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A B S T R A C T 

Atomic hydrogen constitutes the gas reservoir from which molecular gas and star formation in galaxies emerges. However, the 
weakness of the line means it has been difficult to directly detect in all but the very local Universe. Here, we present results from the 
first search using the MeerKAT International Tiered Extragalactic Exploration (MIGHTEE) Survey for high-redshift ( z > 0 . 25) 
H I emission from individual galaxies. By searching for 21-cm emission centred on the position and redshift of optically selected 

emission-line galaxies we overcome difficulties that hinder untargeted searches. We detect 11 galaxies at z > 0 . 25, forming the 
first sample of z > 0 . 25 detections with an interferometer, with the highest redshift detection at z = 0 . 3841. We find they have 
much larger H I masses than their low-redshift H I -selected counterparts for a given stellar mass. This can be explained by the 
much larger cosmological volume probed at these high redshifts, and does not require any evolution of the H I mass function. We 
make the first-ever measurement of the baryonic Tully–Fisher relation (bTFr) with H I at z > 0 . 25 and find consistency with the 
local bTFr, but with tentative evidence of a flattening in the relation at these redshifts for higher-mass objects. This may signify 

evolution, in line with predictions from hydrodynamic simulations, or that the molecular gas mass in these high-mass galaxies 
could be significant. This study paves the way for future studies of H I beyond the local Universe, using both searches targeted 

at known objects and via pure H I selection. 

Key words: galaxies: evolution – galaxies: kinematics and dynamics – radio lines: galaxies. 
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 I N T RO D U C T I O N  

eutral hydrogen is the pristine reservoir of gas that underpins the 
ormation of all the galaxies in the Universe. This gas accretes on
o dark matter haloes, and subsequently forms molecular gas from 

hich stars emerge. Therefore, understanding its relation to galaxies 
nd the large-scale structure of the Universe over cosmic time is a
ritical piece of information that is currently missing from our picture 
f galaxy evolution. This is largely because direct observations of 
he neutral atomic hydrogen are limited to either absorption line 
tudies of the Ly α transition, which require space-based ultraviolet- 
ensitive spectrographs for studies at low redshift ( z � 2), or deep
bservations using radio telescopes to detect the 21-cm emission 
rom the spin-flip transition of the hydrogen electron. 

Although the 21 cm emission is accessible to ground-based radio 
elescopes, the transition probability is many orders of magnitude 
ower than that for Ly α, and the 21 cm emission line is much fainter.
or this reason the detection of H I emission from individual galaxies
 E-mail: matt.jarvis@physics.ox.ac.uk 
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t 21 cm has, until recently, been restricted to the relatively low-
edshift Universe, with large-area untargeted surveys only sensitive 
o z � 0 . 1 (e.g. D. G. Barnes et al. 2001 ; R. Giovanelli et al. 2005 ). In
ecent years, there has been effort to extend this redshift range using
eep targeted observations of galaxies (e.g. B. Catinella & L. Cortese
015 ), galaxy clusters (Y. L. Jaffé et al. 2015 , 2016 ), and surveys of
mall regions of the sky with extensive multiwavelength data. An 
xample of the latter is the COSMOS H I Large Extragalactic Survey
CHILES), which reported the detection of what was the highest 
nlensed H I detection (X. Fernández et al. 2016 ) until recently,
lthough the validity of this has recently been called into question
I. Heywood et al. 2024 ). Such targeted approaches have also been
omplemented by spectral stacking of samples selected from optical 
pectroscopic surveys. These provide statistical measurements of the 
verage H I mass for various subsamples of galaxies based on star
ormation rate (SFR), colour, stellar mass or environment (e.g. F. 
inigaglia et al. 2022 , 2024 ; A. Bera et al. 2023 ; A. Bianchetti et al.
025 ). 
The new Five-hundred-meter Aperture Spherical Telescope 

FAST) deep survey has recently reported the detection of six H I -
etected galaxies at 0 . 38 < z < 0 . 5, utilizing the vast collecting
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h permits unrestricted reuse, distribution, and reproduction in any medium,
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Figure 1. Histogram of the redshift distribution of the parent DESI redshift 
catalogue over the MIGHTEE-H I DR1 area for the redshift range 0 . 23 < 

z < 0 . 5, corresponding to the MIGHTEE-L1 spectral window. 
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rea of the single dish (H. Xi et al. 2024 ). However, the poor
ngular resolution of single-dish telescopes can lead to overestimates
f the H I mass in individual systems due to possible confusion
ith neighbouring gas-rich galaxies. Deep spectral-line observations
ith interferometers can therefore play a crucial role in enhancing
ur understanding of neutral hydrogen in galaxies. The MeerKAT
elescope is ideally suited to this goal, combining extremely high
ensitivity with a baseline distribution that is sensitive to diffuse
mission, characteristic of low-density H I gas in galaxies. Indeed,
everal of the large survey programmes using the MeerKAT telescope
re designed to target this diffuse H I emission with a variety of
cience goals. The most relevant to the search for high-redshift H I

mission are the deep extragalactic surveys, namely the MeerKAT
nternational Tiered Extragalactic Exploration (MIGHTEE) Survey
M. Jarvis et al. 2016 ) and the Looking at the Distant Universe
ith the MeerKAT Array (LADUMA; S. Blyth et al. 2016 ). These

urveys have also recently found the two highest redshift hydroxyl
egamasers to date (M. Glowacki et al. 2022 ; M. J. Jarvis et al. 2024 ),

emonstrating that they also have the potential to detect spectral lines
rom high-redshift galaxies. 

In this paper, we report on a targeted search for H I emission from
ndividual galaxies at 0 . 25 < z < 0 . 5 using optical spectroscopic
edshifts from the Dark Energy Spectroscopic Instrument (DESI)
arly Data Release (DESI Collaboration 2024 ), using the recent

elease of the full MIGHTEE spectral cube covering COSMOS field
I. Heywood et al. 2024 ). 

In Section 2 , we describe the MIGHTEE-H I along with the DESI
ata that we use to identify potential H I galaxies at 0 . 25 < z < 0 . 5.
ection 3 details how we search for the H I galaxies using the optical
pectroscopic information and also how we mitigate against false
ositives. In Section 4 , we investigate the sample properties through
arious scaling relations and the baryonic Tully–Fisher relation
bTFr), using the wealth of ancillary data over the field to carry
ut spectral energy distribution fitting to derive the host galaxy
roperties. Our conclusions are presented in Section 5 . Throughout
his paper, we assume � CDM (Lambda cold dark matter) cosmology
ith H0 = 70 km s−1 Mpc−1 and �M 

= 0 . 3 and �� 

= 0 . 7. 

 DATA  

he MeerKAT International GigaHertz Tiered Extragalactic Explo-
ation survey (M. Jarvis et al. 2016 ) is a medium-deep, medium-
ide survey providing simultaneous radio continuum (I. Heywood

t al. 2022 ; C. L. Hale et al. 2025 ), spectral line (N. Maddox et al.
021 ; I. Heywood et al. 2024 ), and polarization observations (A.
. Taylor et al. 2024 ). It will eventually cover the four well-known
xtragalactic deep fields: COSMOS, XMM-LSS, Extended Chandra
eep Field South (ECDFS), and ELAIS-S1. The MIGHTEE Data
elease 1 L1 spectral line cube over the COSMOS field, described in

. Heywood et al. ( 2024 ), extends over ∼ 5 deg2 , with a spectral range
60–1150 MHz, channel width of 104.5 kHz, and angular resolution
WHM ∼ 15 arcsec. We use this cube to search for neutral hydrogen
mission at the position and redshift of galaxies with measured
ptical spectroscopic redshifts from the DESI public catalogue (DESI
ollaboration 2024 ). 
DESI provides the ideal database for targeting potential H I -rich

alaxies over the redshift range accessible with the MIGHTEE
pectral cube, due to the targeting of emission line galaxies that are
ikely actively star forming with large gas reservoirs. We downloaded
he DESI catalogue covering the footprint of the MIGHTEE-H I

ata Release 1 and limited the redshift range to 0 . 23 < z < 0 . 5, i.e.
orresponding to the redshifts that are accessible with the L1 spectral
NRAS 544, 193–210 (2025)
indow (960–1150 MHz) defined in I. Heywood et al. ( 2024 ), and
here the radio data has relatively low noise. The redshift distribution

or the optical spectroscopic redshifts is shown in Fig. 1 . We then
xtracted 80 × 80 arcsec2 cubelets covering the full spectral window
f the L1 data, at the position of each optical spectroscopic source
hat fell within the redshift range 0 . 25 < z < 0 . 5. In this initial step,
here were 915 galaxies with data in the MIGHTEE-L1 spectral cube.

 T H E  SEARCH  F O R  H  I G A L A X I E S  

e are searching for what may be faint line emission, likely with
 broad range of line widths and profiles. We therefore choose
o initially identify potential candidates by eye. To do this we
rst collapse 3D cubelets to 2D images covering 80 × 80 arcsec2 

entred on the optical galaxy position, summing the emission from
 spectral region of ±1 MHz ( ±285 km s−1 at a central frequency
f ∼ 1050 MHz) at the frequency of H I that corresponds to the
ptical spectroscopic redshift. The signal-to-noise ratio (SNR) in the
ollapsed image depends on both the width and the flux within any
utative emission line. We therefore also extracted, in parallel, the
D spectrum spanning a much larger spectral region of ∼ 13 MHz
see Fig. 2 ) for all the 915 spectroscopically detected galaxies using
 10 × 10 arcsec2 aperture, centred on the optical galaxy position, to
lso check if there was a prominent signal in the spectral dimension.
e then visually assessed whether there was likely to be an emission

ine at the redshift of the optical galaxy using both the collapsed
mage and the 1D spectrum with the following: (i) a prominent
ignal in the 2D collapsed image centred within 4 arcsec of the spatial
osition (well within the positional accuracy of an unresolved source
ut accounting for any possible emission that may be offset from the
entre, e.g. in an extended disc), and which appeared similar in extent
o the main lobe of the synthesized beam, and (ii) have significant
mission above the noise in the spectral domain, at the frequency
orresponding to H I at the optical redshift, and which spans at least
ve spectral channels ( ∼ 150 km s−1 at z ∼ 0 . 35). 
At this stage no statistical measurement is made to quantify the

obustness of the candidates. As such, this stage should purely
e seen as an initial filtering of the most likely H I -emission line
andidates, removing obviously noisy regions and noise spikes below
he resolution of the data. We also note that given this initial selection
hen one should be judicious about what science the final sample is
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Figure 2. 80 × 80 arcsec2 moment-0 maps (left panels) and the 1D spectra (right panels) extracted around the optical redshift, denoted by the vertical dashed 
line. The solid contour levels shown in the moment-0 maps denote the 2, 3, 4, 5, and 6 σ levels and dashed contours are the negatives of these. The dashed 
circles represent the FWHM of the synthesized beam of the MIGHTEE L1 data. The part of the 1D spectrum coloured dark blue is the spectral range used for 
measuring the SNR and also that used for creating the moment-0 map. The contour levels in the moment-0 maps and the uncertainty on the H I masses given in 
the legend of the spectra are determined by measuring the standard deviation in ∼ 500 spatial and spectral apertures, as described in Section 3 . To demonstrate 
the stability of the noise properties of our data as a function of frequency, the shaded light blue regions in the 1D spectra show the uncertainty measured in each 
channel from placing 500 apertures in the 3D data cube and measuring 16th and 84th percentiles from the distribution of measured fluxes in each individual 
channel. However, these are not used to determine the integrated SNR of the emission line, which is determined as described in Section 3 . The dashed horizontal 
magenta line denotes the zero flux-density. We note the noise in ID11 is larger than the other objects due to this object lying towards the edge of the MIGHTEE 

COSMOS coverage. 
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Figure 2. Continued. 
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Figure 2. Continued. 
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i
o  
sed for, for example one should not attempt to perform statistical
tudies that rely on accurate estimates of the sample completeness. 
his initial selection led to 43 candidates to be investigated in more
etail. 
Using the extracted 1D spectrum for each of the objects we 
easured the integrated flux across the plausible H I emission line 

y estimating where the flux of the identified line appears to fall
o a mean of zero and remains around zero. This allows for the
otential of real line structures that may, for example, exhibit troughs
etween two peaks caused by a rotating disc. We also account for
he synthesized beam area by scaling the flux by the ratio of the peak
ux to the 10 × 10 arcsec2 aperture flux in the synthesized beam, and
ssuming that the H I emission region is unresolved at the resolution
 ∼ 15 arcsec FWHM) of the MIGHTEE L1, robust = 0.0 spectral
ube (see I. Heywood et al. 2024 , for further details). The ∼ 15
rcsec resolution of the data corresponds to ∼ 75 kpc at z ∼ 0 . 35,
hich if we assume the local relationship between H I mass and the
iameter of H I discs (e.g. A. H. Broeils & M. H. Rhee 1997 ; M. A. W.
erheijen & R. Sancisi 2001 ; S. H. A. Rajohnson et al. 2022 ) holds
t z ∼ 0 . 35, corresponds to H I masses of MHI ∼ 1010 M�. Thus,
lthough it is possible that high H I -mass galaxies may be marginally
esolved in our data, the amount of missing flux is likely to be small
ith our measurement using an aperture of 10 × 10 arcsec2 . 
To determine the SNR of the integrated line flux, we measured the

ntegrated flux across ∼ 500 similar-sized regions within 2 arcmin 
f the central source of interest, using the same number of channels
MNRAS 544, 193–210 (2025)
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ver which we determine the emission line flux, as indicated by the
lue part of the spectra in Fig. 2 , varying both the central position
nd the central frequency (within 10 MHz of the H I emission line
andidate). This method for estimating the noise accounts for the
ntrinsic noise variation across the mosaicked COSMOS cube, both
patially and spectrally, whilst also accounting for the correlated
oise within the size of the extracted region. Using these ∼ 500
ositions, we measure the 16th and 84th percentiles of the flux-
ensity histogram to determine the noise for the 3D voxel used to
xtract the H I emission line. As we make no a priori assumption
f Gaussianity or symmetric noise, we determine the mean of the
0th–16th and 84th–50th percentiles, and calculate the SNR as the
mission line flux divided by this value. We note that the 16th
nd 84th percentiles are broadly similar around the median 50th
ercentiles, suggesting that the noise is largely Gaussian. To confirm
his, we use the Anderson–Darling test (T. W. Anderson & D. A.
arling 1952 ) and find that the distribution is consistent with being
aussian at > 95 per cent confidence. The noise distribution around

Ds 2 and 3 are marginally rejected at this level, and this is reflected
n the estimate of the SNR ratio for these objects. We use these
ndividual noise estimates for each source to calculate the SNR of
he integrated line flux and retained all galaxies in our sample with
n integrated line flux SNR > 4. This resulted in a final sample of
1 H I detected galaxies. 
The H I masses for these 11 galaxies were determined by summing

he spectrum across the estimated spectral extent of the H I emission
ine using equation 45 in M. Meyer et al. ( 2017 ), under the assumption
f the line being optically thin. We use the noise extracted from the

500 independent voxels to determine the 1 σ uncertainty on the H I

ass. The spectra for the final high-confidence (SNR > 4) sample are
resented in Fig. 2 , alongside the moment-0 maps spanning 80 × 80
rcsec2 integrated over the emission line (shown in blue in Fig. 2 ).
 I properties of the sources are provided in Table 1 . 
We note that an SNR > 4 at the position and redshift of a known

alaxy means that the actual probability of the source being real is in
act higher than 4 σ , as we are estimating the noise at random positions
ut the candidate itself is already known to have a coincident optical
ounterpart at the redshift of the H I emission line. However, a danger
hen searching for emission-line galaxies by eye is the possibility
f confirmation bias, i.e. knowledge of where a line should be may
ead to the ‘detection’ of more spurious sources. 

We therefore repeated the search for H I emission at positions
ffset from the optical galaxy position by 50 arcmin, but at the
ame redshift. This resulted in 34 potential candidates. We carry
ut the same analysis of determining the integrated SNR across the
utative emission lines, but all were ruled out by the final cut requiring
NR > 4 to be considered a significant detection. The fact that we find

20 per cent fewer potential sources at the offset positions by the
ame search method used for optical spectroscopic redshift, supports
he number of sources that we identify as robust candidates (i.e. 11
f our initial sample of 43 galaxies were retained). This check also
ccounts for any possible non-Gaussianity in the noise resulting in
purious positive detections, if the noise properties of the data cubes
ere skewed towards positive fluxes. Although we note that the noise

cross the spectral cubes has been shown to be consistent with being
aussian (I. Heywood et al. 2024 ). We are therefore confident that

he 11 sources presented are highly likely to be real H I detections. 
Another possible source of false positives, particularly when

electing based on properties related to star formation (i.e. with
ur spectroscopic redshift selection), is the possible presence of
adio continuum emission at the position of the candidate H I

etection. Such continuum emission may not only increase the noise
NRAS 544, 193–210 (2025)
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Table 2. Host galaxy properties derived from the SED fitting with BAGPIPES for fits both with and without data longwards of 8μm, to 
ensure that contributions to the low-spatial resolution long-wavelength data from nearby galaxies do not affect the derived properties. We 
provide information for both galaxies associated with ID11, using information provided in the DESI catalogue due to a lack of deep-field 
multiwavelength coverage for this detection. Uncertainties on stellar mass and SFR from the SED fitting are the 16th and 84th percentiles of 
the posterior distributions from the prior range considered. We note that these do not account for any variations away from the G. Bruzual 
& S. Charlot ( 2003 ) stellar population synthesis models, assuming a G. Chabrier ( 2003 ) initial mass function. S1 . 28 is the radio flux–density 
measured using the catalogue provided in C. L. Hale et al. ( 2025 ) and we use the relation from E. F. Bell ( 2003 ) to estimate the SFRradio based 
on the radio flux density. The uncertainty on SFRradio is dominated by the intrinsic scatter in the E. F. Bell ( 2003 ) relation of 0.26 dex. The 
galaxies flagged with ∗ have their radio continuum flux densities determined from measuring the peak flux density directly from the imaging 
data, as they do not meet the 5 σ catalogue threshold. We note that ID4 has a measured negative flux density at the galaxy position but we give 
the formal uncertainty around zero for the SFR. The dagger symbol highlights the two possible counterparts for ID11.. 

With FarIR No FarIR Radio 
ID log 10 ( M� / M�) SFR /M� yr−1 log 10 ( M� / M�) SFR /M� yr−1 S1 . 28 /μJy SFR/M� yr−1 

1 10 . 50 ± 0 . 03 7.8 ±0 . 5 10 . 58 ± 0 . 06 16 . 1 ± 2 . 5 290 ± 7 32 ±26 
2 10 . 03 ± 0 . 02 6 . 2 ± 0 . 5 9 . 86 ± 0 . 10 21 . 2 ± 2 . 4 85 ± 8 9 ± 7 
3∗ 10 . 45 ± 0 . 04 3 . 3 ± 0 . 3 10 . 63 ± 0 . 07 16 . 9 ± 2 . 2 8 ± 4 2 ± 1 
4∗ 9 . 93 ± 0 . 03 1 . 0 ± 0 . 1 10 . 12 ± 0 . 04 3 . 5 ± 0 . 4 0 ± 4 0 ± 1 
5 10 . 70 ± 0 . 05 21 . 8 ± 1 . 6 10 . 78 ± 0 . 04 33 . 4 ± 4 . 5 420 ± 5 81 ± 66 
6∗ 10 . 49 ± 0 . 02 1 . 1 ± 0 . 1 10 . 66 ± 0 . 06 3 . 6 ± 1 . 4 9 ± 4 1 ± 1 
7 10 . 39 ± 0 . 02 3 . 7 ± 0 . 3 10 . 31 ± 0 . 04 27 . 3 ± 3 . 1 39 ± 5 6 ± 5 
8 9 . 86 ± 0 . 02 2 . 7 ± 0 . 2 9 . 75 ± 0 . 04 11 . 1 ± 1 . 3 30 ± 8 5 ± 4 
9 10 . 75 ± 0 . 02 4 . 7 ± 0 . 4 10 . 81 ± 0 . 04 27 . 9 ± 3 . 0 19 ± 4 5 ± 4 
10 10 . 56 ± 0 . 02 4 . 1 ± 0 . 3 10 . 54 ± 0 . 06 29 . 8 ± 4 . 9 82 ± 6 9 ± 8 
11a† 11 . 40 ± 0 . 15 8 . 4 ± 18 . 3 71 ± 8 12 ± 10 
11b† 10 . 76 ± 0 . 14 10 . 0 ± 10 . 2 76 ± 8 14 ± 11 
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t the position of the sources, but if the continuum subtraction 
eaves artefacts they may manifest as putative H I lines. We use
he MIGHTEE radio continuum Data Release 1 (C. L. Hale et al.
025 ) to determine the radio continuum flux density of our 11 H I

etections. We find 9 of the 11 are detected in the radio continuum
ap, and their flux densities at ∼ 1 . 28 GHz are given in Table 2 .
lthough it would be very unlucky for an artefact from imperfect 

ontinuum subtraction to reside at the exact frequency corresponding 
o the optical redshift, we check whether there are any detections with
NR > 4 at the spatial position of our sources but spanning the full
requency range of the L1 cube, excluding the region around the 
ptical redshift. We find no lines with SNR > 4 along the spectral
requency window, lending further confidence to the robustness of 
ur H I detections. 
As a further check on the robustness of our H I emission-line

andidates, we also remeasure the SNR using the noise characteristics 
easured from random spatial positions around the source but fix the 

requency range to that of the extracted emission lines. This allows us
o assess whether there is increased noise at the specific frequency of
he emission, e.g. from radio-frequency interference. We do this for 
oth an aperture spanning the 10 × 10 arcsec2 used in the selection, 
nd also from the single pixel at the position of the optical galaxy.
oth methods have pros and cons. The first assumes the correction 

rom an aperture flux to a total flux using the synthesized beam and
n appropriate correction factor. This method potentially measures 
dditional flux if the source is marginally resolved providing a 
ore appropriate measurement of the total H I content for such 

ources and also smooths out noise variations from single-pixel 
easurements of the peak flux. We note that this effect may be

mportant given our initial selection of inspection by eye, which 
ould favour including sources with ‘hot pixels’ at the position of

he optical galaxy. The second method assumes that the H I emission
s completely unresolved and adopts the assumption that the peak H I

ux is representative of the total H I flux of the galaxy. 
We list the SNRs measured using these different estimates in 
able 1 alongside the SNR used to identify the H I emission line

n the first instance. One can see that the SNR can vary significantly
ependent on the method used to estimate the noise. In particular,
here are significant differences in the SNR between the aperture 

easurements and the single-pixel peak flux measurements. This 
uggests that some of the galaxies may be marginally resolved at
he resolution of our data, indeed the 5 objects with low SNR from
he single-pixel peak-flux measurement show extended contours in 
heir emission (Fig. 2 ). The optical data (Fig. 4 ) also suggest that
his may be the case, with many of the sources showing extended
orphologies over 5–15 arcsec. Thus, our estimates for the H I

ass are dependent on this. We therefore provide a systematic 
ncertainty on the H I mass in Table 1 , for which we use the difference
etween the single pixel flux measurement and the aperture flux 
easurement, noting that the aperture flux will be closer to the

rue line flux for marginally resolved sources, although we still may
iss more extended emission. Such extended flux could potentially 

e recovered by using a larger aperture; however, increasing the 
perture would also increase the noise and consequently decrease 
he SNR on the detection. Given that the sources are only likely
o be marginally resolved, the missing H I mass is likely to be low.

e therefore adopt the systematic uncertainty derived above and 
ssume it is symmetric around the measured H I mass to account
or uncharacterized extended emission. As a check, we convolve a 
ypical disk galaxy of 16 arcsec in extent with the beam of our data,
nd find that the missing flux is < 10 per cent for the total flux, well
ithin the conservative systematic uncertainties that we adopt. After 

hese additional checks, ID3 becomes a significantly less secure 
andidate, with a SNR = 1.5 from its single-pixel measurement. 
D9 has a SNR = 2.7 from the single-pixel measurement, however
e retain them both in our sample as they formally meets the
riginal selection criteria, although we caution that they may be 
alse positives. 
MNRAS 544, 193–210 (2025)
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Figure 3. Redshift versus H I -mass for the final sample of H I detected 
galaxies presented in this paper (blue circles). Also shown are the H I -detected 
galaxies from the MIGHTEE ES data release (pink triangles). The gap 
between 0 . 1 < z < 0 . 23 corresponds to the spectral region with significant 
radio-frequency interference (RFI; see I. Heywood et al. 2024 ). 

 

0  

L  

G  

n  

h  

g  

s  

z  

a  

c
 

d  

i

4

T  

a  

w  

r  

H  

(  

J  

t  

P  

t  

2  

2  

H  

f  

e  

e  

(  

e  

D  

F

 

a  

T  

s  

b  

t  

o  

a  

f  

e  

g  

m  

o  

d  

d
 

t  

s  

w  

w  

m  

(  

(  

h  

p  

d  

m  

u  

t  

s  

g  

r  

t  

p  

u  

T  

f  

a  

p  

t  

u  

f  

s
 

b  

u  

S  

d  

o  

d  

d  

u  

t  

F  

u  

1  

i  

r  

1 viewer.legacysurvey.org 
2 http://bagpipes.readthedocs.io 
Our high-confidence sources span the redshift range 0 . 25 � z �
 . 39 with no reliable sources at 0 . 39 < z < 0 . 5, even though the
1 cube extends to frequencies corresponding to these redshifts.
iven that we detect one source at a SNR = 6 . 4 with z = 0 . 3285,
aively it may be surprising that we do not detect any sources at
igher redshifts. However, the redshift distribution of the parent DESI
alaxy sample, shown in Fig. 1 , shows that ∼ 75 per cent of the
ample lies at 0 . 25 < z < 0 . 4 compared to ∼25 per cent at 0 . 4 <
 < 0 . 5. Thus, it is unsurprising that we do not detect any H I emission
t 0 . 4 < z < 0 . 5 given the redshift distribution of the parent sample,
oupled with the depth of the MIGHTEE data. 

Fig. 3 shows the redshift versus H I mass plane for the eleven H I -
etected galaxies and full information for the sample is also provided
n Table 1 . 

 H  I G A L A X Y  SAMPLE  PROPERTIES  

he MIGHTEE survey fields were chosen to overlap with surveys
t other wavelengths, providing a wealth of ancillary data with
hich to determine the properties of host galaxies for both H I and

adio continuum sources. We cross-matched the high-confidence
 I galaxies with the Deep Extragalactic VIsible Legacy Survey

DEVILS; L. J. M. Davies et al. 2018 ) photometric catalogue (L.
. M. Davies et al. 2021 ). This catalogue provides ultraviolet through
o mid- and far-infrared data measured in a consistent way (using
roFOUND; A. S. G. Robotham et al. 2018 ) on imaging data from

he Galaxy Evolution Explorer (GALEX; M. A. Zamojski et al.
007 ), the Canada–France–Hawaii Telescope (CFHT; O. Ilbert et al.
006 ; P. Capak et al. 2007 ) ( u -band), HyperSuprimeCam (HSC;
. Aihara et al. 2019 ) ( gri zy ), Visible-Infrared Survey Telescope

or Astronomy (VISTA; H. J. McCracken et al. 2012 ; M. J. Jarvis
t al. 2013 ) ( Y J H Ks ), Spitzer Space Telescope (C. J. Lonsdale
t al. 2003 ; D. B. Sanders et al. 2007 ; J. C. Mauduit et al. 2012 )
mid-infrared), and the Herschel Space Observatory (S. J. Oliver
t al. 2012 ). We find that ten of the galaxies (IDs 1–10) are in the
EVILS catalogue and we show postage stamps of these data in
ig. 4 . 
NRAS 544, 193–210 (2025)
ID11 lies beyond the area covered by the multiwavelength data
nd we use the data from the LEGACY survey 1 for this source.
here are two plausible counterparts for ID11 within the MIGHTEE
ynthesized beam, which lie 7.7 arcsec apart (Fig. 5 ) and separated
y ∼ 180 km s−1 . We therefore use the stellar mass and SFR given in
he DESI catalogue, noting that these are based on a more limited set
f imaging data and therefore more uncertain than the stellar masses
nd SFRs determined for IDs 1–10, and provide the information
or both potential counterparts. However, it is feasible that the H I

mission we detect has a contribution from both of these galaxies
iven their close proximity both spatially and in redshift space. This
ay also explain the high H I mass and very high velocity width

f the line, although we note that the width of the line is highly
ependent on whether the line is truly double-horned. We therefore
enote these with red symbols in all subsequent relevant figures. 
For IDs 1–10, we use BAGPIPES 2 (A. C. Carnall et al. 2018 ) to fit

he SEDs. For our sample of galaxies, given that we already have
pectroscopic redshifts, we fix the redshift values and run BAGPIPES

ith the G. Bruzual & S. Charlot ( 2003 ) stellar population models
ith a G. Chabrier ( 2003 ) initial mass function to estimate the stellar
ass and SFRs for our galaxies. We apply the D. Calzetti et al.

 2000 ) attenuation law and adopt uniform priors for all parameters
shown in Table 3 ) with an exponentially delayed star formation
istory, following M. N. Tudorache et al. ( 2024 ). We use 22-band
hotometry from the far-ultraviolet through to the far-infrared for
etermining the stellar mass and SFR from these SED fits. We adopt a
inimum flux–density uncertainty of 5 per cent for the observations

p to 4.5 μm and 20 per cent for the observations longwards of
his, to account for both zero-point fluctuations, recognizing that the
ynthetic templates are not perfect representations of SEDs of real
alaxies. However, for some of our galaxies the relatively low spatial
esolution of the mid- and far-infrared data may result in some of
his emission arising from neighbouring galaxies that lie within the
oint-spread function of these data. We therefore, also fit the SEDs
sing a restricted set of imaging data up to and including the 8 μm.
he SED fits, using the 50th percentile of the posterior distribution,

or these ten galaxies are shown in Fig. 4 and the derived properties
re given in Table 2 . The quoted uncertainties are the 16th and 84th
ercentiles of the posterior distributions over all parameters within
he prior range, but do not account for variations that may arise by
sing different stellar population synthesis models or initial mass
unctions, which can result in systematic offsets of up to 0.1 dex in
tellar mass and 0.3 dex in SFR (C. Pacifici et al. 2023 ). 

We find that the stellar mass and SFRs are broadly consistent
etween the fits with and without the far-infrared data, although
sing the far-infrared data tends to reduce the stellar masses and
FRs slightly due the far-infrared emission effectively limiting the
ust emission, and thus reducing the SFRs. Thus, the true uncertainty
n the stellar mass and SFRs are more accurately reflected in the
ifferences between these fits, with and without long-wavelength
ata. However, we use the stellar masses and SFRs derived from just
sing the data up to 8 μm in the SED fitting for the remainder of
he paper, to mitigate against confusion at the longer wavelengths.
or completeness, in Table 2 we also provide the SFRs determined
sing the radio continuum data, using the relation between SFR and
.4 GHz radio luminosity from E. F. Bell ( 2003 ). We adopt a spectral
ndex of α = −0 . 7 for the spectral slope ( Sν ∝ να) to convert the
adio flux densities from 1.28 GHz to rest-frame 1.4 GHz luminosity

file:viewer.legacysurvey.org
http://bagpipes.readthedocs.io
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Figure 4. HSC gri images (left panels) and the best-fitting SEDs to the multiwavelength photometry using BAGPIPES for IDs 1–10 (right panels). The dashed 
circles in the images represent the FWHM of the synthesized beam of the MIGHTEE L1 data. The red circles in the SED panels denote the data used for fitting 
the SEDS (black line) and the blue points and error bars represent the 50th, 16th, and 84th percentiles of the posterior distributions output from BAGPIPES . We 
only show the SEDs to 10μm for clarity. 
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Figure 4. Continued. 
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Figure 4. Continued. 

Figure 5. LEGACY survey gri image of the two potential galaxies associated 
with ID11. The large galaxy in the centre of the image is ID11a in 
Table 1 and the smaller galaxy to the south–east is ID11b. The dashed 
circle represents the FWHM of the synthesized beam of the MIGHTEE L1 
data. 

Table 3. Priors on the parameters used for BAGPIPES SED fitting. The 
parameters are (from top to bottom): the age of the galaxy, the SFR e- 
folding time τ , the stellar mass of the galaxy M� , the metallicity Z (in units 
of solar metallicity), the dust attenuation coefficient AV , the PAH mass 
fraction qPAH , the lower limit of starlight intensity distribution umin , the 
fraction of stars at umin γ , and the ionization parameter, U . 

Parameter Prior distribution 

Age Uniform ∈ [0 . 1 , 15 . 0] 
τ Uniform ∈ [0 . 3 , 10 . 0] 
log M∗ Uniform ∈ [1 . 0 , 15 . 0] 
log Z Uniform ∈ [0 . 0 , 2 . 5] 
AV Uniform ∈ [0 . 0 , 3 . 0] 
qPAH Uniform ∈ [0 . 1 , 4 . 58] 
umin Uniform ∈ [0 . 1 , 20 . 0] 
γ Uniform ∈ [0 . 0 , 0 . 5] 
log U Uniform ∈ [ −4 . 0 , −1 . 0] 

a  

t  

t
fi
a
o

nd using the observed scatter in this relation of 0.26 dex to estimate
he uncertainties. We do not use these values for the SFR, due to
heir large uncertainties compared to those derived from the SED 

tting, but their general consistency demonstrates that the galaxies 
re consistent with being normal star-forming galaxies, irrespective 
f how this is measured. 
MNRAS 544, 193–210 (2025)
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Figure 6. SFMS for the H I -detected galaxies (filled blue circles), with 
the two red circles representing the two possible counterparts to ID11. 
Uncertainties on the SFRs for many of the galaxies are within the size of 
the symbols (Table 1 ). The blue line denotes the SFMS line from K. E. 
Whitaker et al. ( 2014 ) and the red line is for the SFMS from R. Johnston et al. 
( 2015 ), alongside the 1 σ scatter around the main sequence (filled region), for 
galaxies at z = 0 . 35. The pink triangles denote the low-redshift MIGHTEE 

ES H I detections at z < 0 . 08 and the dashed black line shows the SFMS at 
z ∼ 0 . 02 from A. Saintonge & B. Catinella ( 2022 ). 
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Figure 7. H I mass versus the stellar mass for the H I -detected galaxies 
(filled blue circles), with the two red circles representing the two possible 
counterparts to ID11. The pink triangles denote the low-redshift MIGHTEE 

ES H I detections at z < 0 . 08 from M. N. Tudorache et al. ( 2024 ) and the 
black tri symbol represent the optically selected galaxies at z > 0 . 16 with H I 

detections from B. Catinella & L. Cortese ( 2015 ). The solid lines denote the 
scaling relations from stacking analyses of the H I emission based on optical 
spectroscopic redshifts for SFGs at z ∼ 0 . 35 (F. Sinigaglia et al. 2022 ; A. 
Bera et al. 2023 ). 
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.1 The star-forming galaxy main sequence 

ith these measurements of the host galaxy properties we are able
o investigate whether the galaxies are similar to H I detected galaxies
n the local Universe. In Fig. 6 , we show where the galaxies lie on the
 ∼ 0 . 35 star formation main sequence (SFMS; e.g. K. G. Noeske
t al. 2007 ; K. E. Whitaker et al. 2012 ; R. Johnston et al. 2015 ). As
ig. 6 shows, the galaxies lie on and above the main sequence for
tar-forming galaxies at these redshifts, with just one galaxy lying
elow the main sequence (ID6), which is a spiral galaxy (Fig. 4 )
ith a low SFR (Table 1 ). It is unsurprising that we preferentially

elect galaxies lying above the main sequence, given that the parent
ESI sample is targeted at emission line galaxies with relatively high
FRs. 
Also shown in Fig. 6 is the main sequence at z ∼ 0 . 02 from A.

aintonge & B. Catinella ( 2022 ) and data from M. N. Tudorache et al.
 2024 ) using a similar analysis as presented here, but for the direct
etections of H I galaxies from the MIGHTEE Early Science (ES)
ata release (see e.g. A. A. Ponomareva et al. 2023 ) without requiring
n optical spectroscopic redshift. The H I -rich galaxies presented M.
. Tudorache et al. ( 2024 ) generally lie above the local SFMS.
his suggests that pure H I selection at z ∼ 0 preferentially selects
alaxies with significant amount of ongoing star formation compared
o the more typical star-forming galaxies used in studies that define
he main sequence, whereas the galaxies that we detect at z ∼ 0 . 35
ppear to have a much greater variability in their position with respect
o the main sequence, although small number statistics prevent any
tronger statements. 

.2 The stellar-mass–H I -mass relation 

he stellar-mass–H I -mass scaling relationship with a sample se-
ected on H I emission is inherently biased to only probing the upper
nvelope of this relation (see e.g. H. Pan et al. 2023 for a discussion).
his stems from the fact that we are only able to detect the highest
 I mass sources at these high redshifts, due to the flux-density limit
NRAS 544, 193–210 (2025)
f the survey. However, for fields with very deep optical and near-
nfrared data, as is the case here, we are not as limited in terms of the
tellar mass that we can measure for such objects. This means that
e can detect galaxies with stellar mass of M� ≥ 108 M� at z ∼ 0 . 5

see e.g. fig. 3 in N. J. Adams et al. 2021 ). 
Fig. 7 shows the stellar-mass–H I -mass relation for our sample.

ne can immediately see that the objects presented in this paper lie
ignificantly above the stacking-derived scaling relations at similar
edshifts to our sample from F. Sinigaglia et al. ( 2022 ) and A. Bera
t al. ( 2023 ). For the reasons highlighted above, this is unsurprising
or a sample with clear H I detections. However, in Fig. 7 we also
how the stellar-mass – H I -mass for the low-redshift detections using
he MIGHTEE ES release from M. N. Tudorache et al. ( 2024 ). We
ee that all of our galaxies have much higher H I masses than the
ow-redshift detections. This suggests that we are only detecting the
alaxies at the bright end of the galaxy H I mass function, which
re rare in the local Universe and require large-area surveys to
nd them (e.g. S. Huang et al. 2014 ), and are not present in the
elatively small volume covered by the MIGHTEE ES data. If we
se the H I mass function from A. A. Ponomareva et al. ( 2023 ) and
ssume no evolution, then we would expect to detect of the order

50 galaxies with log 10 ( MHI / M� > 10 . 5) over a volume commen-
urate with an effective area of ∼4 deg2 over the redshift range
 . 24 < z < 0 . 4. Thus, the discovery of these 11 H I galaxies within
his field is expected, and more should be detected when a robust
ntargeted search is performed (Maksymowicz-Maciata et al., in
reparation). 

.3 The SFR–H I -mass relation and gas depletion time-scale 

n Fig. 8 , we show the SFR against the H I mass for our galaxies.
e find that the galaxies at z ∼ 0 . 35 generally lie above the scaling

elation between SFR and H I determined from the stacking analysis
f the MIGHTEE ES data (F. Sinigaglia et al. 2022 ). This difference
etween the stacking results and our results here can again be
xplained by the fact that with direct H I detections we are always
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Figure 8. H I mass versus the SFR for the H I -detected galaxies (filled blue 
circles), with the two red circles representing the two possible counterparts to 
ID11. The pink triangles denote the low-redshift MIGHTEE ES H I detections 
at z < 0 . 08. The solid blue line and orange band shows the scaling relations 
from the stacking analyses of the H I emission based on optical spectroscopic 
redshifts for SFGs at z ∼ 0 . 35 from F. Sinigaglia et al. ( 2022 ). 

Figure 9. H I mass versus the H I -gas depletion time for the H I -detected 
galaxies (filled blue circles) with the red circles denoting ID11. Also shown 
are the low-redshift H I- selected galaxies from M. N. Tudorache et al. ( 2024 ) 
(pink triangles). The horizontal magenta line is the median depletion time 
from S. Janowiecki et al. ( 2020 ) for a stellar-mass selected H I sample at 
0 . 01 < z < 0 . 05. 
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iased towards galaxies containing the most H I , otherwise they 
ould fall below our detection threshold. This is reinforced by the 

act that there is an overlap with the low-redshift H I -selected sample
resented in M. N. Tudorache et al. ( 2024 ), although at these higher
edshift the distribution is skewed towards higher SFRs. 

In Fig. 9 , we show the gas depletion time, defined as tdep =
H I /SFR , against the stellar mass for our sample. We find that 

he gas depletion times for these H I rich galaxies at relatively high-
edshift tend to be lower than those detected at low redshift from
he MIGHTEE ES data, with a mean (median) depletion time of
.1 Gyr (1.5 Gyr), respectively, compared to 9.6 Gyr (9.5 Gyr) for
he MIGHTEE ES H I sample from M. N. Tudorache et al. ( 2024 )
nd also the stellar-mass selected xGASS sample (S. Janowiecki 
t al. 2020 ). Given the large scatter in the gas depletion time for
ur sample, we cannot make any strong statements with respect 
o any differences to the low-redshift H I sample. Indeed, although 
he galaxies presented in this paper tend to have higher H I masses
han their low-redshift counterparts, this is counter balanced by their 
igher SFRs and underlines the importance of the galaxy stellar mass
n driving the key scaling relations (M. N. Tudorache et al. 2024 )
hat we observe in H I -selected samples. 

.4 The z ∼ 0 . 35 baryonic Tully–Fisher relation 

he Tully–Fisher relation (R. B. Tully & J. R. Fisher 1977 ) relates
he dynamical mass of rotation-dominated galaxies through mea- 
urements of the velocity rotation curve, with the amount of light
r observable mass present in the galaxy. It has been used as a
edshift independent method for determining the distance to galaxies 
nd as such is one of the key elements in studies to understand the
ulk flow of galaxies at relatively low redshifts (H. M. Courtois
t al. 2012 ; R. B. Tully et al. 2013 , 2019 ). However, the rotation
urves of the galaxies are the result of the mass distribution from all
omponents within the galaxy (stars, gas, and dark matter), which 
ay not be wholly captured by just tracing the stellar emission at a

iven waveband, although some wavebands are more suited to this 
han others (see e.g. A. A. Ponomareva et al. 2017 ). In particular,
ow-stellar-mass gas-rich systems require the mass in the gaseous 
omponent to be properly accounted for, and this gave rise to the
aryonic Tully–Fisher relation (bTFr), a tight relation that spans ∼ 5 
rders of magnitude in baryonic mass (S. S. McGaugh 2012 ; F. Lelli,
. S. McGaugh & J. M. Schombert 2016 ; F. Lelli et al. 2019 ; A. A.
onomareva et al. 2021 ). 
Cosmological hydrodynamic simulations, such as the SIMBA 

imulation (R. Davé et al. 2019 ) predict evolution in the bTFr (M.
lowacki, E. Elson & R. Davé 2021 ), which can be explained by the
erger histories of galaxies. However, an accurate measurement of 

he bTFr beyond the local Universe is difficult and only a few studies
ave attempted such a measurement (B. Catinella & L. Cortese 2015 ;
. R. Gogate et al. 2023 ), with the faintness of the 21-cm line

nhibiting detailed studies of the evolution of the bTFr with redshift.
ther emission lines have been used such as CO (S. Topal et al. 2018 )

nd ionized gas tracers such as H α (E. M. Di Teodoro, F. Fraternali &
. H. Miller 2016 ; A. L. Tiley et al. 2016 , 2019 ). However, both CO
nd H α tend to trace the central mass distribution of galaxies as the
as tracer does not extend beyond the optical disc, unlike the H I (B.
atinella et al. 2023 ). Furthermore, it is often difficult to reconcile
ifferent results due to the varying quality of the observational data
A. L. Tiley et al. 2019 ). Therefore, it is important to compare like
ith like across all redshifts to mitigate differences in the mass
istributions being traced by the dynamics, coupled with controlling 
he systematics between different observational strategies. 

Although many studies of the bTFr rely on resolved rotation 
urves, much of the information is actually contained within the 
elocity width of the integrated H I line, potentially removing the
eed to resolve galaxies in order to place them on the bTFr (F. Lelli
t al. 2019 ; A. A. Ponomareva et al. 2021 ; T. Yasin & H. Desmond
025 ). Simulations of H I galaxies have also examined the impact of
sing different integrated H I linewidths on the bTFr (M. Glowacki
t al. 2021 ). This is particularly pertinent as we move to higher
edshift, where resolving the H I line with current interferometers 
emains problematic, due to the need to balance surface brightness 
ensitivity (requiring large single-dish telescopes or short baselines in 
n interferometer) with high spatial resolution ( < 5 arcsec), requiring
igh sensitivity on baselines extending to at least 12 km, and is one of
he cornerstone science applications for the Square Kilometre Array 
SKA). Therefore, for our sample of unresolved galaxies we use the
elocity width at 50 per cent of the peak flux density ( W50 ). In the
MNRAS 544, 193–210 (2025)
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Figure 10. H I derived baryonic Tully–Fisher relation for our sample at 
z ∼ 0 . 35 (red triangles) using the inclination corrected measurements for 
W50 . The open red triangles represent the two plausible counterparts for 
ID11, both of which have stellar masses from the DESI catalogue. Note the 
filled and open triangles that are significantly offset from the local relation 
are IDs 10 and 11b, which have the lowest inclinations for our sample. The 
W50 for these galaxies should be treated with caution given previous studies 
of the bTFr only use galaxies with inclinations > 30 degrees to minimize the 
uncertainty in the projection to an edge-on disc. The blue points and dashed 
line denotes the data and best-fitting 0 < z < 0 . 08 baryonic Tully –Fisher 
relation of A. A. Ponomareva et al. ( 2021 ) based on the MIGHTEE ES Data 
Release, with the shaded region showing the observed scatter for this relation. 
The black tri symbols show the data for the optically selected H I detections 
in B. Catinella & L. Cortese ( 2015 ). 
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3 We note that using the scaling relations from the large compilation of galaxies 
at all redshifts from L. J. Tacconi, R. Genzel & A. Sternberg ( 2020 ) results 
in total baryonic masses ∼ 0 . 1 dex lower. The scatter in the total molecular 
gas mass as a function of galaxy mass is ∼ 0 . 5 dex and therefore this is well 
within the level of uncertainty. 
ases where there appears to be a double-horned profile, we take the
aximum flux density from each horn individually to estimate the

ower and upper frequencies from which to determine the velocity
idth. We vary the position of the peak and zero-flux density baseline
ithin the 1 σ noise of the data to estimate the measured uncertainty
n W50 . We then correct the line width for instrumental broadening
nd random motions following M. A. W. Verheijen & R. Sancisi
 2001 ), using the channel width of 104.5 kHz (corresponding to an
bserved velocity width of vob ∼ 16 km s−1 at z = 0 . 35) and we
dopt 5 km s−1 as an additional source of line broadening due to
urbulent motions (see e.g. A. A. Ponomareva, M. A. W. Verheijen &
. Bosma 2016 ). We note that the dominant contribution to the
ncertainties on our measured line widths is the finite channel width
f our data and does not depend strongly on the SNR of the detected
ine. An example of this is ID7, where although the integrated line
ux has an SNR = 4.5, the width of the line is very well defined
y the two peaks of the line and the very steep emission-line edges.
ther cases are not so clear cut, but we note that varying the height of

he peak of the line by the measured 1 σ noise does not significantly
mpact the measured line width and, as detailed below, the uncertainty
n the inclination dominates over all these uncertainties. 
The observed velocity widths then need to be corrected due to

he inclination of the galaxy. We follow the standard procedure of
sing the galaxy elliptical measurement from the g−band imaging
ata, and correct for the inclination ( i) to an edge-on disc using
os i = b/a, where a and b are the major and minor axes of the
alaxy. We assign an intrinsic uncertainty to the inclination of
 degrees for all our galaxies and this is carried through to the
verall uncertainty on the inclination corrected measurement of W50 .
e note that the uncertainty due to the finite channel width and

he inclination correction dominate the uncertainties presented in
able 1 , and adopting a thickness for the disc does not lead to different
esults. 

The baryonic mass ( Mbar ) is determined from both the measured
tellar mass and the H I mass given in Table 1 . Following the
iterature, we make a correction to the gas mass, multiplying by the
niversal value of a factor of 1.4 (see e.g. S. S. McGaugh 2012 ; A.
. Ponomareva et al. 2021 ), to account for the primordial abundance
f helium and metals. The contribution from the molecular gas
as been found to make a negligible contribution to the statistical
roperties of the bTFr at least at low masses (S. S. McGaugh
012 ; A. A. Ponomareva et al. 2018 ). However, there is a potential
igher contribution from molecular gas at higher galaxy masses. For
xample, B. Catinella et al. ( 2018 ) and A. Saintonge et al. ( 2017 )
how that the molecular gas content may have a similar mass to that
f the H I for galaxies with stellar mass M� > 1010 M�. Without a
irect measurement of the molecular gas content of these galaxies
t is impossible to accurately account for this in determining the
aryonic mass of a galaxy; however, we return to this later. 
In Fig. 10 , we show the position of our galaxies on the low-

edshift Baryonic Tully–Fisher relation of A. A. Ponomareva et al.
 2021 ). We find that all our galaxies lie within the scatter of the
ocal bTFr but probe much higher velocity widths and baryonic

asses. The fact that we do not detect any significant evolution in
he bTFr from the local Universe to z ∼ 0 . 35 with this sample, is not
ltogether surprising given the result of simulations, which suggest
elatively weak evolution (M. Glowacki et al. 2021 ). However, our
igh baryonic mass objects all tend to lie below the local relation,
ndicative of a flattening of the gradient at these high masses or high
edshifts. This would be in line with the expected evolution based on
he simulations presented in M. Glowacki et al. ( 2021 ). An alternative
xplanation for the flattening of the bTFr in the high-mass regime
NRAS 544, 193–210 (2025)
s that W50 tends to trace the maximum rotational velocity ( Vmax )
ather than the velocity at the flat part of the rotation curve ( Vflat ). In
ntermediate-mass galaxies with flat rotation curves, Vmax and Vflat are
onsistent. However, high-mass systems often have rotation curves
hat decline beyond the turnover radius, making Vflat systematically
ower than the circular velocity derived from the corrected width
f the global H I profile (S. Casertano & J. H. van Gorkom 1991 ;
. A. Ponomareva et al. 2016 ). Therefore, measuring the rotational
elocity from resolved rotation curves in these objects might place
hem back on to the straight line relation (E. M. Di Teodoro et al.
021 ), but higher resolution data would be required to make these
easurements. 
As mentioned previously, another possible explanation for the

pparent flattening of the bTFr at high masses and large rotation
elocities may also arise from our incomplete knowledge of the
olecular gas mass in these galaxies. To illustrate this, in Fig. 11 we

how the bTFr when we assume that the molecular gas mass is equal
o that of the measured H I mass (see e.g. fig. 4 in A. Saintonge & B.
atinella 2022 ). We now find that these higher redshift galaxies are
ore aligned with the local bTFr defined by lower-mass galaxies.
his result would need to be confirmed with direct measurements of

he molecular gas mass to determine whether the observed trend can
e explained without any evolution in the bTFr with redshift. 3 
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Figure 11. As Fig. 10 with the baryonic mass estimate including the 
contribution from the molecular gas mass, assuming the same mass as is 
present in H I for the galaxies presented in both this paper and B. Catinella & 

L. Cortese ( 2015 ). 
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Although the data are inconclusive with respect to showing strong 
vidence for evolution in the bTFr, this study does highlight the 
otential of using H I detections with the MeerKAT telescope (using
oth MIGHTEE and LADUMA) for studies of the evolution of the 
TFr to these redshifts and potentially higher with lower-frequency 
bservations and by utilizing stacking techniques (e.g. S. A. Meyer 
t al. 2016 ; H. Pan et al. 2021 ). 

 C O N C L U S I O N S  

sing the Data Release 1 of the spectral line cube of the MIGHTEE
urvey, we have searched for H I emission at the position and redshift
f emission-line galaxies with spectroscopic redshifts selected from 

he DESI survey. We identify eleven high-confidence ( > 4 σ ) H I

etections at 0 . 25 < z < 0 . 4. These add to the six high-redshift H I

alaxies at 0 . 38 < z < 0 . 5, recently discovered using data from the
ingle-dish FAST deep survey (H. Xi et al. 2024 ) demonstrating 
hat we are now entering an era where direct detections of 21-
m H I emission are possible over 5 billion years of cosmic time.
y design, our H I -rich galaxies have a wealth of ancillary data
vailable, allowing us to measure the host galaxy properties. Using 
ull spectral energy distribution fitting we derive the stellar mass and 
tar-formation rates for the H I galaxies. They generally lie on and
bove the galaxy SFMS, with just a single galaxy lying significantly 
elow the main sequence, and have similar stellar properties to their 
ow-redshift H I -selected counterparts. However, we find much larger 
 I gas reservoirs than their low-redshift ( z < 0 . 08) counterparts, but

heir discovery does not require any evolution in the local H I mass
unction due to the much larger comoving volume accessible over 
he higher redshift range. Indeed, we expect many more galaxies to 
e detectable at these redshifts through untargeted searches. 
Using the W50 parameter as a proxy for the rotation velocity of

he galaxies we are able, for the first time, to investigate whether
 > 0 . 25 H I galaxies lie on the local baryonic Tully–Fisher relation,
vercoming issues around different tracers of the gravitational 
otential of galaxies using different emission lines. We find that 
lthough the galaxies lie at the very high baryonic mass and high
otational velocity, they are consistent with the low-redshift relation 
nd we do not find any evidence for evolution, as expected based on
ydrodynamic simulations. However, we find tentative evidence for 
 flattening in the bTFr at these redshifts that could be attributed
o real evolution in the relationship between the baryonic mass 
nd gravitational mass. On the other hand, if the molecular mass
raction in the most massive galaxies is higher than for their low-
ass counterparts (e.g. A. Saintonge & B. Catinella 2022 ), and does

ecome a significant component of the baryonic mass then including 
his component may be sufficient to resolve the apparent flattening 
t high masses/redshifts. We also note that using the integrated 
ine width of the H I emission as a proxy for the flat part of the
otation curve at these high baryonic masses, which may lead to an
verestimate of the true rotational velocity. 

This study paves the way for future studies of H I beyond the
ocal Universe using searches targeted at known objects and using 
ure-H I selection. The data used in this study are derived from
pproximately a fifth of the overall areal coverage of the MIGHTEE
nd LADUMA surveys, and we can therefore expect many more 
etections of H I -rich galaxies at z > 0 . 25 using both the method
dopted here utilizing the wealth of spectroscopic redshifts in these 
elds, but also with blind searches. By combining MIGHTEE data 
ith the deeper observations from the LADUMA survey, we should 
e able to constrain the evolution of the H I mass function and
otentially the bTFr out to z ∼ 0 . 5, before the SKA comes online
owards the end of the decade. 
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