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Abstract

Stellar masses in future James Webb Space Telescope (JWST) deep blank fields will be mainly derived by fitting
the spectral energy distribution (SED) with theoretical galaxy templates. We investigate the uncertainties and
biases of the stellar masses derived by using the LePhare code for SED fitting and the Yggdrasil theoretical
templates. We consider a sample of mock galaxies at z = 7-10 with mock JWST observations with
S/Ngisow = 10. Our goal is to provide a list of statistical stellar mass corrections to include on the stellar mass
derivation for different output galaxy properties and JWST filter combinations to correct for template degeneracies.
Median statistical stellar mass corrections vary from —0.83 to 0.87 dex, while 25% (75%) quartiles range from
—0.83 (—0.67) to 0.51 (0.88) dex, depending on filter combinations and galaxy models. The most challenging
cases are galaxies with nebular emission lines, especially the ones that are wrongly identified as galaxies without,
relative dust-free galaxies, and galaxies with small metallicities (i.e., Z=1/50 Z.). The stellar mass estimation of
galaxies correctly identified without emission lines is generally fine, except at z = 10 when considering only the
eight NIRCam bands, which make the MIRI bands very valuable. We have tested our stellar mass corrections using
the public JAGUAR galaxy catalog, deriving that the average discrepancy in the recovered stellar mass distribution
decreases by 20%-50% at z > 7 after the correction. We found that without the stellar mass corrections, the
number of low-mass galaxies (M* < 107 M) is overestimated, which can potentially lead to systematic errors in
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the calculation of the galaxy stellar mass function faint-end slope at high z.
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1. Introduction

Stellar mass is one of the most fundamental properties of
galaxies, as it has a central role in galaxy evolution (Peng et al.
2010). Its importance is evident from the numerous relations
that are present between galaxy stellar mass and other galaxy
properties, such as star formation rate (e.g., Brinchmann et al.
2004; Noeske et al. 2007; Rodighiero et al. 2011; Whitaker
et al. 2014; Tasca et al. 2015; Bisigello et al. 2018; Boogaard
et al. 2018) and metallicity (e.g., Tremonti et al. 2004; Erb et al.
2006; Maiolino et al. 2008; Maier et al. 2015).

By fitting the spectral energy distribution (SED) of galaxies
derived from broadband photometry with theoretical or
empirical templates, it is possible to derive a broad set of
galaxy properties, among which there is also the stellar mass.
This is a powerful technique because it allows for deriving
properties of galaxies up to high redshift, thanks to the
possibility of obtaining broadband photometry for large
samples of faint galaxies. Comparatively, with spectroscopy,
it is possible to have a more reliable estimate of some of these
galaxy properties, but spectroscopic observations require more
integration time than photometry and are usually possible only
for relatively bright galaxies.

It has been shown in previous works that, once the redshift
of a galaxy is well known, the stellar mass is one of the most
robust parameters derived from the SED fitting (e.g., Caputi
et al. 2015). However, precise stellar masses are particularly
difficult to estimate in some situations. Indeed, galaxies with
ongoing strong episodes of star formation are dominated by a
young stellar population, and the stellar mass derivation is
strongly affected by uncertainties in the age estimation. In
addition, these young and star-forming galaxies may have
numerous nebular emission lines with high equivalent widths
that contaminate the broadband observations and affect the
derived stellar mass (e.g., Stark et al. 2013; Santini et al. 2015;
Caputi et al. 2017). These nebular emission lines are generally
visible as a flux excess in some bands, but in some extreme
cases, they are so numerous as to boost the flux of contiguous
bands and mimic a higher continuum. This results in a
degeneracy between young galaxies with numerous emission
lines and more massive, older galaxies (Bisigello et al. 2017).

In addition, observations at the rest-frame near-ultraviolet are
affected by dust extinction, and the mass-to-light ratio at these
wavelengths is sensitive to small differences in the stellar
population age. Therefore, it is necessary to have observations
at wavelengths longer than 4000 A to have a good estimate of
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the stellar mass. This means that at very high-z, it is necessary
to observe at near-IR wavelengths to have a good stellar mass
estimation, and this will indeed be possible in the near future
with the James Webb Space Telescope (JWST:'" Gardner et al.
2009).

The JWST is among the most promising facilities of
upcoming years. It has a 6.5m primary mirror and four
instruments on board observing at near- and mid-IR wave-
lengths (0.6-28 pm) with imaging, spectroscopic, and corono-
graphic modes. In particular, the Near Infrared Camera
(NIRCam; Rieke et al. 2005) is an imaging camera covering
0.6-5 pum with different broad-, intermediate-, and narrowband
filters. On the other hand, the complementary Mid Infrared
Instrument (MIRI; Rieke et al. 2015; Wright et al. 2015) has
nine broadband filters that cover between 5 and 28 um. These
two imaging cameras will be the main instruments used to carry
out deep blank-field imaging surveys with JWST to detect high-
z galaxies.

The properties of galaxies observed in these deep blank-field
imaging surveys will be mainly derived using SED fitting. In
Bisigello et al. (2016, 2017; hereafter B16 and B17, respec-
tively), we created and analyzed a sample of mock galaxies at
z =T7-10 to study how different galaxy properties will be
derived using SED fitting and different NIRCam and MIRI
broadband filter combinations. In particular, in B17, we show
that stellar masses may be particularly difficult to estimate for
specific filter combinations and particular galaxy templates, i.e.,
galaxies with numerous nebular emission lines and at z = 10,
in particular if mid-IR observations are not available. The aim
of this paper is to derive and analyze the stellar mass offset for
each specific galaxy template and for different JWST broad-
band filter combinations to compensate for template degen-
eracies or lack of wavelength coverage. These corrections will
be extremely useful to statistically correct the stellar mass of a
large sample of high-z galaxies that will be observed using
different combinations of JWST broadband filters in the near
future to study, for example, the stellar mass function at z > 7.

The paper is structured as follows. In Section 2 we describe
the analyzed sample of mock galaxies, the photometry
extraction in the pertinent NIRCam and MIRI bands, and the
stellar mass derivation. We present our stellar mass corrections
for different JWST broadband filter combinations in Section 3.
In addition, we analyze the stellar mass correction with respect
to other galaxy properties, such as redshift, age, color excess,
metallicity, and star formation history (SFH). In Section 4 we
give practical information on how to include the derived stellar
mass correction in future studies, and in Section 5 we apply and
test the derived corrections to a galaxy sample. Finally, in
Section 6 we summarize our main findings and conclusions.
Throughout this paper, we consider a cosmology with Hy =
70 km s~ ! Mpcil, =027, Q4 =0.73, and a Kroupa
(2002) initial mass function (IMF). All magnitudes refer to
the AB system (Oke & Gunn 1983).

2. Sample
2.1. Sample Selection

Our study is based on a sample of 750 simulated galaxies at
z = 7-10, presented in B16 and derived from the Yggdrasil
population synthesis code (Zackrisson et al. 2011), which is
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specifically built to describe high-z galaxies. These templates
have solar and subsolar metallicities, step function SFHs, and a
color excess between zero and 0.25 mag considering a Calzetti
et al. (2000) reddening law. We apply the same dust attenuation
for continuum and nebular emission lines; however, consider-
ing different dust extinction values for the emission lines and
continuum may vary some of the template degeneracies but
does not create any systematic shift in the statistical stellar mass
correction. Ages are between 0.01 and 0.6 Gyr and consistent
with the age of the universe at z = 7-10, and we consider a
Kroupa (2002) IMF. The nebular continuum and emission lines
are already incorporated in the Yggdrasil templates when the
galaxy is star-forming and the covering factor is not zero.
We consider two different covering factors, corresponding to
galaxies without nebular emission lines, f.,, = 0, and with the
maximum contribution from the nebular lines, f.,, = 1. These
values correspond to a Lyman continuum escape fraction of 1
and zero, respectively, as fose = 1 — feov-

2.2. Mock JWST Photometry

For all 750 templates, we have mock observations for the
eight NIRCam broad bands and the two MIRI broad bands
F560W and F770W, as explained in detail in B16. These mock
observations are obtained by convolving each template with the
corresponding JWST filter. All simulated galaxies are normalized
at 29 AB mag at 1.5 yum, which corresponds to the pivot
wavelength of the FI50W NIRCam band. Signal-to-noise (S/N)
values of 10 and 20 are considered for the F150W band, and the
same integration time is assumed for all other NIRCam bands.
For the MIRI bands, we consider the same S/N as the FI50W
NIRCam band but for a magnitude brighter, i.e., 28 AB mag.
This has been done to take into account different sensitivities
between the NIRCam and MIRI bands due to different detector
technologies. We consider only an S/N > 10, because for more
than 99% of the simulated galaxies at z = 7-10 with an S/N
of 10, the photometric redshift is already well recovered, i.e.,
|Zphot — Zfiduciatl /(1 + Zfiqucia) < 0.15, using only eight NIR-
Cam bands. Therefore, errors in the stellar masses are only due
to degeneracies between templates and not to a drastically
incorrect redshift estimation. For each simulated galaxy, we have
100 mock observations in the considered NIRCam and MIRI
bands, derived by randomizing each flux inside the error bars,
for a total sample of 75,000 mock observations. The results
presented in this paper are also valid for galaxies with stellar
masses different from the analyzed ones, i.e., corresponding to
29 AB mag at 1.5 um, as long as the S/N > 10 and the SED
shapes are the same. In general, it is necessary to consider with
caution the application of these results to stellar masses derived
by using templates with extremely different prescriptions for
nebular emission lines, SFHs, or the general SED shape. In
addition, it is necessary to take into account that the stellar mass
offsets analyzed in this work are due only to template
degeneracies and are therefore nonexhaustive, as, for example,
additional errors are expected due to differences between
idealized theoretical templates and real galaxy SEDs.

2.3. Galaxy Properties Derivation

The redshift and stellar mass recovery for these simulated
galaxies have been derived and analyzed in B16 and B17,
respectively. In particular, galaxy properties have been
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obtained for different combinations of JWST broadband
observations:

1. eight NIRCam broad bands,

2. eight NIRCam broad bands and two MIRI bands (F560W
and F770W),

3. eight NIRCam broad bands and MIRI F560W only, and

4. eight NIRCam broad bands and MIRI F770W only.

For all of these different filter combinations, we derive the
stellar mass and photometric redshift using the public code
LePhare (Amouts et al. 1999; Ilbert et al. 2006) and
considering a large set of possible output templates, including
the ones used to derive the mock observations. In particular, we
consider a wide range of color excess, i.e., from zero to 1 mag
with a step 0.05 mag; redshifts from zero to 11; and ages from
0.01 to 5 Gyr and consistent with the age of the universe. We
also include Bruzual & Charlot (2003) templates with
exponentially declining SFHs with the same values for redshift,
age, and color excess as the Yggdrasil templates and with
emission lines. However, almost all galaxies are best fit by
Yggdrasil, and the very few exceptions result in extremely
large redshift errors, i.e., output z < 2. We include two
covering factors, zero and 1, but only when the star formation
is ongoing, as this parameter does not influence the SED when
the galaxy is not star-forming. For more details on the set of
template parameters used to derive the stellar mass and the
procedure to estimate it, we refer to B17.

In this paper, we present the stellar mass correction for
galaxies corresponding to each combination of output proper-
ties. We limit our analyses to mock galaxies with a
combination of output parameters that are present among the
input ones but not necessarily the correct one. The stellar mass
correction for galaxies with output parameter values not present
among the input ones would be overestimated, because the
output galaxy model is always different from the input one
by construction, and, therefore, the stellar mass is never
correct. We divide color excesses and redshifts in bins of
A(E(BB—V))=0.1 mag and Az =1 centered around the
values present among the mock observations.

Overall, we remove from the sample galaxies with output
redshifts below 6.5 and above 10.5, which correspond to
<1.2% and <2.3% with all band combinations. Moreover, we
do not consider galaxies with output color excess larger than
0.3 mag that correspond to 1.3% of the sample when only
NIRCam broad bands are considered and <0.5% when at least
one of the two MIRI bands is included. The full set of galaxy
properties considered in this work is listed in Table 1, and their
input distributions are shown in Figure 1. Given these points,
the final samples consist of 71,257 (95% of the original
catalog) galaxies with NIRCam observations, 72,897 (97% of
the original catalog) galaxies with NIRCam and F560W band
observations, 72,295 (96% of the original catalog) galaxies
with NIRCam and F770W band observations, and 73,741 (98%
of the original catalog) galaxies with observations in the eight
NIRCam and two MIRI bands.

The stellar mass of each mock galaxy is obtained by
LePhare by scaling the template considering all bands, while
the input templates are scaled to match a magnitude 29 AB at
1.5 pm. This difference may result in a bias on the derived
stellar mass. Therefore, we analyze the recovered stellar mass
for a subsample of mock galaxies for which all other galaxy

Bisigello et al.
Table 1

Output Values of Different Galaxy Properties Considered in This Work
Parameter Values
Metallicity Zs,04 7,02 Z, 002 Z.*
SFH type Step function
SFH (Gyr) 0.01, 0.03, 0.1
Jeov 0,1°
EB-V) 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3¢
Age (Gyr) 0.01, 0.05, 0.2, 0.4, 0.6° )
z 6.5, 6.55, 6.70, ..., 10.40, 10.45, 10.5'
Notes.

 For this metallicity, we consider only ages 7 < 0.2 Gyr.

b Templates of old galaxies with no ongoing star formation do not change with
the covering factor, so, for these galaxies, we consider only f.,, = O.

¢ Following the Calzetti et al. reddening law (Calzetti et al. 2000).

4 Results are shown in bins of A(E(B — V)) = 0.1 mag.

C_ We consider this age only up to redshift z = 8.

T Results are shown in bins of Az = 1.

parameters are perfectly recovered; i.e., the input template is
correctly recognized. We find that a small bias is present, and
stellar masses are, on average, overestimated by ~5%—6%.
Hereafter, all output stellar masses are corrected by this general
bias of —0.025 dex to remove the dependence on the used SED
fitting code.

2.4. Dependence of the Stellar Mass Corrections on the Chosen
Input Parameters

The stellar mass corrections derived here depend on the
assumed input galaxy population, which is derived assuming
the parameters listed in Table 1 and following the distributions
shown in Figure 1. All parameter combinations have been
included, except for templates with ages longer than the
universe’s age at the considered redshift and the lowest
metallicity (0.02 Z.), which is considered only for templates
with ages shorter than 0.2 Gyr. The results presented in this
paper are affected by the used parameters in two ways. First,
templates described by different parameters may create
additional degeneracies that are not taken into account here;
therefore, the stellar mass corrections presented need to be
considered as not exhaustive. Second, if the input distribution
of each parameter is extremely different, the overall degen-
eracies will remain the same, but each probability may be
different.

Under the assumption that nebular emission lines depend on
metallicity, dust extinction, covering factor, age, and SFH, but
not on stellar mass, the stellar mass corrections derived in this
paper do not depend on the assumed stellar mass distribution.
Indeed, if two templates well represent some observations, they
will equally well represent the same observations scaled by an
arbitrary factor, as long as the S/N and scaling factor are the
same for all observations. The absolute stellar mass would
change because of the rescaling, but the stellar mass correction,
which is a relative quantity, would remain the same. For this
reason, our results do not depend on any assumption of the
input stellar mass distribution and can be generally applied to
any statistical sample. However, we advise against using the
corrections presented here for samples biased on any of the
other input parameters, i.e., a sample containing only emission-
line galaxies. In the case of a biased sample, the corrections
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Figure 1. Distribution of each input galaxy parameter used to derive the galaxy sample considered in this work. From top left to bottom right: redshift, metallicity,
galaxy age (time from the beginning of star formation), color excess, and duration of the star formation episodes. Each parameter distribution is shown separately for

galaxies with f.,, = O (open histograms) or f.,, = 1 (filled histograms).

presented here can be considered to identify possible biases
affecting the stellar mass.

3. Results

In this section, we present the statistical stellar mass
corrections for the different JWST broadband filter combina-
tions. These can be used to statistically correct the stellar mass
estimate for degeneracies arising from the SED fitting
procedure. Statistical stellar mass corrections are derived
comparing the output stellar mass with the input one, i.e.,
log,, (M) — log,,(M;%). The median statistical stellar mass
corrections are in general small, as shown in Figures 2-6, but
the quartile ranges are large; therefore, some galaxy models
may need significant stellar mass corrections. In particular, the
25% quartiles range from —0.83 to 0.51 dex, while the 75%
quartiles are between —0.51 and 0.88 dex.

In the next sections, we analyze how these stellar mass
corrections are related to other output parameters, i.e., covering
factor, redshift, age, color excess, SFH, and metallicity, to
understand for which SED templates the stellar mass estimation
is particularly challenging. All plots refer to mock galaxies with
S/NEg1sow = 10, but the results are similar for S/Ngj5ow = 20.

We include in the online material the detailed stellar mass
offset distribution of both S/N values.

3.1. Variation of Statistical Stellar Mass Correction with
Covering Factor

We separate galaxies with output f.,, =1 or O, ie., star-
forming galaxies with emission lines or galaxies without emission
lines. Among all galaxies with output f.,, = 1, 22% have input
Jeov = 0 when considering only the NIRCam bands. Among these
galaxies, 83% (41%) have stellar mass offsets larger than 0.1 (0.3)
dex in modulus, with stellar masses that tend to be under-
estimated, even up to 10 times. Here we do not investigate the
equivalent width of the nebular emission lines; therefore, galaxies
there that are wrongly identified with f.,, = 1 may have a very
low output value of equivalent widths. On the other hand, even
the population of galaxies correctly identified as galaxies with
Jeov = 1 shows large stellar mass offsets but with less frequency,
i.e., 40% (22%) with stellar mass offsets larger than 0.1 (0.3) dex
in modulus. The inclusion of the MIRI bands decreases the
percentage of galaxies with input f,, = 0 to 8% of all galaxies
with output fi,, = 1.

Among galaxies with output f;,, = 0, ~5% have input f.,, = 1
when considering only NIRCam bands. This percentage only
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Figure 2. Median statistical stellar mass correction for different output redshift bins and broadband filter combinations: eight NIRCam broad bands (blue squares),
eight NIRCam broad bands and MIRI F560W only (red circles), eight NIRCam broad bands and MIRI F770W only (yellow triangles), and eight NIRCam broad
bands, MIRI F560W, and MIRI F770W (purple triangles). Galaxies are divided depending on their covering factor: f.,, = 1 (top) and f.,, = 0 (bottom). The vertical
dotted—dashed lines indicate the edges of the considered redshift bins. Error bars correspond to the 25% and 75% quartiles. Points are slightly offset horizontally with
respect to each other for illustrative purposes. The inset plots show a zoom-in on the median absolute values.

slightly changes to 3% when adding the MIRI broad bands. The
stellar mass for the majority of these galaxies is overestimated
independently by the considered filter combination, even up to 10
times in some cases, and more than 90% (60%) of them have
stellar mass offsets larger than 0.1 (0.3) dex in modulus. This is
extremely high compared with the fraction of galaxies correctly
identified as galaxies without emission lines, for which only 12%
(2%) have stellar mass errors larger than 0.1 (0.3) dex in modulus,
already considering only the eight NIRCam bands.

Overall, it is evident that the big offsets on the stellar mass
arise from galaxies for which the covering factor, i.e., the
presence of nebular emission lines, is wrongly recognized.
However, even galaxies correctly identified as galaxies with
nebular emission lines may also have large stellar mass
statistical corrections. The inclusion of the MIRI bands
generally reduces the fraction of galaxies wrongly identified
as galaxies with nebular emission lines; therefore, it reduces the
fraction of galaxies with extreme stellar mass offsets.

3.2. Variation of Statistical Stellar Mass Correction with
Redshift

In Figure 2, we show the median statistical stellar mass
correction for different redshift bins and filter combinations.
We highlight once again that here we analyze output redshift
values that do not necessarily correspond to the input ones, as
will happen in real observations. All redshift bins are centered
around the four input redshifts, z =7, 8, 9, and 10. We
separately analyze galaxies with different covering factors, i.e.,
feov=00o0r 1.

Galaxies with output f,, = 1 are recognized as star-forming
galaxies with the maximum contribution from nebular emission
lines. They have generally small median stellar mass offsets
between 0.036 and —0.020 dex, with negative values present at
z = 10. However, the distribution of the stellar mass correction
is very broad in some cases, in particular at z = 7, where the
75th percentile is between 0.18 and 0.48 mag, depending on the
considered filter. At z = 7, extreme stellar mass offset is due to
a overestimation of the age for the youngest galaxy template.
Excluding z = 7 templates, the addition of at least one MIRI
band reduces the median, which is, however, already small
using only the eight NIRCam broad bands, or the dispersion of
the stellar mass offset, especially at z = 10.

Galaxies with output f,,, = Oare recognized as galaxies
without emission lines that could be both star-forming and
quenched galaxies. The median stellar mass offsets are small,
ranging between 0.005 and 0.003 dex. The 25% and 75%
quartiles are always within +0.04 dex, i.e., stellar mass offsets
below 10%, with a light dependence with redshift. The larger
distribution is present at z = 10, considering only NIRCam
bands, and this is due to the fact that no NIRCam bands purely
cover the A > 4000 A break.

As also mentioned in B17, stellar masses are, on average,
difficult to estimate for galaxies with nebular emission lines at
all redshifts. Their stellar masses tend to be overestimated due
to an overestimation of the galaxy age. In addition, stellar
masses are also challenging to estimate for galaxies without
nebular emission lines at z = 10 when considering only
NIRCam bands.
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Figure 3. Median statistical stellar mass correction for different output ages and redshift bins. From top to bottom: redshifts z = 7, 8, 9, and 10. Different symbols
correspond to different broadband filter combinations: eight NIRCam broad bands (blue squares), eight NIRCam broad bands and MIRI F560W only (red circles),
eight NIRCam broad bands and MIRI F770W only (yellow triangles), and eight NIRCam broad bands, MIRI F560W, and MIRI F770W (purple triangles). Filled
symbols indicate galaxies with nebular emission lines, i.e., star-forming and with f.,, = 1, while open symbols indicate galaxies without nebular emission lines, i.e.,
quiescent galaxies or star-forming galaxies with f.,, = 0. Error bars correspond to the 25% and 75% quartiles. Points are slightly offset horizontally with respect to
each other for illustrative purposes. The inset plots show a zoom-in on the median values.

3.3. Variation of the Statistical Stellar Mass Correction with
Galaxy Age

Figure 3 shows the median statistical stellar mass correction
for different output ages, redshifts, and filter combinations.
Galaxies with #,, > 0.20 Gyr have stellar mass corrections
within 0.01 dex, i.e., ~2% error in the stellar mass estimation,
including the 25% and 75% quartiles and considering all

redshifts and JWST broadband filter combinations. These
templates correspond to quiescent galaxies, for which stellar
masses are generally correctly estimated. There are no star-
forming galaxies with #,,, > 0.20 Gyr, because stars can form
only until 0.1 Gyr in the galaxy models included in this work.

On the other hand, galaxies with ages equal to or smaller
than 0.05 Gyr are star-forming galaxies with or without
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Figure 4. Median statistical stellar mass correction for different output color excess bins and redshift bins. From top to bottom: redshifts z = 7, 8, 9, and 10. Different
symbols correspond to different broadband filter combinations: eight NIRCam broad bands (blue squares), eight NIRCam broad bands and MIRI FS60W only (red
circles), eight NIRCam broad bands and MIRI F770W only (yellow triangles), and eight NIRCam broad bands, MIRI F560W, and MIRI F770W (purple triangles).
Filled symbols indicate galaxies with nebular emission lines, i.e., star-forming and with f.,, = 1, while open symbols indicate galaxies without nebular emission lines,
i.e., quiescent galaxies or star-forming galaxies with f,, = 0. Error bars correspond to the 25% and 75% quartiles. Points are slightly offset horizontally with respect
to each other for illustrative purposes. The inset plots show a zoom-in on the median values.

emission lines, depending on the covering factors, or quiescent
galaxies if the template corresponds to a very short period of
star formation. In particular, galaxies with nebular emission
lines, i.e., star-forming galaxies with f.,, = 1, have stellar
masses that are overestimated at + = 0.05 Gyr, up to 0.5 dex,
and generally underestimated at t = 0.01 Gyr. Atz = 7, a large
difference is present in the median offset values derived
considering the MIRI/F770W band and both the F560W and
F770W MIRI bands for galaxies with emission lines and
t = 0.05 Gyr. However, the distribution of the statistical stellar
mass corrections of these galaxies is bimodal; therefore, a small
difference in the overall distribution is enough to shift the
median of ~0.4 dex.

Galaxies with f.,, = 0 instead have a good stellar mass
estimation for # = 0.01 Gyr but may have overestimated stellar
masses for t = 0.05 Gyr at z > 8. However, for a small fraction
of these galaxies that have output f.,, = 0 but nebular emission
lines in input, the stellar mass is highly overestimated, even up

to 1 dex. This generally results from an underestimation of the
duration of star formation and an overestimation of the age.

3.4. Variation of the Statistical Stellar Mass Correction with
Color Excess

In Figure 4, we show the median statistical stellar mass
correction for different output color excess bins, output
redshifts, and filter combinations. We differentiate again
between galaxies with and without nebular emission lines.
Galaxies without emission lines that could be quiescent
galaxies or templates corresponding to star-forming systems
with f.,, = 0 have stellar mass correction quartiles within
0.05 dex, i.e., ~12% error on the input stellar mass, for all
output values of color excess and redshift. Stellar mass offsets
are slightly larger, with quartiles that are within 0.1 dex,
for galaxies without nebular emission lines at z = 10 and
E(B —V) ~ 0.05 mag when not including observations with
the F770W MIRI band. At this high redshift, the F770W MIRI
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Figure 5. Median statistical stellar mass correction for different output star formation histories and redshift bins. From top to bottom: redshifts z = 7, 8, 9, and 10. Star
formation histories are step functions that last for 0.01, 0.03, and 0.1 Gyr. Different symbols correspond to different broadband filter combinations: eight NIRCam
broad bands (blue squares), eight NIRCam broad bands and MIRI FS60W only (red circles), eight NIRCam broad bands and MIRI F770W only (yellow triangles), and
eight NIRCam broad bands, MIRI F560W, and MIRI F770W (purple triangles). Filled symbols indicate galaxies with nebular emission lines, i.e., star-forming and
with f.,, = 1, while open symbols indicate galaxies without nebular emission lines, i.e., quiescent galaxies or star-forming galaxies with f.,, = 0. Error bars
correspond to the 25% and 75% quartiles. Points are slightly offset horizontally with respect to each other for illustrative purposes. The inset plots show a zoom-in on

the median values.

band helps to estimate the dust extinction and stellar mass;
otherwise, the first one is, on average, underestimated, and the
second one is overestimated.

On the other hand, for galaxies with nebular emission lines, the
stellar mass has a larger offset with respect to the input stellar mass
than for galaxies without emission lines. In particular, the
dispersion of the stellar mass correction distribution increases with
decreasing values of the output color excess. Moreover, the stellar
mass is generally overestimated at z = 7, particularly for galaxies
with E(B — V) < 0.1 mag, for which the median statistical stellar
mass correction is between 0.16 and 0.34 dex. Conversely, at
z>7, the stellar mass is underestimated for a nonnegligible
fraction of galaxies with nebular emission lines, with 25th
percentiles that also reach —0.36 dex; i.e., the stellar mass is
underestimated by 56%. At z > 8, the stellar mass correction also
has a large distribution for galaxies with (E (B — V)) ~ 0.25 mag,
if only eight NIRCam bands are considered. Galaxies with
E(B — V) < 0.1 mag, for which the stellar mass is underestimated,

correspond to galaxies with input f,, = 1 (~25%), for which the
age is slightly underestimated, as well as the period of star
formation, or galaxies with input f.,, = 0 (~75%), for which the
color excess and metallicity have been underestimated while star
formation continues for a longer period than in the input.

Overall, stellar masses are generally well recovered for galaxies
with an output color excess around 0.2-0.3 mag, while it is less
accurate for galaxies for which the best SED template is relatively
dust-free. This is due to the age-extinction degeneracy for galaxies
with output f.,, = 0 and more complicated degeneracies, which
also involve the duration of star formation and the metallicity, for
galaxies with output fi,, = 1.

3.5. Variation of the Statistical Stellar Mass Correction
with SFH

Figure 5 shows the stellar mass corrections for different
output SFHs, redshifts, and broadband filter combinations. In
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Figure 6. Median statistical stellar mass correction for different output metallicities and redshift bins. From top to bottom: redshifts z = 7, 8, 9, and 10. Different
symbols correspond to different broadband filter combinations: eight NIRCam broad bands (blue squares), eight NIRCam broad bands and MIRI FS60W only (red
circles), eight NIRCam broad bands and MIRI F770W only (yellow triangles), and eight NIRCam broad bands, MIRI F560W, and MIRI F770W (purple triangles).
Filled symbols indicate galaxies with nebular emission lines, i.e., star-forming and with f,, = 1, while open symbols indicate galaxies without nebular emission lines,
i.e., quiescent galaxies or star-forming galaxies with f.,, = 0. Error bars correspond to the 25% and 75% quartiles. Points are slightly offset horizontally with respect
to each other for illustrative purposes. The inset plots show a zoom-in on the median values.

this work, we consider step function SFHs that last for 0.01,
0.03, and 0.1 Gyr. Galaxies without emission lines have both
quartiles of the stellar mass correction within 0.05 dex,
excluding galaxies at z = 10 and star formation lasting for
0.1 Gyr observed using only the eight NIRCam bands, for
which the 75% quartile of the stellar mass correction is
0.09 dex.

Galaxies with nebular emission lines have large stellar mass
offsets, with 75% quartiles as large as 0.5 dex, particularly for
galaxies with SFHs that last 0.1 Gyr at z < 10. Indeed, some of
these galaxies are correctly identified as star-forming galaxies
with nebular emission lines, but the SFH and age are
overestimated, with a consequent underestimation of the line
equivalent widths and, therefore, overestimation of the stellar
mass. On the other hand, if the galaxy was originally without
emission lines but wrongly identified with f.,, = 1, the age has
usually been largely underestimated, and, as a consequence, the

stellar mass is overestimated because of a large mass-to-light
ratio. If the SFH and age are underestimated, the line equivalent
width is overestimated, and the stellar mass, consequently, is
underestimated. This is the case for galaxies with SFHs shorter
than 0.1 Gyr, for which the stellar mass tends to be under-
estimated down to —0.3 dex, i.e., around half of the input
stellar mass, particularly when observed using only the eight
NIRCam bands.

3.6. Variation of the Stellar Mass Correction with Metallicity

In Figure 6, we show the stellar mass correction for different
output redshifts and metallicities and different broadband filter
combinations. The largest scatter in the stellar mass correction is
measured for galaxies with the lowest metallicity, i.e., 1/50 Z.
Galaxies without emission lines and with metallicities larger than
Z = 0.0004 have extremely small stellar mass corrections, with
both quartiles within 0.025 dex. Instead, at the lowest considered
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metallicity, galaxies without emission lines may have stellar
mass corrections with 75% quartiles as large as 0.72 dex.

On the other hand, galaxies with nebular emission lines
have large stellar mass corrections at all considered
metallicities. For galaxies with nebular emission lines, stellar
masses may be largely overestimated, with 75% quartiles as
large as 0.66 dex, as well as largely underestimated, with 25%
quartiles down to —0.44 dex. When the stellar mass is
overestimated, both the color excess and redshift are generally
underestimated, while the age is overestimated. For galaxies
with nebular emission lines, the SFH is generally under-
estimated and, because the age is overestimated, the
equivalent widths of the nebular emission lines are under-
estimated. Because the equivalent widths are underestimated,
the stellar mass is overestimated. As expected, when the
stellar mass is underestimated, the opposite situation happens.
For clarification, the redshift offsets are generally ¢z =
|Zin — Zoutl/(1 + zin) < 0.15, as there are almost no redshift
outliers in the analyzed sample.

4. How to Apply Corrections to Stellar Masses Based on
JWST Observations

In the previous sections, we have discussed the statistical
stellar mass corrections derived from our mock galaxy catalog
by analyzing for which templates the stellar mass estimation is
particularly challenging. In this section, we give some
practice information on how to include these results on the
stellar mass estimation of galaxies observed with JWST in the
near future.

First, we remind the reader that, under the assumption that
emission lines depend on SFH, metallicity, covering factor,
age, and dust extinction, but not on stellar mass, the stellar
mass correction can be applied to any stellar mass and does not
depend on the assumed stellar mass distribution. On the other
hand, we advise using these corrections directly only for stellar
masses derived using the LePhare code and the SED template
considered in this work. If other codes or templates are used
or small and biased samples are considered, like samples
containing only emission-line galaxies, the stellar mass
corrections can be used anyway as an indication of the possible
degeneracies.

We provide the 25%, 50%, and 75% quartiles and minimum
and maximum values of the statistical stellar mass corrections
for each combination of output galaxy parameters for galaxies
with f.,, = 0 (Table 2) and f.,, = 1 (Table 3) separately. We
also give the entire stellar mass offset distribution for each
specific SED template for both S/N = 10 and 20 and for the
four JWST broadband filter combinations considered: eight
NIRCam broad bands (Table 4), eight NIRCam broad bands
and MIRI/F560W (Table 5), eight NIRCam broad bands and
MIRI/F770W (Table 6), and eight NIRCam broad bands,
MIRI/F560W, and MIRI/F770W (Table 7).

In general, given a sample of galaxies observed using a
specific set of JWST filters, we suggest deriving the best SED
template for each observed galaxy using the template utilized in
this paper. After obtaining the best SED template, it is possible
to consult Tables 2 or 3, depending on the output covering
factor, to derive the 25%, 50%, and 75% quatrtiles of the stellar
mass offset, or to look at Tables 4—7, depending on the
available JWST bands, to obtain the full stellar mass offset
distribution. We highlight that the stellar mass offsets presented
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in this work need to be considered as statistical corrections;
therefore, their application to small samples or single objects is
not recommended. They can be used on small or biased
samples only to identify relatively secure or challenging galaxy
templates for which the stellar mass estimation may be
considered relatively secure or needs a further, more focused
investigation.

It is possible to interpolate among stellar mass offset
distributions with similar output parameter values; however, we
suggest performing this interpolation with caution, particularly
for galaxies with emission lines. Figures 7 and 8 show some
examples of linear interpolation between available parameter
values. In particular, in Figure 7, we show the interpolation
between two templates with z = 7 and 9, with all other parameters
identical, and we compare the result with the corresponding
template at 7 = 8. In Figure 8, we repeat the exercise by changing
the color excess and, in particular, by comparing the interpolation
between a template with (E(B — V)) = 0.05 and 0.25 mag with
the corresponding template with (E(B — V)) = 0.15 mag. The
interpolated template never coincides perfectly with the real one,
but it may resemble it, particularly for galaxies without emission
lines. Therefore, we suggest interpolating with caution among the
parameter values considered in this work.

5. Comparison with the JAGUAR Catalog

We test our method by applying the statistical stellar mass
correction to the NIRCam mock observations derived as part of
the JWST Advanced Deep Extragalactic Survey (JADES) using
the JAdes extraGalactic Ultradeep Artificial Realizations
(JAGUAR) package (Williams et al. 2018). These mock
catalogs are derived by generating a galaxy population that
follows empirical functions, such as the observed stellar mass
and luminosity functions at different redshifts, and assigning
each of them a SED template using the BayEsian Analysis of
GaLaxy sEds (BEAGLE) tool (Chevallard & Charlot 2016).
We consider only mock galaxies between z = 6.5 and 10.5, for
a total of 23,493 objects. We consider an observational depth of
100 at 29 AB mag at 1.5 um, and we consider only galaxies
with S/NFISOW 2 10.

We run the code LePhare using the same templates
described in Section 2.3. We then correct the stellar mass
function in the different redshift bins by considering the full
stellar mass offset distribution associated with the best
template obtained for each object (Table 4). In Figure 9, we
compare the expected stellar mass corrections and the
difference between the original and recovered stellar mass
of the JAGUAR catalog before applying any correction. The
overall magnitudes of the corrections are similar to the stellar
mass discrepancies, and, even with a large scatter, they show a
positive correlation, showing that the stellar mass correction
generally improves the stellar mass estimation obtained with
LePhare and the templates considered in this work. In line
with the detailed analysis of the main degeneracies done in
Section 3, we notice that solar metallicity systems tend to
have a correct stellar mass estimation, while the stellar mass
estimation is more challenging for objects with high star
formation rates that present emission lines and objects with
four < 0.2 Gyr.

Figure 10 shows the difference between the stellar mass
distribution of the JAGUAR catalog, the one derived using
LePhare, and the Yggdrasil templates considered in this work
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Table 2
Statistical Stellar Mass Corrections A(log,o(M*)) = log,o(Mf, / M) — logo(M;h / M) for Different Output Galaxy Property Combinations for Galaxies with Output f.,, = 0
@ 7 SFH ‘ (E® - V) NIRCam NIRCam NIRCam NIRCam
Z) Gy Gy (mag) +F560W +FT70W +F560W+F770W

25% 50% 75% Min. Max. 25% 50% 75% Min. Max. 25% 50% 75% Min. Max. 25% 50% 75% Min. Max.
1 2 3 4 5 6 7 8 9
7 0.02 0.1 0.05 0.05 0.32 0.19 0.72 —0.03 0.78 0.20 0.00 0.34 —0.03 0.73 0.44 0.20 0.72 —0.03 0.78 0.20 0.00 0.34 —0.03 0.73
7 0.02 0.01 0.01 0.15 0.16 —0.01 0.30 —0.27 0.48 0.00 —0.02 0.20 —0.24 0.32 0.02 —0.01 0.31 —0.22 0.48 0.00 —0.02 0.03 -0.23 0.33
7 0.02 0.03 0.01 0.15 0.21 —0.01 0.31 —0.07 0.47 0.18 —0.01 0.21 —0.03 0.31 0.19 0.00 0.46 —0.03 0.61 0.00 —0.02 0.19 —0.03 0.31
7 0.02 0.1 0.01 0.15 0.19 0.01 0.28 —0.06 0.49 0.03 —0.01 0.23 —0.05 0.32 0.18 0.00 0.31 —0.03 0.61 0.00 —0.02 0.19 —0.03 0.32
7 0.02 0.1 0.05 0.15 0.40 0.20 0.70 —0.08 0.88 0.01 —0.02 0.19 —0.08 0.89 0.45 0.21 0.70 —0.08 0.88 0.00 —0.02 0.08 —0.08 0.89
7 0.02 0.03 0.01 0.25 0.12 0.00 0.23 —0.05 0.51 0.00 —0.01 0.03 —0.05 0.33 0.00 —0.03 0.02 —0.13 0.59 0.00 —0.02 0.01 —0.12 0.24
7 0.02 0.1 0.05 0.25 0.19 0.00 0.35 —0.04 0.86 0.00 —0.02 0.04 —0.03 0.42 0.01 —0.01 0.37 —0.04 0.86 —0.01 —0.02 0.01 —0.04 0.87
8 0.02 0.1 0.05 0.05 0.27 0.09 045 —0.02 0.74 0.29 0.01 0.36 —0.02 0.58 0.31 0.01 0.46 —0.02 0.74 0.29 0.00 036 —0.02 0.58
8 0.02 0.01 0.01 0.15 0.18 —0.01 0.46 -0.27 0.60 0.18 —0.01 0.20 -0.27 0.33 0.20 0.00 0.46 —0.28 0.48 0.01 —0.01 0.20 —0.28 0.30
8 0.02 0.03 0.01 0.15 0.20 0.04 0.39 —0.10 0.59 0.20 0.18 0.22 —0.27 0.33 0.23 0.18 0.46 —0.27 0.59 0.20 0.19 0.21 —0.03 0.32
8 0.02 0.1 0.01 0.15 0.21 0.00 0.33 —0.07 0.49 0.20 —0.01 0.22 —0.11 0.33 0.20 0.13 0.46 —0.02 0.49 0.18 —0.01 0.20 —0.11 0.34
8 0.02 0.03 0.05 0.15 0.10 0.00 0.12 —0.04 0.35 0.00 —0.01 0.12 —0.11 0.39 —0.01 —0.02 0.00 —0.11 0.46 —0.01 —0.02 0.00 —0.10 0.39
8 0.02 0.1 0.05 0.15 0.24 0.00 0.37 —0.08 0.86 0.00 —0.01 0.17 —0.08 0.54 0.17 0.00 0.38 —0.08 0.86 0.00 —0.01 0.16 —0.08 0.88
8 0.02 0.1 0.05 0.25 0.17 0.01 0.33 —0.04 0.75 0.10 —0.01 0.32 —0.05 0.48 0.00 —0.01 0.02 —0.06 0.39 0.00 —0.01 0.01 —0.06 0.42
8 1 0.1 0.05 0.05 0.24 0.02 0.34 —0.22 0.54 0.09 0.01 0.26 —0.18 0.52 0.05 0.00 0.23 —0.04 0.54 0.06 0.00 0.15 —0.04 0.52
9 0.02 0.01 0.05 0.05 0.23 0.01 0.88 —0.07 0.90 0.10 0.00 0.41 -0.07 091 0.87 0.00 0.89 -0.07 0.92 0.01 —0.01 0.87 —0.06 0.91
9 0.02 0.03 0.05 0.05 0.10 —0.01 0.79 —0.19 0.98 0.06 —0.01 0.46 —0.12 0.97 0.48 0.00 0.94 —0.15 0.97 0.01 —0.01 0.76 —0.20 0.96
9 0.02 0.1 0.05 0.05 0.29 0.02 0.70 —0.06 0.76 0.30 0.22 0.72 —0.06 0.76 0.46 0.24 0.73 —0.06 0.76 0.47 0.25 0.73 —0.16 0.76
9 0.02 0.01 0.01 0.15 0.01 —0.01 0.42 —0.27 0.49 0.13 —0.01 0.44 —0.30 0.65 0.20 0.00 0.46 —0.42 0.65 0.20 0.00 0.47 —0.30 0.65
9 0.02 0.03 0.01 0.15 0.01 —0.01 0.28 —0.13 0.50 0.11 —0.01 0.25 —0.26 0.50 0.19 0.00 0.21 -0.27 0.61 0.20 0.00 0.27 —0.26 0.63
9 0.02 0.1 0.01 0.15 0.01 —0.01 0.24 —0.27 0.49 0.13 0.00 0.22 —0.27 0.64 0.22 0.07 0.48 —0.31 0.65 0.21 0.01 0.61 —0.26 0.65
9 0.02 0.1 0.05 0.15 0.39 0.17 0.72 —0.12 0.90 0.41 0.24 0.73 —0.14 0.91 0.72 0.26 0.74 —0.26 0.91 0.71 0.25 0.87 —0.14 0.92
9 0.02 0.01 0.01 0.25 0.00 —0.01 0.28 —0.31 0.49 0.21 0.00 0.47 —0.27 0.65 0.00 —0.01 0.20 —0.23 0.62 0.46 0.00 0.48 —0.22 0.65
9 0.02 0.03 0.01 0.25 0.20 0.00 0.41 —0.11 0.49 0.16 0.00 0.40 —0.07 0.66 0.00 —0.01 0.01 —0.07 0.62 0.00 —0.01 0.02 —0.08 0.66
9 0.02 0.01 0.05 0.25 0.39 0.00 0.87 —0.09 0.90 —0.01 —0.01 0.01 -0.07 0.40 0.86 0.00 0.87 —0.04 0.89 —0.01 —0.01 0.00 —0.03 0.21
9 0.02 0.1 0.05 0.25 0.66 0.25 0.70 —0.13 0.89 0.23 0.01 0.38 —0.12 0.89 0.70 0.26 0.72 —0.08 0.91 0.39 0.01 0.70 —0.07 0.90
9 0.2 0.1 0.05 0.05 0.19 0.00 0.34 —0.33 0.73 0.01 —0.01 0.28 —0.32 0.71 0.19 0.00 0.49 —0.33 0.73 0.00 —0.01 0.28 —0.32 0.71
9 0.2 0.03 0.01 0.15 0.00 —0.08 0.01 —0.46 0.44 0.00 —0.05 0.02 —0.46 0.45 0.01 —0.01 0.41 —0.53 0.45 0.40 —0.01 0.42 —0.39 0.45
9 0.4 0.1 0.05 0.05 0.22 0.00 0.48 —0.30 0.70 0.06 0.00 0.29 —0.32 0.68 0.19 0.00 0.48 —0.33 0.69 0.08 0.00 0.39 —0.32 0.57
9 1 0.1 0.05 0.25 0.34 0.00 0.41 —0.30 0.48 0.00 —0.03 0.24 —0.31 0.49 —0.01 —0.03 0.01 —0.11 0.54 0.00 —0.02 0.02 —0.13 0.05
10 0.02 0.03 0.05 0.05 0.11 0.01 0.80 —0.13 0.83 0.09 0.00 0.35 —0.13 0.98 0.00 —0.01 0.05 —0.13 0.98 0.00 —0.01 0.07 —0.12 0.98
10 0.02 0.1 0.05 0.05 0.34 0.25 0.56 —0.03 0.77 0.32 0.22 0.48 —0.16 0.75 0.32 0.26 0.47 —0.03 0.76 0.32 0.22 0.47 —0.03 0.76
10 0.02 0.01 0.01 0.15 0.02 -0.02  0.28 —0.28 0.50 0.07 0.02 028 —0.28 0.48 0.21 0.04 029 —0.29 0.30 0.21 0.02 029 —0.28 0.30
10 0.02 0.03 0.01 0.15 0.29 0.02 0.30 —0.02 0.48 0.18 0.01 0.29 -0.27 0.49 0.28 0.22 0.29 —0.28 0.30 0.28 0.22 0.29 -0.27 0.30
10 0.02 0.1 0.01 0.15 0.29 0.07 0.46 —0.02 0.49 0.19 —0.02 0.21 —0.08 0.46 0.21 0.20 0.28 —0.08 0.44 0.20 —0.01 0.23 —0.08 0.44
10 0.02 0.1 0.05 0.15 0.51 0.17 0.71 —0.09 0.89 0.22 0.01 0.54 —0.07 0.76 0.20 0.01 0.48 —0.11 0.57 0.13 0.01 0.46 —0.10 0.57
10 0.02 0.03 0.01 0.25 0.28 0.20 0.30 —0.08 0.48 0.20 0.00 0.22 —0.05 0.30 0.00 0.00 0.01 —0.03 0.45 0.00 0.00 0.01 —0.03 0.43
10 0.02 0.1 0.01 0.25 0.29 0.10 0.30 —0.29 0.45 0.20 0.01 0.29 —0.06 0.31 0.00 —0.01 0.02 —0.05 0.42 0.00 —0.01 0.01 —0.04 0.32
10 0.02 0.03 0.05 0.25 0.12 0.00 0.82 —0.03 0.84 0.00 —0.01 0.01 —0.04 0.83 —0.01 —0.01 0.00 —0.04 0.38 —0.01 —0.01 0.00 —0.04 0.15
10 0.02 0.1 0.05 0.25 0.30 0.20 0.68 —0.06 0.87 0.27 0.01 0.33 —0.11 0.76 0.01 0.00 0.02 —0.11 0.57 0.00 —0.01 0.01 —0.10 0.56
10 0.2 0.1 0.05 0.05 0.28 0.08 0.52 —0.20 0.73 0.29 0.03 0.56 —0.16 0.73 0.28 0.02 0.58 —0.18 0.73 0.25 0.01 0.57 —0.20 0.73
10 0.2 0.1 0.05 0.15 0.20 0.00 0.69 —0.25 0.72 0.02 —0.01 0.23 —0.24 0.72 0.22 0.00 0.70 —0.24 0.72 0.01 —0.01 0.24 —0.24 0.72
10 0.2 0.1 0.05 0.25 0.28 0.02 0.68 —0.24 0.72 0.01 —0.01 0.22 —0.23 0.72 0.69 0.00 0.71 —0.10 0.73 0.00 —0.01 0.02 —0.09 0.73
10 0.4 0.1 0.05 0.05 0.27 0.08 0.37 —0.27 0.71 0.25 0.07 0.37 —0.27 0.71 0.14 0.04 0.31 —0.27 0.71 0.13 0.02 0.29 —0.27 0.71
10 1 0.1 0.05 0.05 0.12 0.05 0.34 —0.23 0.54 0.12 0.05 0.33 —0.22 0.55 0.12 0.05 0.34 —0.23 0.55 0.11 0.05 0.27 -0.23 0.55
10 1 0.03 0.05 0.15 0.13 0.01 0.20 —0.09 0.63 0.07 0.00 0.19 —0.04 0.66 0.07 0.00 0.20 —0.10 0.77 0.00 —0.01 0.06 —0.05 0.66
10 1 0.1 0.05 0.25 0.25 0.00 035 —0.25 0.53 0.01 —0.01 0.27 —0.24 0.54 0.00  —0.01 0.01 —0.06 0.36 0.00 —-0.02 001 —0.06 0.33

Note. Columns 6-25 show the 25%, 50%, and 75% quartiles and minimum and maximum values of stellar mass correction for different JWST filter combinations. Only galaxies with a median statistical stellar mass correction larger than 0.1 dex in at
least one JWST filter combination are shown, but the complete table with all galaxy models is available online. A value of —99.9 is present when there are no galaxies for a combination of output galaxy properties.

(This table is available in its entirety in machine-readable form.)
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Table 3
Statistical Stellar Mass Corrections A(log,o(M*)) = log,o(Mf, / M) — logo(M;h / M) for Different Output Galaxy Property Combinations for Galaxies with Output f.,, = 1
@ 7 SFH ‘ (E®B - V) NIRCam NIRCam NIRCam NIRCam
@) (Gyp) (Gyp) (mag) +F560W +F770W +F560W+F770W

25% 50% 75% Min. Max 25% 50% 75% Min. Max. 25% 50% 75% Min. Max. 25% 50% 75% Min. Max.
7 0.02 0.03 0.01 0.05 -99.9 —-99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.17 0.17 0.18 0.17 0.19 0.19 0.19 0.19 0.19 0.19
7 0.02 0.1 0.01 0.05 0.17 0.16 0.17 0.15 0.18 0.16 0.16 0.16 0.15 0.17 0.17 0.16 0.17 0.15 0.20 0.16 0.16 0.17 0.15 0.18
7 0.02 0.1 0.05 0.05 0.48 0.18 0.49 -0.05 0.67 0.48 0.18 0.49 —0.06 0.67 0.66 0.49 0.66 —0.05 0.68 0.65 0.49 0.66 -0.25 0.68
7 0.02 0.03 0.01 0.15 -99.9 -99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.34 0.34 0.34 0.34 0.34 0.00 0.00 0.00 0.00 0.00
7 0.02 0.1 0.01 0.15 -99.9 —99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.34 0.33 0.35 0.07 0.36 0.07 0.07 0.07 0.07 0.07
7 0.02 0.1 0.05 0.15 0.48 0.06 0.50 —0.01 0.67 0.33 0.03 0.50 —0.01 0.65 0.65 0.50 0.67 0.01 0.69 0.50 0.49 0.65 —0.15 0.68
7 0.02 0.01 0.01 0.25 -99.9 -99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.18 0.18 0.18 0.17 0.18 0.04 0.04 0.04 0.04 0.04
7 0.02 0.03 0.01 0.25 —0.30 -0.3 —-0.30 -0.33 0.18 0.00 0.00 0.00 0.00 0.00 0.18 0.18 0.19 0.04 0.20 0.04 0.04 0.04 0.02 0.04
7 0.02 0.1 0.01 0.25 0.19 —0.32 0.19 —0.33 0.37 0.04 0.04 0.04 0.04 0.04 0.19 0.18 0.35 —0.12 0.38 0.03 0.02 0.03 0.01 0.04
7 0.02 0.1 0.05 0.25 0.00 0.00 0.47 —0.27 0.49 0.47 0.00 0.48 —0.02 0.50 0.01 0.00 0.48 —0.27 0.50 0.47 0.00 0.48 —0.02 0.50
7 0.2 0.03 0.01 0.05 —99.9 —99.9 —99.9 -99.9 —-99.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.02
7 0.2 0.1 0.01 0.05 0.18 0.18 0.18 0.01 0.19 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.02 0.00 0.02
7 0.2 0.1 0.05 0.05 0.49 0.49 0.50 —0.24 0.66 0.49 0.49 0.50 —-0.16 0.51 0.49 0.11 0.49 0.01 0.50 0.49 0.47 0.49 —0.01 0.50
7 0.2 0.1 0.01 0.15 -99.9 -99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.03 0.03 0.03
7 0.2 0.1 0.05 0.15 0.48 0.02 0.49 —0.47 0.50 0.48 0.01 0.48 —0.39 0.50 0.00 —0.0 0.01 —0.02 0.49 0.00 —0.01 0.47 —0.04 0.49
7 0.2 0.01 0.01 0.25 -99.9 -99.9 -99.9 -99.9 —99.9 —0.86 —0.86 —0.86 —0.87 —0.85 0.00 0.00 0.00 0.00 0.00 —0.02 —0.02 —0.02 —0.02 —0.01
7 0.2 0.1 0.01 0.25 —0.01 —0.48 0.00 —0.66 0.02 —0.48 —0.49 —0.01 —0.67 0.01 —0.01 —0.01 0.00 —0.66 0.02 —0.01 -0.17 —-0.01 —0.66 0.01
7 0.2 0.1 0.05 0.25 0.49 0.49 0.49 —0.01 0.50 0.00 —0.01 0.23 —0.01 0.32 0.00 —0.01 0.00 —0.02 0.33 —0.01 —0.01 0.00 —0.02 0.33
7 0.4 0.03 0.01 0.05 0.19 0.19 0.19 0.19 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 —0.06 —0.18 0.07 —0.30 0.19
7 0.4 0.1 0.01 0.05 0.19 0.18 0.20 —0.44 0.21 0.02 0.02 0.03 0.01 0.19 0.17 0.02 0.19 —0.44 0.20 0.02 0.01 0.03 0.01 0.19
7 0.4 0.1 0.05 0.05 0.49 0.33 0.50 —0.27 0.69 0.48 0.33 0.50 —0.25 0.68 0.48 0.02 0.50 —0.22 0.52 0.33 0.02 0.49 —0.25 0.52
7 0.4 0.01 0.01 0.15 —99.9 -99.9 -99.9 -99.9 -99.9 0.01 0.00 0.02 —0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.01 —0.01 0.01 —0.01 0.02
7 0.4 0.03 0.01 0.15 —0.36 —0.43 —0.08 —0.46 0.17 0.01 —0.01 0.02 —0.01 0.02 —0.01 —0.30 0.01 —0.44 0.02 0.01 0.01 0.02 —0.01 0.02
7 0.4 0.1 0.05 0.15 0.48 0.00 0.50 —0.42 0.70 0.48 0.01 0.50 —0.02 0.53 0.00 0.00 0.02 —0.28 0.51 0.01 0.00 0.47 —0.03 0.52
7 0.4 0.01 0.01 0.25 —0.74 —0.78 —0.66 —0.82 —0.47 —0.01 —0.47 —0.01 —0.48 0.00 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.01 —0.63 0.01
7 0.4 0.1 0.05 0.25 0.31 —0.04 0.33 —0.16 0.53 0.32 —0.02 0.33 —0.16 0.48 0.00 —0.05 0.01 —0.08 0.04 0.00 —0.01 0.00 —0.03 0.35
8 0.02 0.01 0.01 0.05 —0.45 —0.45 —0.40 —0.48 0.17 0.16 —0.41 0.16 —0.45 0.17 0.24 0.19 0.25 —0.40 0.26 0.15 0.15 0.16 —0.40 0.24
8 0.02 0.03 0.01 0.05 —0.45 —0.47 —0.40 —0.47 —0.18 —0.17 —0.40 —0.11 —0.46 0.18 —0.38 —0.41 0.21 —0.47 0.24 —0.10 —0.38 0.11 —0.40 0.16
8 0.02 0.1 0.01 0.05 —0.01 —0.26 0.20 —0.54 0.25 —0.17 —0.40 0.08 —0.47 0.26 0.20 —0.19 0.21 —0.64 0.26 0.08 —0.38 0.12 —0.63 0.29
8 0.02 0.1 0.05 0.05 0.13 —0.03 0.21 —0.20 0.71 0.20 0.07 0.54 —0.08 0.66 0.21 0.00 0.55 —0.20 0.71 0.54 0.50 0.64 —0.06 0.66
8 0.02 0.01 0.01 0.15 -99.9 -99.9 -99.9 -99.9 -99.9 0.16 0.15 0.17 0.15 0.18 0.00 0.00 0.00 0.00 0.00 0.16 0.05 0.17 0.01 0.17
8 0.02 0.03 0.01 0.15 0.00 0.00 0.00 0.00 0.00 0.16 0.16 0.17 0.15 0.17 0.36 0.36 0.38 0.28 0.38 0.17 0.16 0.17 0.10 0.17
8 0.02 0.1 0.01 0.15 0.23 —0.10 0.37 —0.61 0.39 0.16 —0.40 0.16 —0.61 0.18 0.27 —0.01 0.37 —0.40 0.39 0.16 0.10 0.17 —0.60 0.33
8 0.02 0.1 0.05 0.15 0.17 0.00 0.50 —0.14 0.51 0.16 0.13 0.44 —0.11 0.66 0.50 0.33 0.57 —0.14 0.67 0.61 0.49 0.65 —0.22 0.66
8 0.02 0.01 0.01 0.25 —99.9 —99.9 -99.9 -99.9 —99.9 0.17 0.17 0.17 0.16 0.18 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.04 0.03 0.05
8 0.02 0.03 0.01 0.25 -99.9 -99.9 -99.9 -99.9 -99.9 0.17 0.17 0.17 0.03 0.18 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.04 0.03 0.17
8 0.02 0.1 0.01 0.25 0.18 0.18 0.19 0.15 0.38 0.17 0.16 0.17 -0.12 0.18 0.39 0.37 0.39 0.36 0.40 0.04 0.03 0.17 -0.29 0.38
8 0.02 0.1 0.05 0.25 0.50 0.05 0.51 —0.22 0.53 0.13 0.03 0.17 —0.22 0.67 0.06 0.02 0.64 —0.22 0.67 0.04 0.03 0.67 —0.22 0.68
8 0.2 0.1 0.01 0.05 0.00 —0.16 0.01 —0.64 0.04 —0.78 —0.79 —0.64 —0.88 —0.57 0.01 —0.30 0.02 —0.80 0.22 0.00 —0.78 0.01 —0.88 0.09
8 0.2 0.1 0.05 0.05 0.46 0.01 0.49 —0.45 0.51 0.48 0.02 0.49 —0.46 0.51 0.34 0.01 0.49 —0.45 0.51 0.48 0.02 0.49 —0.46 0.51
8 0.2 0.1 0.01 0.15 0.00 —0.68 0.02 —0.76 0.03 —0.68 —0.69 —0.67 -0.76 —0.48 0.03 0.02 0.03 —0.46 0.04 0.02 0.02 0.02 —0.30 0.03
8 0.2 0.1 0.05 0.15 0.48 0.02 0.49 —0.32 0.52 0.48 0.02 0.50 -0.37 0.51 0.48 0.03 0.49 —0.30 0.51 0.48 0.02 0.50 —0.31 0.51
8 0.4 0.03 0.01 0.05 0.01 —0.30 0.03 —0.74 0.23 0.01 —0.28 0.03 —0.76 0.21 —0.27 —0.34 0.03 —0.74 0.20 0.02 —0.28 0.03 —0.76 0.21
8 0.4 0.1 0.01 0.05 —0.32 —0.40 0.03 —0.70 0.24 0.01 —0.31 0.03 —0.75 0.21 —0.31 —0.36 0.02 —0.77 0.19 0.01 —0.30 0.03 —0.76 0.21
8 0.4 0.1 0.05 0.05 0.03 —0.15 0.45 —0.30 0.53 0.49 0.03 0.50 —0.36 0.53 0.1 0.00 0.49 —0.38 0.53 0.48 0.02 0.49 —0.38 0.53
8 0.4 0.01 0.01 0.15 0.04 0.03 0.18 —0.67 0.20 0.17 0.03 0.20 —0.65 0.22 0.05 0.03 0.19 —0.44 0.20 0.04 0.02 0.20 —0.45 0.22
8 0.4 0.1 0.01 0.15 —0.28 —0.43 0.03 —0.78 0.20 0.02 —0.30 0.03 —0.75 0.21 —0.33 —0.43 —0.26 -0.77 0.19 0.02 —0.43 0.03 —-0.76 0.21
8 0.4 0.1 0.05 0.15 0.02 0.01 0.48 —0.37 0.51 0.49 0.02 0.50 —0.35 0.53 0.48 0.02 0.49 —0.37 051 0.48 0.02 0.50 —0.35 0.52
8 0.4 0.01 0.01 0.25 0.05 0.04 0.16 —0.30 0.22 0.21 0.04 0.22 —0.63 0.22 0.01 0.01 0.19 —0.31 0.21 0.02 0.00 0.20 —0.01 0.22
8 0.4 0.1 0.05 0.25 0.02 0.00 0.05 —0.28 0.53 0.00 0.00 0.03 —0.22 0.50 0.49 0.01 0.50 —0.20 0.52 0.01 0.00 0.02 —0.01 0.51
9 0.02 0.01 0.01 0.05 —0.22 —0.48 0.04 —0.67 0.22 —0.42 —0.46 —-0.13 -0.51 —0.10 -0.15 —0.46 0.04 —0.67 0.20 —0.43 —0.47 —0.15 —0.48 —0.12
9 0.02 0.03 0.01 0.05 —0.16 —0.43 0.04 —0.51 0.20 —0.42 —0.46 —0.23 —0.51 —0.11 —0.21 —0.43 0.03 -0.50 0.20 —0.45 —0.47 —0.40 —0.51 —0.13
9 0.02 0.1 0.01 0.05 —0.34 —0.43 0.03 —0.67 0.11 —0.41 —0.43 —0.21 —0.66 —0.07 —0.41 —0.44 0.03 —0.69 0.19 —0.41 —0.44 —0.22 —0.66 —0.07
9 0.02 0.1 0.05 0.05 0.50 0.10 0.51 —0.22 0.54 0.03 —0.04 0.17 —0.30 0.51 0.50 0.16 0.51 —0.22 0.54 0.20 0.04 0.49 —0.22 0.51
9 0.02 0.01 0.01 0.15 0.05 -0.38 0.06 —0.49 0.21 —0.43 —0.43 -0.39 —0.45 -0.38 0.06 —0.31 0.06 —0.47 0.18 —0.44 —0.44 —0.43 —0.46 —0.42
9 0.02 0.03 0.01 0.15 —0.41 —0.48 0.08 —0.50 0.20 —0.39 —0.43 -0.38 —0.44 -0.38 0.05 —0.44 0.06 —0.48 0.08 —0.44 —0.45 —0.44 —0.47 —0.44
9 0.02 0.1 0.01 0.15 -0.37 —0.41 0.06 —0.49 0.21 —0.38 -0.39 -0.38 —0.44 —0.36 0.05 —0.42 0.06 —0.48 0.21 —0.44 —0.45 —0.43 —0.47 —0.41
9 0.02 0.1 0.05 0.15 0.52 0.25 0.53 —0.03 0.55 0.20 —0.03 0.43 —0.09 0.44 0.52 0.51 0.53 —0.05 0.68 0.05 —0.03 0.16 —0.09 0.43

sndny ¢10¢ (dd1g) L7:EHT ‘SHIMAS INGWATddNS TYNINO[ TVOISAHIOUISY dH],

‘Te 10 O[[aSIsTg



el

Table 3
(Continued)
@ 7 SFH . (E® - V) NIRCam NIRCam NIRCam NIRCam
2 Gy Gy (mag) +F560W +F770W +F560W-+F770W

25% 50% 75% Min. Max 25% 50% 75% Min. Max. 25% 50% 75% Min. Max. 25% 50% 75% Min. Max.
9 0.02 0.01 0.01 0.25 0.09 —0.07 0.10 —0.42 0.11 —0.40 —0.4 —0.40 —0.41 —0.17 0.09 0.08 0.10 —0.42 0.25 —0.40 —0.41 —0.40 —0.41 -0.39
9 0.02 0.03 0.01 0.25 0.09 —-0.07 0.10 —0.41 0.22 —0.40 —0.4 —-0.17 —0.41 —-0.09 0.09 0.09 0.10 —0.64 0.26 —0.40 —0.4 —0.39 —0.41 —0.11
9 0.02 0.1 0.01 0.25 -99.9 —99.9 -99.9 -99.9 —99.9 —0.16 —0.17 —0.09 —0.62 —0.07 0.09 0.07 0.10 —-0.59 0.25 0.00 0.00 0.00 0.00 0.00
9 0.02 0.1 0.05 0.25 0.54 0.53 0.55 —0.21 0.58 0.00 —0.07 0.01 —0.20 0.01 0.53 0.07 0.54 0.03 0.71 0.00 0.00 0.01 —0.21 0.01
9 0.2 0.01 0.01 0.05 -99.9 -99.9 —99.9 -99.9 —99.9 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.03 —0.69 0.06 0.00 0.00 0.00 0.00 0.00
9 0.2 0.03 0.01 0.05 -99.9 -99.9 -99.9 -99.9 -99.9 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 —0.68 0.20 0.00 0.00 0.00 0.00 0.00
9 0.2 0.1 0.01 0.05 0.01 —0.44 0.03 —0.85 0.20 —0.83 —0.83 —0.66 —0.84 —0.48 0.01 —0.39 0.03 —0.87 0.06 —0.48 —0.83 —0.44 —0.84 -0.29
9 0.2 0.1 0.05 0.05 0.48 0.02 0.50 —0.47 0.53 -0.21 —0.34 0.47 —0.47 0.49 0.03 0.01 0.36 —0.45 0.51 0.45 —0.17 0.47 —0.40 0.49
9 0.2 0.01 0.01 0.15 0.04 0.03 0.05 —0.47 0.22 —0.17 —0.33 —0.01 —0.33 0.00 0.04 0.04 0.05 —0.47 0.07 0.00 —0.09 0.00 —0.32 0.00
9 0.2 0.1 0.01 0.15 0.02 —0.42 0.03 —0.81 0.20 —0.27 —0.55 0.00 —0.55 0.01 0.02 —0.45 0.04 —0.80 0.07 0.00 —0.0 0.01 —0.01 0.01
9 0.2 0.1 0.05 0.15 0.49 0.03 0.51 -0.25 0.54 0.47 0.46 0.48 -0.19 0.49 0.01 0.00 0.05 —-0.02 0.54 0.46 0.00 0.47 —-0.28 0.48
9 0.2 0.1 0.05 0.25 0.49 0.04 0.51 —0.10 0.69 0.01 0.00 0.01 —-0.15 0.02 0.00 —0.01 0.01 —0.02 0.01 0.00 —0.01 0.01 -0.17 0.01
9 0.4 0.01 0.01 0.05 0.04 -0.28 0.05 —0.69 0.23 —0.36 —0.37 —0.03 —0.42 0.18 0.03 0.01 0.04 —0.52 0.07 —0.03 —0.37 0.01 —0.51 0.18
9 0.4 0.03 0.01 0.05 0.02 —0.44 0.04 —0.76 0.22 0.02 —0.41 0.04 —0.77 0.19 —0.17 —0.43 0.03 —0.73 0.06 0.02 —0.02 0.03 —0.51 0.16
9 0.4 0.1 0.01 0.05 0.02 —0.38 0.04 —0.84 0.22 0.02 0.01 0.03 -0.75 0.20 —0.37 —0.40 0.03 —0.74 0.06 —0.04 —0.38 0.01 —0.75 0.18
9 04 0.1 0.05 0.05 0.29 0.03 0.51 —0.38 0.53 0.49 0.08 0.50 —-0.38 0.65 0.02 —0.04 0.37 —0.38 0.52 0.48 0.02 0.49 —-0.38 0.65
9 0.4 0.01 0.01 0.15 0.05 0.04 0.06 —0.50 0.23 0.16 0.00 0.17 —0.46 0.19 0.05 0.04 0.05 —0.46 0.07 0.00 —0.01 0.16 —0.46 0.17
9 0.4 0.03 0.01 0.15 0.05 -0.27 0.05 —0.63 0.23 0.17 0.16 0.18 —0.31 0.19 0.03 —0.40 0.05 —0.73 0.06 0.15 0.01 0.16 —0.47 0.17
9 0.4 0.1 0.01 0.15 0.04 —0.35 0.06 —0.55 0.24 0.17 0.01 0.18 —0.74 0.19 —0.41 —0.42 —0.33 —0.56 0.17 0.16 0.00 0.16 —0.73 0.17
9 0.4 0.1 0.05 0.15 0.10 0.03 0.51 —0.33 0.54 0.48 0.03 0.49 —0.35 0.52 0.01 0.00 0.47 —0.35 0.48 0.47 0.02 0.48 —0.34 0.51
9 0.4 0.01 0.01 0.25 0.07 0.06 0.17 —0.31 0.21 0.01 -0.29 0.16 —0.46 0.17 -0.15 —0.31 0.04 —0.47 0.24 0.01 0.00 0.15 —0.47 0.16
9 0.4 0.1 0.01 0.25 0.06 —0.61 0.18 —0.64 0.24 0.15 0.01 0.17 0.00 0.18 0.00 0.00 0.15 —0.41 0.25 0.01 0.00 0.15 —0.01 0.16
9 0.4 0.1 0.05 0.25 0.37 0.07 0.50 —0.16 0.68 0.01 0.01 0.01 —0.13 0.48 0.01 0.00 0.03 —0.01 0.47 0.00 0.00 0.01 —0.15 0.46
10 0.02 0.1 0.05 0.05 0.14 0.03 0.45 —0.27 0.66 0.44 0.02 0.50 —0.35 0.63 0.44 0.02 0.46 —0.35 0.64 0.44 0.03 0.49 —0.36 0.64
10 0.02 0.1 0.05 0.15 0.30 0.04 0.45 —0.28 0.64 0.12 —0.01 0.45 —0.34 0.47 0.12 —0.02 0.45 -0.27 0.64 0.10 —0.02 0.45 -0.27 0.61
10 0.02 0.1 0.05 0.25 0.43 0.01 0.44 —0.28 0.76 —0.01 —0.02 0.45 —-0.28 0.51 —0.02 —0.03 0.04 —0.24 0.47 —0.02 —0.03 0.12 —0.24 0.47
10 0.2 0.1 0.01 0.05 —0.07 —0.47 0.01 —0.87 0.04 —0.02 —0.51 —0.01 —-0.95 0.01 —0.13 —0.46 —0.01 —0.93 0.03 —0.02 —0.03 —0.01 —-0.51 0.00
10 0.2 0.1 0.05 0.05 0.00 —0.31 0.47 —0.46 0.50 0.27 —0.02 0.47 —0.52 0.51 —0.01 —0.03 0.46 —0.53 0.50 —0.01 —0.03 0.46 —0.54 0.50
10 0.2 0.01 0.01 0.15 —0.16 —0.42 0.04 —0.81 0.21 —0.01 —0.02 —0.01 —0.02 —0.01 —0.02 —0.03 —0.01 —0.73 0.03 —0.02 —0.02 —0.01 —0.49 0.00
10 0.2 0.03 0.01 0.15 —0.15 —0.69 —-0.02 —0.82 0.03 —0.02 —0.02 —0.01 —-0.82 0.00 —0.02 —0.46 —0.01 -0.79 0.05 —0.02 —0.02 —0.01 —0.81 —0.00
10 0.2 0.1 0.01 0.15 —0.01 —0.49 0.03 —0.82 0.05 —0.03 —0.70 —0.02 —-0.82 —0.01 —0.45 —0.50 —0.02 —0.82 0.06 —0.49 —0.51 —0.02 —0.82 —0.01
10 0.2 0.1 0.01 0.25 —0.02 —0.50 0.04 —0.82 0.08 —0.02 —0.49 —0.02 —0.81 —0.01 —0.49 —0.50 —0.02 —0.81 —0.01 -0.03 —0.49 —0.02 —0.81 —0.01
10 0.2 0.1 0.05 0.25 —0.16 —0.24 —0.02 —0.35 0.47 —0.02 —0.02 —0.01 —0.33 0.52 —0.02 —0.02 —0.02 —0.34 0.02 —0.02 —0.02 —0.02 —0.35 0.02
10 0.4 0.1 0.05 0.05 0.48 0.03 0.50 —0.19 0.53 0.46 —0.02 0.49 —0.45 0.53 0.05 0.00 0.49 -0.37 0.52 —0.01 —0.01 0.47 —0.25 0.53
10 04 0.1 0.01 0.15 —0.19 -0.59 0.00 —0.80 0.05 —0.02 —0.48 —-0.01 —-0.81 0.18 —0.02 —0.02 —-0.02 —-0.49 —-0.01 —0.02 —-0.02 —-0.01 —-0.52 —-0.01

Note. Columns 6-25 show the 25%, 50%, and 75% quartiles and minimum and maximum values of stellar mass correction for different JWST filter combinations. Only galaxies with a median statistical stellar mass
correction larger than 0.1 dex in at least one JWST filter combination are shown, but the complete table with all galaxy models is available online. A value of —99.9 is present when there are no galaxies for a combination
of output galaxy properties.

(This table is available in its entirety in machine-readable form.)
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Table 4
Distribution of the Statistical Stellar Mass Corrections A(log,,(M*)) = log,,(M, /M) — log,o(M;:/M.,) for Different Output Galaxy Property Combinations Using Only Eight NIRCam Broad Bands

P(A(logo(M")))

(z) z Seov SFH t (E(B —V)) S/Neisow
(Ze) (Gyn) (Gyn) (mag)
—1.075 —1.025 —-0.975 —0.925 —0.875 0.875 0.925 0.975 1.025 1.075
7 0.2 0 0.01 0.01 0.05 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.2 0 0.1 0.05 0.15 10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
7 0.04 1 0.01 0.01 0.25 10 0.07 0.00 0.20 0.00 0.67 e 0.00 0.00 0.00 0.00 0.00

Note. Columns 8-50 show the normalized distribution. The first row contains the statistical stellar mass correction intervals considered. A value of —99.9 is present when there are no galaxies for a combination of output
galaxy properties. The complete table is available online.

(This table is available in its entirety in machine-readable form.)

sndny 610z (dd17) Lg:Epg SANMES INFNTTdANS TYNYNO[ TVOISAHAOULSY dH],

‘Te 10 O[[aSIsTg
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Table 5
Distribution of the Statistical Stellar Mass Corrections A(log,o(M*)) = log,o(M;"Ln /M) — loglo(Mf:/Mq) for Different Output Galaxy Property Combinations Using Only Eight NIRCam Broad Bands and MIRI/
F560W
() Z  fo  SFH t (EB-V)  S/Nmsow P(Adozicr))
(Zs) (Gyr) (Gyr) (mag)
—1.075 —1.025 —0.975 —0.925 —0.875 e 0.875 0.925 0.975 1.025 1.075
7 0.2 0 0.01 0.01 0.05 10 0.00 0.00 0.00 0.00 0.00 e 0.00 0.00 0.00 0.00 0.00
7 0.2 0 0.1 0.01 0.15 10 0.00 0.00 0.00 0.00 0.01 e 0.00 0.00 0.00 0.00 0.00
7 0.2 0 0.01 0.01 0.25 10 0.01 0.00 0.00 0.00 0.00 S 0.00 0.00 0.00 0.00 0.00

Note. Columns 8-50 show the normalized distribution. The first row contains the statistical stellar mass correction intervals considered. A value of —99.9 is present when there are no galaxies for a combination of output
galaxy properties. The complete table is available online.

(This table is available in its entirety in machine-readable form.)

sndny 610z (dd17) Lg:Epg SANMES INFNTTdANS TYNYNO[ TVOISAHAOULSY dH],

‘Te 10 O[[aSIsTg
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Table 6
Distribution of the Statistical Stellar Mass Corrections A(log,o(M*)) = log,o(M;"Ln /M) — loglo(Mf:/Mq) for Different Output Galaxy Property Combinations Using Only Eight NIRCam Broad Bands and MIRI/
F770W
() Z  fo  SFH t (EB-V)  S/Nmsow P(Adozicr))
(Zs) (Gyr) (Gyr) (mag)
—1.075 —1.025 —0.975 —0.925 —0.875 e 0.875 0.925 0.975 1.025 1.075
7 0.2 0 0.01 0.01 0.05 10 0.00 0.00 0.00 0.00 0.00 e 0.00 0.00 0.00 0.00 0.00
7 0.2 1 0.1 0.05 0.05 10 0.00 0.00 0.00 0.00 0.00 e 0.00 0.01 0.01 0.00 0.00
7 0.2 0 0.01 0.01 0.25 10 0.01 0.00 0.01 0.00 0.00 S 0.00 0.00 0.00 0.00 0.00

Note. Columns 8-50 show the normalized distribution. The first row contains the statistical stellar mass correction intervals considered. A value of —99.9 is present when there are no galaxies for a combination of output
galaxy properties. The complete table is available online.

(This table is available in its entirety in machine-readable form.)

sndny 610z (dd17) Lg:Epg SANMES INFNTTdANS TYNYNO[ TVOISAHAOULSY dH],

‘Te 10 O[[aSIsTg
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Table 7
Distribution of the Stellar Mass Errors A(log,,(M*)) = log,o(Mo’tn /M) — loglo(Mfﬁ/M@) for Different Output Galaxy Property Combinations Using Only Eight NIRCam Broad Bands, MIRI/F560W, and MIRI/

F770W
) z feov SFH ' (EB—V))  S/Nesow P(Adlogi1oM))

(Zs) (Gyr) (Gyr) (mag)
—1.075 —1.025 —0.975 —0.925 —0.875 0.875 0.925 0.975 1.025 1.075

7 0.2 0 0.01 0.01 0.05 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.2 1 0.1 0.05 0.05 10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
7 0.2 0 0.01 0.01 0.25 10 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Note. Columns 8-50 show the normalized distribution. The first row contains the stellar mass error intervals considered. A value of —99.9 is present when there are no galaxies for a combination of output galaxy

properties. The complete table is available online.

(This table is available in its entirety in machine-readable form.)

sndny 610z (dd17) Lg:Epg SANMES INFNTTdANS TYNYNO[ TVOISAHAOULSY dH],

‘Te 10 O[[aSIsTg
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Figure 7. Example of a distribution of the statistical stellar mass corrections for three SED templates with the same parameter values, except the redshift. We show the
distribution for a template at z = 7 (solid black line), z = 8 (dashed red line), and z = 9 (solid blue line) and the interpolation between the distribution for the template
at z =7 and 9 (dotted red line). We show two examples, i.e., for templates with f.,, = 1 (top) and f.,, = 0 (bottom).
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Figure 8. Example of a distribution of the statistical stellar mass corrections for three SED templates with the same parameter values, except the color excess. We
show the distribution for a template with E(B — V) = 0.05 mag (solid black line), E(B — V) = 0.15 mag (dashed red line), and E(B — V) = 0.25 mag (solid blue
line) and the interpolation between the distribution for the template with E(B — V) = 0.05 and 0.25 mag (dotted red line). We show two examples, i.e., for templates

with f.oy = 1 (top) and f.oy = O (bottom).

before and after applying the statistical errors. Excluding z = 7,
the mean absolute error on the stellar mass distributions
decreases by 20%-50% after applying the stellar mass
corrections derived here. It is evident that, for this specific
case, the main improvement on applying the statistical stellar

18

mass correction consists of not overestimating the number of
extremely low stellar mass objects (M* < 10" M) that are
indeed expected to be an important fraction of the galaxy
population that will be observed with JWST at z > 7 (Ceverino
et al. 2019). This may be an important issue for future works
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Figure 9. Comparison between the stellar mass correction and the difference
between the JAGUAR stellar mass and the stellar mass recovered with
LePhare. We color-coded each correction by its probability (Table 4).

that aim to recover the proper value of the stellar mass function
faint-end slope at high-z.

As already mentioned, the corrections derived in this work
are not exhaustive. Indeed, an additional offset between the
original stellar mass and the one derived with the Yggdrasil
templates is present, and it is due to different emission-line
equivalent-width recipes and SFHs used in Yggdrasil and
BEAGLE.

Overall, the statistical stellar mass corrections improve the
stellar mass distribution derivation obtained with the Yggdrasil
templates, even if the galaxies have completely different SFHs
and emission-line recipes.

6. Conclusions

In a series of papers, of which this is the third, we have
created and analyzed a mock galaxy sample to investigate how
different galaxy properties will be derived using the JWST
NIRCam broadband filters and the two MIRI filters F560W and
F770W for galaxies at redshifts between 7 and 10. In particular,
we consider a mock galaxy sample with good photometry
(S/Ngis0w > 10) for which the redshift is well recovered, and
we derive galaxy properties fitting the broadband SED in a
similar way to what will be done for galaxies in future JWST
deep blank-field imaging surveys. Then, we compare the
derived galaxy properties with the input ones to understand the
biases in the galaxy property estimation.

In this paper, we focus on the stellar mass estimation,
providing a list of statistical stellar mass corrections to take
into account when estimating stellar masses of large samples
of high-z galaxies that will be observed in the near future with
JWST. These corrections can be used directly when stellar
masses are derived using the LePhare code and the SED
template considered here, and they can be generally
considered as an indication of the possible template
degeneracies affecting the stellar mass derivation. In
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particular, we provide the 25%, 50%, and 75% quartiles and
minimum and maximum value of the stellar mass offsets,
together with the full stellar mass offset distributions, for each
combination of output galaxy parameters and different JWST
broadband filter combinations.

Median stellar mass offsets are generally small, but the 25%
and 75% quartiles for some specific templates range from
—0.83 to 0.88 dex; therefore, some galaxy models may need
significant stellar mass corrections.

In particular, we notice the following.

1. Galaxies without nebular emission lines in output that
originally had emission lines have overestimated SFH
and age. This results in an overestimation of the stellar
mass that is even 10 times the original stellar mass. On
the other hand, galaxies with nebular emission lines in
output that were originally without emission lines have
stellar masses that are generally underestimated, even
down to 10 times the original mass.

2. The stellar mass of galaxies is more difficult to estimate
at z =10, when only the eight NIRCam bands are
considered, but also at z = 7. The first effect is due to th°e
fact that no NIRCam bands purely cover the A > 4000 A
break; therefore, MIRI bands are necessary to trace these
wavelengths and improve the stellar mass estimation. The
reduced age-extinction degeneracy is instead one of the
reasons why the stellar mass recovery is less difficult at
z>Tthanatz =7.

3. Stellar masses are well recovered for galaxies with output
color excess between 0.2 and 0.3 mag, i.e., the maximum
value analyzed in this paper, while the stellar mass
estimation is less accurate for relatively dust-free
templates.

4. For galaxies without emission lines, i.e., quenched or
star-forming galaxies with f.,, = 0, the stellar mass is
generally well recovered, except for the lowest metallicity
considered, which is 1/50 Z.,

5. We apply the statistical stellar mass corrections presented
in this work to the JAGUAR catalog, which has been
derived using different assumptions (Williams et al.
2018). The discrepancies in the recovered stellar mass
distribution decrease by 20%-50% at z > 7 when
including the stellar mass corrections. The results high-
light the importance of the considered statistical stellar
mass corrections to properly derive the distribution of the
low-mass galaxy population that otherwise tends to be
overestimated in number. This is indeed essential for
future works that aim at deriving the faint-end slope of
the high-z stellar mass function.

Overall, the stellar mass estimation is challenging for young
galaxies with nebular emission lines or galaxies with emission
lines that have not been properly identified. Adding at least one
of the two MIRI bands at the shortest wavelengths improves
the stellar mass estimation, refining the average estimation or
reducing the worst outliers.

In the future, additional investigations will be necessary
to expand this analysis on extremely dusty objects and
galaxies with a nonnegligible contribution by active galactic
nuclei.
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Figure 10. Top panels: stellar mass distributions in the JAGUAR catalog (filled blue histogram) and derived with the Yggdrasil templates before (red line) and after
(dashed green line) the statistical stellar mass correction. Bottom panels: offsets between the original JAGUAR stellar mass and the stellar mass derived with the
Yggdrasil templates before (red line) and after (dashed green line) the statistical stellar mass correction. The average values of the absolute number differences are
shown on the right. Shaded areas show the statistical uncertainties. Both stellar mass distributions and offsets are shown for four redshift bins: 6.5 < z < 7.5 (top left),
7.5 < z < 8.5 (top right), 8.5 < z < 9.5 (bottom left), and 9.5 < z < 10.5 (bottom right).
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