shown in Appendix C.1.
These LFs confirm our assumptions and are parametrised by

aHg = —195i88§ and —168t812, and Q[0 m5008 = —166t882
and —1.4579% for redshift bins (z) ~ 7.56 and (z) ~ 8.45, as

-0.10
listed in Table 1. In short, we now obtain an HB LF whose faint-

end slope is closer to, but still flatter than, that of the UV LFs at
the same redshift (ayy ~ —2to —2.2 at z ~ 8).

4.4.3. The early signs of an UV LF turnover

Finally, we explore the third possibility, namely that the flatter
[O 1m1]+HpB LF (compared to the UV LF) could result from an
intrinsic turnover of the galaxy UV LF at some faint limit Myy >
—15.5 (Bouwens et al. 2022).

Previous studies investigated the possibility of finding
turnovers in LFs to constrain the formation of the lowest mass
haloes. On the theory side, a faint-end turnover of the UV
LF is expected as a direct consequence of the photoevap-
oration of small dark matter haloes during the re-ionisation
(Shapiro et al. 2004). Simulations observed such turnovers (e.g.
Kuhlen et al. 2013; Ocvirk et al. 2016) by parametrising LFs
with an additional turnover parameter (e.g. Jaacks et al. 2013)
and tentative observations of that turnover were later attempted
(Bouwens et al. 2017, 2022) on the HFF. This tentative detection
of a turnover ended up ruling out a turnover in the UV LF above
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Myy < —15.5 for their z = 2—9 sample. In more details, at z ~ 6,
they rule out a turnover above Myy < —14.3. At higher redshift
(z ~ 9), the small number of detected sources back then limited
the depth of the LF. Nevertheless, they argued that a turnover
above Myy < —16 can be ruled out, but they would be con-
sistent with a turnover at Myy ~ —15 (Bouwens et al. 2022;
Atek et al. 2018). According to Fig. 4, this magnitude would
roughly translate into a line flux of Lo jijsmp ~ 10%0 erg s7!,
and therefore, as GLIMPSE observes fainter galaxies, a turnover
might be observed. This is roughly compatible with our LFs in
Fig. 5 flattening, but does not prove the existence of this turnover.
However, we can simulate the effect of a sharp UV LF faint-end
turnover on the [O m1]+HS LE. We define this sharp turnover by

adding a simple component to Eq. 10. The final LF is given by

L\* L L\’ (L
par=e () eo(-z)en(-(Z) Jolz) 03
$(L) ¢ \7) P\~ =)xP| -7 I (13)
where Ly is the turnover luminosity and 6 turnover parameter
for which negative values indicate the presence of a turnover. To
simulate the scattering effect between the [O 1I]+HS and Myy
(as seen in Fig. 4), we converted Lyy to Lo mj+np using the fol-

lowing equation:

1Og10 L[o nmj+HB = IOglo LUV -2+ N(O, 04), (14)

where N(0.4) is a random number sampled from a normal dis-
tribution N(o), with an additional a factor log;,(0.01) = -2
to convert from UV to [O m1]+Hg, following the approximate
ratio from Eq. (10). The choice of o corresponds to the full-
width half-maximum (FWHM) of ~1 dex from Fig. 4. To show
the impact of standard scattering from uncertainties, we sampled
a UV LF with arbitrary parameters (as defined in Eq. (13)) and
sampled the [O 11]+Hp emission associated with every UV mea-
surement from Eq. (14). We observe that, while the UV shows a
sharp faint-end turnover, the [O 1II]+HS LF instead shows a flat-
tening compared to the UV, which can also mimic the observed
flattening in Fig. 5.

We also note that because of our very simple scattering
assumptions, the bright end is also strongly affected. In reality,
the uncertainties are greater for faint galaxies than for brighter
ones, and we therefore do not expect to see a major difference
in the bright end. However, with the depth of GLIMPSE, we do
not observe such a sharp turnover. This could be biased by the
completeness estimation, as the very faint end is very incom-
plete, which may dominate the LF estimation. This will be dis-
cussed in a subsequent GLIMPSE publication (Atek et al. in
prep.). Finally, UV LFs from JWST surveys did not suggest any
turnover in UV at these redshifts or higher, and neither at these
relatively similar Myy (Chemerynska et al. 2026, Atek et al. in
prep.). We therefore conclude that the data is not compatible with
a turnover in the faint end of the LF.

4.5. Possible missing sources with our method

In this last part, we discuss the validity of the completeness
correction, in particular the use of the Myy completeness correc-
tion for our sample. As shown by Fig. 4, at a fixed Myy, galax-
ies show variations up to ~1dex in [O HmI]+HA flux, meaning
that in theory, we might be missing sources by only correcting
for completeness on Myy. In essence, this question requires the
exploration of the whole range of [O 11]+HS equivalent widths.

We first focus on weak [O MI]+HB equivalent widths (e.g.
<200-300 A). Such emission lines are typically difficult to con-
strain with broadband photometry, as their effect is hard to dis-
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tinguish from the continuum and the noise, hence these galax-
ies are solely detected via their continuum. Therefore, with our
LBG selection, weak equivalent width galaxies are bounded to
the detection of the continuum and should be correctly accounted
for by our completeness estimations.

For stronger [O 1]+HB equivalent widths (e.g. 21000 A),
their effect is visible and significant in the photometry (e.g.
Smit et al. 2014). This increases the signal-to-noise of the
affected filters and, in theory, increases the detection rate of
galaxies. With our LBG selection, these galaxies would be
detected, provided that their continuum is strong enough in other
filters (see Eq. (1)). However, there might be situations where
the continuum is not well enough detected (S/Ngj1sw < 5 and
S/NE2ow < 5; see Eq. (1)), but the filters affected by [O 11]+HB
are still detected thanks to their strong emissions. In that case,
the LBG selection does not find these sources, but are in fact
not accounted for in our final completeness estimation. Correct-
ing for this effect would require additional exploration of the
completeness, by injecting galaxies with realistic [O III]+Hp at
a given Myy.

The current statistics of z = 7 — 9 galaxies with ultra-
faint Myy is relatively low, making galaxy templates exploratory
in this regime. But in addition to that, such UV-faint and
strong [O 1I]+HQB galaxies might simply be rare in the Uni-
verse. Endsley et al. (2024) observed a decrease in the average
[O 11]+Hp equivalent width with fainter galaxies, with almost
one dex difference between Myy ~ —20.1 and —17.6 atz = 7-9.
With our sample going down to Myy ~ —11, the decline might
continue and making these galaxies even rarer. Therefore, the
impact of these galaxies on the final LF should be limited.

5. Implications and discussion

We now present and discuss the main implications of our nebu-
lar LFs. We first use them to estimate the ionising photon budget
produced by our galaxies, and then we infer the cosmic star for-
mation rate at high redshift (z ~ 7 — 9), where measurements of
Ha are not feasible anymore with NIRCam. All of the following
will assume the Eq. 12 function for the R3 ratio.

5.1. The ionising photon budget atz ~7 -9

For the Universe to re-ionise at its measured rate (Bouwens et al.
2015; Mason et al. 2019), galaxies needs to reach some ionis-
ing photon-production budget to overcome for recombination.
The source of ionising photons comes from multiple objects
(Star-forming galaxies and AGNs Robertson et al. 2015, 2013).
Focusing on star formation, Balmer series emission lines enable
us to estimate the ionising photon-production rate from star-
forming galaxies. From the [O m1]+Hg LF, we can infer the HB
(or Ha LF), which can then be summed to obtain the instanta-
neous ionising photon-production rate of galaxies, and thus, for
a known escape fraction of ionising photons f., the ionising
photon emissivity No, from galaxies. It can be measured using
the following equation:

Nion = . fechion(L)(b(L)dL

a L
= ese —————¢(L)dL,
me % co(1 - fesc)(M )

where Qjon(L) is the ionising photon-production rate, which is
related to the luminosity L = Qjonco(l — fesc)s Co 1S the ratio

15)

(16)
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Fig. 12. Tonising photon emissivity as a function of the minimum Hea luminosity L™ as extrapolated from our observed [O 1]+HB LF (see Sect.
5.1) in the two redshift bins we investigated. The ionising photon emissivity requ1red to re-ionise the Universe at its measured rate, taken from
Bouwens et al. (2015) is shown by the shaded areas and from Mason et al. (2019) in the hatched areas. All of our measurements assume f.,. = 0.14
(Jecmen et al. 2026), the solid lines are extrapolated from this work and the dotted lines assumes @ = —2 to —2.2, which is similar to the measured
faint-end slope of the typical UV LF at this redshift. The black line shows the GLIMPSE depth following the data from Fig. C.4.

between the line emissivity and the total recombination rate for
which we adopt ¢, = 1.37x107!2 erg for an electron temperature
of 10* K (Schaerer 2003), fesc 18 the escape fraction of ionising
photons and ¢(L) is the LF. In practice, we convert the measured
[O m1]+Hg flux to HB using the ratio given by Eq. 12, we correct
Hp for dust attenuation (see Sect. 3.5) and then we multiply by
2.86 (Osterbrock & Ferland 2006) to obtain the dust-corrected
Ha LF shown in Fig. C.4. To constrain the bright end, we con-
verted the data from Meyer et al. (2024) in the same manner.
However, as they reported a negligible dust attenuation in their
stacked spectra, we directly converted their [O TIT]A5008 data
using their stacked ratio R3 ~ 6.38 + 0.85. As expected, the
correction for dust is overall rather small, and the resulting LFs
are therefore similar (see Figs. C.2 and C.4), as also seen from
Table 1.

Figure 12 shows the resulting ionising photon emissivity at
z ~ 7 -9 from GLIMPSE, as a function of the lower integra-
tion limit LI"{““ and for a standard fixed fesc = 0.14 scenario
(Jecmen et al. 2026). Probably the most striking result is that,
since our faint-end slope is @ > -2, the cumulative emissiv-
ity becomes already fairly flat over the range of He luminosi-
ties probed by GLIMPSE. For example, for an integration lower
limit Ly, = 10% erg s7!, the ionising photon emissivity reaches
log o Nien = 50.507007 and log,y Nion = 50.26*00 for our two
redshift bins (7 < z < 8 and 8 < z < 9), which corresponds
to 44%-58% and 36%-46% of the total re-ionisation ionising
photon budget measured by Bouwens et al. (2015). However,
for the more recent estimations of Ni,, by Mason et al. (2019),
our galaxies account for 31%—90% and 46%—156% of the bud-
get for our two redshift bins (7 < z < 8and 8 < z < 9),
implying that star-forming galaxies provide sufficient ionising
photons to re-ionise the Universe. Adopting a lower integration
limit, e.g. Ly, ~ 10 erg s7!, increases the total contribution
of ionising photons only by about 1% —10%. This means that,
for a scenario with constant f., the population of galaxies with
very low star formation rates SFR< (0.005 — 0.001) My, yr~!,
below the detection limit of GLIMPSE, contributes only a small

fraction of the total production of ionising photons. The inferred
values of Njo, exhibit variations depending on the assumed con-

stant escape fraction, fe, since Nion scales with f” . Specifi-

cally, Njo, is 0.5 dex lower for fosc = 5% or 0.2 dex hlgher for
Jese = 20%.

According to our earlier scenario, the flattening of the
[O m1]+HB LF is driven by a population of faint galaxies char-
acterised by bursty star formation history and lower metallici-
ties. In this picture, many of these faint galaxies are not actively
forming stars, thus diminishing their contribution to the ionising
photon budget for re-ionisation. Consequently, the inferred Nio,
stabilises at a fixed value.

To increase the contribution of fainter galaxies, scenarios
involving varying escape fraction f., enables more ionising
photons to escape and thus enhancing their role in cosmic re-
ionisation. Such scenarios could emerge from the variation of
Jese with galaxy mass (e.g. Naidu et al. 2022; Begley et al. 2022;
Flury et al. 2022; Saldana-Lopez et al. 2023; Pahl et al. 2023),
metallicity (e.g. for dwarf irregulars Ramambason et al. 2022;
Hunter et al. 2024), SFR (e.g. Giovinazzo et al. 2026), S-slope
(e.g. Chisholm et al. 2022; Giovinazzo et al. 2026) or else. We
refer to the GLIMPSE paper by Jecmen et al. (2026), which
studies the f.,. in more detail.

For comparison, we also display in Fig. 12 the ionising pho-
ton emissivity inferred from the He LF, adopting @ ~ =2 to —2.2
(And the same ¢* and L* as the Ha LF). This slope corresponds
to the range measured for some UV LF (see Sect. 4.3). Due to
the shape of the Schechter function, when the faint-end slope
a is smaller than —2, the ionising photon emissivity does not
converge; instead, it continues to increase. This leads to a rapid
overshooting of the ionising photon budget due to the enhanced
contribution of fainter galaxies in the cosmic re-ionisation in that
scenario. This problem has earlier been referred to as the ionis-
ing photon crisis, which arise by measuring the ionising photon-
production rate from the UV LF. This requires the knowledge
of the ionising photon-production efficiency &jo,. By assum-
ing a high value for &, and an increase in fc for UV-faint
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galaxies, the Universe re-ionises much too rapidly (see
Muiioz et al. 2024).

Our finding of a flattening of the LF therefore argues
in favour of their third solution, where lower-mass galaxies
have a diminishing impact on the ionising photon-production
rate, in contrast to scenarios of low-mass galaxy driven re-
ionisation proposed by other studies (e.g. Simmonds et al.
2024a; Atek etal. 2024). By computing &ien Qion/Luv
from our Ha and Myy measurements, we obtain log; &ion =
25.31f8i‘6‘§ Hz erg™! for (z) ~ 7.48 and 25'31t8§3 Hz erg™!
for (z) ~ 8.33, using f.ie = 0.14. For comparison with other

paper, we also provide log;, &iono = 10g;¢ &ion +10g9(1 = fesc) =
25.24f8:‘6‘? Hz erg™! and 25.31f8:‘5‘g Hz erg™!. The measurement
does not evolve between our two redshift bins, and shows a
decrease with increasing Myy (see Fig. 9). We refer the reader to
the GLIMPSE paper by Chisholm et al. (in prep) for a detailed
analysis of &, at z ~ 6.

This & value is lower than measurements from the early-
JWST é&ion (e.g. Simmonds et al. 2024a; Atek et al. 2024), which
measured higher ionising photons production efficiency for
fainter galaxies. However, later results from Simmonds et al.
(2024b), which included lower-mass galaxies with a JWST pho-
tometric analysis, lead to a decrease in the ionising photon-
production efficiency &, enabling them to reduce the amount
of ionising photons produced and not overestimate the ionising
photon emissivity N, from Mufioz et al. (2024). Our findings
agrees with this later result and does not overshoot the ionising
photon emissivity required to re-ionise the Universe.

5.2. The cosmic star formation rate density

The intensity of Balmer series lines such as Ha are closely
related to the SFR of the galaxy (Kennicutt & Evans 2012). We
obtain the instantaneous SFR using the Ha line flux as follows:

Ha

L -1
SFR = (Mo yr],
Cx

a7

with the constant of proportionality log,,(Cx) = 41.27 calibrated
by Kennicutt & Evans (2012). The calibration was performed
with the Kroupa IMF (Kroupa & Weidner 2003), but because
of the similarities between Kroupa and Chabrier IMF, the dif-
ference is minimal and therefore, we neglect conversion factors.
The final SFR LF has the exact same shape as Fig. C.4, with a
simple horizontal shift due to conversion to SFR. We included
the SFR conversion on top of Fig. C.4.

Finally, to deduce the cosmic star formation rate density
(SFRD), we simply integrate the He LF between a minimum
luminosity value and theoretically infinity using

+00
SFRD = f
SFRDpin

We numerically integrate the SFR LF between a given lower
limit and 10° Mg, yr~! to obtain the SFRD following Eq. (18).
Because GLIMPSE goes deeper than previous studies, who set a
lower integration limit at SFRD i, ~ 0.24 —0.30 Mg yr‘1 (here-
after, standard). This corresponds to log; (L. / erg s71) ~ 40.75,
which only covers the brighter galaxies of GLIMPSE and dis-
card the faint-end. Therefore, we will compare our results with
the same integration limit, as well as the deeper limit of 0.005
M, yr~! (hereafter: deep, and approximately corresponding to
the faint end of the GLIMPSE detections of Ly, ~ 10% erg
s~1). In addition, while in principle Eq. (18) must be integrated
to infinity, the uncertainties due to unexplored parameter space

SFR x ®(log SFR)d log SFR. (18)
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and numerical errors would artificially increase the measure-
ment uncertainties at the bright end. Therefore, to avoid it, we
set a reasonable integration upper limit of 1000 My yr~! (i.e.
Ly, ~ 10" erg s71).

In Fig. 13 we observe the redshift evolution of the cosmic
star formation rate density (SFRD). We showed multiple litera-
ture points, coming from both UV measurements (Oesch et al.
2018; Bouwens et al. 2020) and Ha measurements (Bollo et al.
2023; Covelo-Paz et al. 2025; Fu et al. 2025), as well as two
sets of GLIMPSE data points with different integration limits.
The bright orange data point corresponds to standard integra-
tion limit, while the light orange to a deep integration limit of
0.005 Mg yr‘l. GLIMPSE reaches deeper line fluxes, and shows
flattening that suggest that fainter galaxies do not significantly
contribute to the star formation rate density. GLIMPSE reaches
deeper line flux limits and reveals a flattening in the LFs, sug-
gesting that the contribution of fainter galaxies to the star forma-
tion rate density is not significant. Therefore, we decided to add
a secondary measurement at lower integration limit. Table E.1
gives the SFRD for both integration limits and both redshift
ranges, as well as the compilation of literature data points shown
in Fig. 13.

Our results with the standard integration limits seem to be
inline with an extrapolation of the He literature measurement,
but it differs from UV measurements. However, both UV mea-
surement comes from pre-JWST surveys, which had limited
statistics in their faintest bins. All the nebular emission line mea-
sured SFRD from Ha come from JWST results, which is more
sensitive to fainter galaxies, allowing us to retrieve the total
SFRD better. In addition, UV and nebular emission lines do not
trace the same star formation (Kennicutt & Evans 2012), which
indicates a burstier star formation in the early Universe. There-
fore, GLIMPSE does show a slightly higher total SFRD com-
pared to previous UV-focus SFRD surveys, but inline for neb-
ular emission lines and the compilation of Madau & Dickinson
(2014).

Between the two integration limits, we observe a mild
increase in the SFRD for the deeper integration limit, of 0.3dex
(~x1.99) and 0.1dex (~ x 1.26) for (z) ~ 7.48 and (z) ~ 8.33
respectfully. This increase is only significant for the (z) ~ 7.48
redshift bin, which shows an increasing importance of lower
star-forming galaxies to the total SFRD with lowering redshift.
This nevertheless agrees with the result showed in the previous
section, with the fainter galaxies having a more limited impact
on the total SFRD, with an addition of only a fraction of dex of
SFRD despite the almost 2 orders of magnitude deeper data.

6. Conclusions

We measured the [O 11]+Hg LF for the strongly lensed field
Abell S1063 with very deep JWST GLIMPSE observations. We
selected our sample of 164 unique galaxies between redshift
7 < z < 9 using an LBG selection in combination with pho-
tometric redshifts obtained via SED fitting. We constrained the
strongly lensed field using very deep HST and JWST images,
removed the multiple counter images of some galaxies, and mea-
sured the completeness of our sample. We used an SED fitting
to measure the [O mI]+Hg flux for each galaxy, the dust attenu-
ation, and other physical quantities, and we then constructed the
[O ma]+Hp LF for that sample. Combined with existing measure-
ments at the bright end from Meyer et al. (2024), we thus deter-
mined the [O 11]+HB LF down to unprecedented luminosities,
reaching Lio nj+up 2 10% erg s (equivalent to galaxies as faint
as Myy ~ —12; the average completeness at these magnitudes is
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Fig. 13. Evolution over redshift of the star formation rate density. We
used the same colour scheme as Fig. 8, where grey corresponds to
measurements based on UV, blue to Ha and orange to [O 1II] and
[O mI]+HpB. The black line corresponds to the results of the review
Madau & Dickinson (2014), which compiles the state-of-the-art mea-
surements of the time. All the results have an integration lower limit of
0.24-0.30 M, yr~! Mpc™> and are IMF-corrected to Chabrier (2003).
The z ~ 7 — 9 orange points correspond to GLIMPSE measurements,
where the bright orange uses the standard 0.3 M, yr~! Mpc~> lower inte-
gration limit and the light orange uses the deep 0.005 M, yr~! lower
integration limit (approximately corresponding to Ly, ~ 10* erg s™').
The non-exhaustive compilation of UV, He and [O 111]+Hp based mea-
surements, including this work, are listed in Table E.1.

low, but the bins have multiple detections due to magnification).
The main results of our study are summarised below.

1. The [O m]+HB LFs show a relatively flat faint-end slope
a ~ —155t0 — 1.78 at z ~ 7 — 9, which contrasts with
previous LFs. Studies such as Wold et al. (2025) already
paved the way into fainter LFs by combining photometry
of Abell 2744 and its lensing power, which enabled them
to reach Liompsup > 10* erg s™'. They measured a faint-
end slope a = —2.073%, which is significantly steeper than
that of GLIMPSE. By fitting the GLIMPSE LF with a sim-
ilar luminosity limit, we measured faint-end slopes @ com-
parable to their results. On the other hand, spectroscopy-
based LFs have more limited access to the faintest galax-
ies, with the best studies reaching Liomj+us > 10*17° erg
s7!. (e.g. Meyer et al. 2024; Matthee et al. 2023; Sun et al.
2023; De Barros et al. 2019). Our best comparison is with
Meyer et al. (2024), but their sample typically probed the
faint end of the LF only in a limited way, and they fixed the
faint-end slope to steep values of @ < 2.

2. This result contrasts with the steeper slope observed in UV
LFs (@ < —2) generally found at z > 7. To explain these
differences between LFs of nebular emission lines and the
UV continuum, we examined three scenarios:

(i) A decrease in the [O TII]+HB-to-UV ratio towards
fainter galaxies (Fig. 4), which might be caused by
more UV-faint (i.e. lower-mass) galaxies seen in a down-
turn phase (Endsley et al. 2025). (i) A decrease in R3
= [O m1JA5008/HB towards fainter galaxies due to the
decreasing metallicity, as observed by recent studies
(e.g. Chemerynska et al. 2024a; Meyer et al. 2024), which
implies that the HB and the [O m1]45008 LFs have different
faint-end slopes (Fig. 10). (iii) A possible sharp turnover of

the UV-LF at the faint end below the current detection limits,

which, due to natural scattering, would be observed as a sim-

ple flattening of the LF (Fig. 11). As no flatteing of the UV

LF has so far been found, but burstiness and the evolution

of R3=[0 11]15008/Hp have both been observed, we favour

the first two solutions (i and ii) to explain the flatter nebular

LF compared to the UV LF.

3. Assuming an average relation between the R3 ratio and
Myy (Eq. 12), we separated the contribution of HB and
[O 1]A5008 to the observed [O TI]+HR, leading to a
steeper HB LF (o ~ —1.68 to —1.95; Fig. C.2) and a flatter
[O m]A5008 LF (@ ~ —1.45 to —1.66; Fig. C.3). Therefore,
the HB LF approaches but remains flatter than the UV LF
(@ < -2), while the [O m1]45008 LF quickly flattens out.

4. Correcting for dust attenuation (measured through an SED
fitting), we converted the HG LF into a dust-corrected Ho LF
(Fig. C.4), which allowed us to compute the total ionising
photon emissivity and the cosmic SFR density of galax-
ies at z ~ 7 — 9 (Fig. 12). Since the slope aneputar > —2,
we found that the total photon emissivity quickly saturates
and does not significantly increase when it is integrated to
objects fainter than those observed with GLIMPSE. Assum-
ing a standard constant f.. = 0.14, we reached 31%-90%
and 46%—156% of the ionising photon budget required to
drive re-ionisation at z ~ 7.5 and z ~ 8.3, respectively, as
measured by Mason et al. (2019).

5. The SFRD (Fig. 13) showed comparable results to pre-
vious studies for comparable lower integration limits
(~0.3Mgyr™!). Integrating down to our observed limit of
SFR ~ 0.005 M, yr~! (corresponding to Ly, ~ 10°° erg
s71), we obtained an SFRD higher by ~ 0.1 — 0.3 dex, where
the increase is only significant at (z) ~ 7.48. The inclusion
of fainter, lower SFR galaxies will not strongly increase the
cosmic SFRD at these redshifts because the observed nebular
LF, which provides the most robust measure of the instanta-
neous SFRD, is significantly flatter than the UV LF.

In short, the determination of the LF of nebular emission
([O m]+HP) from star-forming galaxies down to very faint
fluxes yields flatter slopes (@ ~ —1.55to —1.78) of the LF
than previously thought and measured for the UV LF at high-
z (z 2 7). This indicates that GLIMPSE, combining ultra-deep
JWST observations and strong gravitational lensing, has allowed
us to reach the bulk of the star-forming galaxies at z ~ 7 — 9,
and thus, to determine their total ionising photon emissivity and
the total cosmic SFRD of these objects. Our results suggest that
faint galaxies contribute less to cosmic re-ionisation than previ-
ously thought because their number density flattens too rapidly
to maintain a highly ionising photon-production rate. With con-
ventional or plausible assumptions on the escape fraction of ion-
ising photons, the observed galaxies are capable of driving cos-
mic re-ionisation atz ~ 7 — 9.
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Appendix A: Validating the SED fitting flux and EW
measurement using flux excess

To assess the quality of CIGALE measurements on the
GLIMPSE dataset, we measure an estimation of the
[O m]+HQ line flux and the equivalent width according to
the excesses measured using the F444W, F410M and F480M
filters. We assumed the line flux of [O 11]114960, 5008 to
be separate from Hf, giving us two unknown quantities, for
which we need two equations. The reason for this separation
is to account for cases where Hg is in a filter, and [O II1] is in
another. In addition to that, we consider the continuum flux as
another unknown quantity, requiring an additional equation. We
then considered three equations of the same form, given by Eq.
(A.1):

WEAFY = WiFacon + Nijg X Fug + Nty g X Flom» (A.1)

where A is the filter of interest, W.g is the effective width of
the filter in A, F, is the spectral flux density in erg/s/cmz/A,
Nug;jom is the coverage coefficient (which describes the pro-
portion of the line covered by a filter compared to peak) and
Fyg;{0 un) is the monochromatic flux density in erg/s/crnz.

With three filters, we can rewrite this system as Eq. (A.2)
with A, B, and C being the three filters of interest. Because these
equations mix monochromatic flux density and spectral flux den-
sities, the vectors and the matrix are not uniform in units.

A A A
W) (e em st
WeéTFé = N]ég N[CO | Wecff F[O 1] (AZ)
Wef‘fFﬂ NH,B N[O 1] Weﬁ F/l,cont

To compute the coverage coefficient N, which corresponds
to the amount of line flux that we expect to retrieve in each
filter for a given redshift, we used the convolution of the filter
with a synthetic emission line. We built the synthetic emis-
sion lines separately for H5+[O 111]114960, 5008. In the for-
mer, we used a centred Gaussian of standard deviation 4OA,
and for the latter two Gaussians separated by physical distances
and a standard deviation of 40A. We assumed a ratio of 2.98
between [O 1]A5007A and [O 11]14960A (Storey & Zeippen
2000). Next, we convolved these synthetic emission lines with
the JWST filters of interest and obtained a value of convolution
depending on the wavelength. By normalising the convolution
of the line at the redshift of interest by the maximum convolu-
tion, we obtain a coeflicient N € [0, 1], which we can measure
for each line and filter. In the cases where the lines of interest lie
outside medium filters or when medium filters are not detected
or available, this method does not hold. When outside of the
medium filters, an entire row of the coefficient matrix becomes
zeros, leading to a singular matrix. In addition, when the medium
filter is not detected, we lack one of the two equations. In these
cases, we still try to estimate the [O 1IT]+Hg line flux by combin-
ing [O 1I]+Hp, which reduces the number of equations needed.

In Fig. A.1 we show the comparison for the measurement
of the equivalent width and line flux of [O 1I]+Hp using SED
fitting for GLIMPSE and JAGUAR data. The GLIMPSE data
compares against the empirical measurements described above,
and the JAGUAR data against the truth values obtained by the
simulation. While we observe some scatter in equivalent width
measurements, the line fluxes match well for both methods. All
the measurements correlate, except for the empirically recon-
structed equivalent width. For the equivalent width, the corre-
lation coefficients are 0.79 for JAGUAR and 0.20 for empirical,
and for line fluxes, 0.93 for JAGUAR and 0.67 for empirical.
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Fig. A.1. Comparison of measurement of the equivalent width and line
flux of [O 11]+HB using SED fitting (CIGALE) against the empirical
method (blue dots) and the JAGUAR simulations (grey dots). Only
sources with a valid empirical measurement were kept. For JAGUAR,
we kept sources with redshift measurements within 1o to ensure a fairer
comparison with GLIMPSE. We did not display uncertainties for read-
ability reasons. For the JAGUAR simulation, we added a linear fit on
the equivalent widths and line fluxes (dashed grey lines).

The comparison to GLIMPSE observations is more scattered
than the comparison to the simulation. This might come from
the lower amount of information used by the empirical method,
which reduces the constraints on the measurement. In general,
we observe an average good agreement between CIGALE and
the two methods, validating our use of CIGALE for the final
measurements.

Appendix B: Example of galaxies

In Fig. B.1 we display a few example SED fitting and galax-
ies cutouts. The three galaxies selected cover most situations:
ID=3644 is a relatively bright galaxy with limited magnifica-
tion, ID=6067 is a faint galaxy detected with limited magnifica-
tion and finally ID=56004 is very-faint but is strongly magnified
by the lensing field.
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Fig. B.1. Galaxy stamp cutout and SED for three representative galaxies in the sample. Left: 3x3 panels show the cutouts for the nine GLIMPSE
JWST filters. Right: the observed photometry for that galaxy (black), the photometry obtained using Bayesian inference of CIGALE (red) and the
best fit SED (grey). The three galaxies were selected for being bright, faint without strong magnification, and very-faint with strong magnification.

Appendix C: Luminosity functions and associated
data

In this appendix we report the additional LFs discussed in the
paper that did not fit in it, as well as the data of all the LFs in this
paper. All the tables in this section include the measurement of
log,, ®(L) for each luminosity bin L, for the two redshift bins.
In addition, we report the average number of sources per bin,
as well as the average completeness of these sources, including
uncertainties.

C.1. [O m]J+HB luminosity function

In Table C.1 we report the [O 1iI]+Hg LF data from Fig. 5. Only
for this table, we report the average R3 used to transform our
[O mr]+HB LF to [O 11]A5008 and HB.

C.2. [0 m]+HB luminosity function with flux cut to L > 10*!
-1
ergs

GLIMPSE probes [O 11]+Hp emitters fainter than any previous
study, making it difficult to compare directly. Before GLIMPSE,
Wold et al. (2025) was the deepest study of the [O 1r]+HB LF
(reaching Liompsms ~ 10*erg s7!). As their faint-end slope

is much steeper than GLIMPSE (« 207*8 %g) we trun-

cate our [O m]+HB LF at 10*'erg s~ to compare both studies
and examine the behaviour of the fainter galaxies. Figure C.1
shows the [O TIT]+Hp LF fixed at the limited depth. We observe

a similar faint-end slope, which shows that the fainter galaxy
population flattens the LF. The associated data are provided in
Table C.2.

C.3. Separating [O 111]A5008 and HB from the
[O 1m1]+HB luminosity function

Differences in metallicity varies the R3 ratio (e.g.
Maiolino & Mannucci 2019), which can explain differences
between the [O IIJ+HB LF and the UV LF. By assuming an
evolving R3 ratio following Eq. 12, we can separate the contri-
bution of HB and [O m1] in the [O 1I]+HB LF (see Sect. 4.4.2
for more detail and Table C.1 for the average R3 measurement
in each luminosity bin). Figures C.2 and C.3 show the LF for
Hp and [O m1]A5008. Their associated data can be found in
Tables C.3 and C.4.

C.4. Dust correction to obtain the Ha luminosity function

To measure the ionising photon-production rate and the CSFRD,
we need to correct the separated HB LF (Fig. C.2) for dust
attenuation. Indeed, [O 1] and HEB are very close, and there-
fore, the dust attenuation is similar. However, He is affected
differently from HpB, which requires a correction. The detail
of the correction can be found in Sect. 5.1. Figure C.4
shows the dust-corrected He LF with its associated data in
Table C.5.
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Table C.1. LF measured in Fig. 5.
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logo(Liom+np) (V) (C) log,o (L) S/N  (R3)
erg/s Mpc—3dex™!

(z)y ~7.48 38.75 371 +1.54 0.14 +£0.18 -0.33+0.69 1.28 2.69+0.42
39.25 840+232 0.18+0.18 -047+040 241 3.01+0.22
39.75 1420+296 023+0.16 -0.64+0.33 298 3.29+0.13
40.25 2299 +3.53 038+0.17 -1.07+0.32 3.05 3.79+0.08
40.75 2635+3.63 047x0.15 -1.62+022 446 4.24+0.19
41.25 27.51+£3.07 050+0.10 -1.82+0.18 537 4.51+0.12
41.75 1238 +1.46 0.61+0.07 -237+0.26 3.80 598=+0.17
42.25 4.34 +£0.93 0.71 £0.02 -290+044 2.15 8.38+0.14
42.75 1.86 + 0.83 0.72+0.01 -328+0.71 124 8.50+0.00

(z) ~8.33 39.25 268+132 025+0.13 -1.66+1.00 0.76 3.42+0.34
39.75 4.69 + 1.63 0.23+0.14 -1.51+0.56 1.66 3.49+0.19
40.25 7.81 £1.99 030+0.12 -1.66+0.53 1.77 3.78+0.11
40.75 5.84 +£1.93 038+0.14 -198+0.59 1.56 3.94=+0.15
41.25 10.64 £1.94 046+0.12 -221+030 324 4.71+0.23
41.75 8.10 + 1.35 0.60 +0.05 -2.51+032 3.01 6.39+0.21

Notes. Lio u+np is the line luminosity, (V) is the number of sources in the luminosity bin, (C) is the mean completeness for the sources in the bin,
®(L) is the LF, S/N is the signal to noise ratio and (R3) is the average R3 ratio in the luminosity bin assuming Eq. 12.

Table C.2. LF measured in Fig. C.1.

Table C.3. HB luminosity function from Fig. C.2.

logo(L) (N) (C) log,, @(L) S/N log,o(L) (N) (C) log,, ©(L) S/N

erg/s Mpc—3dex™! erg/s Mpc—3dex™!
(2) ~7.48 4125 2749+3.01 0.50+0.10 -1.82+0.18 5.37 (Z) ~7.48 3825 415+1.62 0.16+0.21 -030+0.65 1.38
41.75 1235+ 1.46 0.61 +0.07 -2.37+0.26 3.79 38.75 10.77 £2.55 0.20+0.18 —0.42 +0.35 2.75
4225 436+094 0.71£0.02 -2.90+0.44 2.15 39.25 17.93 +3.30 0.27 £0.17 -0.68 £0.32 3.09
42.75 1.85+0.84 0.72+0.01 -3.28+0.71 1.24 3975  2829+3.63 044+0.17 -1.16 +0.31 3.11
(z) ~8.33 41.25 10.61 £1.97 046+0.12 -2.21+0.30 3.23 40.25 29.64+349 047 +0.13 -1.64+0.20 5.08
41.75 8.12+1.34 0.60+0.05 -2.51 +0.32 3.01 40.75  23.19+£233 0.55+0.11 -1.98 +£0.20 5.01
4125 491+1.14 0.69+0.04 -2.84+0.42 226
Notes. L is the [O 111]+Hp line luminosity, (N) is the number of sources 4175 238+075 0.72+0.02 —3.18+0.62 145

in the luminosity bin, (C) is the mean completeness for the sources in

the bin, ®(L) is i/he LF and S/N is the signalpto noise ratio. (@) ~833 ;g;g 212 i 12(3) 8;2 i gig :i;g i gi; igé
3975 728 +2.00 0.35+0.14 —-1.69 +£0.59 1.54
Appendix D: Faint-end s|ope comp"ation 40.25 825+1.99 040+0.13 -2.04+045 2.13
40.75 11.61 £1.75 0.55+0.11 -2.28+0.28 3.57
We report in Table D.1 the non-exhaustive list of measurement 4125 275+090 0.61+002 —=3.00+059 1.56

of the faint-end slope « for several nebular tracers, as well as UV.
The measurement of GLIMPSE are already reported in Table 1.

Appendix E: Cosmic star formation rate density

We report in Table E.1 the non-exhaustive list of measurement of
SFRD from the literature, as well as the associated measurement
from GLIMPSE. We limited the compilation to a few papers with
lower integration limit nearby 0.3M;, yr~!, as the average evolu-
tion of SFRD is well known. Every measurement was converted
to the Chabrier (2003) IMF. The data is shown in Fig. 13.
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Notes. L is the HB line luminosity, (N) is the number of sources in the
luminosity bin, (C) is the mean completeness for the sources in the bin,
@(L) is the LF and S/N is the signal to noise ratio.
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Fig. C.1. LF of HB+[O 111]114960, 5008 for the different redshift ranges considered. For the fit of the LF, we limited the flux bins to the depth of
(Wold et al. 2025), and discarded bins are displayed with a cross. We added previous studies of the LF using JWST/NIRCam GRISM instrument
(Meyer et al. 2024; Matthee et al. 2023), a JWST/NIRCam wide field slitless spectroscopy study by (Sun et al. 2023), a JWST/NIRCam medium
band survey by (Wold et al. 2025) and a former Spitzer study by De Barros et al. (2019). All the JWST surveys specifically study the [O I]A5007A,
so we boosted their luminosity using their respective R3 ratio and [O 11]A5008/[O 111]24960 = 2.98 (Storey & Zeippen 2000), according to our
assumed line of ratios. This approximation matches the stacked median and flux measurements from these papers. The data can be found in
Table C.2 and the parametrisation in Table 1.

Table C.4. [O 11]A5008 LF from Fig. C.3.

Table C.5. Dust-corrected He LF from Fig. C.4.

log,,(L) (N) (C) log;, ®(L) S/N log,o(L) (N) (C) log;p ®(L) S/N
erg/s Mpc3dex! erg/s Mpc3dex!

(z) ~7.48 3825 433+1.69 0.13+0.17 -033+0.62 145 (z) ~7.48 38.75 435+1.65 0.16+0.22 -030+0.62 147
38.75 9.87+242 0.19+0.18 —0.48 +0.35 2.76 39.25 10.49 +2.52 0.20+0.18 -0.44 +0.36 2.70
39.25 14.66 £3.04 0.25+0.15 —0.75+0.34 2.90 39.75 16.80 £3.24 028 £0.18 —0.72 +0.33 2.92
39.75 23.37+£3.57 041+0.16 —1.24+£0.32 3.07 40.25 27.08 £3.63 043 +0.17 —1.11 £0.32 3.02
40.25 2698 £3.47 0.47+0.15 -1.65+0.20 4.85 40.75 30.06 +3.60 0.46+0.13 —1.61 +£0.21 4.68
40.75 2524 +£2.89 0.51+0.10 —1.90+0.19 5.16 41.25 18.83 £2.60 0.54 +0.12 —-2.02 +0.24 4.09
41.25 10.68 +1.34 0.63 +0.06 -2.44 +0.28 3.53 41.75 947 +1.56 0.60+0.12 -2.41 +£0.32 3.03
4175  477+090 0.71+£0.02 -2.86+0.42 2.28 4225 4.07+092 0.70+0.05 -2.92+0.47 2.03
42.25 1.34+0.85 0.72+0.01 -3.37+0.78 1.10 (z) ~8.33 38.75 1.11+098 0.19+0.19 —-1.20+1.57 0.30

(z) ~8.33 38.75 325+1.35 024+0.13 -1.52+0.81 1.04 39.25 3.68+143 024+0.14 —-1.38+0.84 0.98
39.25 5.19+1.73 024+0.13 -1.60+0.53 1.77 39.75 6.69+1.84 0.25+0.13 -1.54+£0.57 1.61
39.75 7.57+2.01 0.31+0.13 -1.63+0.55 1.70 40.25 573+1.89 0.37+0.13 -2.13+0.61 1.50
40.25 6.13+1.94 0.38+0.13 -2.13+0.53 1.74 40.75 846198 0.38+0.14 —1.66+0.50 1.88
40.75 1037 £1.86 048 +0.11 -2.27+£0.30 3.27 41.25 11.83 £1.74 0.53+0.11 -2.25+0.28 3.48
41.25 741 +1.13 0.61 £0.04 —-2.55+0.33 2.90 41.75 3.63+098 0.59+0.06 -2.85+0.50 1.86

Notes. L is the [O 1I]JA5008 line luminosity, (N) is the number of
sources in the luminosity bin, (C) is the mean completeness for the

sources in the bin, ®(L) is the LF and S/N is the signal to noise ratio.

Notes. L is the Ha line luminosity, (N) is the number of sources in the
luminosity bin, (C) is the mean completeness for the sources in the bin,

®(L) is the LF and S/N is the signal to noise ratio.
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Fig. C.2. HB LF separated from the main [O 11]+Hp LF using the R3 ratio from Eq. 12. The Meyer et al. (2024) values are converted using their
median R3 value. The data can be found in Table C.3 and the parametrisation can be found in Table 1.
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Fig. C.3. [O 1m1]A5008 LF separated from the main [O 111]+HB LF using the R3 ratio from Eq. 12. The data can be found in Table C.4 and the
parametrisation can be found in Table 1.
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Fig. C.4. Dust-corrected Ha LF obtained by converting [O 11]+HB using the R3 ratio given by Eq. 12. The data from (Meyer et al. 2024)
was converted using their median R3, assuming no dust attenuation as it was measured as negligible. Both used the usual Hoe/HB = 2.86
(Osterbrock & Ferland 2006). We added the (Kennicutt & Evans 2012) conversion of Ha to SFR on top for a better understanding of the reached
fluxes and implications. The data can be found in Table C.5 and the parametrisation in Table 1.
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Table D.1. Non-exhaustive compilation of @ measurements for [O 1],

HB, Ho and UV LFs Paper Redshift ~ Tracer  Par. a
Harikane et al. (2024) 7.00 uv DPL —2.08j§;ii
8.00 uv DPL  -227%¢
Paper Redshift  Tracer Par. 17 Donnan et al. (2024) 9.00 uv DPL  -2.00*
10.00 Uv DPL —1.98j83jta
Sobral et al. (2013) 0.40 Ha SCH  -1.75)2 11.00 UV DPL  —2 19083
0.84 Ha SCH -1.56%; Sun et al. (2024) 0.70 0\ SCH —1.32jgfg§
1.47 Ho SCH  -1.62*0% 0.90 uv SCH 14274y
223 He SCH  -159:012 Willott et al. (2024) 8.00 uv SCH  -204%4
Colbert et al. (2013) 0.60 Ha SCH _1.27+03}Z Finkelstein et al. (2024) 9.00 uv DPL —2.20’_’8:gg
L ' oSl 14.00 uv DPL  -2.55%D
Hayashi et al. (2018) 0-25 Ha SCH - ~1.59%005 Chemerynska et al. (2026)  9.50 oV DPL  -2.007%
040 Ha SCH 1757 0q 1050 UV DPL 214708
Khostovan etal. (2020) 047 Ha SCH -177:0} 11.50 oV DPL  —2.17°0%
Nagaraj et al. (2023) 1.36 Hoe+[Nul  SCH -1.607507 13.00 UV DPL _2_0633525
Bollo et al. (2023) 4.50 He SCH  -1.8370% Weibel et al. (2025) 10.00 uv DPL _ —2.98+0%
P p _ +0.27 . . .
Covelo-Paz et al. (2025) 445 Har SCH 1'64;8%;3 Notes. Two parametrisations are considered: the most common
5.30 Ha SCH  -1.58028 X X
6.15 Ha SCH  —1.49+030 is the Schechter function (SCH), but we also report the use of
Fu et al. (202 4. Ha H 1837013 double power law (DPL) in a few studies. The data is shown in
(2025) 50 sc 83+013 p
6.30 He SCH  -1.85+03 Fig. 8.
Colbert et al. (2013) 1.10 [O ] SCH  -1.40*078
_ +0.78 . . . .
Havashi et al. (2018 32(3) [8 il ggg l‘g;g:}g Table E.1. Non-exhaustive list of SFRD measurements shown in Fig. 13
ayashi et al. (2018) ().84 {O Eﬂ SCH _1'95;8;}‘1‘ from UV, Ha and [O m1]+HS between z ~ 0 — 10.
: 7Y 011
Khostovan et al. (2020)  0.93 [O 1] SCH  -1.57%03
Bongiovanni et al. (2020)  0.83 [0 ] SCH  -1.03% Paper Redshift ~ SFRD Tracer Int. lim.
Bowman et al. (2021) 2.12 [O 1] SCH -1.51*7% Mo/yt/Mpc? Mo/yr
Nagaraj et al. (2023) 1.53 [0m]a5008 SCH — -1.50*007
Wold et al. (2025) 7.00 [0m]a5008 DPL  —2.07+022 Oesch et al. (2018) 3.80 -1.1 1f§i}§ uv 0.30
Reddy & Steidel (2009) 2.30 uv SCH  -1.73*007 4.90 —1.39i8;}2 uv 0.30
3.05 uv SCH  -1.73*013 5.90 —1.64013 uv 0.30
Parsa et al. (2016) 1.70 uv SCH -133+00 6.80 —1.88f8:6; uv 0.30
1.90 uv SCH  -1.327003 7.90 —2.20j§:g$ uv 0.30
2.25 uv SCH  -126%y, 10.20 —3.28j8;6§ uv 030
2.80 uv SCH - ~1.31%0 Bouwens etal. (2020)  3.00 —1.16j8i89 0% 0.30
3.80 uv SCH *1.4370:04 3.80 —1.24%0. 6 uv 0.30
Atek et al. (2018) 6.00 uv SCH  -1.94*01] 4.90 _1537086 v 030
_ +0.02 . +J9_0. .
Moutard et al. (2020) g. ; ; E\\; ggg - 1 .431 ; e 5.90 185 t%gg uv 030
0.53 oy SCH -1 41;§;§§ 6.80 -2. 10t8:82 uv 0.30
' P 7.90 -2.42+0- uv 0.30
0.75 uv SCH  —1.407004 10.40 10803 v 030
1.10 uv SCH  -1.43+007 - 2004 :
155 uv SCH  —145°007 Bollo et al. (2023) 4.50 —1.26j8i§~g Ha 0.27
. _2.18+016 Covelo-Paz et al. (2025)  4.45 -1.38+00 Ha 0.27
Bowler et al. (2020) 8.00 uv SCH  -2.18*010 00
9.00 uv SCH  -231%02 530 -1 .5418;(% Her 0.27
Bowler et al. (2020) 8.00 uv DPL  -1.96'013 6.15 —1.92j8; 2 Ha 0.27
Bouwens et al. (2022) 2.00 [0AY SCH  -1.53*); Fu et al. (2025) 4.50 -1 .23f8:?§ Ho 0.24
3.00 uv SCH -1.60*p0; 6.30 -1 .60j8: " Ha 0.24
4.00 uv SCH  -1.697003 Khostovan et al. (2015)  0.84 —1.26f8;8 s [Om+HF —
5.00 uv SCH —1.78t§;§§ 1.42 —1.08f8»(fg [Om]+H3 —
6.00 uv SCH -1.87*0 )
ot oy SCH o 2.23 _0'97t8']2 [Ou]+HE —
800 oV son 72'2018:88 3.24 -1.07:0 11 [Om]+H3 —
900 oV scn _2.28:8:(‘)3 GLIMPSE (this work) 7.48 +0.29 —2.12j§;§§ [Om]+HZ 0.3
Donnan et al. (2023) 8.00 uv DPL  —2.04702 8.33:+0.26 _2'2223383 [Om+Hp 0.3
Harikane et al. (2024) 7.00 uv SCH  —197%014 7A8£029  ~184%n  [OmI+HE 0.005
8.00 uv SCH  —2.16°0% 8.33+£026  —2.09*000 [Om+HB  0.005

Notes. The measurement from this work are given at the end of the list.
All values are IMF-corrected to Chabrier (2003). GLIMPSE measure-
ments include both SFR integration limits: the standard 0.3M, yr~! and
the deeper GLIMPSE 0.005M; yr~! (Ly, ~ 10*%erg s7).
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