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ABSTRACT

We present the first follow-up with JWST of radio-selected near-infrared (NIR)-faint galaxies as part of the COSMOS-Web survey. By selecting
galaxies detected at radio frequencies (S3gu, > 11.5wWly; i.e., S/N > 5) and with faint counterparts at NIR wavelengths (F150W > 26.1 mag), we
collected a sample of 127 likely dusty star-forming galaxies (DSFGs). We estimated their physical properties through SED fitting, computed
the first radio luminosity function for these types of sources and their contribution to the total cosmic star formation rate density. Our analysis
confirms that these sources represent a population of highly dust-obscured ((A,) ~ 3.5 mag) massive ((M,) ~ 10'%% M) and star-forming galaxies
((SFR) ~ 300 M, yr™!) located at {z) ~ 3.6, representing the high-redshift tail of the full distribution of radio sources. Our results also indicate
that these galaxies could dominate the bright end of the radio luminosity function and reach a total contribution to the cosmic star formation rate
density equal to that estimated only considering NIR-bright sources at z ~ 4.5. Finally, our analysis further confirms that the radio selection can be
employed to collect statistically significant samples of DSFGs, representing a complementary alternative to the other selections based on JWST
colors or detection at FIR/(sub)millimeter wavelengths.

Key words. galaxies: evolution — galaxies: high-redshift — galaxies: ISM — galaxies: starburst — infrared: galaxies — submillimeter: galaxies

1. Introduction

Understanding how galaxies evolved from the Big Bang to
the present time is one of the main open questions of mod-
ern astrophysics. The answer is commonly thought to reside
in deep galaxy surveys, which collect objects at different
cosmic times and potentially unveil their evolutionary links.
Most of these surveys are performed at optical and near-IR
(NIR) wavelengths. Therefore — at z > 3 — these sur-
veys sample a spectral range more affected by dust extinc-
tion (see e.g., Salim & Narayanan 2020, for a review). For this
reason, a population of dust-obscured galaxies is constantly
missed by these surveys, potentially biasing all the results
achieved with them (e.g., Simpson et al. 2014; Franco et al.
2018; Wangetal. 2019; Taliaetal. 2021; Eniaetal. 2022;
Behiri et al. 2023; Barrufet et al. 2023; Gottumukkala et al.
2024; Gentile et al. 2024a; Williams et al. 2024). These dusty
star-forming galaxies (DSFGs) lacking a counterpart at opti-
cal/NIR wavelengths have assumed several names: HST-dark,
H-dropout, NIR-dark, OIR-dark, and NIR-faint galaxies. All
of these classifications are commonly based on the lack of a
counterpart in the optical/NIR regimes coupled with a bright
flux at longer wavelengths, potentially tracing ongoing star
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formation. These tracers can be in the mid-IR (MIR; see
e.g., Wang et al. 2019; Barrufet et al. 2023; Gottumukkala et al.
2024; Williams et al. 2024), (sub)millimeter (e.g., Simpson et al.
2014; Franco et al. 2018; Gruppioni et al. 2020; Smail et al.
2021) or radio (e.g., Chapman et al. 2001; Talia et al. 2021;
Enia et al. 2022; Behiri et al. 2023; van der Vlugt et al. 2023;
Gentile et al. 2024a). Regardless of the selection, several studies
targeting these sources agree that they represent a population of
massive (M, > 10'°M;) and dust-obscured (A, > 3 mag) galax-
ies mainly located at z ~ 2—3 and beyond. However, a consensus
is still missing about their actual contribution to the cosmic star
formation rate density (SFRD; i.e., the average amount of stel-
lar mass formed in the Universe each year and in each cubic
Megaparsec; see e.g., the results by Wang et al. 2019; Talia et al.
2021; Enia et al. 2022; Barrufet et al. 2023; Behiri et al. 2023;
van der VIugt et al. 2023; Williams et al. 2024), the overlap
between the different populations (e.g., Smail et al. 2002;
Talia et al. 2021; McKinney et al. 2025; Williams et al. 2024),
and their relationship with the broader population of galaxies
(e.g., Cochrane et al. 2024).

The advent of the James Webb Space Telescope (JWST)
jas provided the opportunity to study these populations on a
common ground. Its unprecedented sensitivity allows one to
detect — for the first time — the rest-frame optical radiation
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from these sources, reducing the uncertainties on their photo-
metric redshifts and stellar masses (see e.g., Barrufet et al. 2023;
Gottumukkala et al. 2024), and — more broadly — to fairly com-
pare the different populations (see e.g., Pérez-Gonzdlez et al.
2023; Gillman et al. 2024; Hodge et al. 2025; McKinney et al.
2025).

In this paper, we focus on the radio-selected NIR-faint
galaxies (Talia et al. 2021). These sources are defined as radio-
detected sources without a counterpart in the optical/NIR
regimes at the depths commonly reached by ground-based
facilities (25-27mag; see e.g., Weaver etal. 2022). Given
radio is a dust-unbiased tracer of star formation (see e.g.,
Kennicutt & Evans 2012), these sources are excellent DSFG
candidates (see e.g., Chapman etal. 2001; Taliaetal. 2021;
Enia et al. 2022; Behiri et al. 2023; Gentile et al. 2024a).

Compared with other possible methods to collect DSFGs,
the radio selection presents some advantages. Firstly, the higher
resolution and sensitivity of radio interferometers than pre-
vious generation facilities observing at far-infrared (FIR) or
(sub)millimeter wavelengths (with beam sizes larger than 10”;
see e.g., Swinyard et al. 2010; Dempsey et al. 2013) such as
Herschel or the SCUBA-2 camera equipped on the James Clerk
Maxwell Telescope (JCMT; see e.g., the initial studies in this
field by Smail et al. 1997; Hughes et al. 1998; Burgarella et al.
2013; Gruppioni et al. 2013; Casey et al. 2014, for a review).
These properties allow for the easier association of multi-
wavelength counterparts and the discovery of fainter sources.
Moreover, the higher mapping speed of radio interferometers
with respect to modern facilities such as the Atacama Large
Millimetre Array (ALMA) or the NOrtern Extended Millime-
tre Array (NOEMA) makes it possible to explore larger cosmic
volumes and — therefore — obtain larger samples less affected by
cosmic variance and poor statistics. Secondly, the radio selection
is expected to be more robust to the contamination by red and
passive galaxies affecting the MIR selection (see e.g., the frac-
tion of non-dusty sources reported in the MIR-selected samples
by Wang et al. 2019; Pérez-Gonzélez et al. 2023; Barrufet et al.
2025).

The downside of such selection is represented, on the one
hand, by the positive k-correction at radio frequencies, limiting
our possibilities to select very high-z DSFGs that are more easily
detected at (sub)millimeter wavelengths (due to to the negative
k-correction in that regime; see e.g., Casey et al. 2021). On the
other hand, the radio selection needs to take into account the
possible contribution by active galactic nuclei (AGN; which are
also able to emit at radio frequencies, see e.g., the review by
Tadhunter 2016). To do so, we focus on the sources detected
in the COSMOS field, which is one of the most famous extra-
galactic fields in modern astronomy (see e.g., Scoville et al.
2007; Koekemoer et al. 2007) and has good photometric cover-
age from radio to X-rays, allowing us to estimate the AGN con-
tribution to our sample of targets with the help of ancillary data.
We also take advantage of the new JWST coverage of the COS-
MOS field granted by the COSMOS-Web survey (Casey et al.
2023).

The main goals of this work consist of the estimation of the
physical properties of these sources, their first radio luminosity
function (never estimated before for NIR-dark/faint galaxies),
and — consequently — their contribution to the cosmic SFRD.
These results will then be employed to compare our targets with
other notable populations of optically/NIR-faint galaxies in the
current literature.

The paper is structured as follows. In Section 2, we describe
the data and the sample selection. In Section 3, we estimate the
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physical properties of our targets through SED fitting and the
possible AGN contribution. In Section 4, we estimate the lumi-
nosity function of our sources, and in Section 5, we use this
result to compute how much our galaxies contribute to the cos-
mic SFRD. We discuss our results in Section 6, and — finally —
we draw our conclusions in Section 7.

Throughout this paper, we assume a standard flat ACDM
cosmology with the parameters [4, Qp, Qo] = [0.7,0.3,0.7]. We
also assume a Chabrier (2003) initial mass function and the AB
photometric system (Oke & Gunn 1983).

2. Data
2.1. JWST photometry

The JWST photometry for our sources comes from the
COSMOS-Web survey (GO #1727, PIs Kartaltepe & Casey;
Casey et al. 2023), a cycle 1 treasury program consisting of
the NIRCam and MIRI imaging of the COSMOS field. The
program includes a contiguous NIRCam mosaic covering the
central region of the field (~0.54deg?) in the four filters:
F115W, F150W (the short-wavelength filters; SW hereafter),
F277W, and F444W (long-wavelength; LW). In parallel with
the NIRCam mosaic, COSMOS-Web also includes a MIRI
mosaic covering a total (non-contiguous) area of 0.19 deg? in
the F770W filter. A full description of the COSMOS-Web
program can be found in Casey et al. (2023), while the data
reduction procedure is described in detail in Franco et al.
(in prep.).

In this work, we use the NIRCam and MIRI photometry
extracted with SourceXtractor++ (SE++; Bertin et al. 2020;
Kiimmel et al. 2020). This software performs the detection on
a positive-truncated y*> combination of the four NIRCam filters
with the point spread function (PSF) homogenized to F444W.
Each source is then modeled with a Sérsic profile (Sérsic 1963).
The best-fitting model is then convolved with the PSFs of
the five (NIRCam and MIRI; PSF FWHM =0.04-0.14" and
0.27”, respectively) scientific maps in order to extract the fluxes
and the related uncertainties. The full catalog includes pho-
tometry for more than 800000 sources down to a 5o limit-
ing magnitude of m = 28.0 in F444W. A full description
of the procedure that was followed to build the COSMOS-
Web catalogs can be found in Shuntov, Paquereau et al.

(in prep.).

2.2. Radio data

The radio data analysed in this paper come from the VLA-
COSMOS Large Program (Smolci¢ et al. 2017), a radio survey
performed with the Karl Jansky Very Large Array (VLA) cover-
ing the full COSMOS field (~2 deg?) at a frequency of 3 GHz.
The survey reaches a quite uniform rms of o~ = 2.3 uwJy beam™!
and a spatial resolution of 0.75”. To perform our sample selec-
tion, we crossmatch the photometric catalog of COSMOS-Web
with the public catalog by Smolci¢ et al. (2017) with a matching
radius of 0.7” (as in Gentile et al. 2024a). This procedure gives
as an output a sample of 3196 galaxies. However, given the better
spatial resolution of NIRCam than that achieved with the VLA,
139 radio sources have multiple NIRCam galaxies falling in the
matching radius. Given the impossibility to recognize the actual
object originating the radio emission, we exclude these sources
from the final sample.



Gentile, F., et al.: A&A, 697, A46 (2025)

2.3. Sample selection

We perform a sample selection resembling those employed by
Talia et al. (2021), Behiri et al. (2023), and Gentile et al. (2024a)
to collect their sample of “radio-selected NIRdark galaxies” in
the COSMOS field but taking advantage of the new JWST pho-
tometry coming from the COSMOS-Web survey. We start from
the parent sample assembled in Section 2.2 and we select our
galaxies through the following criteria:

S3GHZ > llquy 1

F150W > 26.1 mag. M

Clearly — by construction — all the galaxies in the final sam-

ple also need to be detected in the detection image employed to
assemble the COMSOS-Web catalog.

The first criterion requires that the sources are robustly
(S/N > 5) detected at radio frequencies, while the latter requires
that they would not be detected in the NIR filter H (1 ~ 1.6 um)
at the 30 depth of the COSMOS2020 catalog (2" aperture; see
Weaver et al. 2022). The full sample includes 127 galaxies in the
0.54 deg? observed in the COSMOS-Web survey (55 with MIRI
coverage, ~32% of the full sample, 44 with a robust detection at
S/N > 3).

Compared with the previous criteria employed by Talia et al.
(2021), Behirietal. (2023), and Gentile et al. (2024a), we
include in our sample sources with lower values of the S/N at
3 GHz. The previous studies, indeed, employed a S/N > 5.5
cut to reduce the number of possible spurious sources. However,
the availability of a strong prior such as the NIRCam imaging
allows us to relax this criterion, potentially including in our sam-
ple some higher-z sources previously missed due to their faint-
ness at radio frequencies (e.g., the spectroscopically confirmed
source at z ~ 5 reported by Jin et al. 2019, with a reported S/N
at 3GHz of 5.2).

Moreover, those studies required the lack of counterpart in
the COSMOS2020 catalog, whose detection was performed on
a y’-image including the four VISTA filters Y, J,H, and Ks
and the two optical filters i and z from HSC (Weaver et al.
2022). However, the low resolution of these images did not com-
pletely allow a counterpart-matching for some optically bright
galaxies blended with nearby sources (see the discussion in
Gentile et al. 2024a). With these improved criteria and with the
high-resolution of the NIRCam maps, we aim to select a less
contaminated sample of “NIRdark” galaxies. Since these sources
are now detected at the new depths reached by NIRCam, in the
following we will refer to our galaxies as radio-selected NIR-
faint (RS-NIR-faint).

2.4. Ancillary data

Our targets are located in the COSMOS field. Therefore, an
almost complete photometric coverage is available for them. We
include in our analysis the following data:

— Optical-to-MIR: The SE++ software employed to extract
the NIRCam and MIRI photometry can also be applied to
other ancillary data, by fitting each source with the para-
metric model computed on the NIRCam maps (once con-
volved with the PSF of low-resolution maps). These addi-
tional data include optical, NIR, and MIR data. The opti-
cal maps are obtained during the Subaru Strategic Pro-
gram (SSP DR3; Aiharaetal. 2019) performed with the
HyperSupreme Cam (HSC) mounted on the Subaru tele-
scope and those obtained with the Advanced Camera for
Surveys (ACS) equipped on HST (Koekemoer et al. 2007).

The NIR data are obtained during the UltraVISTA survey
(DR6; McCracken et al. 2012) performed with the VIRCAM
instrument of the VISTA telescope. Finally, the MIR data
obtained as part of the Cosmic Dawn Survey of the COS-
MOS field (Euclid Collaboration: Moneti et al. 2022) per-
formed with the Infrared Array Camera (IRAC) equipped on
the Spitzer Space Telescope.

The footprint of all these surveys overlap with the full
COSMOS-Web area. In order to cover wavelength ranges
not included in our NIRCam and MIRI photometry,
we include in our catalog the data in the eight filters
g,1,1,2,y, F814W, K s and in the first channel of IRAC (1 ~
3.8 um). The depths and additional details on the employed
maps can be found in Weaver et al. (2022) and in Shuntov,
Paquereau et al. (in prep.).

— FIR/(sub)mm: We crossmatch our catalog with the most
updated version of the super-deblended catalog (Jin et al.
2018, and in prep.), including deblended photometry from
the PACS and SPIRE instruments equipped on the Herschel
space telescope that observed the COSMOS field during
the surveys described in Lutz et al. (2011) and Oliver et al.
(2012). From the same catalog, we also retrieve photome-
try at 870 um from the deblending of the SCUBA-2 maps
obtained during the S2COSMOS survey by Simpson et al.
(2019). Since the super-deblended employs the 3 GHz
sources of the VLA-COSMOS survey as priors, all our
galaxies have an entry in that catalog. More in detail, 72
sources in our sample have at least one detection at S/N >3
in at least one PACS or SPIRE filter. Similarly, 31 objects
are detected at S/N >3 in the 870 um maps. All the other
objects have upper limits. We also obtain ALMA photome-
try in the (sub)millimeter range for 38 of our sources (~30%
of the sample) by crossmatching with the most recent cat-
alog (v20220606) from the Automated mining of the pub-
lic ALMA Archive in the COSMOS field (A3COSMOS;
Liu et al. 2019; Adscheid et al. 2024).

— Radio: Finally, we retrieve data at radio frequencies (3,
1.4, and 1.28 GHz) by crossmatching with the public cata-
logs from the VLA-COSMOS large program (Smolcic et al.
2017; Schinnerer et al. 2007) and the early data release of the
MIGHTEE survey performed with MeerKAT (Jarvis et al.
2016). Given the lower resolution of the MIGHTEE maps
(~8"), we only consider the 1.28 GHz radio fluxes of 84 iso-
lated sources (i.e., without another 3 GHz object within 8”).

3. SED fitting

Our SED fitting is performed with the “Code Investigating
GALaxy Emission” (Cigale; Boquien et al. 2019), a software
based on the principle of energy balance between the dust atten-
uation and its thermal emission at longer wavelengths. The input
catalog includes all the photometry available for our sources with
the only exception of the radio data (employed later to estimate
the AGN fraction in our sources; see Section 3.3). Our setup
includes the stellar populations by Bruzual & Charlot (2003),
combined through a delayed exponentially declining star for-
mation history with an additional recent burst of star forma-
tion. The stellar emission is extincted through a Charlot & Fall
(2000) attenuation law, while the dust emission is included
in our templates through the models by Draine et al. (2014).
Finally, the nebular emission is accounted for through a series
of models computed with Cloudy (Ferland et al. 2013). The
resulting templates are redshifted on a grid spanning the range
z € [0,8] with a step of 0.05. The full list of parameters
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Fig. 1. Some examples of the SED fitting performed with Cigale on the galaxies included in the highest redshift bin. The squares indicate
the photometric points from JWST, A3COSMOS and the 870 um from the deblending of the S2COSMOS maps by Simpson et al. (2019). The
circular points report the ancillary photometry from HSC, VISTA, Spitzer, and from the super-deblending of the Herschel Maps. The inset shows
the Gaussianized p(z) computed with Cigale. The top row shows the cutouts (3 arcsec side) in the NIRCam and MIRI filters of COSMOS-Web.

employed in our SED fitting is included in the Appendix A.
The good convergence of the SED-fitting procedure is ensured
by the distribution of the reduced )(2, with a median value
of (x2) = 1.1 and 95% of the sample with a y2> < 5.
Some examples of the SED-fitting output are reported in
Figure 1.

3.1. Photometric redshifts

The distribution of the photometric redshifts for our sources is
reported in Figure 2 (the other samples showed for reference
are described in detail in Section 6.1). The distribution is quite
peaked at (z) ~ 3.6, with a 1o dispersion (given as the sym-
metrized interval between the 16th and the 84th percentile) of
0.8. The availability of the new NIRCam and MIRI photome-
try allows us to sample the rest-frame optical/NIR emission of
our galaxies, reducing the uncertainty on the photometric red-
shifts. The median 6z/(1 + z) for our galaxies is 0.08, nearly
half of what we would obtain by removing the JWST photom-
etry from the SED fitting performed with Cigale (0.15). The
spectroscopic coverage of our sample is not sufficient to allow
proper testing of our photometric redshift. However, thanks to
the collection of spectroscopic redshift in COSMOS (Khostovan
et al., in prep.), we found four sources in our sample with a spec-
z. These are ID20010161 (zspec = 5.051) from Jin et al. (2019)
(see also Gentile et al. 2024b) and AS2COS0002 (zspec = 4.600),
AS2COS0011 (zgpec = 4.783), and AS2COS0014 (zgpec = 2.920)
from Chen et al. (2022). These spectroscopic redshifts are well
recovered by our SED fitting, with the first three objects having
a discrepancy lower than 20~ and only the last one having a spec-
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[ RS-NIRfaint (F150W>26.1)
[ 3GHz Sources (F150W<26.1)
Enia+22

- Van Der Vlugt+23

N ——

Zphot

Fig. 2. Distribution of the photometric redshifts of our RS-NIR-faint
galaxies in COSMOS-Web. Our sources are reported as the purple
solid line, while the complementary sample of 3 GHz objects with
F150W > 26.1 mag is reported as the blue solid line. For reference, we
also show the photo-z computed by Enia et al. (2022) on their sample
of radio sources (with optical/NIR counterparts) in the GOODS-N field
(blue dashed line) and those estimated by van der Vlugt et al. (2023) for
their sample of optically/NIR-faint galaxies in their deeper COSMOS-
XS survey (dashed pink line).

z at 5o from the photo-z. The median value (computed on this
small sample) of the |Az|/(1 + z) is 0.09.
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I RS-NIRfaint

[ JWST-selected

1 SCUBA-selected (All)
[ SCUBA-selected (NIRfaint)

0 2 4 6 8 10 8 9 10 11 12
log(M.)[Mo]

-1 0 1 2 3 4 o 1 2 3 4 5 6 7 8

l0g(SFR) [M o yr~1] Ay[mag]

Fig. 3. Main properties (photometric redshift, stellar mass, SFR, and
dust extinction) of our RS-NIR-faint galaxies. We show — for com-
parison — the same properties computed by Gottumukkala et al. (2024)
and McKinney et al. (2025) for their sample of JWST-selected and
SCUBA-selected DSFGs as the green and orange solid lines, respec-
tively. To allow a fair comparison, we only include the sources by
Gottumukkala et al. (2024) with F150W > 26.1 mag and exclude the
sources flagged as possible AGN.

Table 1. Median properties of our RS-NIR-faint galaxies.

Property Median o Unit
Zphot 3.6 0.8 -
log(M,) 10.8 0.7 Mo,
log(SFR) 2.5 0.4 Mgyr!
Ay 3.5 0.9 mag

Notes. The o of each distribution is reported as the symmetrized inter-
val between the 84th and the 16th percentiles.

3.2. Physical properties

With Cigale, we also estimate the stellar masses and dust atten-
uation for our galaxies. Since we do not have any constraints on
the rest-frame UV SED of our sources, we do not use the SFR
computed through SED fitting for our analysis. Instead, we com-
pute the SFR from the radio luminosity — after accounting for
the possible AGN contribution — as described in Section 3.3'.
The results of this procedure are summarized in Table 1 and in
Figure 3. These distributions picture the RS-NIR-faint galaxies
as a population of highly dust-obscured ((Ay) ~ 3.5 mag), mas-
sive ((M,) ~ 1098 M,) and star-forming galaxies ((SFR) ~
300 Mg yr’l) located at (z) ~ 3.6. Figure 3 also shows for ref-
erence the same properties computed for other notable popu-
lations of dusty star-forming galaxies (i.e., those selected with
JWST by Gottumukkala et al. 2024 and with SCUBA/ALMA
by McKinney et al. 2025). A full comparison between the RS-
NIR-faint galaxies and these other samples will be the focus of
Section 6.1.

I The same lack of constraints in the rest-UV affects, in theory, also the

estimation of A,. Nevertheless, since we have some constrains from the
rest-optical and from the employment of an SED-fitting code relying
on the energy balance, we decide to still report our estimate of A, in
Table 1.

3.3. AGN contribution

Since we are dealing with galaxies selected at radio frequencies,
we need to consider that part of that emission could be due to
nuclear activity and not to star formation. For doing so, we fol-
low the procedure established by Ceraj et al. (2018) to measure
the so-called “AGN fraction” (fagn), quantifying the AGN con-
tribution to the radio luminosity.

We start by computing the infrared luminosity (Lig) of our
sources by integrating the best-fitting SED given in output by
Cigale in the range [8,1000] wm. The Lig is then employed
to compute the grigr parameter (quantifying the ratio between
infrared and radio emission) for our galaxies as

1o Lir[W] "o L1 4GHz ot
IR =108\ 375 oz S\ wa )

where Lj4GHziot 1S the radio luminosity at 1.4 GHz computed
from the radio flux at 3 GHz. The conversion between these
quantities is done by computing the radio slope between 1.4 (or
1.28) GHz and 3 GHz (for the galaxies with a measured flux at
these frequencies, see Section 2.4) or by assuming a fixed slope
of @ = —0.7 (commonly employed for star-forming galaxies, see
e.g., Novak et al. 2017).

The grir of star-forming galaxies is found to correlate
with redshift. A possible parametrization is that found by
Delhaize et al. (2017)2

(@)

grir(2) = (2.88 + 0.03)(1 + ) 192001, 3)
We can take advantage of this relation to estimate the AGN frac-
tion as

facn(g, 2) = 109799, 4

where g is the grigr measured for our galaxy and g(z) is the same
quantity expected for a galaxy at the same redshift following the
relation by Delhaize et al. (2017). Since in that study the grr(z)
relation is found to have an intrinsic scatter of 0.26, we assign
a fagn = 0 to all the sources with ¢ — g < 0.26 (i.e., those
compatible within 1o~ with the relation expected for star-forming
galaxies).

As visible in Figure 4, most of the galaxies in our sample
have low values of the AGN fraction (fagn < 0.3), and just 13
sources (~10% of the full sample) are dominated by the AGN
emission (fagn > 0.9; see e.g., Enia et al. 2022) and — therefore
— are removed from the sample. For all the other sources, we
can account for the AGN contribution by computing the radio
luminosity due to star formation as

&)

This value is then used to compute the SFR following
Novak et al. (2017) as

Li46Hz = L1.4GHz0t(1 = fagn)-

_ N LiscH
SER[M, yr~'] = 107241090 2222
oY W Hz™!

(6)
by assuming the same grr(z) relation found by Delhaize et al.
(2017) and presented in Equation (3). As an additional test,
we crossmatch our sample with the two publicly available X-
ray catalogs of the COSMOS field (from the C-COSMOS and
COSMOS Legacy surveys: Elvis et al. 2009; Civano et al. 2016)

2 We underline that the analysis described in Delhaize et al. (2017) is
based on the same radio survey employed to select the galaxies in this
study.
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using as matching radius the positional uncertainties reported
in there. We find a single source (cid_1076) with a counterpart
in our sample. Given the relatively shallow depth of the X-ray
observations in COSMOS, a detected source should have an X-
ray luminosity higher than L, > 10*ergs™' (more precisely,
Ly ~ 10** erg s~ in the range 2-10keV assuming the photo-z by
Cigale of z ~ 3.5), likely hosting an un-obscured AGN. For this
reason, we do not include this source in the rest of our analysis.

4. Luminosity function
4.1. Estimation of the luminosity function

We compute the luminosity function of our RS-NIR-faint galax-
ies by dividing our sample in three equally populated redshift
bins, covering the ranges 2.5-3.3, 3.3-3.8, and 3.8-5.5. In each
redshift bin, we divide the galaxies in several bins of (AGN-
corrected) radio luminosity with a fixed width of 0.35 dex. To
better sample the range of luminosities we employ bins that are
overlapping by half of their width. In each combined redshift-
luminosity bin, we compute the luminosity function following
the 1/Viax method (Schmidt 1968) as

1 1
D(L,7) = ——
(£2) AlogLZV

s
max,i

@)

where Alog L is the log-amplitude of the luminosity bin and the
sum extends to all the galaxies in that bin. For each galaxy, Viax
is computed as

i [V(z + Az) = V(2)] C(2),

Z=Zmin

Vinax = (8)

where we employ a fixed width of the redshift shells of Az =
0.05. The C(z) term is the completeness function, and it can be
written as the product of two terms:

C(z) = CaC3GHz(2). ©))

The first one accounts for the limited area covered by the
COSMOS-Web survey. In our case, it can be written as the ratio
between the area of the survey and that of the whole sky:

054 deg?

_ Uoddeg” 10
AT 41253 deg? (10

The second term accounts for the incompleteness of the radio
survey where our galaxies are selected. The completeness func-
tion of the 3 GHz survey performed during the VLA-COSMOS
large program is reported in Smolci¢ et al. (2017) for resolved
and un-resolved sources. Since in our sample we have both kinds
of sources, for each flux we consider the average between the
two values.

The sum in Equation (8) extends between two values zp,i, and
Zmax indicating the minimum and maximum redshift in which our
target would be included in our sample according to our selec-
tion criteria. As described in Section 2.3, our galaxies need to
have a radio S/N > 5 at 3 GHz and be faint in the F150W filter of
NIRCam?.

As shown in Figure 5, these properties are affected by the
redshift of each object: at higher redshifts, our galaxy becomes

3 According to our selection, our targets also need to have a counter-
part in the COSMOS-Web catalogs. However, since all our galaxies are
robustly detected in the LW filters of NIRCam, we neglect this addi-
tional constraint.
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Fig. 4. Our estimation of the grjr parameter for our galaxies as a func-
tion of the redshift. The dashed line reports the grr(z) relation by
Delhaize et al. (2017), with the shaded area indicating the intrinsic scat-
ter of the relation. Our galaxies are color-coded for their AGN fraction,
measuring the contribution of nuclear activity to the radio luminosity.
Galaxies classified as “radio-excess” (i.e., with fagy > 0.9) are sur-
rounded by a red square and removed from the sample.
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Fig. 5. Sketch showing the physical meaning of the z,,;, and zy., val-
ues employed in the estimation of the LF. These values account for the
redshift range in which each target could be found according to our
selection criteria. See the definitions of zyr and z3 gy, in Section 4.1.

fainter in the radio, up to a certain z3 gy, where it becomes too
faint to satisfy our S/N cut. Similarly, moving from high to low
redshift, the F150W filter starts to sample less dust-obscured
region of the SED, until a certain zxjgr Where the galaxy becomes
too bright to satisfy our magnitude cut (F150W > 26.1 mag).
Both these effects are accounted for in the definition of z.,;, and
Zmax a8

{Zmin = max (Zmin,bin’ ZNIR) (1 1)

Zmax = Min (Zmax,bin, 23GHz)»

where Zmin bin and Zmax pin indicate the lower and upper limits of
the considered redshift bin. The values zyr and z3gu, are esti-
mated for each galaxy by redshifting the best-fitting rest-frame
SED on a grid with a step of Az = 0.01 and measuring the
expected fluxes at 3 GHz and in F150W filter of NIRCam at each
redshift.

To account for the uncertainties in the photo-z and radio
fluxes at 3 GHz of our sources, we perform a Monte-Carlo inte-
gration by extracting 5000 random values from the probability
distributions of these quantities. For the redshifts, we directly
sample the Gaussianized p(z) computed by Cigale, while for
the radio fluxes we extract values from a Gaussian distribution
centered on the mean value of the radio flux of each source and
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Fig. 6. Radio luminosity function at 3 GHz of our RS-NIR-faint galaxies.

The points show the values computed as described in Section 4.1, while

the dashed vertical lines indicate the minimum radio luminosity observable in a given redshift bin given the sensitivity of our survey. All the points
corresponding to fainter luminosities (shaded points) are not included in the fitting. The shaded areas report the fitting of the modified Schechter
function, with its 1 o uncertainty. For reference, we also report the radio luminosity function (converted to 3 GHz by assuming a standard radio
slope of @ = —0.7) estimated by Novak et al. (2017), Enia et al. (2022), and van der Vlugt et al. (2022) on their samples of radio NIR-bright

galaxies.

standard deviation equal to the related uncertainty. The value of
the LF in each bin of redshift and radio luminosity is computed
as the median value of all the iterations. Similarly, we assume as
the upper and lower uncertainties the 16th and 84th percentiles,
respectively. To account for the likely underestimation of the
uncertainties in the less populated bins — due to the contribution
of Poissonian uncertainties affecting low number counts — we
correct these values in the bins with less than five galaxies with
the 1o confidence intervals reported in Gehrels (1986). Finally,
we underline that our uncertainties do not include any contribu-
tion from cosmic variance. The values of the radio LF and the
relative uncertainties are shown in Figure 6.

4.2. Modified Schechter function

In each redshift bin, we fit the LF of our sources with a
modified Schechter function (Saunders et al. 1990), a common
choice for radio and (sub)millimeter luminosity functions (see
e.g., Novak et al. 2017; Gruppioni et al. 2020; Enia et al. 2022;
van der Vlugt et al. 2022; Traina et al. 2024):

L
log? |1+ —]].
o1+ )

Due to the limited number of data-points available for fitting
and the lack of constraints on the faint-end of the LF, we fix the
two slope factors (@ and o) to the values found by Novak et al.
(2017) in their analysis of the sample of radio sources (with
optical/NIR counterparts) in the VLA-COSMOS large program.
These values are o 0.63 and « 1.22. We underline
that the latter value is also in agreement with that found by
van der Vlugt et al. (2022) in the deeper COSMOS-XS survey,
better sampling the faint end of the radio LF. Possible caveats
related to this choice are discussed in Section 5.2.

We fit the two remaining free parameters (@, and L,
giving the normalization and the “knee” of the LF, respec-
tively) with a Monte-Carlo Markov Chain (MCMC) performed
with the Python library emcee (Foreman-Mackey et al. 2013).
We adopt a flat prior on the two parameters: log(®,) €
[-6, 2] Mpc~> dex~! and log(L,) € [20,26] W Hz"'. We only
include in the fitting procedure the points with L > L;,, where
Liin represents the minimum radio luminosity observable in a

L\™ 1
(D(L) = (D* (L_*) eXp |:—27‘_2 (12)

redshift bin given the 50 sensitivity of our radio survey. More-
over, since the LF is computed in overlapping bins of radio lumi-
nosity, we only include in the fitting half of the data-points to
obtain un-correlated uncertainties.

The best-fitting parameters of the modified Schechter func-
tion — for each redshift bin — are reported in Table 2, while the
fitted function (with its 1o~ confidence interval) is reported as the
shaded pink area in Figure 6.

5. Contribution to the cosmic SFRD

In each redshift bin, we compute the contribution of the RS-NIR-
faint galaxies to the total cosmic SFRD by integrating the ana-
lytic expression of the modified Schechter function weighted for
the SFR related to each radio luminosity:

Linax
SFRD(z) = f O(L,z) SFR(L,z)dlog L,
Luin

(13)

where SFR(L, z) is the expression reported in Equation (6) and
z is the mean redshift of each bin. In this integral, we consider
the full posterior distribution of the parameters in the modified
Schechter function obtained from the MCMC in Section 4.2 in
order to compute the uncertainties on the SFRD.

We perform two different integrals. The first one only
includes the radio luminosities between the L, related to the
sensitivity of our radio survey and the maximum luminosity
observed in each redshfit bin. The second extends over the full
range of radio luminosities (0 — +o0). While the first inte-
gral estimates the contribution of the galaxies that are actually
observed in our surveys to the cosmic SFRD, the second one
includes in this estimates the galaxies that are not observed in
our survey but that we expect by extrapolating the radio LF at
higher and lower luminosities. We underline that — given these
definitions — the first value should be interpreted as a lower limit
on the actual contribution of the RS-NIR-faint galaxies to the
cosmic SFRD. The results of these integrals are summarized in
Table 3 and in Figure 7. It is possible to notice how our estimates
have large uncertainties. The reason for this can be found in the
lack of strong constraints on the L, parameter of the LF. Being
our galaxies unable to trace the faint end of the LF, our analysis
can only pose a robust upper limit on the location of the “knee”.
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Table 2. Best-fitting parameters of the modified Schechter function fitted to our radio luminosity function at 3 GHz.

This work Enia+22
z log(®,) log(Ly) log(®,) log(L,)
[Mpc3dex '] [WHz 'l [Mpc3dex™'] [WHz']
25<7<33 —-4.440% 23.1797 -2.6'03 22703
33<z<38  -35%¢ 23.1404 -2.7+04 22.8%03
38<2z<55 -3.671 23.2+93

Notes. As a reference, we report the same values obtained by Enia et al. (2022) in the GOODS-N field considering NIR-bright galaxies. Their
luminosities (originally at 1.4 GHz) are converted assuming a standard radio slope @ = —0.7.

Table 3. Contribution of the RS-NIR-faint galaxies to the cosmic SFRD.

z log(psrr)
[x 1073 Mg yr~! Mpc™3]
(Observed) (Extrapolated)
25<z<33 1.3’:8:1 614
33<z<38 83 3‘0f34
38<z<55 4j% 301’??

Notes. The values are obtained by integrating the LF in the range of
radio luminosity covered by our observations (“observed”) and in the
full range of luminosities (“extrapolated”).

Deeper radio data would be needed to better constrain this value
(and, consequently, the contribution to the SFRD).

5.1. Contribution of radio-selected NIR-faint galaxies to the
cosmic SFRD

The results obtained in Section 5 indicate an increasing contri-
bution of the RS-NIR-faint galaxies to the cosmic SFRD from
z ~ 3toz ~ 3.5 and then decreasing until z ~ 4.5. This
result agrees with previous studies focusing on NIRdark/faint
radio sources at z > 2.5. Our “observed” results are consistent
(even though moderately lower at z ~ 3) with those obtained by
Behiri et al. (2023), analyzing the same kind of sources in the
COSMOS field (even though with a slightly different selection,
see Section 2.3). In that study, no extrapolation was performed
outside the observed range of luminosities. Therefore it is not
surprising that our “extrapolated” results are significantly higher.
Similarly, our estimation of the SFRD at z ~ 3 agrees well with
the lower limit presented in Enia et al. (2022) when no extrapo-
lation is performed.

Our “extrapolated” results can be compared with the
upper limit provided by Enia et al. (2022) (analyzing NIRdark
galaxies in the GOODS-N field) and with the estimates by
van der Vlugt et al. (2023) (analyzing analogous sources in the
deep COSMOS-XS survey). Both these studies estimated the
radio LF and computed the contribution to the cosmic SFRD by
integrating it in the full range of radio luminosities (0 — o).
It is important to notice, however, that the three studies esti-
mate the contribution to the total SFRD in different ways. The
other two studies, indeed, focused on smaller fields compared
with COSMOS-Web (0.05deg? in GOODS-N and 0.1 deg? in
COSMOS-XS, instead of the 0.54 deg®> covered by our sur-
vey). This difference produced significantly smaller samples of
NIRdark galaxies available for the analysis (nine sources for
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Fig. 7. Cosmic SFRD. The values obtained by integrating the luminosity
function of our RS-NIR-faint galaxies are reported in purple. The values
obtained by integrating the observed range of luminosities are shown
with full squares, while the empty boxes report the values obtained by
integrating the LF on the full range of radio luminosities. The figure
shows, for reference, the SFRD computed by Madau & Dickinson
(2014) on “optically bright” galaxies (dashed indigo line), and those
obtained by Behiri et al. (2023), van der Vlugt et al. (2023), Enia et al.
(2022), and Barrufet et al. (2023) (grey boxes, purple diamond, grey
points, and green squares, respectively) for their “NIR-faint galaxies”
selected in the radio and with JWST.

Enia et al. 2022 and 20 for van der Vlugt et al. 2023, against the
~120 analysed here). To overcome this issue, Enia et al. (2022)
fixed three parameters in the Schechter fitting of the LF (o, «,
and L,) to those obtained for the NIR-bright population, leav-
ing only the normalization (D, ) as a free parameter of the fit-
ting. Likewise, van der Vlugt et al. (2023) computed the LF on
the full sample of radio sources twice: once including the NIR-
dark galaxies and once excluding them: the contribution of these
sources was then found by subtracting the two inferred SFRDs.

Our results at z ~ 3.5 agree well with the upper limit at
the same redshift by Enia et al. (2022). Similarly, our result in
the highest redshift bin (z ~ 4.5) is compatible with the esti-
mate by van der VIugt et al. (2023). Their results are more in
tension with ours at z ~ 3 and z ~ 3.5, with our estimates being
up to one order of magnitude higher. A possible explanation of
this discrepancy could reside in the accuracy of the photo-z (our
photometry includes the new NIRCam and MIRI photometry,
that could result in more accurate redshift estimates; see e.g.,
Barrufet et al. 2025).
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5.2. Possible caveats of our analysis

Our analysis is not immune to possible biases. The most com-
mon one is an inaccuracy in the photometric redshifts estimated
through SED fitting. Even with the new constraints obtained
thanks to NIRCam and MIRI, the small number of photometric
detections and the large number of upper limits make our esti-
mates uncertain. We reduced the possible impact of this issue on
our results by employing in our analysis the full Gaussianized
p(2) given in output by Cigale, resulting in larger uncertainties
on our LF and SFRD. This issue could be solved in the future
with a spectroscopic follow-up of our galaxies (analogous to
that performed by Barrufet et al. 2025 with JWST, or those per-
formed by Jin et al. 2019, 2022; Chen et al. 2022; Gentile et al.
2024c with ALMA).

Another caveat (more related to our radio selection) resides
in the possible AGN contribution not unveiled by our grr anal-
ysis. An overestimated radio luminosity due to star-formation
could still bias our LF and SFR, producing a different behavior
of the SFRD. This issue can be partially solved with a more com-
plete photometric coverage at MIR wavelengths, where the ther-
mal emission of a hot dusty torus surrounding the AGN should
be visible (see e.g., Hickox & Alexander 2018 for a review and
Chien et al. 2024 for a recent application with MIRI data).

Finally, our analysis (especially the “extrapolated” value of
the SFRD) relies on a strong assumption about the shape of
the LF. In our fitting procedure, we fixed the two parameters
of the modified Schechter function @ and o to those obtained
by Novak et al. (2017) for their sample of radio sources in
the COSMOS field (i.e., the parent sample of our selection).
This choice, however, assumes that the selection of more dust-
obscured sources is not altering these parameters. This assump-
tion could be incorrect, since we expect the number of NIR-faint
sources to be lower in the low-SFR regime (e.g., for a lower pro-
duction of dust from supernovae) and higher in the high-SFR
one (see e.g., Whitaker et al. 2017 and Traina et al., in prep.).
This issue could be improved with a deeper radio survey (e.g.,
van der Vlugt et al. 2022) giving us more information about the
faint-end slope of the LF for our sources.

6. Discussion
6.1. Effect of NIR-faint selection

To interpret the results presented in the previous sections, it is
useful to compare our population of galaxies with other sam-
ples studied in the current literature. The first one is the total
population of radio-detected sources, of which the RS-NIR-faint
galaxies are a sub-population with F150W > 26.1 mag. One
of the main results of this comparison is shown in Figure 2,
where we report the photo-z estimated for our galaxies and those
computed by Shuntov, Paquereau et al. (in prep.) for the other
3 GHz sources in the COMSOS-Web survey with F150W >
26.1 mag. It is immediately possible to see that our galaxies are
— on average — located at higher redshifts with respect to the
rest of the population. An analogous result has been shown by
van der Vlugt et al. (2023) for their NIRdark galaxies selected
in the deep radio survey COSMOS-XS and by Talia et al. (2021)
and Behiri et al. (2023) in their previous analysis of RS-NIRdark
galaxies in the COSMOS field. The same idea that NIR-faint
DSFGs represent the high-redshift end of their parent distribu-
tions is also present in other studies selecting DSFGs at other
wavelengths (see e.g., the studies on NIR-faint sub-millimeter
galaxies by Simpson et al. 2014; Franco et al. 2018; Smail et al.
2021; McKinney et al. 2025). This result is likely connected to

the existence of the zyir introduced in Section 4.1 (see also
Figure 5) directly arising from the requirement of faintness at
NIR wavelengths.

The different distribution of the photo-z also affects the
estimated luminosity functions. Here, we consider those by
Novak et al. (2017), Enia et al. (2022), and van der Vlugt et al.
(2022) focusing on NIR-bright galaxies. These estimates are
reported for reference in Figure 6, while the best-fitting param-
eters of the modified Schechter function found by Enia et al.
(2022) are reported in Table 2. It is possible to notice how
the normalization of the luminosity function for our NIR-faint
galaxies is on average ~1.5-2 dex lower than what is observed
for optically bright sources. The luminosity of the knee, instead,
seems to be higher for our sources, even though compatible with
the values from Enia et al. (2022) within the (large) uncertain-
ties.

The first result is not unexpected, since we are dealing with
a population of heavily dust-obscured sources less common than
NIR-bright galaxies (see e.g., the comparison between the num-
ber of 3 GHz sources in COSMOS-Web and those in our sample
in Section 2). The second result is more interesting, since it sug-
gests that the high dust obscuration could positively correlate
with the radio luminosity (and — therefore — with the SFR). This
result is not completely new, since several previous studies (e.g.,
Whitaker et al. 2017 and Traina et al., in prep.) highlighted how
the dust-obscured star formation could dominate the high-SFR
end of the star formation rate function, at least until the cosmic
noon. The main consequence of the higher turn-off luminosity
can be seen in Figure 6, where is visible how the NIR-faint galax-
ies could dominate the LF in its bright end (even though, again,
still compatible in most cases within the estimated uncertainties).
The higher volume densities of our sources in the bright end also
explains the large contribution to the SFRD when we integrate
the LF on the whole range of radio luminosities to compute the
SFRD (Figure 7).

6.2. Effect of radio selection

Once confirmed that the radio selection is able to produce a sam-
ple of DSFGs, we want to analyse how this method compares
with analogous strategies present in the current literature. In this
section, we will focus on two main approaches: the selection by
Barrufet et al. (2023) and Gottumukkala et al. (2024) based on
the JWST colors, and that by McKinney et al. (2025) based on
the (sub)millimeter detection.

6.2.1. JWST-selected DSFGs

We firstly compare our sources with those collected by
Barrufet et al. (2023) and Gottumukkala et al. (2024) in the Cos-
mic Evolution Early Release Science (CEERS; Finkelstein et al.
2023). These studies mimic the DSFG selection initially per-
formed by Wang et al. (2019) with the so-called “H-dropout”
(i.e., galaxies selected through their H - [4.5] colors) by taking
advantage of the new JWST photometry. More in detail, this
selection couples the F150W-F444W > 2.1 mag color cut with
a magnitude cut in the F150W filter (F150W >25.0mag in
Gottumukkala et al. 2024). As visible in Figure 8, our RS-NIR-
faint galaxies represent a sub-sample of the sources analysed
by Gottumukkala et al. (2024), satisfying — by construction —
the same criteria about faintness in F150W, having comparable
F150W-F444W colors, but with the additional requirement
of the radio detection. By comparing these samples, we can
study how the radio selection affects the retrieved population
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Fig. 8. Our RS-NIR-faint galaxies in the F150W-F444W versus F444W
color-magnitude plot. We report, for comparison, the JWST-selected
DSFGs by Gottumukkala et al. (2024) and the SCUBA-selected ones
by McKinney et al. (2025). Even if we do not pose any constrain in
the F150W-F444W color, we obtain that all our sources are above the
threshold adopted by Gottumukkala et al. (2024), identifying our galax-
ies as a sub-population of the JWST-selected DSFGs. Similarly, part of
the SCUBA-selected DSFGs satisfy our “NIR-faint” criterion.

of galaxies. Since the selection by Gottumukkala et al. (2024)
includes fainter sources in the F150W filter, in the following we
will focus on their sources satisfying our F1S0W > 26.1 criterion.

The first notable difference is in the projected sky den-
sity of the two populations 6000 + 77 deg=> for the sources by
Gottumukkala et al. (2024) and 205 + 14 deg>* for our RS-NIR-
faint galaxies. Then, by looking at the physical properties sum-
marized in Figure 3, we can see that the distributions of the
photo-z are quite similar until z ~ 4, but with different behavior
at higher redshifts. This result is not surprising given the much
stronger k-correction in the radio than in the F444W filter of
NIRCam (see e.g., the shape of the SEDs in Figure 1), biasing
our sample towards lower-z sources.

Another notable difference consists in the reported values
of SFR. As visible in Figure 3, our RS-NIR-faint galaxies
are ~1.5dex more star-forming than the sources analysed by
Barrufet et al. (2023) and Gottumukkala et al. (2024). On the
one hand, this result is not surprising since the need for a
radio detection excludes from our sample all the objects with
low values of SFR. As noted by Wang et al. (2019) and ver-
ified by Barrufet et al. (2025) with a spectroscopic follow-up
of some JWST-selected objects, the red NIRCam colors alone
are not enough to select DSFGs, since the same colors can be
seen in quiescent galaxies. This ambiguity in the true nature of
these sources can be solved with additional data from JWST
(mainly spectra, as in Barrufet et al. 2025), or a more complete
MIRI coverage (as in Pérez-Gonzélez et al. 2023), ALMA (as in
Wang et al. 2019) or in the radio regime (as for our sources).

If the radio selection well explains why our sample lacks
low-SFR galaxies, it does not explain why the high-SFR sources
are not present in the sample by Gottumukkala et al. (2024). A
possible explanation resides in the photometric coverage of their
sample. At the redshifts covered by their observations, no con-
straints on the rest-frame UV is available for the SED fitting,
making quite uncertain the value of the SFR obtained through
it. Similarly, we expect most of the star formation in these NIR-
faint galaxies to be dust-obscured and — therefore — hard to con-

4 For both estimates, we assume a Poissonian uncertainty ~ VN on the
observed number counts and do not correct for incompleteness.
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strain without some information on the FIR or radio emission,
producing a likely underestimation of the SFR (see, e.g., some
examples in Xiao et al. 2024).

The higher values of the SFR also explain one of the
results visible in Figure 7: even though the RS-NIR-faint galax-
ies are ~1.5dex less common than the JWST-selected sources,
the higher values of SFR (~1.5dex) still produce compatible
contribution to the cosmic SFRD for the “observed” sources.
The values obtained by extrapolating at higher and lower
radio luminosities are obviously higher than those reported by
Barrufet et al. (2023), since their estimate only accounts for the
detected sources.

6.2.2. SCUBA-selected DSFGs

Together with the MIR- and radio-based selections, another pos-
sibility to select DSFGs relies on the detection at (sub)millimeter
wavelengths of the bright thermal emission by warm dust heated
by ongoing star formation (see e.g., Casey et al. 2014, for a
review). Galaxies selected through this procedure are commonly
known as sub-millimeter galaxies (SMGs). Since this defini-
tion strongly relies on the depth of the observations employed
to select these objects, in this study we only focus on the
sources described in McKinney et al. (2025), acknowledging
that some differences might arise when other samples (detected
in deeper or shallower surveys; see e.g., da Cunha et al. 2015;
Dudzeviciate et al. 2021) are considered. These 289 galaxies
were initially selected in the COSMOS field as sources with
Sg70um > 2mly in the SCUBA-2 observations performed dur-
ing the S2COSMOS survey (Simpson etal. 2019) and then
followed-up with ALMA (unveiling in some cases the pres-
ence of multiple fainter sources contributing to the total flux
of the SCUBA-2 objects). The SCUBA-Dive program described
in McKinney et al. (2025) performs a deeper analysis of these
sources taking advantage of the new JWST data coming from
the COSMOS-Web survey.

Looking at the color-magnitude plot in Figure 8, we can note
only a partial overlap between the SCUBA-selected galaxies and
our RS-NIR-faint ones, since most of the former are brighter
(i.e., not NIR-faint) in the F150W filter. Since both samples are
selected in the COSMOS field, we can crossmatch the two cat-
alogs, finding only a partial overlap of 27 objects. We underline
that the SCUBA-Dive programs only focuses on the SCUBA-
2 sources with previous ALMA data. Therefore some of our
galaxies could still be included in that sample with additional
data. To overcome this issue, we analyze the best-fitting SEDs
computed with Cigale for our galaxies, obtaining that only 82
(~65%) of our sources would have a Sgso,m > 2 mJy, being con-
sistent with the initial cut employed on the SCUBA-2 maps by
McKinney et al. (2025).

By comparing the physical properties estimated through
SED fitting (Figure 3), we can see that the distributions of stellar
masses and SFR are quite similar. More significant differences
hold for the photo-z (with our galaxies located — on average —
at higher redshifts: (z) ~ 3.6 for our sources and (z) ~ 2.6 for
those in SCUBA-Dive) and for the dust attenuation (with our
sources being — on average — more dust-obscured; (A,) ~ 3.5
mag against (Ay) ~ 2.5 mag). Both results are easily explained
by the NIR-faint selection, biasing the sample towards more
dust-obscured and higher-z objects (see also the discussion in
Section 6.1).

A further confirmation of this result can be found in the com-
parison with the SCUBA-Dive sources satisfying the same mag-
nitude cut as our RS-NIR-faint galaxies (F150W > 26.1 mag).
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As visible from Figure 3, these sources have analogous proper-
ties to our galaxies, indicating that the two selections are able
to identify the same population of objects with different proce-
dures.

7. Summary

In this paper, we presented the first analysis taking advantage of
JWST data of radio-selected NIR-faint sources in the COSMOS
field. These sources are defined as radio-detected sources with
a counterpart at NIR wavelengths (unveiled with the deep NIR-
Cam observations) fainter than the common depths reached by
ground-based facilities. We obtained the following results:

— The physical properties estimated through SED fitting indi-
cate that the RS-NIR-faint galaxies are a population of
highly dust-obscured ({(A,) ~ 3.5mag), massive (M) ~
10'%8 M) and star-forming galaxies ((SFR) ~ 300 My yr™")
located at (z) ~ 3.6.

— Estimating the radio luminosity function of our sources and
fitting it with a modified Schechter function, we find that its
normalization (®,) is ~1.5—-2 dex lower than that computed
on radio-selected NIR-bright galaxies (e.g., Novak et al.
2017; Enia et al. 2022; van der Vlugt et al. 2022), indicating
that — as expected — DSFGs with faint optical/NIR counter-
parts are a rare population.

— Interestingly, the knee of the radio LF for our sources is
brighter than for NIR-bright sources (even though compati-
ble within the large estimated uncertainties). This result sug-
gests that the fractional contribution of RS-NIR-faint sources
(with respect to the overall population of galaxies at a given
radio luminosity) is negligible in the low-SFR end of the star
formation rate function, while it becomes dominant in the
high-SFR end, at least until z ~ 4.5. This result confirms
what has been found in previous studies focusing on the ratio
between obscured and unobscured star formation in high-z
galaxies.

— By integrating the LF of our sources in the range of radio
luminosities covered by our observations, we put a lower
limit on their contribution to the cosmic SFRD. Our result
shows an increasing contribution from z ~ 3 to z ~ 3.5 and
then decreasing until z ~ 4.5.

— By integrating the LF in the full range of radio luminosities
(0 — oo; i.e., extrapolating at higher and lower radio lumi-
nosities than what is actually observed), we increase the con-
tribution to the total cosmic SFRD, reaching the same level
of the NIR-bright galaxies analysed by Madau & Dickinson
(2014).

— When compared with the JWST selection of DSFGs carried
out by Barrufet et al. (2023) and Gottumukkala et al. (2024),
we obtain that our radio selection generally misses the sources
located at higher redshifts (z > 5.5), as expected given the
positive k-correction affecting the radio emission. Moreover,
our sources are ~1.5 dex more rare, and ~1.5 dex more star-
forming. The main consequence of these differences, is that
their contribution to the cosmic SFRD (not extrapolating at
higher and lower radio luminosities) is compatible with that
estimated by Barrufet et al. (2023) upto z ~ 5.

— Finally, we compare our sources with the SCUBA-selected
ones found in the COSMOS-Web survey by McKinney et al.
(2025), obtaining that our galaxies have analogous prop-
erties to their sources in terms of stellar mass and SFR.
Our RS-NIR-faint galaxies are — on average — located at
higher redshifts and more dust-obscured, as expected for
our requirement about the faintness at NIR wavelengths.

Comparing our sources with the SCUBA-selected galaxies
satisfying the same F150W > 26.1 mag requirement, we
obtain more similar distributions of photo-z and A, .
These results together justify the scientific interest in the pop-
ulation of RS-NIR-faint galaxies, picturing this selection as an
efficient way of assembly statistically significant DSFGs in wide
radio surveys.
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Appendix A: Cigale parameters

Gentile, F., et al.: A&A, 697, A46 (2025)

In Table A.1 we report the modules and parameters employed in our SED-fitting setup with Cigale.

Table A.1. Parameters of the SED fitting performed with Cigale.

Parameter Unit Values
sfhdelayed
Tmain Myr 600, 800, 1000, 1800, 3000, 5000, 7000, 9000
Agemain Myr 1000, 3000, 5000, 8000, 11000, 12000
Thurst Myr 10
Agepurst Myr 1, 10, 100, 300
Sourst - 0, 0.05,0.1,0.15,0.2
Normalize Bool True
bcO3
IMF - Chabrier (2003)
Z - 0.02
Separation age Myr 10
dustatt_modified_CF00
Ay (ISM) mag 03,09,15,2.1,2.7,3.3
u - 0.5,0.8,1.0
a (ISM) - -0.7
a (BCO) - -0.7
dl2014
4dPAH - 047, 1.12, 3.9
Unin Habing 5.0, 10.0, 25.0, 40, 50
@ - 2.0
b% - 0.0, 0.02
nebular
log(U) - -3.0
Zgas - 0.014
Ne - 100.0
fesc - 0.0
fdust - 0.0
lines width km s7! 300.0
Emission Bool True
redshifting
z - [0,8] with Az=0.05

Note: A complete description of the modules and parameters can be found in Boquien et al. (2019).
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