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ABSTRACT

The interplay between atomic gas and the star formation history (SFH) of a galaxy are intrinsically linked, and we need
to decouple these dependencies to understand their role in galaxy formation and evolution. In this paper, we analyse the
SFH of 203 galaxies from the MIGHTEE-H 1 Survey Early Science Release data, cross-matched to with multiwavelength
photometry across the COSMOS and XMM-LSS fields. We focus on the relationships between H1I properties and star
formation, with a sample which primarily traces gas-rich, star-forming systems at low redshift, extending to low stellar
masses and probing regimes that are difficult to access with optically selected samples. A strong correlation emerges
between a galaxy’s HI-to-stellar mass ratio and the time of formation, alongside an inverse correlation between stellar
mass and time of formation, regardless of the inferred SFH. Additionally, galaxies with lower stellar masses and higher
H1-to-stellar mass ratios exhibit longer gas depletion times compared to more massive galaxies, which appear to have
depleted their gas and formed stars more efficiently. This suggests that smaller, gas-rich galaxies have higher depletion
times due to shallower potential wells and less efficient star formation. Within this H 1-selected sample, the efficiency of
star formation is regulated primarily by stellar mass and gas fraction, with low-mass galaxies retaining extended atomic
reservoirs due to inefficient conversion of H1I into stars.
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galactic nuclei (T. Di Matteo, V. Springel & L. Hernquist 2005; A.

1 INTRODUCTION . .
King 2005; D.J. Croton et al. 2006; A. C. Fabian 2012) — to mergers

There is a bimodality in the population of galaxies: there are
blue, younger, star-forming galaxies and red, quenched galaxies
(J. Kennicutt 1998; I. Strateva et al. 2001; I. K. Baldry et al. 2004;
M. L. Balogh et al. 2004; C. F. McKee & E. C. Ostriker 2007; R.
C. Kennicutt & N. J. Evans 2012). The processes involved in how
galaxies stop forming stars are complex and there has been a lot of
effort devoted to understand what processes lead to the quench-
ing of galaxies, leading them to move from the blue cloud to the
red sequence. From feedback processes — due to both supernovae
(. Silk & G. A. Mamon 2012; P. F. Hopkins et al. 2014) and active

* E-mail: madalina.tudorache@physics.ox.ac.uk

© The Author(s) 2026.

(. E. Barnes & L. E. Hernquist 1991; C. Lacey & S. Cole 1993)
and environmental processes, there are many effects that need
to be taken into account to understand how galaxies depart from
the star-forming (SF) main sequence (MS), which links the stellar
mass of a galaxy and its star formation activity (K. G. Noeske et
al. 2007; K. E. Whitaker et al. 2012; R. Johnston et al. 2015; P.
Popesso et al. 2019a, b; S. K. Leslie et al. 2020; A. Fraser-McKelvie
et al. 2021; J. E. Thorne et al. 2021). Whilst the overall shape of
the MS is generally agreed on, such that it increases up to a knee
mass and then flattens before the star formation rate (SFR) drops
precipitously (S. J. Lilly et al. 2013; K. E. Whitaker et al. 2014; P.
Popesso et al. 2019b), its scatter is less understood (K. E. Whitaker
et al. 2015; J. Matthee & J. Schaye 2019).
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The star formation history (SFH) encodes the temporal narra-
tive of a galaxy’s star formation activity. Inferring SFHs involves
deciphering the distribution of stellar ages, shedding light on the
intensity and duration of past star-forming epochs, potentially
providing insights into the physical mechanisms that terminate
star formation (e.g. C. Schreiber et al. 2018). Similarly, the SFHs
of star-forming galaxies can give us information about the as-
sembly of their stellar masses (e.g. S. N. Leitner 2012). The study
of stellar populations through colour-magnitude diagrams, spec-
troscopy, and sophisticated modelling techniques can contribute
to disentangling the complex interplay of factors influencing star
formation, such as gas availability, environmental conditions, and
feedback processes (P. Ocvirk et al. 2006; S. Dye 2008; J. Leja et al.
2017, 2019; S. Tacchella et al. 2022).

Tying everything together, there are several prevailing theories
that aim to explain the scatter in the MS, related to the SFH of
a galaxy. Variations in SFHs, driven by episodic or bursty star
formation, lead to deviations from the SF MS as galaxies experi-
ence different phases of heightened or suppressed star formation
(K. Finlator & R. Davé 2008; S. J. Lilly et al. 2013; A. Dekel &
N. Mandelker 2014; S. Tacchella et al. 2016). These fluctuations
are closely tied to the dynamics of gas flows, where inflows of
cold gas replenish the fuel for star formation, causing temporary
surges in SFRs that push galaxies above the SF MS. On the other
hand, outflows driven by feedback mechanisms like stellar winds
and active galactic nuclei (AGNs) can deplete the gas reservoir,
reducing SFRs and causing galaxies to fall below the sequence.
The balance between these gas inflows and outflows, along with
the efficiency of gas conversion into stars, contributes to the di-
versity of SFHs and the resulting scatter around the SF MS (L.
E. Abramson et al. 2015; J. A. Mufioz & M. S. Peeples 2015).
However, there are cases in which the SFH variations do not nec-
essarily have any dramatic bursts or quenching events, such that
their offset from the MS is a long time-scale effect (A. Rodriguez-
Puebla et al. 2016; J. Matthee & J. Schaye 2019). These galaxies
might be in environments that slowly strip away their gas, such
as in galaxy clusters where processes like ram pressure stripping
or strangulation gradually remove the cold gas needed for star
formation. Then, over time, this slow decline in gas content leads
to a reduction in SFRs, causing these galaxies to drift below the
SF MS while maintaining a stable, but uneventful SFH (Y.-j. Peng
et al. 2010; P. S. Behroozi, R. H. Wechsler & C. Conroy 2013).
Hence, if the MS scatter arises from short-term fluctuations, star-
forming galaxies with similar masses mostly grew self-similarly.
However, if the scatter in the MS arises due to longer-term fluctu-
ations, then star-forming galaxies with similar mass may not have
evolved in a similar way and the key physical mechanisms lie in
the processes that diversify the SFHs.

For this study, we use an HI galaxy sample provided by the
MeerKAT International GigaHertz Tiered Extragalactic Explo-
ration (MIGHTEE, M. Jarvis et al. 2016) Early Science release to
investigate the SFHs of an H I-selected sample. The H1I selection
provides a sample of galaxies that have the most prevalent reser-
voir of cold neutral gas, which is required for the molecular gas
to form and result in in-situ star formation.

We assume ACDM cosmology with Hy = 70 kms~! Mpc™
and Qy = 0.3 and 2, = 0.7. The structure of this paper is or-
ganized as follows. Section 2 introduces the data used in this
study and the process of fitting of spectral energy distribu-
tions to infer the galaxy properties. Section 3 discusses the re-
sults obtained. The summary and conclusions are presented in
Section 4.

1
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Table 1. Summary of the MIGHTEE-H1 Early Science data products
used in this paper.

~ 1deg? COSMOS field
~ 3 deg? XMM-LSS field
1320 — 1410 MHz
0.004 — 0.084
209 kHz
85 uJy beam™!
1.6 x 10%° cm~2 (per channel)

14.5"x11” COSMOS field
12”x10” XMM-LSS field

Area covered

Frequency range

Redshift range

Channel width

Median H; channel rms noise
Ny sensitivity (30)
Synthesized beam

2 DATA

2.1 The MIGHTEE survey

The MIGHTEE survey is one of eight Large Survey Projects using
MeerKAT (J. L. Jonas 2009). MeerKAT comprises a configuration
of 64 offset-Gregorian dishes, each featuring a main reflector with
a 13.5 m diameter and a sub-reflector with a 3.8 m diameter. The
receivers for MeerKAT operate across three bands: UHF band
(580 < v < 1015 MHz), L band (900 < v < 1670 MHz), and S
band (1750 < v < 3500 MHz), all capable of collecting data in
spectral-line mode. The MIGHTEE survey focuses on three main
aspects: radio continuum (I. Heywood et al. 2021; C. L. Hale et al.
2024), polarization (A. R. Taylor et al. 2024), and spectral line (I.
Heywood et al. 2024).

MIGHTEE-H 1(N. Maddox et al. 2021) constitutes the H 1 emis-
sion project within the MIGHTEE survey. Data products, released
as part of the Early Science phase, were provided using the Pro-
cessMeerKAT calibration pipeline (J. D. Collier et al. 2021). This
pipeline, based on CASA ! (J. P. McMullin et al. 2007), operates in
a parallelized manner and follows standard calibration routines
such as flagging, delay, bandpass, and complex gain calibration.
Spectral-line imaging is performed using CASA’S TCLEAN task.
Continuum subtraction was executed in two domains. Visibil-
ity domain subtraction utilized standard CASA routines, namely
UVSUB and UVCONTSUB. Subsequently, image plane-based con-
tinuum subtraction was implemented through per-pixel median
filtering, applied to the resulting data cubes to mitigate the im-
pact of direction-dependent artefacts. The summary of the data
utilized in this paper is provided in Table 1. In this study, we
specifically utilize the spectral line data from the L-band Early
Science (see A. A. Ponomareva et al. 2023, for source catalogues),
employing 4096 channels with a channel width of 209 kHz, cor-
responding to a velocity resolution of 44 km s~! at redshift z =
0. These observations cover two of the four MIGHTEE fields,
namely COSMOS and XMM-LSS, where we have excellent mul-
tiwavelength ancillary data to determine the properties of HI-
selected galaxies from MIGHTEE. The sample of galaxies reaches
much lower H I gas masses at a given redshift than previous wide-
area single dish surveys (e.g. M. J. Meyer et al. 2007; M. P. Haynes
et al. 2011), while the fields covered provide access to the deepest
and largest spectral coverage to estimate the stellar properties
of the galaxies and, as we will show in Section 3, reach stellar
masses as low as M, ~ 107> M. Furthermore, the high angular
resolution means that confusion between sources, which can lead
to over-estimates of the HI mass from single-dish surveys, is
negated.

Thttp://casa.nrao.edu
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Table 2. A description of each of the parameters used for the exponen-
tially delayed SFH model, as well as the priors used to fit the model. The
parameters are (from top to bottom): the age of the galaxy, the SFR e-
folding time 7, the stellar mass of the galaxy M,, the metallicity Z in units
of solar metallicity, Zy), the dust attenuation coefficient Ay, the PAH mass
fraction gpan, the lower limit of starlight intensity distribution up;,, the
fraction of stars at up,;, y and the ionization parameter, U.
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Figure 1. Atomic gas mass My; as a function of redshift for the
MIGHTEE-H 1 Early Release Science catalogue used in this work.

There are 276 galaxies in the full Early Science HI catalogue.
We cross-matched these galaxies with the Deep Extragalactic VIs-
ible Legacy Survey (DEVILS; L. J. M. Davies et al. 2018) photo-
metric catalogue (L. J. M. Davies et al. 2021), in order to obtain
ultraviolet through to mid- and far-infrared data measured in a
consistent way using ProFOUND (A. S. G. Robotham et al. 2018).
The DEVILS photometric catalogue is derived from the imaging
data using the Galaxy Evolution Explorer (GALEX; M. A. Zamo-
jski et al. 2007) for ultraviolet wavelengths, the Canada-France-
Hawaii Telescope (CFHT; O. Ilbert et al. 2006; P. Capak et al. 2007)
(u band), HyperSuprimeCam (HSC; H. Aihara et al. 2019) (grizy),
Visible-Infrared Survey Telescope for Astronomy (VISTA; H. J.
McCracken et al. 2012; M. J. Jarvis et al. 2013) (YJHK), Spitzer
Space Telescope (C. J. Lonsdale et al. 2003; D. B. Sanders et al.
2007; J. C. Mauduit et al. 2012) (mid-infrared, IRAC ch1-ch4 and
MIPS 24 um, 70 um), and the Herschel Space Observatory (S. J.
Oliver et al. 2012) (far-infrared, PACS and SPIRE). This plethora
of very deep imaging data from the UV through to the far-infrared
allows us to perform galaxy SED fitting to much better accuracy
than has been possible for H I-selected samples. Importantly, by
sampling both the rest frame UV and far-infrared emission, we
are sensitive to the total SFR in these galaxies.

However, some of the galaxies do not have full photometry
available due to the MIGHTEE Early Science Release data ex-
tending beyond the slightly smaller areal coverage of the optical
and near-infrared data, reducing the sample to 203 galaxies. This
does not introduce any extra selection effects in the data, as the
galaxies are purely excluded due to the footprint of the DEVILS
survey (see fig. 1 of R. H. W. Cook et al. 2024). Fig. 1 shows the
distribution of their HI mass as a function of redshift.

2.2 SED fitting of galaxies

There are several different algorithms that can be used for fitting
spectral energy distributions (SEDs) of galaxies in order to obtain
physical information from photometric data (e.g. O. Ilbert et al.
2006; J. Leja et al. 2017; A. S. G. Robotham et al. 2020). Known
as template fitting, it involves fitting observed photometric data
with theoretical templates or model spectra (M. Bolzonella, J. M.
Miralles & R. Pell6 2000; O. Ilbert et al. 2006; J. Walcher et al. 2011;
L. K. Hunt et al. 2019; C. Pacifici et al. 2023).

In this paper, we use BAGPIPES? (A. C. Carnall et al. 2018),
which is a PYTHON tool that uses Bayesian inference to fit model
SEDs to measured galaxy SEDs and provide redshifts and galaxy
properties using spectroscopic and/or photometric data from the
ultraviolet to the microwave regime. BAGPIPES provides a frame-
work for computing both parametric and non-parametric SFHs,
such as delta functions, constant, exponentially declining, de-
layed exponentially declining, log-normal, double-power law or
any custom input (see A. C. Carnall et al. 2018 for all the func-
tional forms). For our sample of galaxies, given that we already
have redshifts (from both DEVILS and H I measurements), we fix
the redshift values and run BAGPIPES with the G. Bruzual & S.
Charlot (2003) stellar population model, which is characterized
by a G. Chabrier (2003) IMF. For dust, we apply the D. Calzetti
et al. (2000) attenuation law with priors on E(B-V) = (0.0, 3.0).
We also apply the J. A. Cardelli, G. C. Clayton & J. S. Mathis (1989)
attenuation law with similar priors. However, we only show the
results of the D. Calzetti et al. (2000) attenuation law, as the
trends do not change. The dust emission from the neutral ISM
is modelled as a single-temperature grey-body (R. H. Hildebrand
1983). Similarly, we use uniform priors for all other properties
(Table 2). An example of the fit can be seen in Fig. 2. Examples
of fits for other galaxies (as well as corner plots) can be seen in
Appendix A, in Figures Al and A2.

In Bayesian inference, the statistical distribution of a set of
parameters, 0, for a model M, given some data, d, is given by
Bayes theorem:

L(d|0, M)IT(O| M)

POId, M) = == M
where P(8|d, M) is the posterior probability, £(d|f, M) is the
likelihood, T1(#|.M) represents the priors and Z(d|M) is the
evidence. As BAGPIPES uses a Bayesian inference approach to
compute the SFHs and the stellar masses, we can also use the
evidence (log Z(d|.M;)) for each model i and for each galaxy. We
can then use the Bayes factor and the Jeffreys scale (H. Jeffreys
1998) to verify which model is preferred accounting for model
complexity. We define the Bayes’ factor as

log By = log Z(d|M,) — log Z(d| M), @)

2http://bagpipes.readthedocs.io
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Figure 2. An example of the photometric output of one of the MIGHTEE-H 1 Early Science galaxies using the available photometric filters, fitted with
an exponentially delayed SFH (presented as an inset in the bottom right corner, along with a dashed vertical line showing ¢, ). This is a galaxy with

SFR = 0.54 M /yr, M, = 10°3 M, and M, = 108° M.

where M, and M, are two models which we are comparing. We
take log By; < 1 as ‘not significant’, 1 < log By; < 2.5 as ‘signifi-
cant’, 2.5 < log By; < 5as ‘strong’, and log By; > 5 as ‘decisive’ (H.
Jeffreys 1998) as a way to determine the preferred model given the
data and number of free parameters.

3 RESULTS AND DISCUSSION

3.1 Galaxy SED models

As described in Section 2.2, BAGPIPES provides many models that
can be fit to a galaxy in order to infer its SFH. We use the six
available parametric SFH models for our galaxy sample: the expo-
nential SFH, the constant SFH, the log-normal SFH, the delayed
SFH, the burst SFH and the double-power law SFH. To compare
the SFH models from BAGPIPES, we use the Bayesian framework
described in Section 2.2. We calculate the Bayes’ factor for each
galaxy and for each model and proceed to draw a comparison
between them. When comparing the SFH models for each galaxy,
we find that the broadband data is not sufficient to differentiate
between the exponential SFH, the lognormal SFH and the expo-
nentially delayed SFH model.

Furthermore, we also use the BAGPIPES implementation of the
non-parametric model of J. Leja et al. (2019). As for the para-
metric model case, the Bayesian evidence suggests that we can-
not differentiate which is preferred between the non-parametric
and the exponentially delayed models, given our current
data.

Therefore, for the rest of this paper we will only show the full
results for the exponentially delayed SFH model. For reference,
the exponentially delayed SFH model is defined as

=T

_—0
SFR() 1€~ t>To 3
®) 0 (=T, ©)
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where 7 is the SFR e-folding time and Tj is the cosmic time.

However, we will show the relevant figures for the non-
parametric model, where it differs from the parametric one.
When presenting the correlation tests, we provide results
for both models and highlight any differences where they
occur.

3.2 The stellar properties of H 1-selected galaxies

The processes involved in the conversion of HI to stars are com-
plex and not well understood (N. Maddox et al. 2021). In the
following, we investigate links between the HI-selected galaxy
sample and several parameters which describe star formation.
It should be noted that all the results presented below are in
the context of an HI-selected sample, which provides unique
insights into the most gas-rich systems. However, the fact that
a galaxy must have significant amounts of HI in order to be
detected means that the effect of low-mass H 1 galaxies on these
relations will not be observed. This then also leads to being biased
towards a sample formed of mostly spiral and irregular galaxies.
Furthermore, galaxies with higher H1 content are often actively
forming stars, leading to a bias towards younger stellar popula-
tions, and galaxies on the MS. However, we are sensitive to low-
luminosity dwarf galaxies, which tend to be gas-dominated (M.
Geha et al. 2006) and not biased towards high surface brightness
galaxies. Conversely to many optically selected samples used to
investigate the dependence on H 1, we are not significantly con-
strained by the luminosity of the stellar population, stellar mass,
or dust extinction (J. F. Helmboldt et al. 2004; J. L. Rosenberg, S.
E. Schneider & J. Posson-Brown 2005; S. Huang et al. 2012; A.
M. Martin et al. 2012), as the multiwavelength data is very deep
for the H 1-selected galaxies at these very low (z < 0.08) redshifts
(e.g. see N. J. Adams et al. 2021; L. J. M. Davies et al. 2021, for
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Figure 3. The stellar mass versus star formation for our H1-selected galaxies, with the properties derived from the best-fitting model using BAG-
PIPES. The HI mass is denoted by the colour bar. It is clear that the HI-selected results in a sample of galaxies that lie on the MS of star-forming
galaxies, albeit with the often-seen turnover in star formation for the more massive galaxies in the sample showing that quenched galaxies may
still retain a significant H1 reservoir. The three dashed lines are different SF-MS fits: the black line is the SF MS as presented in J. E. Thorne et
al. (2021), the light grey line is the linear SF MS as presented in A. Fraser-McKelvie et al. (2021) and the dark grey line is the SF MS as presented
in A. Saintonge & B. Catinella (2022). All the SF-MS relations presented are computed from optically selected samples, and not an HI-selected

sample.

more information). In Fig. 3, we show the stellar mass versus SFR
for our H1-selected galaxies. This demonstrates that our galaxies
are predominantly the HI-rich galaxies lying along or above the
MS of star formation. However, we also find significant HI gas
reservoirs (My; > 10° M) in the more massive galaxies that are
beginning to turn off the MS.

In the following sections, we discuss the relationship be-
tween the H1 and the derived properties from the SED fit-
ting with BAGPIPES. Full details of the derived parameters
are given in Table 3 alongside the redshift from the HI
line.

3.2.1 The star formation history of H I-selected galaxies

First, we investigate the HI mass as a function of the time of
formation, tgm, (measured forwards from the beginning of the
Universe), which is defined as

% ¢ SER(¢)dt

o SFR(¢)dt

=t (Zform ), (4)

where ty,s = t(Zops ), Which is the redshift at which we observe the
galaxies, and SFR is the star formation rate (A. C. Carnall et al.
2018).

As can be seen in Fig. 4, we do not find a trend between
the time since the peak of the star formation in the galaxy
and its HI mass. This is confirmed using Kendall’s tau (M.
G. Kendall 1938) and Spearman rank (G. J. Glasser & R. F.
Winter 1961) tests for the exponentially delayed model (Ta-
ble 4, left). For the case of the non-parametric SFH model,
we find a weak anticorrelation, which is statistically much
stronger (Table 4, right). On the other hand, Fig. 5 shows
the time of formation against the H1-to-stellar mass ratio and
here we see a positive correlation between the two parame-
ters. This is also confirmed by the two correlation tests, shown
in Table 4, irrespective of the SFH model (parametric or non-
parametric).

As My, does not show a correlation with the time of formation,
ttorm, DUt My /M, does, we also investigate if there is any rela-
tionship between the stellar mass of a galaxy M, and the time of
formation . As can be seen in Fig. 6, there is an anticorrelation

MNRAS 548, 1-16 (2026)
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Table 3. An excerpt of fitted parameters for the exponentially delayed model on the MIGHTEE-H I galaxies, as well as the HI mass. The full table is
available as supplementary material.

ID RA Dec. Z log,y M /Mg log,o M, /Mg SFR sSFR trorm tdep

0 1504742 24137 0.0068 7.69 7.2919:001 0.007+5:901 —9.45673:001 1249119001 9.8610001
1 150.613 21668  0.0059 7.31 6.91270-501 0.004+0-001 —9.26910:001 12.52270:000 9.66610:-001
2 150.1253 21496  0.0041 6.69 6.155739 0.00175:901 —9.45473:001 12.5919:001 9.994-0:000
3 149.6951 23475 0.0058 8.57 734279001 0.00515:901 —9.65270:003 12.43310:002 10.88410:003
4 149.8662 2.007 0.013 8.51 7.42579:003 0.01615:90 —9.23275-004 11.82319020  10.3137390!
5 150.0243 1911 0.0062 7.66 7.4779:002 0.00275:901 —10.08473902  11.87779913  10.27573:002
6 150.5946 24223 0.0213 8.84 7.96375:001 0.02615:901 —9.55479:001 12.025100%2  10.4337390
7 149.812 2.192 0.0246 8.26 7.44779:001 0.00975:901 —9.5179:002 12.06610:00 1032570903
8 150.3455 17935  0.0249 8.63 7.843730 0.03175:900 935673001 1224170000 10.1397390!
9 150.5468  2.0216  0.0213 8.71 9.06179:902 0.08715:901 -10.12273902  10.95273017 9.77470:500
10 149.9643  1.7067 0.025 8.81 7.20475:001 0.01615:90 —9.00373:901 12.56910000  10.6127390!

link to how quickly the neutral atomic reservoir condenses to

131 . form molecular gas from which the stars can form. Nonetheless,
121 . % .4 it prov1.de.s a useful 1nd1ce}t10n of hoW qulclfly the prlstl.ne gas
4 reservoir in the ISM and circumgalactic medium (CGM) is used
114 ° ° to fuel star formation.
£ 10 The atomic H1 gas depletion time-scale is simply defined as
(G)
< o] tip = g )
. 84 Similarly to the t¢m case, we do not find a correlation with
H1 mass (Fig. 8 for the exponentially delayed parametric model
71 and Fig. 9 for the non-parametric model). The left panel of Fig. 7
6 o * shows the atomic gas depletion time t4, as a function of stellar
° o ° mass for our HI-selected galaxies. As can be seen, lower stellar
65 70 75 80 85 90 95 10.0 105 mass galaxies tend to have significantly longer gas depletion times
log10Mp/Mo than their high-H1 mass counterparts. This trend is stronger for

galaxies with stellar mass M, < 10°°M), and flattens out to-
wards higher masses. This is also confirmed by the correlation
Figure 4. The time of formation #g,, as a function of the H1 mass of a tests (Table 5). Given that our galaxies reside on the SF MS, this
galaxy. The dotted vertical line represents the median My, value of the trend may arise due to a correlation with SFR, and we return to
sample. The red stars represent the running median of the peak time of this below. Similarly, in the right-hand side panel of Fig. 7 (or Fig.

star formation tg,,q, as a function of My;. The error bars on the running 11 for th ri how the atomi devleti
median are calculated by using the standard deviation of the value in each or the non-parametric case), we show the atomic gas depletion

bin. The vertical dotted line represents the mean H I mass of the sample. time fgep, as a function of the specific star formation rate (sSFR =
SFR/M,). For this case, we do not find a statistically significant
link (Table 5).

In Fig. 10, we show the atomic gas depletion time f4., with the
H 1-to-stellar mass ratio. As can be seen, galaxies with higher H1-
to-stellar mass ratios have longer depletion times. This is also con-
firmed by the correlation tests with both returning statistically
significant values (Table 5).

Given the correlations between the atomic gas depletion time
and both the stellar mass, the H 1-to-stellar mass ratio and the
SFR, we investigate which is the dominant parameter that con-
trols the gas depletion time. We therefore perform a partial cor-
relation test (J. T. Macklin 1982; R. A. Johnson, D. W. Wichern &
others 2002; J. Whittaker 2009) between the HI mass, the stellar
mass and the SFR of the galaxies. We carry out these tests across
all combinations of the three parameters. First, for the partial cor-
relation of SFR versus My in the presence of M, we find the rank
coefficient r = 0.162, with a p-value of 0.033, thus the correlation

between the time a galaxy reached its peak star formation and its
stellar mass. This is also confirmed by the correlation tests (Table
4), irrespective of the SFH model (parametric or non-parametric).

The stellar mass of a galaxy being anticorrelated with the time
when it reached its peak star formation is not entirely surprising,
given the result from the HI-to-stellar mass ratio. It follows that
galaxies with higher stellar masses have likely formed stars ear-
lier in their evolution (as can be seen in Fig. 6) and have used
up a larger portion of their gas reservoirs. This is essentially a
manifestation of cosmic downsizing (L. L. Cowie et al. 1996; G.
De Lucia et al. 2006; D. Thomas et al. 2010) whereby the most
massive systems formed earlier.

3.2.2 The gas depletion time-scale of H I-selected galaxies

The gas depletion time-scale is defined by the ratio of the mass between SFR versus My is relatively weak, when accounting for
of the gas in a galaxy and the current ongoing SFR. In the case stellar mass. Second, for M, versus My; in the presence of SFR, we
of the HT depletion time-scale, there is obviously an additional find a much more significant partial correlation coefficient r =

MNRAS 548, 1-16 (2026)
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Table 4. The coefficients and p-values for the two correlation tests, Kendall’s tau and Spearman rank, for each parameter against the tg,,, for the delayed

SFH (left) and the non-parametric SFH (right).

Delayed SFH Non-parametric SFH
Parameter Kendall’s tau Spearman rank Kendall’s tau Spearman rank
T p-value Coefficient p-value T p-value Coefficient p-value
My —0.05 0.293 —0.077 0.273 —0.148 0.002 —0.21 0.003
M, —0.125 0.008 —0.183 0.009 —0.374 0.0 —0.513 0.0
My /M, 0.107 0.023 0.151 0.032 0.34 0.0 0.482 0.0
13 - 0.54, with a p-value of 1074, Finally for the partial correlation of
. ° . M, versus SFR in the presence of My, we find a partial correlation
124 . o coefficient r = 0.331, with a p-value of 10~°. This implies that the
. stellar mass is the primary driver for gas depletion time (and the
114 SFR).
S 10l ° We find a clear result that gas-rich galaxies with higher H1
(G mass fractions have longer atomic gas depletion times for an H1-
- 91 selected sample. This means that they can sustain star formation
2 at their current rate for a longer period of time before their gas is
81 completely depleted. This is consistent with the idea that gas-rich
galaxies have a higher potential for ongoing star formation and
71 can replenish their gas reservoirs through accretion from their
64 e . ¢ immediate surroundings (i.e. their CGM; A. E. Jaskot et al. 2015;
. ¢ . ' 0. ' . ' K. A. Lutz et al. 2017, who also use H I- selected samples in their
-2 -1 0 1 2 3 4 studies).
10910Mwi/Mx The observed correlation between stellar mass and atomic gas

Figure 5. The time of formation g, as a function of the H 1-to-stellar
mass fraction of a galaxy (Mﬁ}il)' The red stars represent the running
median of the peak time of star formation t¢,, as a function of My;/M,.
The error bars on the running median are calculated by using the standard
deviation of the value in each bin. The vertical dotted line represents the

mean H I-to-stellar mass ratio of the sample.

13+

124

11+

10+

tform / Gyr

10 11

9
log10M«/Mo

8

Figure 6. The time of formation t¢p, as a function of the stellar mass M,
of a galaxy. The red stars represent the running median of the peak time
of star formation tg,,, as a function of M,. The error bars on the running
median are calculated by using the standard deviation of the value in
each bin. The vertical dotted line represents the mean stellar mass of the
sample.

depletion time also suggests that more massive galaxies not only
have higher gas masses but also exhibit a more efficient utiliza-
tion of their gas reservoirs for star formation. As dwarf galaxies
form in shallower potential wells, the gas will experience a lower
gravitational pull, allowing more gas to escape due to the stronger
effect of stellar feedback in these galaxies (P. F. Hopkins et al.
2014; M. Romano et al. 2023), or be stripped from it, delaying
collapse and preventing efficient replenishment onto the galaxy.
This culminates in a less efficient conversion rate from HI to
H, (L. K. Hunt et al. 2020). Other factors, such as the enhanced
susceptibility of the dwarf galaxies to the background UV field
(M. Pereira-Wilson et al. 2023), and their overall lower metallicity
(C. A. Tremonti et al. 2004) can also reduce the efficiency of the
conversion rate. At the other end of the mass scale, the more mas-
sive galaxies have a higher density of gas in the central regions
that is retained within the deeper potential well, which facilitates
star formation (A. Saintonge et al. 2012; V. Parkash et al. 2018; A.
Saintonge & B. Catinella 2022).

However, there are some studies which appear to contradict
our results. D. Schiminovich et al. (2010) find that the star for-
mation efficiency (SFE = 1/t4p), which is the inverse of the de-
pletion time, of massive galaxies in an HI-selected sample to
be constant at a value of 107> yr~—! (for a stellar mass range
of 10.0M¢ < log,y M, < 11.5 M)). We note however that this
is consistent with our results, as the limited range in stellar
mass in the study of D. Schiminovich et al. (2010) means that
they would not see the increase (decrease) in gas-depletion
time (star formation efficiency) towards lower stellar masses
(M* < 10% M@)

0. 1. Wong et al. (2016) find the star-formation efficiency to be
constant at 10795 yr~1 across five orders of magnitude of stellar
mass (range of 7.0 Mg < log,, M, < 11.5 M) for star-forming
galaxies from the SINGG and SUNGG (G. R. Meurer et al. 2006)
surveys. Much of this apparent disagreement can be explained by

MNRAS 548, 1-16 (2026)
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Figure 7. Atomic gas mass depletion f4ep as a function of stellar mass M, (left) and sSFR (right). The red stars represent the running median of the
atomic gas depletion tqep, as a function of M, (left) and sSFR (right) from the observed MIGHTEE-H I data. The error bars on the running median are

calculated by using the standard deviation of the value in each bin.
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Figure 8. Atomic gas depletion time fgep as a function of My;/M¢ for
the exponentially delayed SFH. The red stars represent the running me-
dian of the atomic gas depletion fgep as a function of Mp;/Mg from the
MIGHTEE-H 1 data. The error bars on the running median are calculated
by using the standard deviation of the value in each bin.

the differing selection criteria, with the galaxies in these studies
being stellar mass selected, rather than selected on their atomic
gas mass. This is also demonstrated in V. Parkash et al. (2018),
who use three different selection criteria for their samples: an
Hi-selected sample, a spiral galaxy selected sample, and a stellar
mass selected sample, which shows that H 1-selected samples will
result in measurements of high median H 1 masses and low me-
dian SFEs (high median atomic gas depletion times), as opposed
to stellar mass selected samples. Indeed, D. Schiminovich et al.
(2010); S. Huang et al. (2012) have shown that in the optically
selected samples they find on average SFEs which are three times
lower than in H I-selected samples.

Returning to our measurement of the atomic gas depletion
time, using the left-hand panel of Fig. 7 and restricting our stel-
lar mass range to be closer to the stellar mass ranges in these
works (9.0 Mg < log,, M, < 11.0 M), we find that the f4ep
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Figure 9. Atomic gas depletion time tqep, as a function of My; /M, for the
non-parametric SFH. The red stars represent the running median of the
atomic gas depletion fqep, as a function of My;/Mg from the MIGHTEE-
H1 data. The error bars on the running median are calculated by using
the standard deviation of the value in each bin.

trend becomes flatter, with an average SFE of 107982£0:54 yp=1,

This shows that we are biased towards higher gas depletion times,
which is a consequence of using an H I-selected sample. Hence,
there is a part of the parameter space (i.e. the bottom left corner
in the left-hand panel of Fig. 7) where there is a real lack of
galaxies (i.e. we could detect highly star-forming galaxies with
low stellar mass and low HI masses if they existed in abun-
dance). This is consistent with these other results, since the HI-
selected galaxy sample studies (S. Huang et al. 2014; A. E. Jaskot
et al. 2015; K. A. Lutz et al. 2017; Z. Zhou et al. 2018) find a
non-constant, increasing SFE (decreasing t4.,) with increasing
stellar mass. On the other hand, stellar-mass or optically se-
lected samples have a large population of low-stellar mass ob-
jects and the scatter in the SF MS means that many of these
lie above the MS and have already used a significant fraction
of their neutral gas reservoir (D. Schiminovich et al. 2010; O. I
Wong et al. 2016). Our sample contains galaxies up to z = 0.08



The star formation properties of HI galaxies 9

Table 5. The coefficients and p-values for the two correlation tests, Kendall’s tau and Spearman rank, for each parameter against the tqep, for the delayed

SFH (left) and the non-parametric SFH (right).

Delayed SFH

Non-parametric SFH

Parameter Kendall’s tau

Spearman rank

Kendall’s tau Spearman rank

p-value Coefficient

p-value

p-value Coefficient p-value

—0.008
—0.633
0.827
—0.695
0.061

M

M,

My /M,
SFR
sSFR

—0.007
—0.446
0.655
—0.505
0.039

0.874
0.0
0.0
0.0

0.404

0.91

0.0
0.0
0.0
0.38

—0.02
—0.451
0.624
—0.529
0.086

0.67
0.0
0.0
0.0

0.069

—0.032
—0.622
0.782
—0.728
0.126

0.653
0.0
0.0
0.0

8 0.073
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Figure 10. Atomic gas depletion time f4ep as a function of My;/M, for
the exponentially delayed SFH. The red stars represent the running me-
dian of the atomic gas depletion f4ep as a function of My;/M, from the
MIGHTEE-H 1 data. The error bars on the running median are calculated
by using the standard deviation of the value in each bin.
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Figure 11. Atomic gas depletion time fgep as a function of sSFR for the
non-parametric SFH. The red stars represent the running median of the
atomic gas depletion fgep as a function of sSFR from the MIGHTEE-H 1
data. The error bars on the running median are calculated by using the
standard deviation of the value in each bin.

with deep enough multiwavelength data to accurately measure
their stellar mass and SFRs, whereas other studies related to
the prevalence of HTI are either limited in redshift and/or the
depth of ancillary data from the UV to the far-infrared. With our
sample, we find that for low-stellar-mass (M, < 10° M) galax-
ies, the gas depletion time-scale appears to decrease from M, ~
1075 M to M, ~ 10° M), whereas for the more massive galaxies
(M, > 10° M), the median depletion time appears to be roughly
constant.

In order to cross-check these results, we employed the Simba
simulation (R. Davé et al. 2019). Specifically, we used a 100 Mpc
box to generate a mock sample in Simba and a 25 Mpc box to gen-
erate a mock sample in Simba-C, which has an updated chem-
ical enrichment model (R. T. Hough et al. 2023). We matched
these samples in My; using the snapshot closest to the redshifts
available in MIGHTEE-H L. Since the mass resolution for Simba
is 0.725 x 103M,, this process resulted in a sample size of 219
sources for each box.

We performed the same statistical tests for fg., on the two
simulated samples as we have done for the observed sample.
As can be seen in Table 6, we recover the same correlations (or
lack of, in the case of My;) on t4, and M., My /M, and SFR.
The only one which differs is sSSFR, where there is a correlation
in the simulated sample which we do not find in the observed
one.

3.2.3 The star-forming main sequence of H I-selected galaxies

Finally, we look at the SF MS. In Fig. 3, we see that our H1-
selected galaxies tend to lie above the z ~ 0 galaxy MS, partic-
ularly towards higher mass. We also find that the H1 mass gen-
erally increases with stellar mass, as has been found previously
with H1-selected samples (e.g. N. Maddox et al. 2015; H. Pan et al.
2023).

To investigate this further, in Fig. 12 (left) we show the SFR-
M, plane colour-coded by the deviation from the mean M, —My;
relation, using Model B from H. Pan et al. (2023) for the mean
relation. We find galaxies with a higher positive deviation from
the median relation at the lower-mass end of the plot, while
galaxies tend to have higher negative deviations at the high stel-
lar mass end, which implies that the high-stellar-mass galaxies
in our Hi-selected sample are relatively deficient in HI com-
pared to their lower-mass counterparts. This is consistent with
the partial correlation results, where we found that between
stellar mass, H1 mass and SFR, the stellar mass is the main
driver of the correlation. Thus, those H1-selected galaxies at
M, 2 109M@, which predominantly lie above the MS, have much

MNRAS 548, 1-16 (2026)



10 M. N. Tudorache et al.

Table 6. The coefficients and p-values for the two correlation tests, Kendall’s tau and Spearman rank, for each parameter against the fqep for the simulated

simba HIsample (left) and the simba-C HIsample (right).

Simba Simba-C
Parameter Kendall’s tau Spearman rank Kendall’s tau Spearman rank
T p-value Coefficient p-value T p-value Coefficient p-value
My 0.08 0.08 0.118 0.082 0.068 0.135 0.092 0.174
M, 0.05 0.273 0.083 0.222 —0.218 0.0 —0.295 0.0
My /M, 0.068 0.137 0.047 0.489 0.357 0.0 0.435 0.0
SFR —0.471 0.0 nan nan —0.499 0.0 nan nan
sSFR —0.342 0.0 nan nan —0.197 0.0 nan nan
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Figure 12. Variations in AMy;— < Mp;|M, > (left) and fgep (right) across the SFR-M, plane. The three dashed lines are different SF-MS fits: the black
one is the SF MS as presented in J. E. Thorne et al. (2021), the light grey one is the linear SF MS as presented in A. Fraser-McKelvie et al. (2021), and the
dark grey one is the SF MS as presented in A. Saintonge & B. Catinella (2022).

shorter gas depletion time-scales, suggesting that they are using
up their gas supply much more efficiently than the galaxies with
M, $10°Mg,

We then used the simulated Simba/Simba-C samples to com-
pare the SFR-M.,, relation to a simulated one. To ensure a fair
comparison, we marked the galaxies which could not be repre-
sented by the simulation with stars in the SFR-M,, relation, as can
be seen in Figs 13 (for the exponentially delayed model) and 14
(for the non-parametric model).

A caveat that has to be included when it comes to Simba
comparison is that Simba is likely overestimating the amount of
H1 gas in the massive galaxies compared to MIGHTEE-H 1. This
has been shown in works which model the H 1 mass function such
as H. Pan et al. (2023).

Similarly, low-mass galaxies tend to have a higher atomic gas
depletion time f4ep, With depletion time decreasing along the MS
to high stellar masses. It follows that galaxies with higher stellar
masses have likely formed stars earlier in their evolution and
have used up a larger portion, but with a significant amount still
remaining, of their originally much larger gas reservoirs. This
suggests that the most massive galaxies have had a disproportion-
ately large HT reservoir in the past in order to form the current
mass in stars. Alternatively, they may have been constantly ac-
creting new gas, as the gas depletion time does not account for
this effect. As a galaxy releases both energy and material back
into its ISM through processes such as stellar winds, supernova
explosions and AGN feedback (e.g. A. Dekel & J. Silk 1986; G.
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Kauffmann et al. 2003; S. Bertone, G. De Lucia & P. A. Thomas
2007), gas can be heated and expelled into the galaxy’s halo or
into the CGM. Over time, the outflowing material can cool and
condense, transitioning back into gas that falls back towards the
galactic disc (J. K. Werk et al. 2014; J. Tumlinson, M. S. Peeples &
J. K. Werk 2017). This recycled gas, once reintegrated into the
galaxy, can once again form molecular clouds, fuelling new star
formation.

However, what is also clear from this figure is that galaxies that
begin to drop off from the MS at high masses still retain a signif-
icant reservoir of H1, while their SFR is reducing. This suggests
a disconnection of the star formation occurring in these galaxies
from the availability of neutral atomic hydrogen. Obviously, star
formation arises from the cool molecular gas, so the reason for the
truncation of star formation relative to a high level of neutral gas
could be explained by a reduced efficiency of converting neutral
atomic gas to molecular gas, or a reduction in the efficiency of
producing stars from the molecular gas reservoir. Several studies
have shown that the latter is certainly possible in the highest mass
systems, with either significant rotation in the cores of galaxies
where the majority of the dense molecular gas resides (e.g. T.
A. Davis 2014), or where high velocity dispersion prevents that
gas from collapsing (e.g. B. Dey et al. 2019). Such galaxies appear
able to retain a significant amount of low-density atomic hydro-
gen (P. Serra et al. 2012) (see also A. Saintonge & B. Catinella
2022).
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Figure 13. Stellar mass as a function of SFR for the MIGHTEE-H I galaxies with DEVILS cross-match, colour-coded by the depletion time, for the
exponentially delayed model. The stars represent the MIGHTEE-H I galaxies below the mass resolution limit of simba. The black points show the

SFR-M,, from the simulated Simba (left) and Simba-C (right) samples.
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Figure 14. Stellar mass as a function of SFR for the MIGHTEE-H I galaxies with DEVILS cross-match, colour-coded by the depletion time, for the non-
parametric model. The stars represent the MIGHTEE-H I galaxies below the mass resolution limit of Simba. The black points show the SFR-M,, from

the simulated Simba (left) and Simba-C (right) samples.

Hi-selected galaxies are often found in less dense environ-
ments, such as the outskirts of clusters or in the field (i.e.
filaments, walls, sheets), where gas stripping processes are less
prevalent (L. Verdes-Montenegro et al. 2001; L. M. Walker
et al. 2016; M. Crone Odekon et al. 2018; M. G. Jones et al.
2018). This means that the galaxies in an HI-selected sample
might be under-represented in dense environments (S. Basi-
lakos et al. 2007; M. J. Meyer et al. 2007; A. M. Martin et al.
2012), i.e. be a biased subset that preferentially retain their gas
Ieservoirs.

Furthermore, as HI extends to larger radii than stars in galax-
ies, it is more easily perturbed during tidal interactions and
hence, more sensitive to external influences that could be caused
by the cosmic web (M. S. Yun, P. T. P. Ho & K. Y. Lo 1994; A.
Chungetal. 2009). As shown in the section above, we find that the
atomic gas depletion time £y, varies with stellar mass. The time-
scales it varies across are of order ~ Gyr, as we find an average of
taep = 6.9 Gyr across the whole sample. The time for low-redshift
galaxies to oscillate across the MS to result in the scatter that is ob-

served has been estimated to be around ~ 5 Gyr (and decreasing
for higher redshifts; S. Tacchella et al. 2016). However, our results
suggest that the HI reservoir could not respond quickly enough
to explain the scatter without external influences or additional
physical processes occurring in the galaxies that either trigger
or delay star formation. This falls in line with the scenario that
the scatter in the MS varies on much longer time-scales, and it
is the environment (i.e. the haloes the galaxies reside in, or their
position in the cosmic web) that affects how the galaxies move
across the MS (J. Matthee & J. Schaye 2019; A. M. Berti et al.
2021). However, the depletion time of a galaxy’s gas reservoir
and its consumption time are not the same, as the depletion time
only accounts for consumption by star formation. In low-mass
star-forming galaxies, most simulations suggest strong outflows
that can carry out 10—100 times more mass than is forming into
stars (D. Nelson et al. 2019; P. D. Mitchell et al. 2020; V. Pandya
et al. 2021). This implies that the gas consumption time would
be lower than the depletion time by this factor, making the time-
scale over which the H 1 reservoir is consumed to be fairly short,
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and suggests that it may be possible for the lower-mass galaxies
to vary around the H1 MS on ~Gyr time-scales.

4 CONCLUSIONS

We have fitted the SEDs of 203 galaxies from the MIGHTEE-
H1 Early Release data with spectroscopic redshifts and excellent
multiwavelength photometric data from the FUV to the FIR in
order to investigate links between the HI content of galaxies,
in the context of an HI-selected sample. By using BAGPIPES, a
Bayesian inference-based SED fitting code, we find that most of
the galaxies are best described by either a delayed-exponentially
declining, a lognormal or an exponentially declining model for
the SFHs. We then employed the SED modelling, utilizing the un-
precedented wealth of multiwavelength data for an H I-selected
sample, to measure the stellar mass, SFR, and the peak time of
star formation ¢z, to interpret the process of star formation.

In terms of the HI properties with respect to the SFHs, our
main findings are:

(i) We find correlations between the H I-to-stellar mass ratio
and the time of formation (positive correlation) and stellar mass
and the time of formation (anticorrelation).

(ii) We find positive correlations between the atomic gas deple-
tion time and H 1-to-stellar mass ratio and stellar mass of a galaxy.

(iii) We find no correlations between the atomic gas depletion
time and the sSFR of a galaxy.

These results are consistent with the picture that lower mass,
gas-rich galaxies have a higher depletion time due to a shallower
potential well and less efficient star formation, while more mas-
sive galaxies have already depleted their gas and formed stars
efficiently. This is also reflected in the partial correlation findings,
from which we infer that the stellar mass is the main driver. This
picture is often seen in HI-selected samples (but not always),
so care must be taken when drawing this conclusion. Of note
is that this study is carried out at a relatively high redshift for
an H1 sample and with the ancillary data deep enough to detect
galaxies with low stellar mass (M, ~ 107> M), with extensive
multiwavelength coverage. Most importantly, this persists inde-
pendent of the SFH model (parametric or non-parametric) used
to compute the quantities involved, suggesting the pathway that
a galaxy takes to form its stars does not necessarily affect the final
correlations. Moreover, due to the time-scales of the atomic gas
depletion time, we conclude that the scatter in the SF MS cannot
be caused by short time-scale variations, and it has to be caused
by long term effects, such as the ones that could be caused by the
environment, although we cannot rule out continual short-term
expulsion and reintegration of the gas reservoir, particularly in
the lower-mass systems.

To investigate this question further, larger samples or more
precise spectroscopic data would be required. We will soon have
access to far more data from the range of current HI surveys
currently underway, but in particular, the wealth of ancillary
data over the MIGHTEE fields and the Looking at the Distant
University with the MeerKAT Array (LADUMA; S. Blyth et al.
2016) Survey will help elucidate these questions further. Spec-
troscopy would also provide a different avenue into better con-
strained SFHs. As such, we could examine the SFHs of galaxies
and look for signs of ongoing star formation or merger events
by using more accurate measurements of the stellar populations
(A. Gallazzi & E. F. Bell 2009; M. Cappellari 2023; A. Nersesian
et al. 2024). The forthcoming Wide-area VISTA Extragalactic Sur-
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veys (WAVES; S. P. Driver et al. 2019) and specifically the Op-
tical, Radio Continuum and H 1 Deep Spectroscopic Survey (OR-
CHIDSS; K. Duncan et al. 2023) will greatly enhance our ability to
extract key information for these HI-rich galaxies, while fa-
cilitating stacking approaches for stellar-mass or SFR-selected
samples.
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The MIGHTEE-H 1 spectral cubes will be released as part of the
first data release of the MIGHTEE survey, which include cubelets
of the sources discussed in this paper (I. Heywood et al. 2022). The
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2021. Alternative products are already available from the Deep
Extragalactic VIsible Legacy Survey (DEVILS; L. J. M. Davies et
al. 2018).

REFERENCES

Abramson L. E., Gladders M. D., Dressler A., Oemler A. J., Poggianti B.,
Vulcani B., 2015, ApJ, 801, L12

Adams N.J., Bowler R. A. A., Jarvis M. J., Hauf3ler B., Lagos C. D. P., 2021,
MNRAS, 506, 4933

Aihara H. et al., 2019, PASJ, 71, 114

Astropy Collaboration, 2013, A&A, 558, A33

Astropy Collaboration, 2018, AJ, 156, 123

Baldry I. K., Glazebrook K., Brinkmann J., Ivezi¢ Z., Lupton R. H., Nichol
R. C,, Szalay A. S., 2004, ApJ, 600, 681

Balogh M. L., Baldry I. K., Nichol R., Miller C., Bower R., Glazebrook K.,
2004, ApJ, 615, L101

Barnes J. E., Hernquist L. E., 1991, ApJ, 370, L65

Basilakos S., Plionis M., Kova¢ K., Voglis N., 2007, MNRAS, 378, 301

Behroozi P. S., Wechsler R. H., Conroy C., 2013, ApJ, 770, 57

Berti A. M., Coil A. L., Hearin A. P., Behroozi P. S., 2021, AJ, 161, 49

Bertone S., De Lucia G., Thomas P. A., 2007, MNRAS, 379, 1143

Blyth S. et al., 2016, in MeerKAT Science: On the Pathway to the SKA. p.
4

Bolzonella M., Miralles J. M., Pell6 R., 2000, A&A, 363, 476

Bruzual G., Charlot S., 2003, MNRAS, 344, 1000

Calzetti D., Armus L., Bohlin R. C., Kinney A. L., Koornneef J., Storchi-
Bergmann T., 2000, ApJ, 533, 682

Capak P. et al., 2007, ApJS, 172, 99

Cappellari M., 2023, MNRAS, 526, 3273

CardelliJ. A., Clayton G. C., Mathis J. S., 1989, AplJ, 345, 245

Carnall A. C., McLure R. J., Dunlop J. S., Davé R., 2018, MNRAS, 480,
4379

Chabrier G., 2003, PASP, 115, 763

Chung A., van Gorkom J. H., Kenney J. D. P., Crowl H., Vollmer B., 2009,
AJ, 138,1741

Collier J. D., Frank B., Sekhar S., Taylor A. R., 2021, in 2021 XXXIVth Gen-
eral Assembly and Scientific Symposium of the International Union
of Radio Science (URSI GASS). IEEE, p. 1

Cook R. H. W. et al., 2024, MNRAS, 531, 708

Cowie L. L., Songaila A., Hu E. M., Cohen J. G., 1996, AJ, 112, 839

Crone Odekon M., Hallenbeck G., Haynes M. P., Koopmann R. A., Phi A,
Wolfe P.-F., 2018, ApJ, 852, 142

Croton D. J. et al., 2006, MNRAS, 365, 11

Davé R., Anglés-Alcazar D., Narayanan D., Li Q., Rafieferantsoa M. H.,
Appleby S., 2019, MNRAS, 486, 2827

Davies L. J. M. et al., 2018, MNRAS, 480, 768

Davies L. J. M. et al., 2021, MNRAS, 506, 256

Davis T. A., 2014, MNRAS, 445, 2378

De Lucia G., Springel V., White S. D. M., Croton D., Kauffmann G., 2006,
MNRAS, 366, 499

Dekel A., Mandelker N., 2014, MNRAS, 444, 2071

3http://www.astropy.org

The star formation properties of HI galaxies 13

Dekel A., Silk J., 1986, ApJ, 303, 39

Dey B. et al., 2019, MNRAS, 488, 1926

Di Matteo T., Springel V., Hernquist L., 2005, Nature, 433, 604

Driver S. P. et al., 2019, The Messenger, 175, 46

Duncan K. et al., 2023, The Messenger, 190, 25

Dye S., 2008, MNRAS, 389, 1293

Fabian A. C., 2012, ARA&A, 50, 455

Finlator K., Davé R., 2008, MINRAS, 385, 2181

Fraser-McKelvie A. et al., 2021, MNRAS, 503, 4992

Gallazzi A., Bell E. F., 2009, ApJS, 185, 253

Geha M., Blanton M. R., Masjedi M., West A. A., 2006, ApJ, 653, 240

Glasser G. J., Winter R. F., 1961, Biometrika, 48, 444

Hale C. L. et al., 2024, MNRAS, 536, 2187

Haynes M. P. et al., 2011, AJ, 142, 170

Helmboldt J. F., Walterbos R. A. M., Bothun G. D., O’Neil K., de Blok W.
J. G., 2004, ApJ, 613, 914

Heywood I. et al., 2021, MNRAS, 509, 2150

Heywood I. et al., 2022, MNRAS, 509, 2150

Heywood I. et al., 2024, MNRAS, 534, 76

Hildebrand R. H., 1983, QJRAS, 24, 267

Hopkins P. F., Kere§ D., Oforbe J., Faucher-Giguére C.-A., Quataert E.,
Murray N., Bullock J. S., 2014, MNRAS, 445, 581

Hough R. T., Rennehan D., Kobayashi C., Loubser S. I., Davé R., Babul A.,
Cui W, 2023, MNRAS, 525, 1061

Huang S., Haynes M. P., Giovanelli R., Brinchmann J., 2012, ApJ, 756, 113

Huang S. et al., 2014, ApJ, 793, 40

Hunt L. K. et al., 2019, A&A, 621, A51

Hunt L. K., Tortora C., Ginolfi M., Schneider R., 2020, A&A, 643, A180

Ilbert O. et al., 2006, A&A, 457, 841

Jarvis M. et al., 2016, in MeerKAT Science: On the Pathway to the SKA.
p- 6, preprint (arXiv:1709.01901)

Jarvis M. J. et al., 2013, MNRAS, 428, 1281

Jaskot A. E., Oey M. S., Salzer J. J., Van Sistine A., Bell E. F., Haynes M.
P, 2015, ApJ, 808, 66

Jeffreys H., 1998, The Theory of Probability. Oxford Univ. Press

Johnson R. A., Wichern D. W., 2002, Applied Multivariate Statistical Anal-
ysis. Prentice-Hall, Upper Saddle River, NJ

Johnston R., Vaccari M., Jarvis M., Smith M., Giovannoli E., Hiufller B.,
Prescott M., 2015, MNRAS, 453, 2540

Jonas J. L., 2009, Proc. IEEE, 97, 1522

Jones M. G. et al., 2018, A&A, 609, A17

Kauffmann G. et al., 2003, MNRAS, 341, 54

Kendall M. G., 1938, Biometrika, 30, 81

Kennicutt Robert C. J., 1998, ARA&A, 36, 189

Kennicutt R. C., Evans N. J., 2012, ARA&A, 50, 531

King A., 2005, ApJ, 635, L121

Lacey C., Cole S., 1993, MNRAS, 262, 627

Leitner S. N., 2012, ApJ, 745, 149

Leja J., Johnson B. D., Conroy C., van Dokkum P. G., Byler N., 2017, ApJ,
837,170

Leja J., Carnall A. C., Johnson B. D., Conroy C., Speagle J. S., 2019, ApJ,
876, 3

Leslie S. K. et al., 2020, ApJ, 899, 58

Lilly S. J., Carollo C. M., Pipino A., Renzini A., Peng Y., 2013, ApJ, 772,
119

Lonsdale C. J. et al., 2003, PASP, 115, 897

Lutz K. A. et al., 2017, MNRAS, 467, 1083

Macklin J. T., 1982, MNRAS, 199, 1119

Maddox N., Hess K. M., Obreschkow D., Jarvis M. J., Blyth S. L., 2015,
MNRAS, 447, 1610

Maddox N. et al., 2021, A&A, 646, A35

Martin A. M., Giovanelli R., Haynes M. P., Guzzo L., 2012, ApJ, 750, 38

Matthee J., Schaye J., 2019, MNRAS, 484, 915

Mauduit J. C. et al., 2012, PASP, 124, 714

McCracken H. J. et al., 2012, A&A, 544, A156

McKee C. F., Ostriker E. C., 2007, ARA&A, 45, 565

McMullin J. P., Waters B., Schiebel D., Young W., Golap K., 2007, in Shaw
R. A, HillF, Bell D.J., eds, ASP Conf. Ser. Vol. 376, Astronomical Data

MNRAS 548, 1-16 (2026)


http://dx.doi.org/10.1088/2041-8205/801/1/L12
http://dx.doi.org/10.1093/mnras/stab1956
http://dx.doi.org/10.1093/pasj/psz103
http://dx.doi.org/10.1051/0004-6361/201322068
http://dx.doi.org/10.3847/1538-3881/aabc4f
http://dx.doi.org/10.1086/380092
http://dx.doi.org/10.1086/426079
http://dx.doi.org/10.1086/185978
http://dx.doi.org/10.1111/j.1365-2966.2007.11781.x
http://dx.doi.org/10.1088/0004-637X/770/1/57
http://dx.doi.org/10.3847/1538-3881/abcc6a
http://dx.doi.org/10.1111/j.1365-2966.2007.11997.x
http://dx.doi.org/10.48550/arXiv.astro-ph/0003380
http://dx.doi.org/10.1046/j.1365-8711.2003.06897.x
http://dx.doi.org/10.1086/308692
http://dx.doi.org/10.1086/519081
http://dx.doi.org/10.1093/mnras/stad2597
http://dx.doi.org/10.1086/167900
http://dx.doi.org/10.1093/mnras/sty2169
http://dx.doi.org/10.1086/376392
http://dx.doi.org/10.1088/0004-6256/138/6/1741
http://dx.doi.org/10.1093/mnras/stae1215
http://dx.doi.org/10.1086/118058
http://dx.doi.org/10.3847/1538-4357/aaa1e8
http://dx.doi.org/10.1111/j.1365-2966.2005.09675.x
http://dx.doi.org/10.1093/mnras/stz937
http://dx.doi.org/10.1093/mnras/sty1553
http://dx.doi.org/10.1093/mnras/stab1601
http://dx.doi.org/10.1093/mnras/stu1850
http://dx.doi.org/10.1111/j.1365-2966.2005.09879.x
http://dx.doi.org/10.1093/mnras/stu1427
http://www.astropy.org
http://dx.doi.org/10.1086/164050
http://dx.doi.org/10.1093/mnras/stz1777
http://dx.doi.org/10.1038/nature03335
http://dx.doi.org/10.18727/0722-6691/5126
http://dx.doi.org/10.18727/0722-6691/5306
http://dx.doi.org/10.1111/j.1365-2966.2008.13639.x
http://dx.doi.org/10.1146/annurev-astro-081811-125521
http://dx.doi.org/10.1111/j.1365-2966.2008.12991.x
http://dx.doi.org/10.1093/mnras/stab573
http://dx.doi.org/10.1088/0067-0049/185/2/253
http://dx.doi.org/10.1086/508604
http://dx.doi.org/10.1093/biomet/48.3-4.444
http://dx.doi.org/10.1093/mnras/stae2528
http://dx.doi.org/10.1088/0004-6256/142/5/170
http://dx.doi.org/10.1086/423126
http://dx.doi.org/10.1093/mnras/stab3021
http://dx.doi.org/10.1093/mnras/stab3021
http://dx.doi.org/10.1093/mnras/stae2081
http://dx.doi.org/10.1093/mnras/stu1738
http://dx.doi.org/10.1093/mnras/stad2394
http://dx.doi.org/10.1088/0004-637X/756/2/113
http://dx.doi.org/10.1088/0004-637X/793/1/40
http://dx.doi.org/10.1051/0004-6361/201834212
http://dx.doi.org/10.1051/0004-6361/202039021
http://dx.doi.org/10.1051/0004-6361:20065138
http://arxiv.org/abs/1709.01901
http://dx.doi.org/10.1093/mnras/sts118
http://dx.doi.org/10.1088/0004-637X/808/1/66
http://dx.doi.org/10.1093/mnras/stv1715
http://dx.doi.org/10.1109/JPROC.2009.2020713
http://dx.doi.org/10.1051/0004-6361/201731448
http://dx.doi.org/10.1046/j.1365-8711.2003.06292.x
http://dx.doi.org/10.1093/biomet/30.1-2.81
http://dx.doi.org/10.1146/annurev.astro.36.1.189
http://dx.doi.org/10.1146/annurev-astro-081811-125610
http://dx.doi.org/10.1086/499430
http://dx.doi.org/10.1093/mnras/262.3.627
http://dx.doi.org/10.1088/0004-637X/745/2/149
http://dx.doi.org/10.3847/1538-4357/aa5ffe
http://dx.doi.org/10.3847/1538-4357/ab133c
http://dx.doi.org/10.3847/1538-4357/aba044
http://dx.doi.org/10.1088/0004-637X/772/2/119
http://dx.doi.org/10.1086/376850
http://dx.doi.org/10.1093/mnras/stx053
http://dx.doi.org/10.1093/mnras/199.4.1119
http://dx.doi.org/10.1093/mnras/stu2532
http://dx.doi.org/10.1051/0004-6361/202039655
http://dx.doi.org/10.1088/0004-637X/750/1/38
http://dx.doi.org/10.1093/mnras/stz030
http://dx.doi.org/10.1086/666945
http://dx.doi.org/10.1051/0004-6361/201219507
http://dx.doi.org/10.1146/annurev.astro.45.051806.110602

14 M. N. Tudorache et al.

Analysis Software and Systems XVI. Astron. Soc. Pac., San Francisco,
p. 127

Meurer G. R. et al., 2006, ApJS, 165, 307

Meyer M. J., Zwaan M. A., Webster R. L., Brown M. J. L, Staveley-Smith
L., 2007, ApJ, 654, 702

Mitchell P. D., Schaye J., Bower R. G., Crain R. A., 2020, MNRAS, 494,
3971

Muiioz J. A., Peeples M. S., 2015, MNRAS, 448, 1430

Nelson D. et al., 2019, MNRAS, 490, 3234

Nersesian A. et al., 2024, A&A, 681, A9%4

Noeske K. G. et al., 2007, ApJ, 660, L43

Ocvirk P., Pichon C., Lancon A., Thiébaut E., 2006, MNRAS, 365,
46

Oliver S. J. et al., 2012, MNRAS, 424, 1614

Pacifici C. et al., 2023, ApJ, 944, 141

Pan H. et al., 2023, MNRAS, 525, 256

Pandya V. et al., 2021, MNRAS, 508, 2979

Parkash V., Brown M. J. L, Jarrett T. H., Bonne N. J., 2018, ApJ, 864, 40

Peng Y.-j. et al., 2010, ApJ, 721, 193

Pereira-Wilson M., Navarro J. F., Benitez-Llambay A., Santos-Santos I.,
2023, MNRAS, 519, 1425

Ponomareva A. A. et al., 2023, MNRAS, 522, 5308

Popesso P. et al., 2019a, MNRAS, 483, 3213

Popesso P. et al., 2019b, MNRAS, 490, 5285

Robotham A. S. G., Davies L. J. M., Driver S. P., Koushan S., Taranu D. S.,
Casura S., Liske J., 2018, MNRAS, 476, 3137

Robotham A. S. G., Bellstedt S., Lagos C. d. P., Thorne J. E., Davies L. J.,
Driver S. P., Bravo M., 2020, MNRAS, 495, 905

Rodriguez-Puebla A., Primack J. R., Behroozi P., Faber S. M., 2016,
MNRAS, 455, 2592

Romano M. et al., 2023, A&A, 677, A44

Rosenberg J. L., Schneider S. E., Posson-Brown J., 2005, AJ, 129, 1311

Saintonge A., Catinella B., 2022, ARA&A, 60, 319

Saintonge A. et al., 2012, ApJ, 758, 73

Sanders D. B. et al., 2007, ApJS, 172, 86

Schiminovich D. et al., 2010, MNRAS, 408, 919

Schreiber C. et al., 2018, A&A, 618, A85

Serra P. et al., 2012, MNRAS, 422, 1835

Silk J., Mamon G. A., 2012, Res. Astron. Astrophys., 12, 917

Strateva I. et al., 2001, AJ, 122, 1861

Tacchella S., Dekel A., Carollo C. M., Ceverino D., DeGraf C., Lapiner S.,
Mandelker N., Primack Joel R., 2016, MNRAS, 457, 2790

Tacchella S. et al., 2022, ApJ, 926, 134

Taylor A. R. et al., 2024, MNRAS, 528, 2511

MNRAS 548, 1-16 (2026)

Thomas D., Maraston C., Schawinski K., Sarzi M., Silk J., 2010, MNRAS,
404, 1775

Thorne J. E. et al., 2021, MNRAS, 505, 540

Tremonti C. A. et al., 2004, ApJ, 613, 898

Tumlinson J., Peeples M. S., Werk J. K., 2017, ARA&A, 55, 389

Verdes-Montenegro L., Yun M. S., Williams B. A., Huchtmeier W. K., Del
Olmo A., Perea J., 2001, A&A, 377, 812

Walcher J., Groves B., Budavari T., Dale D., 2011, Ap&SS, 331, 1

Walker L. M., Johnson K. E., Gallagher S. C., Privon G. C., Kepley A. A.,
Whelan D. G., Desjardins T. D., Zabludoff A. I., 2016, AJ, 151, 30

Werk J. K. et al., 2014, ApJ, 792, 8

Whitaker K. E., van Dokkum P. G., Brammer G., Franx M., 2012, ApJ, 754,
L29

Whitaker K. E. et al., 2014, ApJ, 795, 104

Whitaker K. E. et al., 2015, ApJ, 811, L12

Whittaker J., 2009, Graphical Models in Applied Multivariate Statistics.
Wiley

Wong O. 1., Meurer G. R., Zheng Z., Heckman T. M., Thilker D. A., Zwaan
M. A, 2016, MNRAS, 460, 1106

Yun M. S, Ho P. T. P,, Lo K. Y., 1994, Nature, 372, 530

Zamojski M. A. et al., 2007, ApJS, 172, 468

Zhou Z., Wu H., Zhou X., Ma J., 2018, PASP, 130, 094101

SUPPORTING INFORMATION
Supplementary data are available at MNRAS online.
MIGHTEE_HI_ES_delayed_sfth_params.fits

Please note: Oxford University Press is not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

APPENDIX A: EXAMPLES OF FITS AND
CORNER PLOTS


http://dx.doi.org/10.1086/504685
http://dx.doi.org/10.1086/508799
http://dx.doi.org/10.1093/mnras/staa938
http://dx.doi.org/10.1093/mnras/stv048
http://dx.doi.org/10.1093/mnras/stz2306
http://dx.doi.org/10.1051/0004-6361/202346769
http://dx.doi.org/10.1086/517926
http://dx.doi.org/10.1111/j.1365-2966.2005.09182.x
http://dx.doi.org/10.1111/j.1365-2966.2012.20912.x
http://dx.doi.org/10.3847/1538-4357/acacff
http://dx.doi.org/10.1093/mnras/stad2343
http://dx.doi.org/10.1093/mnras/stab2714
http://dx.doi.org/10.3847/1538-4357/aad3b9
http://dx.doi.org/10.1088/0004-637X/721/1/193
http://dx.doi.org/10.1093/mnras/stac3633
http://dx.doi.org/10.1093/mnras/stad1249
http://dx.doi.org/10.1093/mnras/sty3210
http://dx.doi.org/10.1093/mnras/stz2635
http://dx.doi.org/10.1093/mnras/sty440
http://dx.doi.org/10.1093/mnras/staa1116
http://dx.doi.org/10.1093/mnras/stv2513
http://dx.doi.org/10.1051/0004-6361/202346143
http://dx.doi.org/10.1086/427397
http://dx.doi.org/10.1146/annurev-astro-021022-043545
http://dx.doi.org/10.1088/0004-637X/758/2/73
http://dx.doi.org/10.1086/517885
http://dx.doi.org/10.1111/j.1365-2966.2010.17210.x
http://dx.doi.org/10.1051/0004-6361/201833070
http://dx.doi.org/10.1111/j.1365-2966.2012.20219.x
http://dx.doi.org/10.1088/1674-4527/12/8/004
http://dx.doi.org/10.1086/323301
http://dx.doi.org/10.1093/mnras/stw131
http://dx.doi.org/10.3847/1538-4357/ac449b
http://dx.doi.org/10.1093/mnras/stae169
http://dx.doi.org/10.1111/j.1365-2966.2010.16427.x
http://dx.doi.org/10.1093/mnras/stab1294
http://dx.doi.org/10.1086/423264
http://dx.doi.org/10.1146/annurev-astro-091916-055240
http://dx.doi.org/10.1051/0004-6361:20011127
http://dx.doi.org/10.1007/s10509-010-0458-z
http://dx.doi.org/10.3847/0004-6256/151/2/30
http://dx.doi.org/10.1088/0004-637X/792/1/8
http://dx.doi.org/10.1088/2041-8205/754/2/L29
http://dx.doi.org/10.1088/0004-637X/795/2/104
http://dx.doi.org/10.1088/2041-8205/811/1/L12
http://dx.doi.org/10.1093/mnras/stw993
http://dx.doi.org/10.1038/372530a0
http://dx.doi.org/10.1086/516593
http://dx.doi.org/10.1088/1538-3873/aad407
https://www.academic.oup.com/mnras/article-lookup/doi/10.1093/mnras/stag810#supplementary-data

The star formation properties of HI galaxies 15

10—11 L

10—12 L

10—13 L

=
o
o

vf, / erg s~ cm™2

10—14 L

0

SFR/ Mg yr=1
w
=

12 10 8
Age of Universe / Gyr
=15 L L L
10763 10* 105 108 107
AlLA

Agedeiay = 4.041887

i

g Maeioy/Ms = 11.14391

P4 )Hﬁ
®

<,
4
25 %05

<,
4
2y

109 Mgelay/Mx
2
2 54

%%

2%

ZelaylZo = 0.84:551

d

Taelay = 0.49135}

i

ZgelaylZo
G@YO g@%

dust:Ay = 0.22+309

A

dust:y = 0004338
r

N)
g
>
@D
ES |
- Q 1
B i
N i
o H
§ (o = 4.58+000
S L dust:gpen = 4.5828

[S3%

o5’ o

g.4° ;H
i

o
s A
> dust:umin = 077582
Xy
32 lJI
N
o?

ﬁZ:: |
lalalalalah | dall

dust:Umin
)

nebular:logU

2.0 0% Y DD O DD H DS P O DD O PO OD® DD O O DT @ P > G
B2 A AW VRN G R @D PN WA FFFF AN N YL D00 50 59
N R N R N R N N N R ORI SC AN A S PO P

Ag€delay 109 Mgelay/M ZgelaylZo Tdelay dust:Ay " Odust:y dust:qpan dust:Umin nebular:logU

Figure Al. An example of the photometric output of one of the MIGHTEE-H 1 Early Science galaxies using the available photometric filters (top) and
a corner plot (bottom of one of the MIGHTEE-H 1 Early Science galaxies (Galaxy ID 82, a massive galaxy with M, = 10'%% M and SFR of 0.7M /yr)
using the available photometric filters, fitted with an exponentially delayed SFH model.
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Figure A2. An example of the photometric output of one of the MIGHTEE-H1 Early Science galaxies using the available photometric filters (top)
and a corner plot (bottom of one of the MIGHTEE-H 1 Early Science galaxies (Galaxy ID 158, the galaxy with the highest SFR in the sample and M, =
10'%-28M ) using the available photometric filters, fitted with an exponentially delayed SFH model.
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