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A B S T R A C T 

In this paper, we discuss measurements of the stellar population and star-forming properties for 43 spectroscopically confirmed 

publicly available high-redshift z > 7 JWST galaxies in the JADES and CEERS observational programs. We carry out a thorough 

study investigating the relationship between spectroscopic features and photometrically derived ones, including from spectral 
energy distribution (SED) fitting of models, as well as morphological and structural properties. We find that the star formation 

rates (SFRs) measured from H β line emission are higher than those estimated from Bayesian SED fitting and ultraviolet (UV) 
luminosity, with ratios SFR H β /SFR UV 

ranging from ∼2 to 13. This is a sign that the star formation history is consistently rising 

given the time-scales of H β versus UV star formation probes. In addition, we investigate how well equivalent widths (EWs) of 
H β λ4861, [O III ] λ4959, and [O III ] λ5007 can be measured from photometry, finding that, on average, the EW derived from 

photometric excesses in filters is 30 per cent smaller than the direct spectroscopic measurement. We also disco v er that a stack of 
the line emitting galaxies shows a distinct morphology after subtracting imaging that contains only the continuum. This gives us 
a first view of the line or ionized gas emission from z > 7 galaxies, demonstrating that this material has a similar distribution, 
statistically, as the continuum. We also compare the derived SFRs and stellar masses for both parametric and non-parametric 
star formation histories, where we find that 35 per cent of our sample formed at least 30 per cent of their stellar mass in recent 
( < 10 Myr) starburst events. 

Key words: galaxies: formation – galaxies: general – galaxies: high-redshift – galaxies: photometry – galaxies: star formation. 
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 I N T RO D U C T I O N  

he high-redshift universe is now being studied in depth by JWST
s shown by a slew of papers on early galaxy disco v eries in the
ast year (Atek et al. 2022 ; Castellano et al. 2022 ; Curtis-Lake et al.
022 ; Donnan, Tojeiro & Kraljic 2022 ; Harikane et al. 2022 ; Naidu
t al. 2022 ; Austin et al. 2023 ; Bouwens et al. 2023 ; Casey et al.
023 ; Donnan et al. 2023 ; Finkelstein et al. 2023 ; Franco et al. 2023 ;
ainline et al. 2023 ; Harikane et al. 2023 ; Li et al. 2023 ; McLeod

t al. 2023 ; Roberts-Borsani et al. 2023 ; Trussler et al. 2023 ; Adams
t al. 2023a ; Harv e y et al. 2024 ; Ormerod et al. 2024 ; Trussler et al.
024 ). These studies have found that there are many more distant
andidate galaxies at z > 7 than inferred from before based on
ubble Space Telescope ( HST ) observ ations. Ho we v er, unco v ering

heir properties is really just in its infancy, and a major way to
nderstand these systems is through spectroscopy. There are also
any questions which we need to answer before we can reach the

ltimate goal of using spectroscopy and imaging together to infer
he physical properties of galaxies and therefore to determine galaxy
 E-mail: conselice@manchester.ac.uk (CC); qiong.li@manchester.ac.uk 
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volution. A major one is how well spectra and imaging agree in
erms of deriving the physical properties of galaxies. 

It is clear that spectroscopy with, in particular, NIRSpec and also
IRCam/NIRISS in grism mode, are and will continue to be of major

mportance for the study of the first galaxies. At the same time, it will
ever be the case that we will obtain spectroscopy for all, or even a
arge fraction, of the most distant galaxies. The systems are too faint,
nd in many cases, too abundant to ef fecti vely obtain many spectra.
hus, we must resort to imaging, down to the completeness limit,

o derive galaxy properties for understanding the galaxy population.
his is a well worn path and many papers have used imaging for the
easurements of photometric redshifts, stellar masses, and derived

tar formation rates (SFRs), amongst other properties (e.g. Atek et al.
023 ; Austin et al. 2023 ; Fujimoto et al. 2023 ; Adams et al. 2023a ).
The purpose of this paper is therefore two-fold. We investigate

ow well we can derive properties of distant galaxies from their
hotometry by comparing the same properties as derived from
pectroscopy. This includes a redshift comparison: z Phot versus z Spec ,
s well as measures of SFRs and stellar masses. For example, it might
e the case that there is a systematic difference in the measurements
f these quantities, such that the ones derived from photometry are for
xample lower than spectroscopy. If this is the case then we will need
o account for this in future analyses. We can also use spectroscopy
© 2024 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 
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nd imaging together to derive unique properties of galaxies. An 
xample of this is using the location of emission lines seen in
pectroscopy which exist, and contribute flux, within various imaging 
lters. When this is well understood and well known (e.g. without 
ncertain redshifts) we can obtain an image of the line emission alone
hrough subtracting filters that only contain continuum (no emission 
ines) from filters with flux arising from emission lines (Hatch et al.
013 ). 
This type of analysis has been carried out in other ways before,

ut never quite addressing the same questions we are here. Previous 
imilar work includes examining how well star formation and stellar 
asses can be measured based on comparisons with models and 
ith different fitting codes and methods (e.g. Mobasher et al. 
015 ; Pacifici et al. 2023 ). This is also the case for different
hotometric redshift codes (Dahlen et al. 2013 ), where tests can 
e done to determine which methods and codes are the ‘best’ for
eco v ering correct photometric redshifts. Recently, this has been 
xamined in terms of the stellar population properties of galaxies 
s derived through photometry, finding that stellar mass is consistent 
etween different codes, although other properties derived from SED 

tting can vary quite significantly (Pacifici et al. 2023 ). Here, we
xamine similar questions, but we take a more detailed approach of
omparing within the same code and same initial conditions how 

ell the properties of galaxies can be derived based on photometry 
ersus spectroscopy. That is, we can determine the same features of
alaxies using spectroscopic measurements, sometimes within the 
ine emission detected, but otherwise fitting the spectrum. 

Thus, in this paper, we investigate the spectroscopic properties of 
 sample of z > 7 galaxies with reliable spectroscopic redshifts from
IRSpec on JWST within two different fields – Cosmic Evolution 
arly Release Science Surv e y (CEERS; Finkelstein et al. 2023 ) and
he JWST Advanced Deep Extragalactic Surv e y (JADES; Eisenstein 
t al. 2023 ; Rieke et al. 2023 ). 

The structure of this paper is outlined as follows. In Section 2 , we
etail the data set sourced from the JADES and CEERS fields. Our
ain findings and analysis are presented in Section 3 . A summary

f our conclusions is provided in Section 5 . Throughout this work,
e adhere to a standard cosmology with H 0 = 70 km s −1 Mpc −1 , 
M 

= 0.3, and �� 

= 0.7 to facilitate comparison with other 
bservational studies. All magnitudes reported are consistent with 
he AB magnitude system (Oke 1974 ; Oke & Gunn 1983 ). 

 DATA  A N D  R E D U C T I O N  

he launch of the JWST in 2021 December (Rigby et al. 2023 )
rovides an unprecedented opportunity to study the distant universe. 
ver the past year, several Cycle 1 observation programs have been 

onducted. In this paper, we analyse data from the JADES and 
EERS programs, both in terms of imaging and spectroscopy. Below 

e give some details of which data we use and how these data were
educed and processed. 

.1 JADES NIRSpec obser v ations 

e use the first JADES released NIRSpec (Ferruit et al. 2022 ;
unker et al. 2023 ) data (PI: Eisenstein, N. L ̈utzgendorf, ID: 1180,
210), spanning the time-frame 2022 September to October, with 
 focus on the publicly released data in GOODS-S field. The 
pectra are obtained through the application of both disperser/filter 
nd PRISM/clear configurations. Specifically, the PRISM data 
o v er 253 galaxies, and 198 of them have disperser/filter data.
our different disperser/filter combinations are used to acquire the 
pectroscopy: G140M/F070LP , G235M/F170LP , G395M/F290LP , 
nd G395H/F290LP, with a wavelength coverage of 0.70 −1.27, 
.66 −3.07, 2.87 −5.10, and 2.87 −5.14 μm, respectively. The three
edium-resolution filters have a nominal resolving power of R 

1000, while the high-resolution data can reach R ≈ 2700. In 
his paper, we primarily utilize the PRISM data, which co v ers a
avelength range of 0 . 6 to 5 . 3 μm , and exhibits a spectral resolution
f R ≈ 30 −330 (Ji & Giavalisco 2022 ). 
Among the 253 observed galaxies, 13 are situated at z spec >

.0, with 11 of them having NIRCam observations. During these 
bservations, three microshutters were activated for each target. 
n exposure protocol was implemented consisting of a three-point 
odding sequence along the slit, with each nod lasting 8403 s, and
he entire sequence repeated four times. This culminated in a total
RISM exposure time of up to 28 h for some sources. The subsequent
xtraction of flux-calibrated spectra was carried out using specialized 
ipelines developed by both the ESA NIRSpec Science Operations 
eam and the NIRSpec GTO Team (Bushouse et al. 2023 ). A
ore detailed examination of the JADES/ HST -DEEP spectra and 

he criteria used for sample selection is provided by Eisenstein et al.
 2023 ). 

.2 JADES NIRCam obser v ations 

he JADES NIRCam imaging observations (Rieke et al. 2023 ) co v er
oth the GOODS-S and GOODS-N fields. In this paper, we focus
n the GOODS-S field data (PI: Eisenstein, N. L ̈utzgendorf, ID:
180, 1210). The observations utilize nine filter bands: F090W , 
115W , F150W , F200W , F277W , F335M , F356W , F410M , and
444W , encompassing a spatial extent of 24.4–25.8 arcmin 2 . A
inimum of six dither points was used for each observation, with

xposure times spanning 14–60 ks. Correspondingly, the 5 σ depths 
re within the range from 3.4 to 5.9 nJy, with flux aperture sizes
arying between 1.26 and 1.52 arcsec. Across all filter bands, JADES
nsures a high level of pixel diversity (Rieke et al. 2023 ), thereby
ignificantly reducing the impact of flat-field inaccuracies, cosmic- 
ay interference, and other issues at the pixel level. In this paper, we
tilize the publicly released JADES data and reductions. 

.3 CEERS NIRSpec obser v ations 

he CEERS NIRSpec spectroscopic data (Fujimoto et al. 2023 ; 
rrabal Haro et al. 2023a , b ) were procured as part of the ERS
rogram (PI: Steven L. Finkelstein, ID:1345). This data set was 
esigned to optimize the o v erlap with observations from both
IRCam and HST , using three medium-resolution gratings R ≈
000 and the PRISM R ≈ 100. The PRISM data presented here are
 reschedule of the original observations affected by an electrical 
hort in CEERS Epoch 2 (2022 December). These rescheduled 
bservations were e x ecuted in CEERS Epoch 3, 2023 February.
uring this period, both NIRSpec pointings, namely NIRSpec11 

nd NIRSpec12, adhered to the standard CEERS MSA observational 
uidelines. Specifically, they encompassed three integrations with 
4 groups in the NRSIRS2 readout mode per visit, leading to a total
xposure time of 3107 s. Within these observations, a trio of shutters
as used to form slitlets, facilitating a three-point nodding sequence 

o enhance background subtraction. The PRISM disperser, ranging 
n wavelength from 0.6–5.3 μm, is characterized by its capacity to
rovide varied spectral details. In this paper, we use the NIRSpec
ata reduced by the Cosmic Dawn Center, which is published on
MNRAS 529, 4728–4744 (2024) 
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he DAWN JWST Archive (DJA). 1 From this data set, there are 32
alaxies at z spec > 7, which we analyse in the following sections. 

.4 CEERS NIRCam obser v ations 

he CEERS (CEERS; ID = 1345) NIRCam imaging (Bagley et al.
023 ) includes data across seven distinct filters: F115W , F150W ,
200W , F277W , F356W , F410M , and F444W , with a 5 σ depth of
8.6 AB magnitudes using 0.1-arcsec circular apertures. The data set
ncompasses observations collected during 2022 June, accounting
or 40 per cent of the total NIRCam area co v ered for CEERS in the
atter half of the same year. 

In this paper, we utilize our own bespoke reduction of these
ata from the Cosmic Evolution Early Release Science Surv e y in
he Extended Groth Strip field (EGS). We have reduced this data
ndependently ourselves using a custom set-up of the JWST pipeline
ersion 1.6.2 using the in-flight photometric zero-point calibration
le available through the CDRS 0942 . We provide an e xtensiv e
escription of this process and the resulting data quality in Ferreira
t al. ( 2022 ) and Adams et al. ( 2023a ). 

In parallel, v1.9 EGS mosaics HST data from the CEERS team
re used. These are processed following the methodologies outlined
n Koekemoer et al. ( 2011 ), which notably include enhancements in
alibration and astrometric accuracy beyond what is available from
he default HST archi v al pipeline, with a pixel scale of 0.03 arcsec.
or the HST data, two filters, namely F606W and F814W , are
mployed in our analyses due to their superior spatial resolution
nd depth when compared to HST /WFC3 images, and the fact that
hey are bluer than the JWST data. We find that using these two
ST filters within CEERS is critical for measuring accurate redshifts

nd other physical properties as this JWST data set is missing the
rucially important F090W band. 

.5 Photometric redshifts 

nalysing the quality and robustness of photometric redshift es-
imates is a key aspect of this paper, and thus we go into some
etail in describing how they are measured here. We use two
ifferent photometric redshift codes throughout this paper – EAZY-
Y (hereafter EAZY ) is our primary code, and then LePhare as a
heck on these values, both of which we describe below. Most of our
esults, ho we ver, are discussed mainly in terms of the EAZY code. 

Our primary photometric redshifts arise from fitting our derived
EDs from the EAZY photometric redshift code (Brammer, van
okkum & Coppi 2008 ). This is the standard code used to measure
hoto-zs from the EPOCHS sample (Adams et al. 2023a ; Conselice
t al., in preparation). To carry out the photometric redshift analysis,
e use the BC03 template sets with a Chabrier initial mass function

or our analyses, with details discussed in Bruzual & Charlot ( 2003 )
nd Chabrier ( 2002 ), respectively. The templates we use include both
xponential and constant star formation histories, whereby we use
ithin these 10 characteristic time-scales ranging from 0.01 < τ <

3 Gyr. In addition to this, we use 57 different ages for the model
alaxies spanning 0–13 Gyr. We include galaxies models which are
t redshifts that range from 0 < z < 25. Dust is accounted for by
sing the prescription of Calzetti et al. ( 2000 ). We allow for E ( B −
 ) values up to 3.5, to include any very dusty galaxies that may exist
t these very high redshifts, and to determine the likely errors from
ow-redshift contamination. Our fitting of the photo-zs incorporates
NRAS 529, 4728–4744 (2024) 
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q  

a  
reatment for emission lines, and we apply the intergalactic medium
ttenuation derived from Madau ( 1995 ) when considering our fits.
he very blue templates we use are presented in Larson et al. ( 2022 )
s well as those which used by the JADES team (Hainline et al. 2023 ).
hese templates build upon the default template sets and incorporate
alaxies that exhibit bluer colours and stronger emission lines, which
re expected to be more appropriate for modelling the spectral energy
istributions (SEDs) for those systems that are at z > 7. 
In addition to EAZY , we use photometric redshifts calculated with

he LePhare code. The setup that we use is the same as we have used
or the EAZY results described abo v e. Ho we ver, most of our results
hen using photometric redshifts arise from EAZY , and LePhare is
sed as a check on these. By utilizing multiple photometric redshift
odes, we are able to cross-check the results for consistency and
dentify potential contaminants, thus ensuring the reliability of our
nal sample. 
We do not use methods to fine-tune the zero points of the

hotometric bands, as the NIRCam modules consist of multiple
ndividual chips (eight in the blue and two in the red), each with their
wn independent calibrations and photometric zero-point offsets.
pplying zero-point modifications on a chip-by-chip basis, instead of
n the final mosaic, would be necessary due to the small field of view
o v ered by each chip, which results in a limited number of objects
ith spectroscopic redshifts within each chip, and leads to potential
nnecessary biases determined by the positions of the galaxies in
he NIRCam pointing. Doing this would also introduce potential
iases towards systems with certain colours, which depend on the
ypes of spectroscopically confirmed galaxies within each module.
iscussions with members of the community have indicated that

esidual zero point errors were anticipated to be around 5 per cent.
herefore, we have implemented a minimum 5 per cent error on

he measured photometry to account for potential zero-point issues
ithin the NIRCam reduction pipeline. 

 RESULTS  

n this section, we describe the basic results of our study by
omparing photometric and spectroscopic data, and what can be
earned by combining the two. We include a comparison of the galaxy
roperties derived separately from the photometric and spectroscopic
ata, and how accurate we can derive properties from photometry
y comparing with spectroscopy, assuming that the spectroscopic
eri v ations are more accurate in some cases. We later discuss the
ikelihood of this later case. 

.1 Photometric versus spectroscopic redshifts 

y far the most common way to estimate the distances of galaxies is
hrough photometric redshifts. This is due to the fact that photometric
edshifts can be measured when imaging is available for different
alaxies in a variety of filters; this allows us to compare to templates
f known redshifts and thus determine which is the best ‘fit’. In
his section, we carry out a comparison of how we measure the
hotometric redshifts for distant galaxies and how well these compare
o the known high-quality spectroscopic redshifts available from
IRSpec JWST data. 
There are, ho we ver, two issues that we have to discuss concerning

omparing the photometric and spectroscopic redshifts. The first
s the selection of sources. It is not enough to blindly measure
hotometric redshifts for everything that enters a catalogue, as the
uality of those redshifts depends strongly on the quality of the data
t all wavelengths, and how many filters a galaxy is detected within.

https://dawn-cph.github.io/dja/blog/2023/07/18/nirspec-data-products/s p


High-z JWST spectra 4731 

Figure 1. Comparison of spectroscopic redshifts with photometric redshifts 
from EAZY , for 11 JADES and 32 CEERS galaxies. A scatter plot between 
these values is presented and shown with an inset histogram at the bottom 

right corner, displaying the frequency distribution of the quantity ( z spec −
z phot )/(1 + z spec ) of our galaxy samples. 
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Table 1. Values of η and NMAD for JADES, CEERS, and Joint Data. The 
outlier fraction, η, expressed as a percentage and defined by equation ( 1 ), 
measures the proportion of outliers in the redshift comparison. The NMAD, 
calculated using equation ( 2 ), estimates the scatter in the redshift differences, 
adjusted for scale. The low values of both metrics attest to the accurate 
measurement of our photometric redshifts. 

Parameters JADES CEERS Joint 

η 0.0 per cent 6.3 per cent 4.7 per cent 
NMAD 0.027 0.036 0.035 
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As described, the photometric redshift technique that we use to 
easure redshifts comes from EAZY-PY (Brammer et al. 2008 ) 

nd uses a variety of approaches discussed in section 2.5.1. These 
ethods and details of the photometric redshifts are further described 

n detail in Adams et al. ( 2023b ) and Conselice et al. (in preparation).
or spectroscopic redshifts, we utilize data from the publicly avail- 
ble JADES catalogue (Bunker et al. 2023 ), as well as from the DJA
or CEERS galaxies. We re-measure these spectroscopic redshifts 
urselves using the [O III ] λ5007 line and find a good agreement
ith the published ones which we use throughout this paper. For this

nitial comparison, we just compare the photometric redshifts we 
btain for all 43 galaxies in our sample (11 from JADES and 32 from
EERS), without consideration for whether these galaxies would be 

elected for observation based on other criteria, which we discuss in 
ore detail below. 
The outcomes of our redshift comparison are visually represented 

n Fig. 1 . We e v aluate two statistical measures for all the galaxy
amples: the outlier fraction η and the normalized median absolute 
eviation (NMAD). These two parameters are defined by the follow- 
ng expressions: 

= 

N 115 + N 85 

N total 
, (1) 

here N 115 and N 85 represent the counts of points lying abo v e the
ine z phot = 1.15 × ( z spec + 1) and below the line z phot = 0.85 × ( z spec 

 1), respectively. These counts indicate the presence of outliers in 
he sample. The equation for calculating the NMAD is given by (e.g.
uncan et al. 2019 ): 

MAD = 1 . 48 × med 

∣∣∣∣z spec − z phot 

1 + z spec 

∣∣∣∣ . (2) 

The values for these parameters, as applied to our data set, are
etailed in Table 1 . As is evident, our photometric redshift measure-
ents show an exceptional concordance with the spectroscopically 
easured values. Notably, 4.7 per cent of our samples qualify as

utliers in terms of their photometric redshifts. We find a very similar
rend when using the LePhare photometric redshifts. 
We now would like to consider how the selection method we and
thers use in high redshifts papers would allow these galaxies to
e correctly identified as high redshift (e.g. Adams et al. 2023a ;
onselice et al., in preparation). The selection procedure in these 
apers, and others similar to them, uses more than just the best-fitting
hoto- z solution, including issues such as the limits on potential
ow- z solutions and the detection confidence of the photometry. In
ddition to having a high- z solution, these high- z papers often require
hat there be a low probability for the photometric redshift to be at
ower z. Another criteria for robust selection of high-redshift galaxies 
nvolves additional criteria, such as > 3 σ detection in bands blueward
f the Lyman break, a PDF integral of photometric redshifts between
0.1 z is greater than 60 per cent of the total, and χ2 values less

han 6. These criteria are done to balance contamination with sample
ompleteness. Thus, we can test our methodology with this sample 
o see how many galaxies from this spectroscopic sample we would
ave included in our photometric samples in the EPOCHS papers. 
In accordance with the selection criteria explained in our previous 

ork (Adams et al. 2023b ; Conselice et al., in preparation), 16 out
f the 32 CEERS galaxies would be categorized as robust galaxies.
he reasons that 16 galaxies would not have survived our selection
re varied and depend on a few factors. Among the 16 galaxies that
 ould mak e up this non-robust sample, 4 systems are excluded due

o being near image edges or diffraction spikes. 1 galaxy is excluded
or lacking observations in bands blueward of the Lyman break, and
1 are rejected owing to flux detections below 5 σ abo v e the noise
n the first, second, or both bands redward of the Lyman break. It is
oteworthy that the CEERS team likely selected these 11 galaxies 
ased on using smaller, 0 . 2 arcsec apertures for their photometry.
espite their faintness, our analysis still gets their redshifts correct. 
hus, o v erall we only miss those galaxies which are too faint for

eliable photometric redshifts or those that are in non-ideal regions 
f the images. 
We generate both primary and secondary photometric redshift 

olutions for each galaxy in our study. The secondary redshift 
olutions are constrained to have a maximum allowable redshift of z 
 6. In our robust galaxy samples, these secondary solutions typically 

xhibit an inferior fit quality compared to the primary solutions. This
s substantiated by an average �χ2 value which is ∼ 35 higher than
hat of the primary solutions, for which the mean χ2 is 7.47. 

.2 Galaxy intrinsic properties 

e analyse the intrinsic properties of our galaxy samples, both 
pectroscopically and photometrically, using various methodologies. 
pecifically, we use Bagpipes (Carnall et al. 2018 ) to fit the photo-
etric and spectroscopic galaxy data separately with six parametric 
FH models – lognormal, delayed, constant, exponential, double 
elayed, and delayed burst – along with a non-parametric Continuity 
odel (Leja et al. 2019 ), while fixing the redshift to the spectroscopic
MNRAS 529, 4728–4744 (2024) 
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edshift in both cases. These models are widely accepted and have
een used in various works (e.g. Carnall et al. 2023 ; Looser et al.
023 ; Tacchella et al. 2023 ; Whitler et al. 2023 ; Endsley et al. 2023b ).
e use Log10 priors for dust, metallicity, and age. The reason for

electing Log10 priors is because we expect high redshifts galaxies
o be young, with lower metallicity and for being less dusty. We set
rior limits for metallicity in the range of [1 e-06 , 10 . 0] Z �, dust prior
n the range of [0.0001, 10.0] in A V , ionization parameter Log 10 (U)
n range of [ − 4, −2], the time assumed for star formation to start at
.001 Gyr, the time assumed for star formation to stop at t U , with t U 
enoting the age of the Universe. In addition, Kroupa ( 2001 ) initial
ass function (IMF), Bruzual & Charlot ( 2003 ) SPS model, and the
alzetti et al. ( 2000 ) dust attenuation model is implemented. In each
odel, we focus solely on the influence of SFR time-scales – where
e have used 5, 10, and 100 Myr as the onset of the star formation
on the inferred ongoing and past SFR. These time-scales are the

ime intervals we use to average the SFR from the SFH. 
Different SFHs can have a large impact on inferred stellar mass

nd SFR (Furtak et al. 2021 ; Tacchella et al. 2022 ; Harv e y et al. 2024 ;
ang et al. 2024 ). Since our investigation focuses on the differences

etween parameters derived from photometric and spectroscopic
ata, using consistent redshift and SFH, our emphasis is on the
elati ve dif ferences, rather than the absolute differences between
arameters derived from various SFHs. Therefore, we have chosen to
resent results inferred from our fiducial model, the lognormal SFH.
or each property computed from Bagpipes , the derived values
re represented by the median of their respective PDF. The lower
nd upper uncertainties are determined as the differences between
he 50th percentile and the 16th, and between the 84th and the 50th
ercentiles, respectively. 
In our spectroscopic fitting, we incorporate three additional con-

iderations (Carnall et al. 2019 ): velocity dispersion, flux calibra-
ions, and noise. The velocity dispersion is modelled by setting the
idth of the Gaussian kernel in velocity space to be convolved with

he spectroscopic output, within a range of [1, 1000] km s –1 . For flux
alibrations, we address potential discrepancies between photometric
nd spectroscopic measurements by fitting a Chebyshev polynomial
erturbation to the spectroscopic data (Carnall et al. 2019 ). This
ethod assists in correcting calibration issues and aligning the
odels. To account for noise, we introduce a factor that applies
 multiplicative adjustment to all spectroscopic uncertainties. More-
 v er, to e v aluate potential slit losses, we simulate photometric flux
sing the observed spectral data. Our analysis reveals a maximum
iscrepancy of ∼20 per cent between the observed photometric flux
oints and the simulated data, predominantly in the NIRCam filter
090W . This discrepancy is likely attributed to the fact that this
and is blueward of the Lyman break for our sample galaxies at
edshifts z > 7, resulting in a significant drop in flux. Consequently,
he noise dominates in this band. For other filter bands, no discernible
ifferences are observed. 
We produce a scatter plot with photometrically derived values on

he y -axis and spectroscopically derived values on the x -axis, for
agpipes derived stellar masses, formed masses, SFRs, and dust
xtinction values ( A V ). Using the Bayesian Markov chain Monte
arlo method, we compute the line of best fit for each plot via

he emcee package (F oreman-Macke y et al. 2013 ). Specifically,
e employ 100 000 steps and 50 walkers to generate candidate
radients and y -intercept values. For both sets of values, we adopt
he mean as the representati ve v alue and use the 1 σ deviation
s the associated uncertainty, as the distributions follow a perfect
aussian. In addition, the Pearson correlation coefficient between

he spectroscopic and photometrically derived values is determined,
NRAS 529, 4728–4744 (2024) 
nd its uncertainty is calculated using the Fisher transformation.
pecifically, the Pearson correlation coefficient r is transformed

nto a z-score using the Fisher transformation, which is given by
 = 

1 
2 ln 

(
1 + r 
1 −r 

)
. This transformation ensures that the distribution

f z is approximately normal. Once z is obtained, the 95 per cent
onfidence interval for it is calculated. Subsequently, this confidence
nterval is transformed back to the correlation coefficient scale
sing the inverse Fisher transformation, represented by r = 

e 2 z −1 
e 2 z + 1 

.
hus, providing the 95 per cent confidence interval for the original
orrelation coefficient r . The results of gradients, intercepts, and
orrelation coefficients using 100 Myr SFR time-scale are presented
n Table 2 . 

We compare the inferred properties of galaxies with those reported
n the literature, (e.g. Fujimoto et al. 2023 ). The observed discrepan-
ies in the properties vary between 30 and 80 per cent. We attribute
hese differences primarily to the use of distinct SFH models. 

.2.1 Quality of the Bagpipes fits 

n this section, we discuss how well we can fit the SEDs of our
alaxies with the Bagpipes fits and the underlying models which
e use. These are standard models which have been used throughout

he literature for years, but it might be the case that at these higher
edshifts galaxy SEDs might be better fit by, for example, models
n which the IMF differs from the assumption [perhaps top-heavy
Steinhardt et al. 2023 )] or by models which incorporate binary
tars (e.g. BPASS) (e.g. Eldridge & Stanway 2009 ). One way to
etermine this is through examining how well our SEDs are fit by
hese models as determined through the χ2 

reduced values of these fits.
e configure the SED resolution to match that of the PRISM/clear

pectra, utilizing the number of data points as the degrees of freedom
o calculate χ2 

reduced . 
We e v aluate the goodness of fit for our models by calculating

he χ2 
reduced for both photometric and spectroscopic fitting. Both our

ADES and CEERS samples exhibit comparable photometric χ2 
reduced 

alues, meaning that there is not one particular sample which is better
t by our methods than the other. Precisely, the mean photometric
2 
reduced for the JADES samples is 1.5 ± 0.6, whereas for CEERS
amples, it stands at 2.0 ± 1.1. This indicates a similar and good level
f photometric fitting quality for these two sets of galaxy samples. 
Ho we ver, the spectroscopic fitting quality for CEERS samples

ppears to be slightly inferior based on this statistic. The mean χ2 
reduced 

or JADES is 1.54 ± 0.65. In contrast, the corresponding value for the
EERS sample rises to 3.19 ± 1.34, nearly double that of JADES.
e speculate that the worse fitting quality for CEERS is primarily

ttributed to its shorter exposure time. Some JADES galaxies have
xposure times extending up to 28 h, whereas CEERS employs an
xposure time of less than an hour. Whilst the larger errors on the
ainter observations should account for this, it is possible that these
re being underestimated in our fits, and therefore resulting in higher
2 
reduced values. In any case, we do not observe large χ2 

reduced values that
ould suggest the models we fit are inherently flawed. Ho we ver, a
ore detailed analysis is warranted and necessary, but this is beyond

he scope of this paper. 

.2.2 Inferring galaxy stellar masses 

n this section, we examine the v arious dif ferent ways in which
tellar mass and formed mass are derived from Bagpipes using
he spectroscopic and photometric data. Stellar mass represents the

ass of the galaxy as inferred at the epoch of observation, while
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Table 2. Linear regression and Pearson correlation analysis between spectroscopic and photometric results for different galaxy properties derived from 

Bagpipes using 100 Myr SFR time-scale. The gradient and y -intercept of the regression model are computed, and the uncertainty in the correlation coefficient 
is calculated using the Fisher transformation. The 1 σ values (or scatter) for residuals between the best-fitting line and scatter points are shown. 

Property Correlation Gradient Intercept Residual 1 σ

Stellar mass [log 10 (M �)] 0 . 62 + 0 . 39 
−0 . 28 0.55 ± 0.11 3.49 ± 0.90 0.37 [log 10 (M �)] 

Mass formed [log 10 (M �)] 0 . 58 + 0 . 34 
−0 . 35 0.53 ± 0.12 3.72 ± 0.95 0.41 [log 10 (M �)] 

Star formation rate [ M � yr −1 ] 0 . 64 + 0 . 15 
−0 . 22 0.67 ± 0.13 0.42 ± 0.30 1.37 [ M � yr −1 ] 

Dust extinction ( A v) [AB mag] 0 . 61 + 0 . 16 
−0 . 24 0.49 ± 0.1 0.15 ± 0.04 0.20 [AB mags] 

Figure 2. The comparison of galaxy stellar masses inferred from spectro- 
scopic and photometric data using Bagpipes fitting, based on the lognormal 
star formation history. The best-fitting line for all data points has a gradient 
of 0.55 ± 0.11, and an interception of 3.49 ± 0.90 log 10 ( M ∗/M �), as 
shown by the dashed line. The solid line shows the 1:1 relation between 
the two masses. The correlation coefficient between the spectroscopic and 
photometric measurements is 0 . 62 + 0 . 39 

−0 . 28 . In general, we find a better agreement 
between these methods of inferring stellar masses at intermediate masses. At 
the lowest masses, the photometric method gives larger masses, whereas at 
the higher masses the spectroscopic inference of stellar mass is larger. 

t
m
t  

a  

o
d
i
d  

n
t  

c
t
t
b

 

F
J  

m  

e
p
m
r  

h  

f
l  

s
p
n  

b  

[

3

I  

w
l
t
s  

w  

t  

d  

c
U
d

t  

a
a  

s
r  

l
t  

2
 

p  

s
t  

c
(  

y
2  

m
a

 

i
i

w  

w  

t  

t
t  

d  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/529/4/4728/7635682 by Liverpool John M
oores U

niversity user on 23 Septem
ber 2024
he formed mass incorporates the observed mass plus the return 
ass, accounting for the mass from exploded stars that contribute 

o the formation of new stars. Consequently, the formed mass is
l w ays greater than the stellar mass. Also, the stellar mass is the
nly quantity that allows for a direct comparison between results 
erived from spectroscopic and photometric methods given that this 
s what we are observing. In addition, different SFR time-scales 
ictate the duration o v er which the SFR is averaged, and these do
ot influence the derived galaxy masses. Thus, we present only 
he 100 Myr averaged SFR results here. In Table 2 , we show the
orrelation coefficient and the parameters of the best-fitting line for 
he spectroscopically and photometrically derived values of these 
wo quantities. Generally speaking, these two masses derived from 

oth methods are in moderate agreement, with high scatter. 
We present a graphical comparison for stellar masses in Fig. 2 .

or our galaxy samples, the stellar masses for both CEERS and 
ADES range from log 10 ( M ∗/M �) = 6.8 to 9.3, with individual
eans of 8.0 for both fields, consistent with the findings of Fujimoto

t al. ( 2023 ). The correlation coefficient for spectroscopically and 
hotometrically derived stellar masses is 0 . 62 + 0 . 39 

−0 . 28 , which indicates 
oderate agreement between these two methods. Ho we ver, the 1 σ

esidual of 0.37 log 10 ( M ∗/M �) from the best-fitting line suggests
igh scatter in the data. We hypothesize that this scatter arises
rom some photometric bands being affected by strong emission 
ines of H β and [O III ], thereby reducing the accuracy of the
tellar masses. Further investigation reveals that galaxies with this 
ronounced scatter generally exhibit high SFRs. Although there is 
ot a universally strong agreement across all mass ranges, a notably
etter alignment is observed within the mass range log 10 ( M ∗/M �) =
7.6, 8.2]. 

.2.3 Inferring star formation rates 

n this section, we employ three methods to infer the SFR: which
e name as: Bagpipes , ultraviolet (UV) luminosity, and H β

ine luminosity. For the Bagpipes method, we not only analyse 
he correlation in SFR derived both photometrically and spectro- 
copically, but also study the variations in the derived SFR values
hen employing different time-scales: 100, 10, and 5 Myr. We use

his to investigate the star formation history of our sample and to
etermine when the stellar masses of these galaxies formed. We then
ompare these SFR measurements with those from direct line and 
V measures. The specific parameters for the Bagpipes fitting are 
etailed in Section 3.2 . 
Beyond the insights provided by the Bagpipes method, we fur- 

her infer the SFR directly using H β line luminosity from spectrum,
nd UV luminosity derived from the photometry. Each technique, 
s elaborated in this section, calculates the SFR o v er distinct time-
cales. For instance, the Hydrogen β method predominantly captures 
ecent SFRs – about 10 Myr prior to observations. In contrast, the UV
uminosity method gauges the SFR o v er a longer window, specifically 
he ∼100 Myr preceding the observ ations (K ennicutt Jr & Evans
012 ). 
For SFRs inferred from the H β line, we employ the calibration

roposed by Kennicutt Jr & Evans ( 2012 ). The approach harnesses
ynthetic stellar populations and SEDs to calibrate various SFR 

racers, relying on a standard IMF for enhanced results o v er previous
alibrations. Although the accuracy of the Kennicutt Jr & Evans 
 2012 ) calibration may be influenced by the low-metallicity and very
oung light-weighted ages of high-redshift galaxies (Topping et al. 
022 ), we have chosen to use it because it remains the standard
ethod. Additionally, many recent studies continue to employ this 

pproach at high redshift (e.g. Lin et al. 2024 ; Vallini et al. 2024 ). 
Typically, the H α luminosity is used for SFR calculations due to

ts direct relationship with recent star formation, and this relationship 
s expressed as 

log Ṁ ∗( M �yr −1 ) = log L H α − log C H α, (3) 

here L H α is the H α luminosity and C H α is the calibration constant
ith log C H α = 41.27. Ho we ver, in our high-redshift galaxy samples,

he H α line is redshifted beyond the NIRSpec wavelength range. We
herefore measure the H β line luminosity, from which we derive 
he H α luminosity using the ratio L H α/ L H β = 2.86, applicable in
ust-free star-forming regions (Kennicutt Jr & Evans 2012 ). We later
MNRAS 529, 4728–4744 (2024) 
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M

Figure 3. Comparison of SFR derived from spectroscopic and photometric 
Bagpipes fitting for 43 galaxies using a 100 Myr SFR time-scale. That is 
the inferred SFR using the same way with the same code, but one axis shows 
the photometric values while the other the spectroscopic results. We find a 
correlation coefficient of 0 . 64 + 0 . 15 

−0 . 22 and that 80 per cent of the galaxies have 
SFRs in the range [0 . 3 , 3] M � yr −1 . 
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Figure 4. Comparison of SFR derived from H β lines and UV luminosity 
for 25 galaxies exhibiting H β lines under dust free assumption. 68 per cent 
galaxies have higher H β derived SFR values than that obtained using the UV 

luminosity method, with a factor up to 2.4 −13.5. 
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iscuss how viable this assumption is and how it might influence our
easurements. 
To estimate SFRs directly from the photometry, we employ the

onversion from the UV luminosity directly measured L UV to SFR
s presented in equation ( 4 ). In this case, we do correct for dust
bscuration by measuring the rest-frame UV using a technique that
nvolves utilising the UV β slope. We fit a power law to the rest-
rame UV photometry of the galaxy to determine the proportionality
onstant, β. The dust-corrected SFR in solar mass per year is then
omputed using the equation from Madau & Dickinson ( 2014 ): 

FR UV = κ · L UV · 10 0 . 4(4 . 43 + 1 . 99 β) , (4) 

here κ = 1 . 15 × 10 −28 M � yr −1 erg −1 s Hz , is the proportionality
onstant that accounts for the efficiency of star formation and the
MF (Salpeter 1955 ), 4.43 + 1.99 β is the dust correction factor
 UV (Meurer, Heckman & Calzetti 1999 ), and L UV is the UV

uminosity of the galaxy. We use these star formation calibrations
nd measurements in the following subsections. 

.2.4 Photometry versus spectroscopy star formation rates 

n this subsection, we investigate how well fits to spectroscopy
ompare with fits to the photometry for inferring SFRs within
ur sample of galaxies. The reason for doing this is to determine
ow well we can infer the SFR in terms of internal consistency,
ut also if we assume that the SFR inferred from spectroscopy
s somehow more’correct’ than with photometry, how different
hese two measures would be. In Fig. 3 , we show a comparison
f Bagpipes derived spectroscopic and photometric SFR using
 100 Myr time-scale. In our sample, the majority of galaxies
xhibit an SFR ranging from ∼0.3 to ∼ 3 M �yr −1 , with a number of
ystems having higher SFRs, reaching up to ∼ 9 M �yr −1 . We find
hat the JADES sources with NIRSpec data typically exhibit a lower
ean SFR of 1 . 6 M �yr −1 , compared to those from the CEERS field
hich have a mean SFR of 5 . 6 M �yr −1 . Ho we ver, it is important

o note that this is within the errors of these measurements. These
ifferences underline the significance of selection biases in studying
iverse high-redshift galaxies, emphasizing the need for a more
omprehensive spectroscopic approach in future endea v ors. 

Furthermore, the correlation coefficient between these star forma-
ion measurements is 0 . 64 + 0 . 15 

−0 . 22 , signifying a good agreement between
he two methods. Notably, there is an especially strong concordance
NRAS 529, 4728–4744 (2024) 
etween photometrically and spectroscopically derived SFRs, for
FR values up to 2 M �yr −1 . It is only at the higher end of the star
ormation where we find that the photometry is higher. Ho we ver, it
s important to keep in mind that these differences are at about the
evel of the uncertainty in these values. 

.2.5 Bursty star formation events 

n this section, we present three ways in which the bursty SFH nature
or our galaxy sample is identified and verified within these high-
edshift galaxies. We are able to do this as we have the ability to
etermine the SFR accurately knowing the correct redshift of our
ystems. 

First, we turn our attention to the comparison between SFR derived
rom H β line emission and the UV luminosity. Of our samples, 5 out
f 11 JADES galaxies and 20 out of 32 CEERS galaxies exhibit an
 β line which we can measure. The comparison for these galaxies is

llustrated in Fig. 4 . Given that the H β results have not been corrected
or dust, we opted for a consistent comparison by assuming a dust-
ree condition for the UV-derived SFR as well. As these are low-mass
igh-redshift galaxies, they are unlikely to be very dusty in any case.
onsequently, the term 10 0.4(4.43 + 1.99 β) as outlined in equation ( 3 ) is
mitted from these comparisons. 
It is worth noting that if dust correction is taken into account,

hen the effect is stronger in the rest-frame UV than in the rest-
rame optical where H β is located. Upon analysis, 60 per cent of the
EERS samples show a higher SFR from the H β line luminosity
easurement compared to that from the UV luminosity, while this

bservation is true for all the JADES samples. The SFR derived from
 β line luminosity can be as much as 2.4 times higher for JADES

amples and 13.5 times for CEERS samples, which may well be due
o photometric selection biases in the way these galaxies are selected.

The higher SFR from the H β line method most likely arises from
he differing time-scales each method probes. The UV luminosity
eflects the SFR o v er the previous 100 Myr, while H β traces the SFR
 v er much shorter time-scales of ∼10 Myr. Such findings suggest a
ursty phase of star formation in these galaxies o v er the recent few
illion years (see below for further proof of this), a phenomenon

lso demonstrated by recent papers such as Matthee et al. ( 2023 ),
ndsley et al. ( 2023a ), Asada et al. ( 2024 ), and Dome et al. ( 2024 ).
ne factor that may bias the sample towards higher SFR during the
ast 10 Myr is that we are only showing the H β SFRs for galaxies
ith an identifiable H β detection. Another issue which we have



High-z JWST spectra 4735 

i  

t  

m  

W  

g  

(  

f  

H  

1  

U  

t  

m

m
p  

fi
a
m  

t
s

S

s

w  

M  

i  

s
m

a
v
t
b  

F  

f
t
l  

m
t  

J
3  

f
a
s
−
f
s
s  

c
r
1
t

3

S
U
S  

A
fi  

Figure 5. Comparison of log 10 (sSFR) derived from Bagpipes spectro- 
scopic fitting for two distinct SFR time-scales: 10 Myr (top panel) and 
100 Myr (bottom panel). In the 100 Myr SFR time-scale graph, 61 per cent 
of CEERS galaxies and 73 per cent of JADES galaxies reach the log 10 (sSFR) 
= −8 limit, suggesting these galaxies formed their entire stellar mass within 
the past 100 Myr. Conversely, in the 10 Myr graph, only two galaxies from 

both CEERS and JADES achieve log 10 (sSFR) = −7 limit. This evidence 
advocates for the appropriateness of a 10 Myr time-scale o v er a 100 Myr 
time-scale, especially in light of bursty star formation patterns observed in 
recent million years. 

Figure 6. Comparison of A V values obtained from Meurer et al. ( 1999 ) 
and those determined through spectroscopic fitting using Bagpipes . Points 
marked in yellow represent ne gativ e A V values as per Meurer et al. ( 1999 ), 
which we reset to zero (dust free). These instances constitute 55 per cent of 
the JADES samples and 73 per cent of the CEERS samples. 
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gnored in this calculation is the dust content. It might be the case
hat the dust extinction is high enough to attenuate the UV light

ore than the H β line flux such that it only appears to be lower.
e investigate the dust in more detail in Section 3.2.6 , ho we ver, we

ive some indication for its impact here. Using the Calzetti et al.
 2000 ) dust law we find an attenuation of A UV = 0.25, A H β = 0.13
or our galaxies. This leads to a relative increase in UV SFR over
 β by about 10 per cent (25 per cent increase in UV versus a
2 per cent increase in H β flux) which is not nearly enough to create
V SFRs that match the observed H β. Thus, we can conclude

hat there is an intrinsic difference in what these two SFRs are
easuring. 
To investigate the bursty nature of the SFH of these galaxies 
ore thoroughly, we utilize the non-parametric ’Continuity’ model 

resented by Leja et al. ( 2019 ). Our analyses yield consistent
ndings: galaxies with higher H β-derived SFR do indeed exhibit 
 notable burst in their SFH when interpreted through the Continuity 
odel. Specifically, for a majority of these cases, the timing of

hese star formation bursts is identified to occur within a time-frame 
panning 0.3 to 0.7 Gyr. 

Another aspect that indicates a bursty SFH is from the specific 
FR, defined as 

SFR = 

M formed ( < t) /t 

M ∗
, (5) 

here M formed represents the mass formed within the past t years, and
 ∗ is the observed stellar mass of the galaxy. If a galaxy formed all

ts mass within the past t years, then M formed = M ∗, neglecting any
tellar mass-loss through stellar evolution processes, resulting in a 
aximum sSFR of sSFR = (1/ t ). 
We utilize Bagpipes to derive the sSFR both spectroscopically 

nd photometrically. The majority of our sample display higher 
alues of photometrically derived log 10 (sSFR) compared to the spec- 
roscopically derived values, with the most significant discrepancy 
eing 11 per cent observed in both the CEERS and JADES samples.
urthermore, in Fig. 5 , we show log 10 (sSFR) for our samples derived
rom Bagpipes spectroscopic fitting under 10 and 100 Myr SFR 

ime-scale. Most galaxies attain the maximum log 10 (sSFR) value of 
og 10 (1/ t ) = −8 using a 100 Myr SFR time-scale. This implies that

ost galaxies are consistent with forming most of their stars within 
he past 100 Myr. Additionally, we also find 45 ± 20 per cent of
ADES galaxies and 34 ± 11 per cent of CEERS galaxies formed 
0 per cent of their total mass within the past 10 Myr. In addition,
rom this 10 Myr time-scale model, two CEERS samples achieve 
 log 10 (sSFR) value of −7, suggesting they formed their entire 
tellar mass within this period, while two JADES galaxies reach 
7.2, indicating approximately 60 per cent of their stellar mass was 

ormed during the past 10 Myr, both signifying periods of intense 
tar formation. These observations underscore the bursty nature of 
tar formation in the last few million years for these galaxies. A
omparative analysis using a 5 Myr SFR time-scale does not produce 
esults significantly different in sSFR from those obtained with a 
0 Myr SFR time-scale, indicating a relatively stable SFR across 
hese two time-scales 

.2.6 Inferring dust attenuation 

ince the absorption, and subsequent reprocessing of rest-frame 
V light by ISM dust in high-redshift galaxies obscures observed 
FRs, it is crucial that we estimate the UV dust attenuation factor,
 UV , appropriately. We compare results from our Bayesian SED 

ts assuming a Calzetti et al. ( 2000 ) dust attenuation law with UV-
ptical slope S = A UV / A V = 10 0.4 (Salim & Narayanan 2020 ) with
hat calculated from the Meurer et al. ( 1999 ) relation in Fig. 6 . 

It is worth noting that the dust law from Meurer et al. ( 1999 )
s primarily tailored for z ∼ 4 galaxies and thus may not be
irectly applicable for our sample at z > 7. This calibration leads
o unph ysical neg ati ve A V v alues in 55 per cent of JADES and
3 per cent of CEERS galaxies in our sample, which we subsequently
et to zero and assume these galaxies are ‘dust free’. This is due to the
ery blue nature of the SEDs of these high-redshift galaxies, which
MNRAS 529, 4728–4744 (2024) 
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Figure 7. Comparison of the SFR determined from UV luminosity to those 
derived via Bagpipes spectroscopic fitting, using lognormal SFH and a 
100 Myr SFR time-scale. We convert the UV luminosity dust attenuation 
from A UV to A V (Salim & Narayanan 2020 ) to ensure consistency in the dust 
attenuation factor with Bagpipes . Yellow points represent galaxies with 
ne gativ e A V , which is physically meaningless and are thus set to = 0 (dust- 
free). Overall, the correlation coefficient is ∼0.7, although an ideal correlation 
would yield a value of 1. This discrepancy stems from the erroneous A V value 
we calculated, using the scaling relation from Meurer et al. ( 1999 ), which is 
only applicable at lower redshifts ( z ∼ 4). 
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stellar masses. Results from the FLARES simulation with a 10 Myr time-scale 
and main sequence relation at z ∼ 2 (Iyer et al. 2018 ) and z ∼ 6 (Santini et al. 
2017 ) are also shown. The best-fitting line is characterized by 0.61 ± 0.01. 
Despite the slightly lower gradient in our results, close agreement with these 
established studies is observed. 
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re bluer than the systems that were used to calibrate the Meurer
elation. Among the galaxies that have positi ve A V v alues deri ved
rom the UV β slope, most of the JADES and CEERS sample exhibit
 V v alues belo w 0.5, with a median v alue of 0.10. 
This discrepancy, resulting from the application of the dust

ttenuation relation in the UV luminosity method, underscores the
ecessity for a refined scaling relation. For instance, a comprehensive
osmological hydrodynamical simulation of dust attenuation is pre-
ented in Wilkins et al. ( 2018 ). Moreo v er, a promising technique to
eco v er the dust content of galaxies using machine-learning methods
s being explored (Fu et al. 2024 ). 

We compared the dust-corrected SFR, applying the dust correction
actor discussed in this section, and illustrated the comparison of SFR
nferred from UV luminosity with Bagpipes in Fig. 7 . We observed
 correlation coefficient of 0.7, primarily attributed to the incorrect
pplication of the dust correction law as outlined in Meurer et al.
 1999 ). 

.2.7 Relations of SFR, mass, and redshift 

n this section, we aim to determine the relationship between SFR,
asses, and redshifts for our samples. To illustrate our findings, we

ave created several figures. 
Fig. 8 presents the plot of SFR versus stellar masses, derived from
agpipes using a short 10 Myr SFR time-scale. This is compared
ith the results from the FLARES simulation (Wilkins et al. 2022 )

nd the main-sequence relations at z ∼ 2 (Iyer et al. 2018 ) and z
6 (Santini et al. 2017 ). Our findings are in close alignment with

hese three established studies and are also consistent with Curti et al.
 2023 ). We determine best-fitting line, represented by y = 0.61 x −
.49, and find that the 1 σ scatter of the residuals is 0.43, indicating
ow scatter. Although the gradient of our best-fitting line is less steep
han those found in the aforementioned studies, it should be noted
hat this discrepancy may be attributable to bias in the selection of
ur sample. 
We present two sets of scatter plots that illustrate the relationships

mong SFR, stellar masses, and redshifts, as shown in Fig. 9 and
ig. 10 . Each set contains two sub-plots: In the left sub-plot, the
NRAS 529, 4728–4744 (2024) 
FR is calculated using H β line emission and UV luminosity, while
he stellar mass is derived using Bagpipes . In the right sub-plot,
oth the SFR and stellar mass are determined via Bagpipes . We
ubsequently compute the ratio SFR H β/ SFR UV for the left plot, and
FR 10Myr /SFR 100Myr for the right plot, for further analysis. Dust
orrections are only considered in the Bagpipes case. 

From the right panel (derived SFR using Bagpipes ) of Fig. 9 , it is
vident that more massive galaxies generally exhibit comparable SFR
 alues deri ved from both 10 Myr and 100 Myr time-scales, consistent
cross all redshifts in our samples. This demonstrates the absence of
 significant recent burst in SFR for high-redshift galaxies that are
ore massive log 10 ( M ∗/M �) > 8.6. Ho we ver, this observ ation is not
irrored in the left panel which might be largely attributable to the

bsence of a dust attenuation correction for the SFR derived from
V and H β luminosity. If an accurate dust scaling relation for UV

uminosity is developed, then we expect the left result to be similar
o the right. 

From Fig. 10 , we find that the SFR 10 Myr / SFR 100 Myr ratio is higher
n average for galaxies with a lower SFR as determined by the
00-Myr time-scale. The results from this figure’s left and right
mages support this observation. This underscores the recent bursty
tar formation patterns, and such bursty star formation histories
re particularly pronounced in younger and less massive galaxies,
ligning with the findings of Looser et al. ( 2023 ). Furthermore, we
o not observe any significant correlations between redshifts and
ither stellar mass or SFRs for our sample galaxies in the range
 spec = 7 −13.2. This suggests that galaxies within this high-redshift
nterval may exhibit a diverse range of behaviors. 

.3 Emission-line characteristics 

e investigate the emission line attributes in the four distinct JADES
alaxies that prominently display strong H β λ4861, [O III ] λ4959,
nd [O III ] λ5007 emission lines, using the specutils package
Astropy-Specutils Development Team 2019 ). These lines, within
he NIRSpec wavelength range co v erage, e xhibit the strongest signal-
o-noise ratio (S/N) compared to other potential lines. Our choice of
hese galaxies is informed by two primary factors. First, these JADES
alaxies have longer NIRSpec exposure times than the CEERS
alaxies, leading to a superior S/N ratio. Secondly, of the 13 JADES
alaxies with z spec > 7, 2 systems are without NIRcam images, and
 (at z = 10.3–13.2) are identified as metal-poor galaxies (Curtis-
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Figure 9. Scatter plots depicting the relationship between stellar masses and the redshift, with colour coding representing the SFR ratio (10 Myr/100 Myr) 
values. Stellar masses are derived from Bagpipes in both plots. The left plot showcases the SFR calculated using the H β line emission and UV luminosity 
methods, while the right plot displays the SFR as determined by Bagpipes o v er 10 and 100 Myr time-scales. Only the Bagpipes -derived SFR adopts a dust 
correction factor. The left figure has fewer data points because not all galaxies exhibit an H β emission line (26/43). As can be seen from the right plot, galaxies 
with higher masses tend to have more comparable SFR derived between 10 and 100 Myr time-scales. 

Figure 10. Plots akin to Fig. 9 , but with the y -axis representing the SFR ratio and the x -axis displaying the average SFR over a 100 Myr time-scale, while the 
colour denotes redshifts. The SFR ratio is more noticeable for galaxies with lower average SFR during the past 100 Myr. 
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ake et al. 2022 ). Among the remaining seven, only four of these
alaxies distinctly exhibit the aforementioned three emission lines. 
he associated spectra for these galaxies are laid out in Appendix A
nd Figure A1 . Table 3 shows the line flux and equivalent width
EW) of these three lines. 

To compare the spectra of these systems with their photometry, we 
ttempt to estimate EWs from the photometry. This is a technique to
earn about galaxy emission lines without spectra, something which 
as been done using Spitzer photometry to determine properties of 
igh-redshift galaxies (e.g. Smit et al. 2016 ). To test this idea using
WST data, we compare the sum of the EWs for these three lines as
erived spectroscopically with their photometric counterparts. The 
omputation of photometric EWs hinges on the differential broad- 
and magnitudes, specifically between the bands featuring emission 
ines and those devoid of them. The aggregate EW inherent within
he band harboring emission lines can be mathematically expressed 
s 

 m = −2 . 5 log 

(
1 + 

EW Sum 

(1 + z) 

Bandwidth 

)
, (6) 

here � m is the magnitude differences between the filter band
ith emission line and the continuum, ’Bandwidth’ represents the 
idth of the band that includes the emission lines, EW Sum 

represents
he cumulative EW of all emission lines within that filter band. A
etailed introduction of this equation is in M ́armol-Queralt ́o et al.
 2016 ) and Duncan et al. ( 2023 ). This formula succinctly captures
MNRAS 529, 4728–4744 (2024) 
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Table 3. NIRSpec Emission Line Measurements for Four JADES Galaxies: Fluxes and equi v alent widths (EWs) for H β λ4861, [O III ] λ4959, and [O III ] λ5007 
are detailed. Intriguingly, for each galaxy, the ratio of line fluxes does not align with the ratio of their corresponding EWs. This discrepancy may arise from the 
continuum. The continuum surrounding these emission lines for the four galaxies is scarcely detectable, hence influencing the derived values. 

NIRSpec ID z spec H β λ4861 [O III ] λ4959 [O III ] λ5007 H β [O III ] λ4959 [O III ] λ5007 
Line flux Line flux Line flux EW EW EW 

(10 −20 ergs −1 cm 

−2 ) (10 −20 ergs −1 cm 

−2 ) (10 −20 ergs −1 cm 

−2 ) ( Å) ( Å) ( Å) 

8013 8.473 20.59 ± 2.38 34.53 ± 2.83 93.54 ± 6.80 160.3 ± 72.3 341.9 ± 67.4 1102.6 ± 66.3 
21842 7.98 35.40 ± 3.13 64.78 ± 3.54 184.81 ± 3.76 278.1 ± 76.1 620.8 ± 66.7 1950.4 ± 67.4 
20961 7.045 46.91 ± 8.34 41.97 ± 6.57 105.04 ± 5.40 18.3 ± 133.1 12.2 ± 92.5 315.8 ± 83.5 
10013682 7.275 10.10 ± 2.34 25.06 ± 3.11 61.44 ± 3.48 81.4 ± 57.4 351.8 ± 71.4 1039.8 ± 70.3 

Figure 11. Comparison of the sum of EWs calculated using photometric 
and spectroscopic methods. The sum represents the combined values of H β

λ4861, [O III ] λ4959, and [O III ] λ5007. The red and blue colours denote the 
emissions from these three lines in wide and medium filter bands, respectively. 
Galaxies at different redshifts are labelled with circles, diamonds, and stars 
for z spec ∼ 3, 6, and > 7, respecti vely. Yello w triangles represent results 
measured from Bagpipes photometric SEDs. The best-fitting line between 
the photometric colour difference method and spectroscopic results (red and 
blue points) is shown, with a gradient of 0.49 ± 0.11. 
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he incremental contribution of the emission line to the o v erall flux
f the band. Among our four JADES galaxies, two display emission
n the F444W band, using the F410M band as continuum. The other
wo show emission in the F410M band, with F356W band serving as
he continuum. In addition to this method, we also measure the EWs
f these lines from the Bagpipes photometric SED. 
Fig. 11 presents a comparative analysis of the sum of the EW of
 β λ4861, [O III ] λ4959, and [O III ] λ5007 lines, as determined

hrough the two photometric methods illustrated in the previous
aragraph and through spectroscopic measurements. To ensure a
omprehensive study, we incorporate all JADES galaxies at z ≈ 3 that
isplay these three emission lines in the F200W filter. Additionally,
ix JADES galaxies at z ≈ 6 with these lines detected in the F335M
lter are also included. The gradient of the line of best fit for the
hotometric colour difference method (equation 6 ) and spectroscopic
esults (red and blue points) is 0.49 ± 0.11, indicating moderate
greement between the results obtained from the spectroscopic and
hotometric colour difference approaches. 
Generally, we find that the EWs predicted by the Bagpipes

hotometric SED align very well with the spectroscopic results.
he photometric colour difference method yields sums of EW

hat are about 30 ± 20 per cent lower compared to those derived
NRAS 529, 4728–4744 (2024) 
pectroscopically. We attribute this discrepancy to a potential o v er-
stimation of the photometric continuum, leading to diminished EW
easurements. While the spectroscopic spectra are uncontaminated,

here can be sources of contamination in the photometric data. One
ossible cause is the assumption that the continuum in the spectrum
s flat within the filter band’s wavelength range; ho we ver, spectra
an display various shapes across these wavelengths. In addition, the
resence of noise in the spectra can directly influence the size of the
ontinuum, thereby affecting the spectroscopic EW values. 

Among the four z > 7 JADES galaxies, those with the presence of
he three specific emission lines in the F410M medium band (indi-
ated by blue stars in Fig. 11 ) exhibit more precise photometrically
eri ved EW v alues in comparison to galaxies with emission lines
n the wide band ( F444W ). Ho we ver, this conclusion does not hold
s strongly for the z ≈ 3 samples, which have emissions in the
200W wide band. We believe that the primary underlying factor

s still the detection of the continuum. From the spectra of the z
3 samples, the continuum is clearly observable and detectable.

n contrast, for the four high-redshift samples, the continuum is
ardly discernible, as evidenced in Appendix A . As a result, when
eriving the spectroscopic EW, the continuum introduces uncertainty,
eading to deviations from its photometric counterparts. Given the
bo v e considerations, some caution should be used when measuring
nd interpreting EW measurements from broad-band photometry,
specially for galaxies with high EW emission lines. 

Finally, we compare our results with Withers et al. ( 2023 ), which
tudies the sum of the EWs of the same emission lines (H β and [O
II ]) for galaxies at redshifts between 1.7 and 6.7, and find a good
greement with our samples within this redshift range. 

.4 Morphological and photometric size effects from line 
mission 

n our study of the line-emitting sample, we note that the photo-
etric fluxes in line-emitting bands are sometimes stronger than

eighboring bands. This brightness can likely be attributed to line
mission, as discussed in the previous section. Our primary inquiry
n this section is to discern the impact of this line emission on the
orphological attributes of galaxies. This is achieved by subtracting

nd subsequently analyzing the residuals from bands that exhibit line
missions in contrast to those that do not. 

A particular focus of our examination are the emission lines
 β λ4861, [ O III ] λ4959, and [ O III ] λ5007, evident in four high-

edshift JADES galaxies as discussed in Section 3.3 . Of these
alaxies, two display the lines in the F444W band (NIRSpec ID:
013, 21842), while the others do so in the F410M band (NIRSpec
D: 20961, 10013682). To delineate further, the F410M and F356W
ands act as the continuum for these sets, respectively. We use these
s the continuum as they are the bands closest to those with emission
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Figure 12. Line emission image obtained by subtracting the stacked 
continuum-only images from the stacked emission images for the subset of 
galaxies exhibiting emission lines in the F410M band (NIRSpec ID: 20961, 
10013682). A pronounced line emission detection, registering 11.08 σ above 
the background, is clearly visible, with a possible distinct shape. 

Table 4. Morphological parameters for two JADES galaxies and the 
attributes of their stacked images are detailed. The stacked residual is 
calculated by subtracting the Stacked Continuum from the Stacked Emission, 
highlighting the contribution from gas emission. The uncertainties associated 
with the radius and S ́ersic Inde x deriv ed from GALFIT are purely statistical, 
and do not represent physical errors. 

Galaxy Band Radius (kpc) error S ́ersic index 

20 961 Emission 0.48 ± 0.01 0.59 ± 0.10 
20 961 Continuum 0.41 ± 0.01 0.31 ± 0.11 
10 013 682 Emission 0.73 ± 0.64 0.05 ± 0.29 
10 013 682 Continuum 1.87 ± 0.25 1.03 ± 0.50 
Stacked emission Emission 0.66 ± 1.14 0.03 ± 0.2 
Stacked continuum Continuum 0.49 ± 1.87 0.05 ± 0.72 
Stacked residual Line emission 0.61 ± 0.02 0.27 ± 0.09 
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ines, without themselves having emission lines present. Thus, our 
ata set encompasses two galaxy sets, each offering data from a pair
f filter bands – one with emission lines present and its counterpart 
ontaining only the continuum. These can be subtracted from each 
ther to show the location of the line emission spatially. 
Our methodology of subtraction is very similar to that used in 

atch et al. ( 2013 ), whereby essentially the line emission structure
s found by subtracting a normalized image which contains no lines
rom the image in the filter where line emission exists. The idea is
hat the residuals show the distribution of the gas which produces the
ine emission. To do this, we carry out a background subtraction 
or each image. We do this by masking each galaxy and other
alaxies in each image, we then derive the median value for the
ackground level, which is then subtracted from each image. This 
s followed by the normalization of every galaxy image set, this is
 critical step as we have to ensure that all the continuum light
s remo v ed from the band with the line emission to reveal that
nderlying emission. To do this, we use an aperture of consistent 
ize across the frames (154 pixels roughly the size of all our
alaxies) for each of the galaxies within these images, we compute 
he total flux within this aperture. The image with the highest flux
ummation is used for normalization, from which the normalization 
onstants for other images are determined. The latter is accomplished 
y dividing the flux summation by their individual flux sums. 
hese constants are then multiplied with the background-subtracted 

mages, resulting in images that are both normalized and devoid of
ackground. 
We used this procedure on individual galaxies, however, when this 

as carried out no single galaxy was found to show line emission
hat could be detected. Therefore, we concluded that stacking of 
hese images was potentially a way to retrieve a signal. To do this for
very galaxy set, a weighted stack of these images – both emission
nd continuum – is created. This involves calculating the standard 
eviation of the background noise for each image and subsequently 
ssigning weights to each, based on the inverse of the noise standard
eviation. The final stacked image is constructed by achieving a 
eighted flux sum and then dividing this by the total weight (the

um of the weights of all images). This procedure is e x ecuted
eparately for the emission and continuum images of every galaxy 
et. 

To ensure the consistency of the point spread function (PSF) 
ith the F444W band, we employ a two-step process involving the 

onvolution of emission and continuum images with their respective 
SF kernels. The PSF models for our bands are generated using
ebbPSF (Perrin et al. 2012 , 2014 ). The kernels for this convolution
re derived using pypher (Boucaud et al. 2016 ). These kernels 
re designed such that when convolved with the PSFs of their 
pecific bands (either emission or continuum), the resultant PSFs 
re then such that they match that of the F444W band. Due to the
mission and continuum residing in different bands, two distinct 
ernels were crafted and applied for the convolution. After this, the 
ontinuum images are subtracted from the emission ones, ef fecti vely 
evealing the location of the material producing the line emission. 
his assumes that the underlying continuum light in the emission line 
and is similarly distributed at similar wavelengths. We test this with 
easuring the flux below and find a good agreement, revealing that 
e are indeed retrieving the line emission. Notably, this emission 

s accentuated in the galaxy set associated with the F410M band as
he emission band, as depicted in Fig. 12 . To quantify the flux of
he line emission, eight equal-area apertures are positioned around 
he emission domain, and the flux sum within these is computed. 
hrough the standard deviation of these sums, we deduce that the 
ore line emission flux sum is ele v ated at ∼11 σ abo v e the background
hreshold. 

We use these normalization constants to scale the photometric 
uxes we measure. Upon analyzing the photometric line flux of this
e gion, as rev ealed in this image, we obtain a flux measurement of
203 . 4 ± 36) × 10 −20 erg/s/cm 

2 . This closely aligns with the direct
ine flux measurements (the sum of the lines in the galaxies stacked),
hich is found to be (247 . 01 ± 12 . 86) × 10 −20 erg/s/cm 

2 , as reported
y the JADES team for the same lines in the same galaxies (Bunker
t al. 2023 ). This is a strong indication that we are indeed seeing
he spatial extent of the line emission for these systems, and not as a
esult of a colour gradient or stellar continuum excess at the emission
ine band wavelength. 

Furthermore, to measure the structure of this line-emitting gas 
e employed the GALFIT software (Peng et al. 2002 , 2010 ) for
 detailed morphological analysis. The radii and S ́ersic indices of
he two galaxies (NIRSpec ID: 20961, 10013682) across different 
lter bands are presented in Table 4 . The photometric band with the
tacked line emission has a fitted radius of 0.61 ± 0.02 kpc and a
 ́ersic index of n = 0.27 ± 0.09. These values align with the average
MNRAS 529, 4728–4744 (2024) 
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Figure 13. Size comparisons of four JADES galaxies with prominent emission lines. To the right of each individual galaxy plot, the average representative 
radius error for each galaxy is displayed, while each point on the plots indicates the radius that minimizes the χ2 

reduced value. We discard any data exhibiting 
notably high uncertainties or large χ2 

reduced values. Typically, the band with the emission line shows a larger radius compared to other filter bands. This implies 
an extended gas emission region around these galaxies that extends beyond their star-forming regions. The errors are statistically derived from GALFIT and do 
not necessarily represent physical uncertainties, and are lower limits. 

d  

b  

g  

e  

c  

r  

S  

g  

p
 

e  

u  

d
v  

a  

e  

r  

N  

s  

fi  

m

4

O  

r  

s  

t  

t  

a  

a  

o  

l  

i  

s  

a  

s  

a  

p  

t  

m
 

p  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/529/4/4728/7635682 by Liverpool John M
oores U

niversity user on 23 Septem
ber 2024
imensions of the corresponding galaxies in their individual emission
ands. Moreo v er, as emphasized in Table 4 , the size of the galaxy
aseous region is slightly larger than stellar contrib utions, b ut the
rrors on these measurements are quite large. Therefore, we can only
onclude with this information that the sizes of the emission-line
egions are statistically similar to the continuum size. Ho we ver, the
 ́ersic index for the line emission image is much lower than for the
alaxy continuum images that go into the stack, showing that it is
erhaps less concentrated (diffuse) than the stellar light itself. 
Lastly, we measure the sizes of the four JADES galaxies with

mission lines that o v erlap in wav elength with the NIRCam filters
sing GALFIT . After visually inspecting the sizes in these bands, we
iscard any data exhibiting notably high uncertainties or large χ2 

reduced 
alues. The final results are found in Fig. 13 . Notably, we identified
 consistent pattern, mirroring findings from the stacked data: bands
xhibiting line emission consistently display a slightly larger size
elative to those of the continuum bands, with the exception of
IRSpec ID: 10013683. It is not clear why in that particular case the

izes are not as large. We do note that in this galaxy, ho we ver, we
nd the weakest emission lines amongst these four systems, which
ay be the reason. 
NRAS 529, 4728–4744 (2024) 

2  
 DI SCUSSI ON  

ur results show that photometric quantities are fairly good at
epresenting the properties of galaxies that can be derived through
pectroscopy. This is under the assumption, ho we ver, that the quanti-
ies we derive from spectroscopy are standard’correct’ values. Whilst
his is true for the spectroscopic redshift which is very unlikely to be
mbiguous or wrong, this is not necessary the case for star formation
nd stellar mass, which we discuss below. Even the measurement
f line fluxes for SFR values can be incorrect, despite the common
ore that these values are better than others. It is especially not clear
f the measurements of stellar mass and SFRs are better measured
pectroscopically than with photometry. Under the same assumptions
bout the underlying process for fitting, that is the same code and
ame star formation history models, we find that galaxy properties
re within 60 per cent the same between measurements done with the
hotometry and spectroscopy for z > 7 galaxies. This is often below
he typical random uncertainty limits for these quantities from any

easurements we can do now. 
We have also shown in this paper that our methods for deriving

hotometric redshifts using the EPOCHS methods (Adams et al.
023a ) reveal a good agreement with spectroscopic redshift mea-
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urements. Obtaining reliable photometric samples is crucial for 
ubsequent spectroscopic redshift follo w-up. Gi ven that spectro- 
copic redshifts are resource-intensive and e xpensiv e, we cannot 
nticipate every galaxy to undergo a spectroscopic analysis due to the 
ssociated costs. Consequently, the reliance on photometric redshifts 
emains paramount for studying the broader galaxy population for the 
oreseeable future. This dependence is underscored by the fact that 
hese photometric redshifts play a fundamental role in our analyses 
o decipher evolutionary patterns across various fields. This includes 
ata sets like the PEARLS data (Windhorst et al. 2023 ) and the
ecent public releases from JWST. Thus, tests such as this one are
ritical for determining the quality of the photometric redshifts as 
ell as determining what fraction of high-redshift galaxies at z 
 7 would even be included in samples of distant galaxies with

hotometric redshifts. One caveat to all of this, which we showed in
his paper, is that the spectroscopic samples from JADES and CEERS
re quite different in their underlying properties and these certainly 
re not representative of the distant galaxy population. More full and 
omplete redshift surv e ys are needed at these redshifts to determine
bsolutely how well photometric and selection methods work. 

Beyond this, we are finding that the gas properties, as measured 
hrough emission lines, of these earliest galaxies can be measured 
ith the comparison of spectroscopy and photometry. This involves 

xtracting the EWs of lines that are present within the photometric 
ands. This is the method of finding fluxes or EWs by using the
xcess in a filter over a fit continuum. We find that this can be done;
o we ver, in some instances, the EWs derived from photometry are
bout 30 per cent ± 20 per cent smaller than those measured with 
pectroscopy. Our conclusion from this is that any measurements 
ade outside of spectroscopy should be carefully done when trying 

o measure emission line properties from fluxes within filters. 
We also show that new approaches towards understanding galaxy 

tructure in line emission at z > 7 can be carried out by subtracting
lters with emission lines from those without emission lines to view 

he entire line-emitting structure. We carry this out on a limited 
ample here, showing that the structure of the gas is slightly diffuse
ithin galaxies. This is an indication that this gas is perhaps not as

oncentrated as the stars, and gives further evidence for an outside- 
n formation in these galaxies, assuming that the line emission is
roduced from star formation events, which from line ratios of these 
alaxies appears to be the case (Rinaldi et al. 2023 ; Sun et al. 2023 ).

 C O N C L U S I O N S  

n this paper, we investig ate g alaxies that have spectroscopy taken
ith NIRSpec with JWST and are confirmed to be at z > 7. Our
rimary sample is those galaxies that have NIRSpec data taken 
s part of the JADES GTO and the CEERS ERS data sets. Our
rimary goal is to use this spectroscopy and imaging to determine 
ow well photometrically derived quantities, using methods we have 
eveloped, compare with those based on the more possibly reliable 
pectroscopic measurements. Our findings include: 

I. We find that there is an excellent agreement in the comparison
f photometric redshifts to spectroscopic redshifts using the EAZY 
ode. Only two galaxies are classed as outliers within the full sample
f 43 galaxies. We also discuss in this paper which galaxies in the
pectroscopic sample would not be selected using normal procedures 
or finding high- z galaxies depending on their properties. 

II. We find a correlation coefficient r ∼ 0.60 between the stellar
asses derived both photometrically and spectroscopically, and a 

imilar correlation for the SFR, using exactly the same Bagpipes 
etup to measure both. The moderate agreement between results 
btained from these two methods underscores the accuracy of the 
hotometric method, given the assumption that spectroscopically 
eri ved v alues are correct. 
III. By comparing the SFR measurements for our galaxies using the
 β line and UV luminosity, we find that there is a ’mismatch’ in the

pectroscopic properties of the galaxies compared to those derived 
hrough photometry. In nearly all cases, we find a systematically 
igher SFR (range from ratios of 2.4–13.5) as derived through the
pectroscopic line fluxes than we get from the photometry itself. This
s an indication that the SFR is increasing with time, as the H β is
easuring more recent star formation. 
IV. Furthermore, we find that using broad-band filters to measure 

mission line EWs is possible, but can lead to high uncertainties and
ossible underestimates by 30 ± 20 per cent . Thus, any measure- 
ents of line fluxes or EWs using these filter sets should be done
ith some caution. 
V. We also use a new method to find the spatial distribution of

he line emission by subtracting NIRCam filter with and without 
mission lines present. Using this method, we find that there are
o detections of line emission in the individual subtracted images of
hese galaxies. Ho we v er, a stacked v ersion of this method with sev eral
alaxies finds a significant detection from which we show that the
ine emission has a spatial distribution similar to the continuum light.

VI. We measure the morphological and structural properties (size 
nd S ́ersic indices) of this sample of galaxies as a function of
avelength in the broad-band and medium-band filters. We find that 

n three out of four cases the sizes of these galaxies are slightly
arger in the bands that contain the emission lines compared to
eighboring bands which are emission line free. This gives some 
ndication that perhaps the line emission is slightly more extended or
ess concentrated than the older stellar population. Ho we ver, when
e subtract off the continuum from the bands with emission lines
e find that statistically the sizes of the emission region are similar

o the size of the continuum light. 
Ov erall, we hav e shown in this paper that the use of photometry

o measure galaxy properties is a reliable method of measuring 
hotometric redshifts, stellar masses (or mass-to-light ratios) and 
FRs. There are slight differences with spectral derived properties 
nd these should be taken into account when trying to calibrate an
bsolute scale for star formation and stellar mass histories of galaxies
hich have been derived based on photometry. In the future, it is

lear that more general spectroscopy is needed for early galaxies 
here tests like these can be done o v er a broader range of intrinsic
roperties. 
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-26555 for HST . Some of the data products presented herein
ere retrieved from the Dawn JWST Archive (DJA). DJA is an

nitiative of the Cosmic Dawn Center, which is funded by the Danish
ational Research Foundation under grant no. 140. This research
ade use of the following Python libraries: NUMPY (Harris et al.

020 ); SCIPY (Virtanen et al. 2020 ); MATPLOTLIB (Hunter 2007 );
STROPY (Astropy Collaboration et al. 2013 , 2018 , 2022 ); EAZY-
Y (Brammer et al. 2008 ); LEPHARE (Arnouts et al. 1999 ; Ilbert
t al. 2006 ); BAGPIPES (Carnall et al. 2018 ); MPI4PY (Dalcin & Fang
021 ); SPECUTILS (Astropy-Specutils Development Team 2019 ); and
ICKLE (Van Rossum 2020 ). 

ATA  AVA ILA BILITY  

ome of the data underlying this paper is made available by Adams
t al. ( 2023a ), and the DJA. The remainder of the data set will
e released together with Conselice et al. (in preparation). The
atalogues of the sample discussed herein may be acquired by
ontacting the corresponding author. 
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PPENDI X  A :  JA D ES  G A L A X I E S  SPECTRUM  

N D  SIZES  

In this appendix, we present the spectra of four selected JADES
alaxies referenced in Sections 3.3 and 3.4 . Each figure displays
oth the simulated and observed photometric flux for each band, 
ith all emission lines labelled. Notably, out of these four galaxies,

hree exhibit solely the H β λ4861, [O III ] λ4959, and [O III ] λ5007
mission lines. Additionally, we observe slit losses predominantly 
n the F090W band. We attribute this discrepancy primarily to the
090W band lying blueward of the Lyman break, causing a significant
ux drop, especially for our sample galaxies in the redshift range z 
 7, which makes the band highly susceptible to noise domination. 
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Figure A1. Spectra of four JADES galaxies exhibiting prominent emission lines. Red and blue points denote observed and simulated photometric fluxes, 
respectively. We find that slit loss occurs only in the F090W band. Additionally, three galaxies exhibit only H β λ4861, [O III ] λ4959, and [O III ] λ5007. The 
rele v ant line flux and EWs of emission lines are shown in Table 3 . 
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