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ABSTRACT

Measuring galaxy rotation curves is critical for inferring the properties of dark-matter haloes in the Lambda cold dark
matter (ACDM) paradigm. We present HI rotation curves and mass models for 20 galaxies from the MIGHTEE survey.
Using extended H I kinematics, we construct resolved mass models that include stellar, gaseous, and dark-matter compo-
nents. Stellar masses are derived using 3.6 um imaging under fixed mass-to-light ratio (Y. = M/L) assumptions and are
complemented, for the first time for a H1-selected sample, by spatially resolved M/L, obtained from multiwavelength
spectral energy distribution fitting. We examine the ratio of baryonic to observed rotation velocity (Vpar/Vops) at the
characteristic radius R, ,. Adopting a fixed Y, = 0.5 My /L, yields a clear dependence of V,,/Vops 0n galaxy luminosity,
while adopting Y, = 0.2 My /Ly substantially weakens this trend. In contrast, the resolved M/L analysis preserves the
luminosity dependence while modifying the stellar contribution on a galaxy-by-galaxy basis, providing a more accurate
representation of the underlying relation. We model the dark-matter haloes using Navarro-Frenk-White profiles and
find that the different assumptions for a fixed a M/L systematically shift galaxies relative to the theoretical stellar-to-halo
mass and baryonic-to-halo mass relations, while the spatially varying M/L yields the closest agreement with theoretical
benchmarks within ACDM. We therefore demonstrate that future investigations of the dark matter properties of galaxies
using rotation curves need to account for varying M/L across individual galaxy profiles and between galaxies in order to

obtain accurate measurements of the dark matter, and therefore test ACDM.

Key words: galaxies: kinematics and dynamics — galaxies: spiral - dark matter.

1 INTRODUCTION

Since the seminal discoveries in the late 20th century, which
revealed that galaxy rotation curves remain flat at large radii
rather than declining as predicted by Keplerian dynamics, it has
been strongly suggested that most of the mass in galaxies is not
visible (A. Bosma 1978, 1981; V. C. Rubin, J. Ford & N. Thonnard
1978). This phenomenon provided compelling evidence for the
existence of dark matter (DM; T. S. Albada et al. 1985; K. G.
Begeman, A. H. Broeils & R. H. Sanders 1991). The study of galaxy
rotation curves has since been a cornerstone in understanding the
distribution of matter in disc galaxies, as well as the connection
between baryons and the DM halo. Rotation curves offer direct
insight into the gravitational potential of galaxies, since the ob-
served rotation curve consists of contributions from all dynamical
components: stars, gas, and DM. Therefore, studying rotation
curves is critical for inferring the presence and properties of DM
haloes in the Lambda cold dark matter (ACDM) paradigm.
Mass modelling of galaxies, which decomposes the total grav-
itational potential into contributions from baryonic matter (stars
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and gas) and DM, is a crucial tool for understanding the structure
and dynamics of galaxies (W. J. G. Blok et al. 2008; T. P. K. Mar-
tinsson et al. 2013; S. Aniyan et al. 2018, 2021). By deconstructing
the observed rotation curves into the individual contributions
from all dynamic components, we can explore the relative con-
tributions of different galactic components to the overall rotation
curve and hence determine the properties of the DM halo (W.
J. G. Blok 2010; S.-H. Oh et al. 2015; J. 1. Read et al. 2016; P. E.
Mancera Pifia et al. 2022b). This type of mass modelling provides
insights not only into the DM itself but also the processes that
shape galaxy formation and evolution, such as feedback from
star formation and active galactic nuclei, which can affect the
distribution of both baryons and DM within the galaxy (A. Di
Cintio & F. Lelli 2016; H. Katz et al. 2017; A. Marasco et al. 2020;
P. E. Mancera Pifa et al. 2022b).

DM halo models, such as the Navarro-Frenk-White (NFW)
profile (J. F. Navarro, C. S. Frenk & S. D. M. White 1996) or
feedback-modified profiles (e.g. DC14; A. Di Cintio et al. 2014
or CORENFW; J. 1. Read et al. 2016; F. Allaert, G. Gentile & M.
Baes 2017), are essential for simulations and theoretical mod-
els of galaxy formation and evolution. These models provide
parametrized descriptions of the DM halo structure, which can
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then be tested against the observed rotation curves. The NFW
profile, for example, predicts a cuspy halo with a steep density
gradient near the centre, as derived from DM-only simulations (V.
Springel et al. 2005; A. A. Klypin, S. Trujillo-Gomez & J. Primack
2011). However, observed rotation curves, especially in low-mass
and low-surface-brightness galaxies, often favour DM profiles
with shallower inner slopes, implying the presence of DM cores
rather than cusps (W. J. G. Blok et al. 2008; S.-H. Oh et al. 2015; P.
E. Mancera Pifia et al. 2025). The DC14 or CORENFW model (e.g.
J. L. Read et al. 2016; F. Allaert et al. 2017), which incorporates
the effects of baryonic feedback processes (such as supernova-
driven outflows) on DM haloes, provides a more accurate fit to
the observed data in these cases (A. Di Cintio & F. Lelli 2016; H.
Katz et al. 2017). These empirical models are crucial for both in-
terpreting observations and refining the theoretical frameworks
of galaxy formation. Testing these models against a broad range
of galaxy types and properties allows us to assess how well they
capture the complexities of galaxy evolution, and whether they
are consistent with ACDM predictions.

Understanding the mass distribution of galaxies within their
DM haloes at z ~ 0 is important for tracing the Universe’s assem-
bly history. Theoretical simulations that include baryonic pro-
cesses, such as gas outflows and star formation, predict that DM
halo structures evolve over time (A. Di Cintio et al. 2014; E. Tollet
et al. 2016). By comparing mass models from observed rotation
curves and established DM scaling relations, e.g. the stellar-to-
halo mass relation (SHMR) with these simulations, we can evalu-
ate their accuracy and refine our understanding of cosmic growth
(H. Katz et al. 2017; L. Posti et al. 2019; A. Marasco et al. 2020; E.
M. Di Teodoro et al. 2023).

To robustly measure these halo profiles, high-quality rotation
curves extending into the outer regions are essential. For galactic
mass distribution studies, rotation curves derived from neutral
atomic hydrogen (H 1) have advantages over optical or other cold
gas tracers (W. J. G. Blok et al. 2008; T. P. K. Martinsson et al. 2013;
F. Lelli, S. S. McGaugh & J. M. Schombert 2016), because H 1 discs
tend to extend farther into a galaxy’s outskirts than stellar discs
(W. I. G. Blok et al. 2008; G. Heald et al. 2011). This extensive
spatial coverage allows for the mapping of rotational velocities to
alarger radii, providing critical insights into the mass distribution
where DM dominates the gravitational potential over baryons
(A. Bosma 1978). Furthermore, HI is dynamically cold with a
velocity dispersion of o, ~ 10kms™! (R. Ianjamasimanana et al.
2015; K. M. Mogotsi et al. 2016; P. E. Mancera Pifia et al. 2025) and
follows nearly circular orbits, making it ideal for reliably tracing
the total gravitational potential (G. Iorio et al. 2017; P. E. Mancera
Pifa et al. 2021). In contrast, optical and CO tracers are confined
to the inner regions due to the much more compact distribution
of stars and molecular gas, resulting in a less comprehensive view
of a galaxy’s mass profile, and tend to be more susceptible to the
mass modelling degeneracy, such as e.g. disc-halo degeneracy
(W. I. G. Blok et al. 2016; B. S. Frank et al. 2016; F. Combes et al.
2019; B. Balmaverde et al. 2021; G. Venturi et al. 2021). These
advantages make HI rotation curves an indispensable tool for
accurate mass modelling in galactic studies.

A significant challenge in mass modelling of observed rotation
curves arises from the disc-halo degeneracy, where the contribu-
tions of the stellar disc and DM halo to the overall gravitational
potential can be difficult to disentangle. This degeneracy arises
from the difficulty to accurately determine the mass of the stellar
disc, particularly since both the disc and halo influence the shape
of the rotation curve (M. A. Bershady et al. 2010; S. Aniyan et al.
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2018, 2021). Methods to address this issue include using stellar
population synthesis models to estimate the mass-to-light ratio
(7T,) of the stellar disc (J. Schombert, S. McGaugh & F. Lelli 2019,
2022), or applying the maximum or minimum disc hypotheses,
which assume that the disc contributes the maximum or mini-
mum amount of mass allowable by the observed rotation curve.
Additionally, other techniques, such as measuring the vertical
velocity dispersion of stars in the disc, can provide further con-
straints to break the degeneracy (M. A. Bershady et al. 2010; T. P.
K. Martinsson et al. 2013; S. Aniyan et al. 2018, 2021).

In this paper, we present resolved HI rotation curves for a
sample of 20 galaxies selected from the MeerKAT International
GigaHertz Tiered Extragalactic Exploration (MIGHTEE) H IData
Release (DR) 1 (I. Heywood et al. 2024) and utilizing L2 band
spanning a period of approximately one billion years in lookback
time (0 < z < 0.08). By combining H 1 observations with ancil-
lary Spitzer photometry and resolved stellar mass surface den-
sities from A. A. Varasteanu et al. (2025), we construct detailed
mass models to disentangle the contributions of stars, gas, and
DM in each system. We investigate how different assumptions
about stellar mass measurement affect the inferred baryon-to-
total dynamic mass relation. We further compare the derived DM
halo properties and scaling relations, such as the stellar-to-halo
and baryonic-to-halo mass relations (BHMRs), against theoret-
ical predictions from abundance matching (AM) and hydrody-
namic cosmological simulations.

This paper is organized as follows. Section 2 describes the lat-
est MIGHTEE-H I data release and the HI data utilized in this
study. Section 3 explains the derivation of HI rotation curves
and surface mass density profiles. Section 4 outlines the method
used to obtain stellar brightness profiles. Section 5 presents the
constructed mass models and examines the impact of different
stellar mass measurements. Section 6 discusses the properties of
DM and associated scaling relations. Finally, the summary and
conclusions, as well as avenues for future work are presented in
Section 7.

Throughout the paper we assume a ACDM cosmology param-
eters of Hy = 67.4kms~! Mpc™!, Q, = 0.315, and Q, = 0.685
(Planck Collaboration VI 2020), and adopt standard values for the
critical density (pert = 1.36 x 10" M kpc ™) and gravitational
constant (G = 4.3009 x 10~° kpc Mg km? s~2).

2 HiDATA

MIGHTEE is a survey of four well-known deep extragalactic
fields observed by MeerKAT, the SKA precursor radio interferom-
eter located in South Africa (J. L. Jonas 2009). MeerKAT consists
of 64 offset Gregorian dishes (13.5m diameter main reflector
and 3.8 m sub-reflector) and is equipped with three receivers:
UHF band (MHz 580 < v < 1015MHz), L band (MHz 900 <
v < 1670 MHz), and S band (MHz 1750 < v < 3500 MHz). The
MeerKAT data are collected in spectral mode, making MIGHTEE
a spectral line, continuum, and polarization survey (M. Jarvis et
al. 2016). The H1 emission project within the MIGHTEE survey
(MIGHTEE-HI) is described in detail in N. Maddox et al. (2021).

The Early Science (ES) MIGHTEE-HT data have resulted in
various publications and discoveries (e.g. S. Ranchod et al. 2021;
M. N. Tudorache et al. 2022), with the source catalogue released
in A. A. Ponomareva et al. (2023). For this study, we utilize the
DR1 H1data from the deep MIGHTEE spectral line observations
of the COSMOS field (I. Heywood et al. 2024). These data are
deeper and cover a larger area of the COSMOS field than the ES
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Figure 1. H1 moment maps and PV diagrams for two representative galaxies, J095720.6+015507 (top) and J100211.24-020118 (bottom). The left panel
shows the H I moment-0 map, the central panel the moment-1 map, and the right panel the PV diagram along the major axis, with the derived line-of-sight
rotation curve (orange) and model (blue) overplotted. The synthesized beam is shown as an ellipse in the lower left corner.

data, with a total of 94.2h on-target and a close-packed mosaic
of 15 individual pointings (covering > 4 deg® on the sky). The
spectral imaging covers two broad regions (960-1150 MHz and
1290-1520 MHz) within MeerKAT’s L band, with up to 26 kHz
(5,5 km s~1) spectral resolution, in contrast to the ES data with
coarser velocity resolution of 208 kHz (44 kms~!) atz = 0 (A. A.
Ponomareva et al. 2021).

The data were processed to produce constituent images for
mosaics constructed from all pointings at three different resolu-
tions. For this study, we utilize the highest spatial resolution to
ensure our galaxies are sufficiently resolved for the 3D kinematic
modelling. The typical angular resolution for our data is 12 arcsec
with a circular synthesized beam and a velocity resolution of 5.5
kms™! at z = 0. The median noise in the highest spectral resolu-
tion data (5.5 kms™! at z = 0) is 74 uJy beam~! channel !, corre-
sponding to a 30 HT column density sensitivity (Nz ;) of 9 x 108
cm~2. For a full description of the data processing, analysis, and
release, see I. Heywood et al. (2024).

2.1 The sample

For this study, we rely on the H Isource catalogue from the MIGH-
TEE early science (ES) data covering the COSMOS field (A. A.
Ponomareva et al. 2023). All 75 galaxies identified in the ES data
have been recovered in the DR1 (I. Heywood et al. 2024). At this
stage we do not perform any additional source finding.

Out of the 75 sources, we select galaxies that are resolved with
at least three resolution elements across their major axes, as esti-
mated using the My;—Dy; relation (S. H. A. Rajohnson et al. 2022),
have inclinations greater than 20°, and are detected in HI with
a signal-to-noise ratio exceeding 3 per channel map, ensuring
reliable kinematic modelling. For a detailed description of the
selection procedure for galaxies suitable for kinematic analysis,
see A. A. Ponomareva et al. 2021 (section 4.3.1).

Our final sample comprises 20 galaxies spanning a wide range
of circular velocities, from 40 to 200 kms~!, H1 masses of 107 <
Muz[Mg] < 10%° (I. Heywood et al. 2024), and stellar masses of
107 < M,[Mg] < 10! (N. Maddox et al. 2021). The sample spans
the entire redshift range of the MIGHTEE L2 band (I. Heywood
et al. 2024), covering approximately 1 Gyr in lookback time (0 <
Z < 0.08). The H1data [moment 0 and moment 1 maps, as well as
position-velocity (PV) diagrams extracted along the major axis]
for two representative galaxies from our sample are shown in Fig.
1. The main parameters of the sample used in this work can be
found in Table Al.

This sample constitutes a pilot study using the MIGHTEE-
HIDRI1 in the COSMOS field, showcasing the power of the
MIGHTEE survey to deliver resolved HI kinematics in deep
extragalactic fields up to z ~ 0.1. Future data releases covering
the XMM-Large Scale Structure (XMMLSS), Extended Chandra
Deep Field South (ECDFS), ELAIS-S1, and the MIGHTEE Fornax
Survey (MFS) fields will extend this work to hundreds of resolved
galaxies.

3 HIROTATION CURVES AND SURFACE MASS
DENSITY PROFILES

3.1 Rotation curves

Modern 3D kinematic modelling software is capable of constrain-
ing gas dynamics in galaxies resolved with as few as three resolu-
tion elements across their major axis and with SNR > 3 (E. M. Di
Teodoro & F. Fraternali 2015; P. Kamphuis et al. 2015). Moreover,
unlike earlier approaches that required initial estimates of key
galactic parameters, such as systemic velocity, central position,
and position and inclination angles to derive a rotation curve (K.
G. Begeman 1989; M. A. W. Verheijen 2001; A. A. Ponomareva, M.
A.W. Verheijen & A. Bosma 2016), modern kinematic modelling

MNRAS 548, 1-18 (2026)
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Figure 2. Rotation curves of our final sample colour-coded by the galaxies gas fraction Fy = Mu1/Mp,, (2) and by redshift (b). The measurement

uncertainties are indicated by the shaded regions.

software is able perform fitting procedures with minimal prior
information.

In A. A. Ponomareva et al. (2021), we explored the capabilities
of 3DBarolo (E. M. Di Teodoro & F. Fraternali 2015) by fitting
a sample of sources from the MIGHTEE ES data release in an
automated way. Out of the original sample of 270 detections,
only 68 presented reliable kinematic measurements suitable for
resolved studies, leading to a study of the baryonic Tully-Fisher
relation based on resolved kinematics. We have learned that
while 3DBarolo is capable of fitting large samples of galaxies in
an automated way without prior knowledge of any galaxy pa-
rameters, the inclination of galaxies remains a significant issue
(P. E. Mancera Pina et al. 2020). The software performs much
more reliably when an initial estimation of inclination angle is
provided (see fig. 2 in A. A. Ponomareva et al. 2021).

To derive resolved rotation curves for our sample of galaxies,
we use inclinations measured from the Spitzer IRAC 1 band at
3.6 um, which is widely adopted to trace the bulk of the stellar
mass distribution in galaxies (S. E. Meidt et al. 2012; M. Querejeta
etal. 2015; A. A. Ponomareva et al. 2017). This near-infrared band
is minimally affected by dust extinction and is largely insensitive
to recent star formation, providing a robust representation of the
disc geometry.

The inclinations (i) are estimated from the axis ratios using the
standard relation

(b/a)* — g5
1-q;
where b and a are the semiminor and semimajor axes, respec-
tively, and g, represents the intrinsic axis ratio of the disc, typi-

cos?(i) =

, €]
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cally ranging between 0 (infinitely thin disc) and 0.4 (P. Fouque
et al. 1990). Throughout this work, we adopt a standard value of
qo = 0.2, following R. B. Tully & P. Fouque (1985).

We then use these inclinations to run 3DBarolo fully auto-
matically, using only the data cube and the inclination as input
values, keeping V., and Vg, as free parameters. The fully auto-
mated run adopts a ring separation equal to the beam major axis,
ensuring that the kinematic measurements are largely indepen-
dent and that pixel-to-pixel correlations remain negligible.! We
set the boundary constraint for inclination fitting to Ai = £5°
(see A. A. Ponomareva et al. 2021 for details). To account for
the uncertainties on the derived rotation curves and H1 surface
mass densities we utilize the built-in FLAGERRORS function in
3DBarolo, which estimates the uncertainties on the fitted param-
eters and the resulting rotational velocities by exploring the full
parameter space, ensuring the fit converges at the minima (E. M.
Di Teodoro & F. Fraternali 2015).

The resulting rotation curves for two representative galaxies
from our sample are shown in Fig. 1 overplotted on top of the
PV diagrams along the major axis. The compilation of all re-
sulting rotation curves is shown in Fig. 2. Given the nature of
our volume-limited untargeted survey, it is unsurprising that
we predominantly detect gas-rich low-velocity galaxies at lower
redshifts, whereas galaxies with higher stellar masses appear

IFor consistency and to prepare for the large data load from the ongo-
ing and upcoming H1I surveys, we run the fully automated version of
3DBarolo, following the methodology and motivation detailed in A. A.
Ponomareva et al. (2021).



at higher redshifts (due to larger volume probed) and exhibit
lower gas fractions: Fg = 1.4My;/Myar, Where My, = 1.4My; +
M., with the factor 1.4 accounting for the primordial abundance
of helium and metals (D. Arnett 1999). We note that our rotation
curves are not corrected for pressure support (i.e. we do not apply
the asymmetric drift correction, e.g. J. Binney & S. Tremaine 2008;
J. 1. Read et al. 2016; P. E. Mancera Pifia et al. 2026). This correc-
tion is negligible for HI at our mass and rotational speed ranges,
and becomes important only for galaxies Vio/0, < 3, which are
typically dwarfs with Vi, < 20kms™ (e.g. G. Iorio et al. 2017; P.
E. Mancera Pifia et al. 2021).

Fig. 2 (b) shows the derived rotation curves as a function of
redshift. Prior to our study, resolved HI rotation curve samples
only covered galaxies up to redshift z = 0.02 (N. Deg et al. 2022,
2024). Although this redshift range is not expected to encompass
any cosmological HI evolution (A. A. Ponomareva et al. 2021), it
mitigates distance uncertainties arising from the local universe’s
cosmic flow and allows for cosmological luminosity distance
measurements. The systemic velocities of our sample range from
Viys & 1700kms™" to Viys & 22770 kms™", with a mean value of
Veys &~ 11800 km s!, making the effect of peculiar velocities neg-
ligible for the majority of the sample (J. L. Tonry et al. 2000; R. B.
Tully, H. M. Courtois & J. G. Sorce 2016; K. Said et al. 2020).

3.2 Gas surface mass density

Following the extraction of rotation curves, we also derive re-
solved radial HT surface mass density profiles taking advantage
of 3DBarolo. At each radius, the mean HTI flux density is esti-
mated from the input data cubes. We then convert these values
from units of flux density to physical units of H I column density,
Ny [atoms cm™2], following the standard procedure (see equa-
tion 78 in M. Meyer et al. 2017). Next, we correct the column
density profiles for inclination to obtain face-on values, thereby
accounting for projection effects due to the galaxies’ orientation.
Finally, we apply the standard conversion to obtain H1 surface
mass density, where 1 Mg pc=2 = 1.249 x 10?° atoms cm ™2,

The resulting HI surface mass density profiles are shown in
Fig. 3. As expected, they exhibit a variety of shapes across our
sample of galaxies. Higher mass galaxies tend to illustrate a cen-
tral depletion of H 1 surface density, with the neutral hydrogen gas
extending out to large radii. This indicates that in these galaxies,
the H1 gas is more distributed in the outer regions of the galactic
disc. Conversely, smaller galaxies display steeper H I profiles.

4 STELLAR SURFACE BRIGHTNESS AND MASS
DENSITIES

4.1 Spitzer photometry

The Spitzer IRAC 1 band at 3.6 um is widely used to derive stellar
surface brightness profiles, which are essential for subsequent
mass modelling and rotation curve decomposition. One of the
key advantages of the 3.6 um wavelength is its sensitivity to the
older low-mass stars that dominate the bulk of the stellar mass in
galaxies. At this wavelength, the emission is not affected by dust
extinction and is predominantly due to evolved stellar popula-
tions such as red giants and main-sequence stars. This resultsin a
more accurate tracing of the underlying stellar mass distribution
compared to optical wavelengths, which can be significantly in-
fluenced by recent star formation and dust obscuration (K. Sheth
et al. 2010; S. E. Meidt et al. (2012).

MIGHTEE-HI 5

@ 0.7

0.6

7

0.5

042

Zr [Mo pc™?]
TT

0.3

r0.2

N g

0\\I\llllllllllllllllllll
0 10 20 30 40

Rad (kpc)

TTTT'IIIIIIIIIIIIIIIIIII—

(b) 7

0.1

U IIII|\I\I|IJII|IIII|\I\I

IIIIII\I\lJIJIIIIIIII\I\
o
o
=
ed

0 lLlLIIIIIIIIIIIIIIIIIII
0 10 20 30 40

Rad (kpc)

8]
o

Figure 3. Inclination-corrected H1 surface mass density 1D profiles
of our final sample, colour-coded by the galaxies’ gas fraction Fg =
My /My, (2) and by redshift (b). The measurement uncertainties are
indicated by the shaded regions.

Furthermore, the stellar mass-to-light ratio (Y,) in the 3.6 um
band is considered to be well understood and stable across dif-
ferent galaxy types and stellar populations. Studies have shown
that the T, at 3.6 um exhibits minimal variation with stellar
population age or metallicity (B. Rock et al. 2015), allowing for
a more direct and reliable conversion from observed luminosity
to stellar mass (S. S. McGaugh & J. M. Schombert 2014). S. E.
Meidt et al. (2014), for example, showed that the intrinsic scatter
in the Y, ratio at 3.6 um is less than 0.1 dex, which is significantly
lower than in optical bands. A. Marasco et al. (2025) performed
a comparison between stellar masses inferred from 3.6 um data
and those derived through multiwavelength spectral energy dis-
tribution (SED) modelling, demonstrating that SED fitting pro-
vides consistent stellar mass estimates in good agreement with
dynamical estimates.

Additionally, the minimal impact of dust extinction at 3.6 um
reduces the need for uncertain extinction corrections, further
improving the accuracy of the stellar mass profiles (M. Querejeta
et al. (2015). This is particularly beneficial for edge-on galaxies or
regions with high dust content, where optical observations can
be severely affected. The use of 3.6 um data thus allows for a
clearer view of the stellar mass distribution, which is crucial for
understanding the interplay between baryonic and DM in galax-
ies (A. A. Ponomareva et al. 2017, 2018). Numerous studies have
successfully utilized Spitzer IRAC 1 band data for mass modelling
and rotation curve decomposition (e.g. F. Lelli et al. 2016; S. S.
McGaugh, F. Lelli & J. M. Schombert 2016; L. Posti et al. 2019; E.
M. Di Teodoro et al. 2023).
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Figure 4. IRAC 1 surface brightness profiles of our final sample colour-
coded by the galaxies’ gas fraction, Fg = Mu1/Mp,, and normalized by
the radius of the last measured ellipse (Rpmax). The horizontal dashed line
represents the Spitzer IRAC 1 30 magnitude limit.

Taking all of this into account, for our study we also focus on
the Spitzer 3.6 um band to derive the stellar mass surface density
for the sample galaxies. To obtain the stellar surface brightness
profiles necessary for mass modelling and rotation curve decom-
position, we processed the galaxy images using the standard ap-
proach (A. A. Varasteanu et al. 2025) and extracted the stellar
surface brightness profile of each galaxy.

We defined a series of concentric elliptical annuli centred on
each galaxy, with the separation between annuli set equal to the
Spitzer IRAC 1 point spread function full width at half-maximum
(FWHM ~ 1.7 arcsec). The number of elliptical apertures was left
unconstrained and extended to the edge of the image, where the
background is well sampled, ensuring that the integrated light
converges and the radial surface-brightness profile reaches a flat
asymptotic tail. The ellipticity and position angle of the ellipses
were fixed to the geometry measured using equation (1). Fixing
the ellipse geometry, rather than allowing each annulus to follow
the isophotal contours, has been shown to be effective for deriv-
ing surface-brightness profiles, particularly for 3.6 um data (A.
Marasco et al. 2023; B. Siljeg et al. 2024).

Within each annulus, the mean intensity was calculated after
correcting for residual background flux and applying aperture
corrections. The measurement errors on the mean intensity were
computed following the standard photometric error-propagation
approach, in which the total variance is the sum of contributions
from the object signal, sky background, and readout noise, with
background noise dominating the uncertainty at faint levels (S. B.
Howell 2006). The resulting surface-brightness profiles, corrected
for inclination, are shown in Fig. 4 for all galaxies in the sample.

4.2 Resolved stellar mass surface densities

Owing to the limited wavelength coverage of many H 1 samples,
3.6 um imaging has commonly been used as the optimal single-
band proxy for stellar mass. However, within the MIGHTEE fields
we have access to some of the deepest and high-quality visible
(e.g. H. Aihara et al. 2018, 2019) and near-infrared (e.g. H. J. Mc-
Cracken et al. 2012; M. J. Jarvis et al. 2013) imaging data available.
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Therefore, in addition to the stellar surface-brightness profiles
derived from the Spitzer IRAC 1 (3.6 um) imaging, we incorpo-
rate into our analysis the resolved stellar mass surface densities
measured by A. A. Varisteanu et al. (2025). These were obtained
through spatially resolved SED fitting across 10 optical and near-
infrared bands, yielding resolved stellar mass surface-density pro-
files (see fig. 4 of A. A. Vardsteanu et al. 2025).

The A. A. Vardsteanu et al. (2025) sample is composed of the
same H I-selected galaxies and overlaps with our own sample for
19 out of 20 systems. Their resolved stellar mass measurements
therefore provide an independent and complementary data set
that strengthens our characterization of the stellar mass distribu-
tion and its contribution to the baryonic mass budget. Spatially re-
solved stellar mass surface densities based on radially varying Y
have so far been used for mass modelling and DM inference only
in a single-object study (A. Tamm et al. 2012). Here we extend
this approach to a larger sample. Hereafter, we refer to these
resolved stellar mass surface-density profiles as the resolved Y,
profiles.

5 MASS MODELS

Rotation curve decomposition enables us to separate the contri-
butions from visible and DM, offering a comprehensive picture
of the overall mass structure within a galaxy. The total rotational
velocity Viot(R) at a given radius R can be expressed as the square
root of the quadratic sum of the rotational velocities contributed
by the various mass components of the galaxy. These components
include the baryonic matter comprising gas, bulge and disc (Vyar),
and the DM halo (Vpa10):

Viel(R) = Vi R) + Vo (R). ©)

Analysing the individual contributions of these components
allows us to understand the distribution of mass within each
one. The gas component Vy,s(R) is derived from the observed H1
surface density profile (Section 3.2), while the stellar components
Vouige(R) and Vgisc(R) are obtained from the surface brightness
profiles (Section 4) converted to mass profiles using appropriate
mass-to-light ratios. We neglect the contribution from molecular
gas, which is expected to have only a minor impact on the mass
modelling (B. S. Frank et al. 2016; A. A. Ponomareva et al. 2018;
P. E. Mancera Pifia et al. 2022b). The DM halo’s contribution
Vhalo(R) is modelled to account for any discrepancy between the
observed rotation curve (Section 3.1) and the one from the bary-
onic components:

Vbzar(R) = ngas(R) + Vs%ars(R)' (3)

We construct our mass models by closely following the
methodology from P. E. Mancera Pina et al. (2022a, b). To com-
pute the gas and stellar rotation velocities, we utilize the software
GALPYNAMICS,?> which numerically calculates the gravitational
potential of a given mass distribution described by a density pro-
file as a function of radius and height above the disc mid-plane.
Subsequently, GALPYNAMICS computes the circular velocity of
the mass distribution by taking the derivative of the gravitational
potential evaluated at the mid-plane of the mass component (see
section 3.1 in P. E. Mancera Pifia et al. 2022b for details).

To obtain the functional forms of the density distribution of the
baryonic components of our sample galaxies, we first fit the ob-
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Figure 5. Surface brightness and H1 gas density profiles for two representative galaxies J095720.64+015507 and J100211.24-020118 from our sample. Left
column: profile for a galaxy with a pseudo bulge (orange points) described by a poly-exponential fit (orange line). The horizontal dashed line represents
the 30 magnitude limit. The bottom panel displays the radial profile of the H1 gas surface density (blue points), with the dashed blue line representing
the poly-exponential gas disc fit and the points indicating the observed data. Right column: profile for a galaxy without a bulge (orange points), described
by exponential disc fit (line), the bottom panel shows the gas surface density profile (blue points) described by the poly-exponential gas disc fit (blue

dashed line).

served H I surface mass density profiles with the poly-exponential
function:

R
ZHI(R) =2 exp (—R7d) (1 + R+ Can +... ), (4)

where X is the central surface mass density, R, is the exponential
disc scale length, and c;, ¢, ¢, etc., are the coefficients of the
polynomial. This function closely matches the surface-density
profiles of gas-rich galaxies, which commonly show a central
plateau or depression, rise at intermediate radii, and decline ap-
proximately exponentially at large radii (e.g. R. A. Swaters 1999;
T. P. K. Martinsson et al. 2016; J. Wang et al. 2016). For complex
well-resolved data, the number of polynomial coefficients can
reach up to four (P. E. Mancera Pifia et al. 2024). However, for
our marginally resolved H I surface mass density profiles, we use
only the first-degree coefficient to avoid overfitting. The resulting
fits are shown in Fig. 5 (bottom panels) for two representative
galaxies from our sample and demonstrate that the chosen func-
tional form can reproduce the data, capturing the central depres-
sion common in the H1 surface mass density distribution (A. A.
Ponomareva et al. 2016).

Next, we model the stellar light distribution by fitting the stellar
surface brightness profiles (Fig. 4) using a functional form. For
galaxies with a deviation from the pure exponential disc and
excess light in the centre we first model the total intensity as the
sum of two components: a bulge, described by a general Sérsic
profile:

I(R) = L exp (—b,, |:<

5

where [, is the intensity at the effective radius R,, n is the Sérsic
index, and b, is a constant that depends on n (L. Ciotti & G.
Bertin 1999), and a disc, represented by an exponential profile (a
Sérsic profile with n = 1). We find that none of the bulges in our
sample actually represent the classical bulge population, which is
typically described with Sérsic index n > 2. Instead, we find that
bulges in our sample are consistent with pseudobulges (n < 2).
Pseudobulges, also known as disc-like bulges, are thought to form
through the secular evolution of the galaxy’s disc, driven by in-
ternal processes such as bars, spiral arms, and oval distortions (J.
Kormendy & J. Kennicutt 2004). Therefore, we cannot model the
dynamics of these components as purely spherical, like classical
bulges. Instead, we fit our stellar profiles that exhibit this feature
with a poly-exponential disc of the fourth order (equation 4; P. E.
Mancera Pifa et al. 2024). For pure disc systems, we fit only an
exponential disc profile. Fig. 5 (upper panels) shows examples of
these fits for two representative galaxies: one with a pseudobulge
and another with a purely exponential disc.

To convert Spitzer intensities to stellar mass surface density,
we use the prescription from F. Lelli et al. (2016). We apply two
different values of the Y, for the stellar disc: the traditional value
for the 3.6 pmband, Y, = 0.5(S. E. Meidt et al. 2014;J. Schombert
etal. 2019) and Y, = 0.2, found by T. P. K. Martinsson et al. (2013)
for the discMass Survey and by A. A. Ponomareva et al. (2018)
using SED modelling of disc galaxies over 18 photometric bands.
In the following text, we examine how different choices of T\
affect the mass modelling and compare these results with those
derived from spatially resolved Y, estimates.

We adopt the same functional forms (poly- and exponential
disc) to describe the resolved Y, profiles from A. A. Varasteanu
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Figure 6. Baryonic mass modelling for two representative galaxies J095720.64+015507 and J100211.24-020118 from our sample. Left panel: mass
modelling for the galaxy with poly-exponential disc. The observed rotation curve (black points) is compared with modelled rotational velocities from gas
(blue line) and stellar disc (green line). The total baryonic rotation curve V4, is shown with a magenta line. The solid lines represent adopted Y, = 0.5,
dash-dotted lines correspond to Y, = 0.2, and the dotted lines correspond to the SED profiles. The arrow indicates the radius corresponding to 2.2 disc
scale lengths. Right panel: baryonic mass modelling for the galaxy with pure exponential disc.

et al. (2025), who demonstrated that this form provides an ade-
quate representation of the data.

To account for the stellar disc thicknesses, we adopt the stan-
dard assumption that the scale height of the stellar discis ~ 0.1Rq4
(P. Yoachim & J. J. Dalcanton 2006; S. Comerén, H. Salo & J. H.
Knapen 2018). We model the vertical structure of the stellar disc
using a sech? density profile (P. C. der Kruit & K. C. Freeman
2011). For the gas disc, we assume the razor-thin approximation
(A.Bosma 1981; J. Wang et al. 2016). While in reality the gas discs
flare with radius (e.g. A. B. Romeo 1992; C. Bacchini et al. 2019),
the dynamical effect of the flaring is only important for gas-rich
dwarf galaxies with Vi, < 30km/sand Vyo/0, < 3 (P. E. Mancera
Pifia et al. 2022b, 2025), and therefore can be neglected in our
sample. Moreover, accurate computation of scale heights requires
highly resolved H 1 observations, which are not yet attainable for
samples beyond the very local universe. Therefore, we consider
our approximations suitable for our sample and proceed with
modelling the dynamics of the baryonic components.

Fig. 6 illustrates the baryons-only mass models for two repre-
sentative galaxies from our sample, with stellar circular velocities
computed from the 3.6 um profiles assuming Y, = 0.5 (solid
lines) and Y, = 0.2 (dash-dotted lines), and from the resolved
Y. profiles (dotted lines). From Fig. 6, it is clear that for the
galaxy with higher rotational velocity, the stellar circular velocity
derived from the resolved 7, is closer to that obtained assuming
Y. = 0.2, whereas for the galaxy with lower rotational velocity it
is closer to the case with Y, = 0.5. This behaviour is consistent
with the findings of A. A. Vérasteanu et al. (2025), who showed
that galaxies do not share a universal stellar mass-to-light ratio,
and that Y, varies not only from galaxy to galaxy but also within
individual galaxies as a function of radius (see figs 6 and 7 in A.
A. Virdsteanu et al. 2025).

An arrow indicates the radius corresponding to 2.2xRy (R,,)
(K. C. Freeman 1970). This radius is often used for the mass mod-
elling of galaxies since for an exponential disc, the stellar rotation
curve reaches its maximum at ~ R, (T. S. Albada et al. 1985; J.
Binney & S. Tremaine 2008). The ratio between the rotational
velocity of the baryons and the observed rotational velocity at
this characteristic radius gives a measure of the degree of the
disc ‘maximality’ (T. P. K. Martinsson et al. 2013; N. Starkman
et al. 2018). A ‘maximal disc’ in a spiral galaxy is commonly de-
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fined as one in which the stellar disc component contributes the
largest fraction of the observed rotation curve (~ 85 per cent £
10 per cent of the peak velocity), while leaving minimal room
for a DM halo contribution (T. S. Albada & R. Sancisi 1986).
Fig. 6 shows that for the first galaxy (left), Y, = 0.5 produces a
maximal disc, as any higher T, would result in a total rotation
curve exceeding the observed data. In contrast, the second galaxy
(right) demonstrates greater flexibility, allowing for either a larger
Y. or a more substantial DM contribution. Adopting Y, = 0.2,
on the other hand, results in the discs of both galaxies being
submaximal.

5.1 The effect of the stellar mass-to-light ratio

Fig. 7 shows the ratio of the baryonic to observed rotational
velocities (V2.,/Vons) measured at 2.2R, for our sample galaxies,
considering three different Y, as described in Section 5.

First, we note that our sample reproduces the same trends
found by F. Lelli et al. (2016) for 175 large nearby disc galaxies
(the SPARC sample). We find that the degree of disc maximality
depends on the total luminosity of a galaxy when Y, = 0.5 is
adopted. Fig. 7 (left) demonstrates that the values of V5,/Vops
increase from approximately 0.25 for faint galaxies to nearly 1 for
galaxies with higher total luminosity.

Conversely, this trend almost disappears when Y, = 0.2 is
adopted (Fig. 7, right), signifying little dynamical distinction be-
tween galaxies of different luminosities when a low 7Y, is as-
sumed. However, a scenario in which all spiral galaxies have
uniformly low stellar mass contributions would lead to system-
atic deviations from the baryonic Tully-Fisher relation (S. S.
McGaugh et al. 2000) at fixed rotation velocity, which are not
observed (A. A. Ponomareva et al. 2018, 2021).

Moreover, as demonstrated by A. A. Vardsteanu et al. (2025),
spatially resolved stellar mass surface densities derived from SED
fitting reveal that Y, varies both from galaxy to galaxy and as a
function of radius within individual systems. This implies that
the stellar contribution to the baryonic mass distribution is nei-
ther globally uniform nor radially constant, but instead depends
on the specific properties of each galaxy and location within it.

To assess how such non-universal, resolved T, affects trends in
fractional baryonic contribution in the inner regions, we examine
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their impact on the V,,/Vyps—luminosity relation. For this pur-
pose, we fit a linear relation in order to quantify how the slopes
of the relations change. We find that when a high stellar mass-to-
light ratio (Y, = 0.5) is assumed, the ratio V, ,/V,ps increases sys-
tematically with luminosity, with a slope of 0.18 + 0.04, indicat-
ing that more luminous spiral galaxies are increasingly baryon-
dominated in their inner regions. Resolved stellar mass surface
densities yield a similarly strong luminosity dependence, with a
slope of 0.15 + 0.03, differing primarily in normalization (Fig. 7,
orange). This demonstrates that incorporating spatially resolved
stellar mass distributions preserves the physical trend of increas-
ing inner baryonic dominance with luminosity while refining the
stellar mass contribution on a galaxy-by-galaxy basis. In contrast,
adopting a low stellar mass-to-light ratio (Y, = 0.2) tends to re-
duce the baryonic contribution at 2.2R4 across the full luminosity
range, leading to an almost flat relation with a slope of only
0.05 + 0.03.

Therefore, the resolved stellar mass estimates preserve a phys-
ically meaningful V,,/Vops dependence on luminosity, as well
as alleviate the extreme form of the disc-halo degeneracy intro-
duced by assuming a single 7,.

6 DARK MATTER PROPERTIES

Given the limited resolution of the HT rotation curves for our
sample, particularly in the inner regions of the galaxies, we only
focus on the standard NFW (J. F. Navarro et al. 1996) DM halo
density profile. Therefore, we do not attempt to differentiate be-
tween various DM halo models and instead aim to robustly con-
strain the DM halo mass and assess the position of our sample
galaxies with respect to established DM scaling relations. By re-
stricting the complexity of the halo model, we ensure that the in-
ferred parameters are physically motivated. Assuming spherical
symmetry, the NFW density profile is defined as

_ 4 ps
r r 2’
(r?) (” E)

where 7y is a scale radius, and py is the characteristic density at r;.
The characteristic density p; is related to the halo mass M,y and

(6)

concentration cyy as

_ Moo
167 rs3 [ln(l + Cz()o) —

Ps (7

s
€200
1+4c200

where M, is the mass enclosed within radius R,q, defined such
that the average density inside R,gg is 200 perit (With pgri¢ the crit-
ical density of the Universe), and c,00 = Ryp0/7s is the concen-
tration parameter. The enclosed mass at radius r for an NFW
halo can then be expressed through the dimensionless variable
X=r/rs

In(1+x)— =

-M 1+x
(1 + ca00) —

®)

€200
1+c200

Following the notion of spherical symmetry, the circular veloc-

ity at radius r is defined by Vxrw(r) = v/GM(r)/r. Introducing
the characteristic velocity Vaoo = «/GMz00/Ra00, We can rewrite
Varw(7) in terms of ¢y and x:

/In(1 +x) —

X
c T+x
Varw(r) = Vago =%
* I+ cx0) -

The total (baryons and DM) circular velocity of a galaxy at each
radius is then

. ©)
€200
14+c200

Vit(R) = Vigew (R) + Vi (R) + Vg (R, (10)

To calculate Vi, we adopt a standard Bayesian mass-modelling
framework combined with Markov Chain Monte Carlo (MCMC)
sampling (L. Posti et al. 2019; P. E. Mancera Pifia et al. 2022b;
E. M. Di Teodoro et al. 2023), using the Python implementation
emcee (D. Foreman-Mackey et al. 2013). By employing an MCMC
sampler, we explore the parameter space defined by halo mass
(My00) and halo concentration (cyy). Our goal is to constrain
these key parameters by fitting theoretical rotation curves to the
observed galaxy kinematics. We assume a ACDM cosmology and
adopt standard values for the critical density (o) and gravita-
tional constant (G). We use a standard yx? likelihood function £,
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defined as

N

32 = =2 LViot | Vinoa(%)) = Z (

i=1

2
Vrot(ri) ;Ymod(h)) i (11)

where Vo (r;) and Vipoq(r;) are the observed and modelled circular
velocities at the ith radius r;, respectively, and A; are the uncer-
tainties on the rotation velocity (E. M. Di Teodoro et al. 2023).
We impose physically motivated priors on the fitted parameters
during the MCMC sampling. For M, we use a uniform prior
over a wide range 6 < log(Mp/M) < 15. For the halo concen-
tration instead, we use a lognormal prior based on the mass-
concentration relation derived from simulations, enforcing that
log,,(c200) follows a normal distribution with a mass-dependent
mean and a fixed standard deviation of 0.11 dex (A. A. Dutton &
A. V. Maccio 2014). This choice is motivated by the studies of
H. Katz et al. (2017) and L. Posti et al. (2019), who have shown
that even with high-quality local data a strong non-uniform prior
on ¢, is necessary to obtain proper constraints on the DM halo
parameters (but see also P. E. Mancera Pifia et al. 2022b). In-
deed, in CDM cosmological simulations, the halo concentration
Co00 is not independent of M,go. Instead, there is a well-known
mass-concentration relation, typically showing that higher-mass
haloes tend to have lower concentrations. This anticorrelation
arises from the formation history of haloes. Less massive haloes
typically collapse earlier, when the mean background density is
higher. Early collapse leads to denser central regions and thus
higher concentrations. More massive haloes, on the other hand,
often form later through mergers and the accretion of matter from
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a lower density environment. As a result, their central regions
are less compact, resulting in lower concentrations. This relation
encodes information about the formation epoch and assembly
history of haloes, showing that their structure cannot be under-
stood as simple scaled versions of one another (A. A. Dutton & A.
V. Maccio 2014; A. D. Ludlow et al. 2014; B. Diemer & M. Joyce
2019).

For each fitting run we used 100 walkers for 5000 steps, discard-
ing the first 20 per cent as a burn-in phase. We verify that our fits
have converged by computing the integrated autocorrelation time
7 and ensuring that each walker contributes at least 50t samples.
Each fitted parameter’s central value was taken as the median of
its posterior (50th percentile), and uncertainties were defined by
the 16th and 84th percentiles. We perform three modelling runs
for each galaxy, one with resolved T,, and another two with Y,
fixed at values of 0.2 and 0.5, as described in Section 5.

To assess the quality of the fit and model complexity, we use
the Bayesian Information Criterion (BIC):

BIC = —21In(£) + k1n(n), (12)

where £ is the maximum value of the likelihood function for the
model, k is the number of free parameters, and »n is the number
of data points. The BIC provides a means to compare different
models and assumptions about the most suitable T,.

The results for two representative galaxies using Y, = 0.5 and
Y. = 0.2 are shown in Fig. 8. The figure presents the rotation-
curve decomposition, alongside the posterior distributions of the
fitted parameters. The My and ¢y parameters are tightly con-
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Figure 9. Mass modelling of the NFW halo profile for two galaxies J095720.64+-015507 and J100211.24+-020118 using the resolved stellar surface mass
density. The upper panel shows the rotation curve decomposition for a galaxy with a poly-exponential stellar disc, and the lower panel for a galaxy with

a pure exponential disc. The posteriors for these fits are shown on the right.

strained, with the posterior distribution of the latter reflecting
the imposed mass-concentration relation. This indicates that the
dark-matter halo properties are well constrained by the data,
largely independently of the adopted stellar mass-to-light ra-
tio. The BIC generally favours the models with Y, = 0.5, with
(BICqs — BICj,) = —29 (R. E. Kass & A. E. Raftery 1995). From
Fig. 8, it is clear that the main difference between the total rota-
tion curves obtained using the two different Y, values is confined
to the central regions of the galaxies. At larger radii, the models
converge and therefore reproduce the outer rotation velocities
equally well, demonstrating that uncertainties in the stellar mass
prescription primarily affect the inner mass distribution, while
the outer rotation curve is dominated by the halo.

Fig. 9 shows the same rotation-curve decomposition for the
same galaxies, but using resolved stellar surface mass density
profiles rather than the IRAC 1 surface-brightness profiles scaled
by a fixed Y. Overall, model comparison based on the BIC shows
a strong preference for the resolved-Y, prescription, with mean
offsets of (BICresolved — BIC0.2) = —47 and (BICresolved —
BICO0.5) = —15. From Fig. 9 (upper panel), we can see that the
model reproduces the observed rotation curve and its features
more accurately when the resolved stellar mass surface density
is used, with BIC;esolved = 597, compared to BICys = 658 and
BICy, = 834. This improvement reflects the ability of the re-
solved stellar mass distribution to capture radial variations in
the stellar contribution, rather than simply rescaling a fixed light
profile, and demonstrates that incorporating spatially resolved
stellar mass information leads to a more accurate description of

the observed rotation curve, although we note that the best-fitting
parameters for M,y and c,o are formally consistent across all
tested values of Y. The M, obtained using different Y, prescrip-
tions are listed in Table A2.

6.1 Halo mass scaling relations

Having derived the halo masses from our rotation curve decom-
positions, we now examine how these haloes relate to their stellar
and baryonic content. By combining our halo mass estimates with
stellar masses, we first explore the SHMR. The SHMR describes
how the stellar mass of galaxies is connected to the mass of their
surrounding DM halo. In essence, it quantifies the efficiency with
which baryonic matter is converted into stars at different halo
mass scales. Lower mass haloes tend to be less efficient at forming
stars (e.g. L. Posti et al. 2019; P. E. Mancera Pifa et al. 2025),
presumably due to a combination of factors such as supernova
feedback and reionization, while intermediate-mass haloes are
often thought to be most efficient, and very massive haloes may
again show reduced star formation efficiency, potentially due
to active galactic nuclei feedback and virial shock heating (A.
Vale & J. P. Ostriker 2008; C. Conroy & R. H. Wechsler 2009; B.
P. Moster et al. 2010). In theoretical work, the SHMR is usually
derived via AM between stellar mass functions and DM-only
simulations (P. S. Behroozi, R. H. Wechsler & C. Conroy 2013; B.
P. Moster, T. Naab & S. D. M. White 2013; P. Behroozi et al. 2019),
while observational analyses test whether these relations hold for
real galaxies (L. Posti et al. 2019; E. M. Di Teodoro et al. 2023).

MNRAS 548, 1-18 (2026)



12 A. A. Ponomareva et al.

12 T T T L. | T T T T T I T T T T I T T T T
| A fixedY:=0.5 o
fixed Y«=0.2
I & Resolved Y. oo
11~ -
~ 10— —
)
s L p
= | 1
E
5 L p
o
2 g _
8w -
L _‘___* p
L _h @® Simba high-res i
Simba-C
r Moster et al. (2013) 7
7 1 I L1 1 1 I L1 1 1 & & 1 & & 1§ § & 311
10 11 12 13 14
TrrirT I Trrir I TrrirT I TrrirT I TrrirT
1 A A =
. E A, 4 E
& L
< c A 3
o F 3
_1 e —
L1 11 I L1 11 I L1 11 I L1 11 I L1 11
10.0 10.5 11.0 11.5 12.0 12.5

10910(M200 /Mo)

10910(Mpar / Mo)

12.0 rTrT TrrrrrrrrirxT I T T rir I T Trrir
F A fixedY+=0.5 <
C fixed Y«=0.2 i

A& Resolved Y«

11.5~ o2 —
- . -
11.0~ -
10.5—~ -
10.0~ -
9.5 -
9.0~ -
o J
85— -
- @ -
[ %%y ]
% i igh-res
8.0 7 [ ] S!mba high-res ]
- ® Simba-C -
bl L1 1 I L1 11 I | T T T S | 1
10 11 12 13 14

T T rr I T Trrr I T T rr I T Trrr I T T rr
1 = —
£ A A ]
WY v E
< 0 .—"'ﬁ ---------- Al S
< E A 3
= F 3
_1 e —

L1 11 I L1 11 I L1 11 I L1 11 I L1 11

10.0 10.5 11.0 11.5 12.0 12.5

10910(M200 /Mo)

Figure 10. Left: SHMR for our sample galaxies derived under different Y, assumptions. The red triangles indicate results obtained with fixed Y, = 0.5,
orange symbols correspond to fixed Y, = 0.2, and the blue symbols represent models where Y, is left free. Predictions from the SIMBA-C cosmological
hydrodynamical simulations are shown as grey points, while the SIMBA high-resolution run is represented by black points. The abundance-matching
relation from B. P. Moster et al. (2013) is shown as the dashed white line. Right: BHMR for the same sample. The dashed white line indicates the fitted
relation to the theoretical models. The lower panels show the residuals with respect to the corresponding theoretical relations.

These studies highlight the importance of feedback processes
and environmental effects in shaping the interplay between DM
and baryons. The SHMR therefore links the growth of stellar
mass in galaxies to the assembly of their DM haloes, provid-
ing critical tests for theoretical models of galaxy formation and
evolution.

Fig. 10 (left) illustrates the SHMR for our sample, computed
under three different assumptions for the stellar mass. We quan-
tify the impact of different stellar-mass prescriptions on the in-
ferred halo mass by performing object-by-object comparisons of
halo masses obtained from rotation-curve decomposition for the
same galaxies, and by characterizing the resulting differences
through their median offsets and dispersion. Comparing the two
fixed mass-to-light ratio prescriptions (Y, = 0.5 and Y, = 0.2)
provides a direct measure of the classical disc-halo degeneracy:
increasing the stellar mass through a higher global Y, leads to a
systematic, although weak, decrease in the inferred halo mass. In
our sample, a change of ~0.4 dex in stellar mass corresponds to
a median decrease of ~0.05 dex in M,q,, with this inverse trend
present across the galaxy population, demonstrating that while
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the inner mass decomposition remains degenerate, the total halo
mass is only weakly sensitive to even extreme assumptions about
the global stellar mass-to-light ratio.

The behaviour changes when adopting spatially resolved
stellar-mass distributions. In this case, despite a systematic re-
duction in stellar mass, the inferred halo masses do not show a
coherent decrease relative to the fixed-Y, models. Instead, the
median shift in Mjy is small (~0.01 dex), more than an order
of magnitude smaller than the intrinsic object-to-object scatter
(~0.08 dex), indicating that the differences are dominated by
galaxy-to-galaxy variation rather than a population-level offset.
This demonstrates that allowing Y, to vary with radius does not
resultin a simple global trade-off between stellar and halo compo-
nents, but instead introduces galaxy-specific responses that lead
to a non-uniform impact on the inferred halo mass.

To assess which stellar-mass prescription is most consistent
with theoretical expectations, we compare the three samples to
the stellar-halo mass relation of B. P. Moster et al. (2013) by eval-
uating the residuals in log M, at fixed M,y. The fixed T, = 0.5
sample lies systematically above the relation, with a median offset



of +0.39 dex, while the fixed Y, = 0.2 sample lies below it, with
a median offset of —0.15 dex. In contrast, the sample based on
spatially resolved stellar-mass distributions is much more closely
aligned with the theoretical relation, exhibiting a median offset
of only +0.08 dex. This offset is smaller in magnitude than for
either fixed-T, case and is comparable to the intrinsic scatter of
the relation, indicating that the resolved-Y, prescription yields
stellar-halo mass measurements that are most consistent with
the canonical abundance-matching expectation. For visualiza-
tion purposes, we also include data from the hydrodynamic cos-
mological simulations SIMBA (SIMBA-C and high resolution run;
R. Davé et al. 2019), which show overall consistency with the
abundance-matching relation of B. P. Moster et al. (2013) across
the considered mass range (Fig. 10, left).

Incorporating H1 gas mass measurements, we also construct
the BHMR. BHMR extends the concept of the SHMR by con-
sidering not only the stellar mass but also the cold gas mass
(M,.+1.4 Myy) to form a more complete picture of a galaxy’s total
baryon content relative to its host halo. While the SHMR focuses
on the efficiency of converting baryons into stars, the baryonic
mass-to-halo mass relation captures both the accumulation and
retention of baryons, as well as their conversion into stars. By
examining the baryonic content, rather than just the stellar com-
ponent, we can gain insight into how efficient galaxies are at
acquiring gas, how much of that gas is converted into stars, and
how much is lost through outflows (E. Papastergis et al. 2012; S.
S. McGaugh & J. M. Schombert 2015; P. E. Mancera Pifia et al.
2025).

Fig. 10 (right) presents the BHMR for our sample under the
three Y, assumptions, alongside the BHMR derived from the
SIMBA cosmological simulations. From SIMBA we consider two
runs: the ‘flagship’ 100 Mpc h~! box run (minimum stellar mass
resolution of 5.85x10% Mg, for all galaxies considered) from the
recently updated SIMBA-C simulation (R. T. Hough et al. 2023),
which incorporates improved chemical enrichment models, and
a high-resolution SIMBA run designed to resolve low-mass galax-
ies (minimum stellar mass resolution of 7.30x10” M), similar to
those in our sample. We limit the comparison to central galaxies,
rather than including satellites to better match the MIGHTEE-H 1
sample.

As there is no established reference relation for the BHMR, we
fit a double power-law relation to the high-resolution SIMBA sam-
ple to provide a baseline against which our observational samples
can be compared (Fig. 10, right). The best-fitting double power-
law parameters are logM; = 11.17 + 0.20, logN = —1.44 + 0.03
(N =0.0364), B = 0.60 £ 0.08, and y = 0.34 £ 0.07, where M,
is the characteristic halo mass at which the relation transitions
between the low- and high-mass regimes, N sets the overall nor-
malization, and 8 and y describe the low- and high-mass slopes,
respectively. Relative to this relation the sample assuming a fixed
Y. = 0.5 lies systematically above the fitted relation, with a me-
dian offset of ~0.09 dex, while the fixed Y, = 0.2 sample lies
below it, with a median offset of ~—0.12 dex. In contrast, the
sample based on spatially resolved stellar-mass estimates shows
the closest agreement, exhibiting a median offset of only ~0.04
dex. This behaviour is qualitatively similar to that found for the
SHMR AM model, where different stellar-mass assumptions sys-
tematically shift galaxies above or below the mean relation, while
prescriptions that more accurately capture the stellar mass distri-
bution yield the closest correspondence to the theoretical predic-
tions. It is important to note that several studies have reported
deviations from the AM predictions, particularly at high mass
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Table 1. Table summarizing the median offsets (A) from the theoretical
SHMR and BHMR relations for our sample under different Y, assump-
tions (Fig. 10), along with the observed scatter (o) relative to the theoret-
ical relations. All values are expressed in dex.

Med A o
M, Mpqr M, Mpqr
T, =0.5 +0.39 +0.09 0.51 0.33
T, =0.2 —0.15 —0.12 0.48 0.30
Resolved Y, +0.08 0.04 0.43 0.29

scales (L. Posti et al. 2019; E. M. Di Teodoro et al. 2023), but
see H. Desmond & R. H. Wechsler (2015) and F. Boreiko et al.
(2026) for analyses of how sample selection may impact this. We
do not observe such departures within the mass range probed by
our sample. This further motivates the use of spatially resolved
SED-based mass-to-light ratios in upcoming larger samples. The
resulting median offsets and scatter of each sample relative to the
theoretical relations are listed in Table 1.

7 SUMMARY AND CONCLUSIONS

In this paper, we use deep H1 observations from the MIGHTEE
survey to derive high-quality H I rotation curves for a sample of
20 galaxies in the COSMOS field across a previously unexplored
redshift range, 0 < z < 0.08. Combining H1 rotation curves with
carefully derived stellar surface brightness profiles from Spitzer
IRAC 1 (3.6 um) band data and resolved stellar mass surface
densities profiles from A. A. Vdrasteanu et al. ( 2025 ), we explore
mass models for our sample galaxies using the rotation curve de-
composition technique. We derived DM halo masses by fitting the
observed rotation curves with a parametric NFW halo model (J. F.
Navarro et al. 1996), combined with our baryonic mass profiles.
Using a Bayesian MCMC approach, we explored the parameter
space to find the best-fitting halo mass and concentration. By
decomposing the HI rotation curves into their baryonic and DM
components, we obtain observational constraints on the DM halo
masses of our sample galaxies and investigate how the DM haloes
connect to their stellar and baryonic content.
Our main results can be summarized as follows:

(i) Examining the ratio of the baryonic velocity contribution
(Vvar) to the total observed velocity (Vyps) at the characteristic
radius R,,, we find that adopting a higher stellar mass-to-light
ratio (T, = 0.5) produces a clear dependence of V,,/Vqps on total
galaxy luminosity, consistent with previous studies of nearby disc
galaxies (F. Lelli et al. 2016). In this case, more luminous systems
approach Vi, & Vops at R, 2, indicating an increased relative bary-
onic contribution in the inner regions. In contrast, this luminosity
dependence largely disappears when a lower value of T, = 0.2 is
assumed, resulting in an almost flat V; 5 /Vops—luminosity relation
(Fig. 7). This demonstrates that the inferred dynamical role of
baryons is highly sensitive to the assumed stellar mass-to-light
ratio.

Crucially, when resolved stellar mass surface density profiles are
used instead of a fixed Y, the physically meaningful dependence
of V;.,/Vops On luminosity is preserved, with a slope comparable
to that obtained for T, = 0.5, while avoiding the suppression
of this trend seen for Y, = 0.2. This shows that allowing for
galaxy-dependent and radially varying stellar mass-to-light ratios
provides a more realistic description of the stellar contribution
to galaxy dynamics. These results highlight that the disc-halo
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degeneracy is strongly amplified by the assumption of a universal
stellar mass-to-light ratio, and that incorporating resolved stellar
mass information offers a more physically motivated framework
for interpreting rotation curves in the context of galaxy formation
models and the interplay between baryonic and DM.

(ii) Comparing rotation-curve decompositions based on fixed
and resolved stellar mass prescriptions, we find that differences
between models with fixed T, are confined to the central regions,
while the outer rotation curves are reproduced equally well, indi-
cating that uncertainties in the stellar mass primarily affect the
inner mass distribution (Fig. 8). Using resolved stellar surface
mass density profiles yields a statistically preferred description
of the data, improving the reproduction of detailed rotation-
curve features (Fig. 9). This demonstrates that incorporating spa-
tially resolved stellar mass information provides a more accurate
and physically motivated representation of galaxy rotation curves
than globally scaled light profiles.

(iii) By comparing stellar-halo mass relations derived under
different stellar-mass prescriptions, we show that the inferred
total halo mass is only weakly sensitive to even extreme assump-
tions about a global stellar mass-to-light ratio. While fixed-Y,
models exhibit the expected inverse response between stellar and
halo mass, the resulting shifts in M,y are small compared to
the intrinsic galaxy-to-galaxy scatter. Adopting spatially resolved
stellar-mass distributions further alters this behaviour: variations
in stellar mass do not translate into a coherent population-level
shift in halo mass, but instead produce galaxy-specific responses
in the mass decomposition (Fig. 10 left). When compared to the
theoretical abundance-matching expectations (B. P. Moster et al.
2010), the resolved-stellar-mass case yields the smallest residuals
and the closest overall agreement, indicating that allowing for
radial variations in the stellar mass provides a more internally
consistent mapping between stellar and halo mass than either
fixed-Y, assumption.

(iv) By incorporating HI gas mass measurements, we extend
our analysis to the BHMR, which provides a more complete view
of the total baryon content of galaxies relative to their host haloes.
Comparing our observational BHMR to SIMBA simulations, we
find that different stellar mass-to-light ratio assumptions system-
atically shift galaxies relative to the simulation-based reference
relation: fixed Y, = 0.5 places galaxies above the relation, while
Y, = 0.2 shifts them below it. In contrast, stellar masses derived
from spatially resolved measurements yield the smallest offsets
and the closest overall agreement with the fitted SIMBA base-
line (Fig. 10 right). This behaviour mirrors that observed for the
SHMR, indicating that prescriptions that more accurately capture
the stellar mass distribution also provide the most consistent
mapping between baryonic mass and halo mass, and minimize
systematic biases when comparing observations to theoretical
predictions.

In conclusion, studies of galaxy rotation curves and mass mod-
elling provide key insights into the nature of DM, the distribution
of baryonic matter, and the physical processes governing galaxy
formation and evolution. With current and forthcoming obser-
vational facilities, such as the SKA, extending these analyses to
higher redshifts will enable us to trace the evolution of mass
distributions over cosmic time, offering stringent tests of cosmo-
logical models.

In this paper, we have demonstrated that employing spatially
resolved SED fitting across a broad wavelength range provides
a powerful avenue for mitigating the disc-halo degeneracy. By
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mapping stellar populations and dust content across galaxies,
resolved SED modelling yields spatially resolved stellar mass sur-
face density profiles, removing the need to assume a single global
mass-to-light ratio. This multiwavelength approach, spanning
ultraviolet to infrared bands, naturally accounts for variations
in stellar population age, metallicity, and dust attenuation, all
of which have a strong impact on inferred mass-to-light ratios.
Incorporating this information into mass modelling leads to a
more physically motivated characterization of the stellar mass
distribution and enables a clearer separation between baryonic
and dark-matter contributions to galaxy rotation curves.

At the same time, important observational challenges remain.
The limited spatial resolution of current H 1 data beyond the very
local universe (A. A. Ponomareva et al. 2021), together with the
signal-to-noise limitations of large H 1 surveys (N. Deg et al. 2024),
restrict our ability to probe the gravitational potential in the in-
nermost regions of galaxies. As a result, distinguishing robustly
between different dark-matter halo models, such as cored versus
cuspy profiles, remains difficult (W. J. G. Blok & S. S. McGaugh
1997; S. Kurapati et al. 2020; P. E. Mancera Pifia et al. 2025).
Future progress will therefore rely on multiwavelength synergies,
particularly the combination of H1 data with high-resolution
optical emission-line observations (e.g. Ho) that trace the inner
galaxy regions (E. M. Di Teodoro et al. 2023). Such joint anal-
yses will improve constraints on the central mass distribution,
further reduce modelling degeneracies, and provide stronger tests
of dark-matter halo structure.
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Table Al. Table summarizing our sample main properties. Column (1): Galaxy identifier; Column (2): right ascension of the galaxy in degrees (J2000);
Column (3): declination of the galaxy in degrees (J2000); Column (4): redshift derived from the HI line; Column (5): logio of the galaxy’s HI mass;
Column (6): inclination angle (in degrees), measured from IRAC 1 imaging; Column (7): stellar disc scale length in kiloparsecs; Column (8): position
angle (in deg), used for kinematic modelling; Column (9): number of the resolution elements across the major axis of the HI moment 1 map; Column
(10): log of total luminosity in the Spitzer 3.6 pum band; Column (11): logy of the galaxy’s stellar mass derived using resolved Y.

Name RA Dec. z lOglo(MHI) i° hd pa Nb logm(LIRl) lOglo(M*)
deg deg Mg deg kpc deg Lo Mg
J095829.14+014139  149.621  1.694  0.006  9.1444+0.008  66.759  1.933 £+0.251 60.752 11 8.378 £0.137 -
J095846.84-022051  149.695  2.348  0.006  8.575+0.015  69.235 1.034+0.134  311.745 7 8.008 £ 0.133 7.485 £ 0.088
J095927.94020025  149.866  2.007 0.013  8.5054+0.065 40.824  0.9724+0.126  293.299 3 8.412 £0.137 7.653 £0.101
J100005.84+-015440  150.024 1.911  0.006  7.661 £0.126  65.857  0.794+0.103  116.527 3 8.316 £ 0.136 7.823 +0.063
J095904.34+021516  149.768  2.254  0.025 8.713+0.115  52.729  1.908 £ 0.248 29.397 3 8.700 £ 0.130 7.985 £ 0.085
J100211.24-020118  150.547  2.022  0.021  8.7134+0.119  38.652 1.936+0.174  42.384 3 9.749 £ 0.087 9.181 £ 0.098
J100009.34+024247  150.039  2.713  0.033  9.4724+0.068 59.051  3.277+£0.295  336.929 5 10.402 + 0.094 9.493 £ 0.094
J100115.24+-021823  150.313  2.306  0.028  9.248 +£0.057  72.663  3.100£0.279  172.713 4 9.567 & 0.086 8.792 £ 0.092
J095720.6+015507  149.336  1.919  0.032  9.690+0.034 45168  4.270 £+ 0.384 56.609 5 10.557 £ 0.096  10.101 + 0.076
J100143.24+-024109  150.430  2.686  0.047  9.7124+0.065 43.408  3.513 +0.316 82.713 4 10.088 £ 0.091 9.433 4+ 0.099
J100259.04+022035  150.746  2.343  0.044  9.769 +£0.065 47.931  4.705+0.423  256.795 6 11.156 +£0.102  10.921 +0.101
J100055.24-022344  150.230  2.395  0.044  9.2744+0.148  44.149  2.4414+0.220  210.507 5 10.804 £0.098  10.531 +0.083
J095923.24+024137  149.847  2.694  0.048  8.983+0.272 48236  3.276 +0.295 83.175 3 10.359 + 0.094 9.753 £0.105
J100236.5+014836 150.652 1.810 0.046 9.725 1+ 0.043 56.564 5.582 +0.502 329.657 4 10.010 £ 0.090 9.474 £ 0.127
J100117.14020337  150.321  2.060  0.062  9.3174+0.114  49.847 3.4434+0.310 138.907 3 10.138 + 0.091 9.505 £ 0.099
J100003.9+015253 150.016 1.881 0.065 9.524 +0.202 60.666 3.562 +0.321 18.422 5 9.852 + 0.089 9.194 +0.091
J095755.94-022608  149.483 2436  0.071  9.508 £0.197  78.558  6.341 £0.571 59.042 5 10.664 £0.097  10.081 % 0.104
J100217.9+015124 150.574 1.857 0.062 9.701 £ 0.088 51.440 3.743 £ 0.337 340.661 3 10.779 £+ 0.098 10.312 +£0.122
J100103.74-023053  150.265  2.515  0.072  9.837+0.106  58.864  6.061 & 0.545 83.189 5 10.824 £0.098  10.093 +0.105
J095907.8+024213 149.782 2.704 0.079 9.804 + 0.098 49.830 8.351 £ 0.752 295.425 4 10.996 £ 0.100 10.814 £+ 0.077

Table A2. Table summarizing the DM halo mass (M) obtained using different assumption of the mass-to-light
ratio in mass modelling. Column (1): Galaxy identifier; Column (2): Moo assuming Y, = 0.5; Column (3): Mg
assuming Y, = 0.2; Column (4): Moo assuming resolved Y.

Name loglo(M;;‘O:O's) loglo(MZOOJ(;‘():O'Z) loglo(Mg(];:(])3 Ty
Mg Mg Mo
+0.10 +0.10

J095829.1+014139 10.89575.09 10.89675:09 -
J095846.8+022051 10.6387050 10.6457050 10.63210:29
J095927.9+020025 104051022 104041022 10.406 1024
J100005.8+-015440 10.2017933 10.2047933 102001533
J095904.3+021516 10.2691017 10.273%01] 10.260+017
J100211.2+020118 11.4317008 11.5537909 1136917531
J100009.3+024247 110981058 11.18210:%8 10.996 1007
J100115.2+021823 10.7807913 10.7887913 107831013
J095720.64-015507 111661922 111714532 11.509+038
J100143.24-024109 11.578%0%8 11.5917909 11.57010:08
7100259.0+022035 11.725%573 12121491} 11.92519%
J100055.24+022344 11.4537937 11.788793% 115401018
J095923.2+024137 11.58810:55 116041072 11.5714038
J100236.5+014836 10.858700 10.8997909 10.8481008
J100117.14020337 11.371%912 11.3857012 11.3527912
J100003.9+015253 11.2997908 11.3157008 112824008
J095755.9+022608 11.9147909 11.9477909 11.80370:98
J100217.94-015124 11.867%017 11.888%013 11.8261073
J100103.74023053 11.28170%0 11.3587010 110941029
J095907.84024213 12.14810 12 121931012 11978104

—0.10

—0.11

—0.10
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