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ABSTRACT

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)
H1emission 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 HT masses than their low-redshift H1-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 H1 mass function. We
make the first-ever measurement of the baryonic Tully—Fisher relation (bTFr) with H 1at 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 HI beyond the local Universe, using both searches targeted

at known objects and via pure H1 selection.
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1 INTRODUCTION

Neutral hydrogen is the pristine reservoir of gas that underpins the
formation of all the galaxies in the Universe. This gas accretes on
to dark matter haloes, and subsequently forms molecular gas from
which stars emerge. Therefore, understanding its relation to galaxies
and the large-scale structure of the Universe over cosmic time is a
critical piece of information that is currently missing from our picture
of galaxy evolution. This is largely because direct observations of
the neutral atomic hydrogen are limited to either absorption line
studies of the Ly « transition, which require space-based ultraviolet-
sensitive spectrographs for studies at low redshift (z < 2), or deep
observations using radio telescopes to detect the 21-cm emission
from the spin-flip transition of the hydrogen electron.

Although the 21 cm emission is accessible to ground-based radio
telescopes, the transition probability is many orders of magnitude
lower than that for Ly o, and the 21 cm emission line is much fainter.
For this reason the detection of H1emission from individual galaxies
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at 21 cm has, until recently, been restricted to the relatively low-
redshift Universe, with large-area untargeted surveys only sensitive
toz < 0.1 (e.g. D. G. Barnes et al. 2001; R. Giovanelli et al. 2005). In
recent years, there has been effort to extend this redshift range using
deep targeted observations of galaxies (e.g. B. Catinella & L. Cortese
2015), galaxy clusters (Y. L. Jaffé et al. 2015, 2016), and surveys of
small regions of the sky with extensive multiwavelength data. An
example of the latter is the COSMOS H1 Large Extragalactic Survey
(CHILES), which reported the detection of what was the highest
unlensed H1 detection (X. Ferndndez et al. 2016) until recently,
although the validity of this has recently been called into question
(I. Heywood et al. 2024). Such targeted approaches have also been
complemented by spectral stacking of samples selected from optical
spectroscopic surveys. These provide statistical measurements of the
average H1 mass for various subsamples of galaxies based on star
formation rate (SFR), colour, stellar mass or environment (e.g. F.
Sinigaglia et al. 2022, 2024; A. Bera et al. 2023; A. Bianchetti et al.
2025).

The new Five-hundred-meter Aperture Spherical Telescope
(FAST) deep survey has recently reported the detection of six H1-
detected galaxies at 0.38 < z < 0.5, utilizing the vast collecting
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area of the single dish (H. Xi et al. 2024). However, the poor
angular resolution of single-dish telescopes can lead to overestimates
of the HTI mass in individual systems due to possible confusion
with neighbouring gas-rich galaxies. Deep spectral-line observations
with interferometers can therefore play a crucial role in enhancing
our understanding of neutral hydrogen in galaxies. The MeerKAT
telescope is ideally suited to this goal, combining extremely high
sensitivity with a baseline distribution that is sensitive to diffuse
emission, characteristic of low-density HT gas in galaxies. Indeed,
several of the large survey programmes using the MeerKAT telescope
are designed to target this diffuse HI emission with a variety of
science goals. The most relevant to the search for high-redshift H1
emission are the deep extragalactic surveys, namely the MeerKAT
International Tiered Extragalactic Exploration (MIGHTEE) Survey
(M. Jarvis et al. 2016) and the Looking at the Distant Universe
with the MeerKAT Array (LADUMA,; S. Blyth et al. 2016). These
surveys have also recently found the two highest redshift hydroxyl
megamasers to date (M. Glowacki et al. 2022; M. J. Jarvis et al. 2024),
demonstrating that they also have the potential to detect spectral lines
from high-redshift galaxies.

In this paper, we report on a targeted search for H1 emission from
individual galaxies at 0.25 < z < 0.5 using optical spectroscopic
redshifts from the Dark Energy Spectroscopic Instrument (DESI)
Early Data Release (DESI Collaboration 2024), using the recent
release 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
data that we use to identify potential H1 galaxies at 0.25 < z < 0.5.
Section 3 details how we search for the H1 galaxies using the optical
spectroscopic information and also how we mitigate against false
positives. In Section 4, we investigate the sample properties through
various scaling relations and the baryonic Tully—Fisher relation
(bTFr), using the wealth of ancillary data over the field to carry
out spectral energy distribution fitting to derive the host galaxy
properties. Our conclusions are presented in Section 5. Throughout
this paper, we assume ACDM (Lambda cold dark matter) cosmology
with Hy = 70 kms~! Mpc~! and Qy = 0.3 and Q, = 0.7.

2 DATA

The MeerKAT International GigaHertz Tiered Extragalactic Explo-
ration survey (M. Jarvis et al. 2016) is a medium-deep, medium-
wide survey providing simultaneous radio continuum (I. Heywood
et al. 2022; C. L. Hale et al. 2025), spectral line (N. Maddox et al.
2021; I. Heywood et al. 2024), and polarization observations (A.
R. Taylor et al. 2024). It will eventually cover the four well-known
extragalactic deep fields: COSMOS, XMM-LSS, Extended Chandra
Deep Field South (ECDFES), and ELAIS-S1. The MIGHTEE Data
Release 1 L1 spectral line cube over the COSMOS field, described in
I. Heywood et al. (2024), extends over ~ 5 deg?, with a spectral range
960-1150 MHz, channel width of 104.5 kHz, and angular resolution
FWHM~ 15 arcsec. We use this cube to search for neutral hydrogen
emission at the position and redshift of galaxies with measured
optical spectroscopic redshifts from the DESI public catalogue (DESI
Collaboration 2024).

DESI provides the ideal database for targeting potential HI-rich
galaxies over the redshift range accessible with the MIGHTEE
spectral cube, due to the targeting of emission line galaxies that are
likely actively star forming with large gas reservoirs. We downloaded
the DESI catalogue covering the footprint of the MIGHTEE-HI
Data Release 1 and limited the redshift range to 0.23 < z < 0.5, i.e.
corresponding to the redshifts that are accessible with the L1 spectral
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Figure 1. Histogram of the redshift distribution of the parent DESI redshift
catalogue over the MIGHTEE-H1 DR1 area for the redshift range 0.23 <
z < 0.5, corresponding to the MIGHTEE-L1 spectral window.

window (960-1150 MHz) defined in I. Heywood et al. (2024), and
where the radio data has relatively low noise. The redshift distribution
for the optical spectroscopic redshifts is shown in Fig. 1. We then
extracted 80 x 80 arcsec” cubelets covering the full spectral window
of the L1 data, at the position of each optical spectroscopic source
that fell within the redshift range 0.25 < z < 0.5. In this initial step,
there were 915 galaxies with data in the MIGHTEE-L1 spectral cube.

3 THE SEARCH FOR H1 GALAXIES

We are searching for what may be faint line emission, likely with
a broad range of line widths and profiles. We therefore choose
to initially identify potential candidates by eye. To do this we
first collapse 3D cubelets to 2D images covering 80 x 80 arcsec?
centred on the optical galaxy position, summing the emission from
a spectral region of &1 MHz (£285km s~ at a central frequency
of ~ 1050 MHz) at the frequency of HI that corresponds to the
optical spectroscopic redshift. The signal-to-noise ratio (SNR) in the
collapsed image depends on both the width and the flux within any
putative emission line. We therefore also extracted, in parallel, the
1D spectrum spanning a much larger spectral region of ~ 13 MHz
(see Fig. 2) for all the 915 spectroscopically detected galaxies using
a 10 x 10 arcsec? aperture, centred on the optical galaxy position, to
also check if there was a prominent signal in the spectral dimension.
We then visually assessed whether there was likely to be an emission
line at the redshift of the optical galaxy using both the collapsed
image and the 1D spectrum with the following: (i) a prominent
signal in the 2D collapsed image centred within 4 arcsec of the spatial
position (well within the positional accuracy of an unresolved source
but accounting for any possible emission that may be offset from the
centre, e.g. in an extended disc), and which appeared similar in extent
to the main lobe of the synthesized beam, and (ii) have significant
emission above the noise in the spectral domain, at the frequency
corresponding to H1 at the optical redshift, and which spans at least
five spectral channels (~ 150km s~! at z ~ 0.35).

At this stage no statistical measurement is made to quantify the
robustness of the candidates. As such, this stage should purely
be seen as an initial filtering of the most likely HI-emission line
candidates, removing obviously noisy regions and noise spikes below
the resolution of the data. We also note that given this initial selection
then one should be judicious about what science the final sample is



MIGHTEE-H i—detected galaxies at 7 > 0.25 195

B s i B I
100 3L — log1o(Mu/M o) =10.2320.10
5o1200" ’s [ == Zgpt = 0.2647
0.2] .
50 ~ > [ ]
g " IE E‘ L 4
£ 1140 % & T 01 h
£ o L 2 Tt A A (\ ]
© N £ r 1
8 _25 :‘>:‘ 8 0 07 ,\4 A A.A. n | n [\ AA’
" - = x ¥ U v V i \ | | U V N
20 s X [ 1
—50 e [ 1
, ' -5 —0.1p ]
oo* ' \ ]
hggmy7s s s s -02& . 1
oS8T 167 137 14 1118 1120 1122 1124 1126 1128
Right Ascension Frequency / MHz
e S S B
r — log10(My/Mo) =10.41+0.08
2°10°20" 150 0.4F - z,,,=0.2604 ]
c L s> 03F 3
a7
o 00" 100 ¢ E s
E § 2 %% E
S E [
9] T 9 0.1p 4
O 09140 > A
- 3 n r\
0 Z 0.0 ' ‘V
20" -50 -0.1f va\] W
heqm s s s 02 . .
9USEmaGe 45T 44t 43 1122 1124 1126 1128 1130 1132
nght Ascension Frequency / MHz
S
2°17'40" 0-37 — Jog1o(Mu/M o) =10.58+0.09 ]
100 [ - Zop = 0.3447
. 0.2 ]
20" 50 o = f
C I E
2 £ < [
g " i ol 0
3 [
o 2 x 0.0 ﬂ N | | A A
-50 E Wv W\j\lv v vV V U\/J\IV \J
16'40"
—100 -0.1y b
h S S s T T O Y Y Y O S O N A S S SO AN SO ST SO NN |
orsomarr 26% 23 24 1050 1052 1054 1056 1058 1060 1062
Right Ascension Frequency / MHz
©19'00" T e il
2°19'00 125 037 — logyo(Mu/M o) =10.22+0.14 ]
100 [ - Zopt = 0.2654 ]
18'40" 75 > 0.21- b
S - E T ]
= so E < | ]
£ g 2 olp ]
S 200 25 2 [ 1
[ T 8 L
o 0o X r A .
5 00 I V,
N - \]W‘ U\,\]
-50 -0.1
h m, s s s s | T T AN SR S NN S SR | P L L |
10°00m04? 03 027 01 1116 1118 1120 1122 1124 1126 1128
Right Ascension Frequency / MHz

Figure 2. 80 x 80 arcsec’> 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-O maps denote the 2, 3, 4, 5, and 60 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 HI 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.

L
1086

L1
1088



2015'20" 100
75
< T
2 00" 50 g
o o
£ 25 o
8 N
T
O 14'40" 0 >
-25
20" -50
10"01m54°5 53° 525 51°
Right Ascension
2°05'20"
125
100
00" 75
5 50 p
= S
s 25 O
£ o440 Q
] o X
a) =
-25
20"
-50
-75
10"01M545 53° 525 51s
Right Ascension
2°11'40" 300
200
< 20 -
S €
© 100 ©
< g
EJ) 00" N
T
[a 0 >
10'40" ~100

10M04™05s 045 035 02°
Right Ascension

MIGHTEE-H i—detected galaxies at 7 > 0.25

197

03FT T T T T T T =
[ — log10(My/Mo) =10.60+0.11
b - Zopr = 0.3841
0.2] :
> L
€ L
S 0'1f A -
‘@
C
P TV TP e
x YTV U \[V W’ T PO
E L
-0.1
-0.2, L1 N T B L1 L1 1]
1020 1022 1024 1026 1028 1030 1032
Frequency / MHz
e . . e e
0.3 — 10910(Mu/Mo) =10.24£0.11 ]
[ - Zopr = 0.2672 ]
0.2f ]
e [ ]
E i ]
> 01F A
: |l
g ool A« [T IR T
o 0.0 V\’\/ " TV V\/jVV’
x L
E [
w L
-0.1F \I vvvw ]
-0.2F
o b e e e e e L
1116 1118 1120 1122 1124 1126
Frequency / MHz
08F " T T~ T T T T T T T T T =
r — log10(Mm/Mo) =10.85+0.11
[ - Zopt = 0.3285
O.Gj —
= [
E o04f .
> [
£ [
g) 0.2+ AA b
E o_(jnhh” AA/\.“\A A IA/\A(\(\ AAA A
S L 1
-0.2f .
:\\\\\\\\\\\\\\\\\\\\\\\\\\
1064 1066 1068 1070 1072 1074

Frequency / MHz

Figure 2. Continued.

used for, for example one should not attempt to perform statistical
studies that rely on accurate estimates of the sample completeness.
This initial selection led to 43 candidates to be investigated in more
detail.

Using the extracted 1D spectrum for each of the objects we
measured the integrated flux across the plausible HI emission line
by estimating where the flux of the identified line appears to fall
to a mean of zero and remains around zero. This allows for the
potential of real line structures that may, for example, exhibit troughs
between two peaks caused by a rotating disc. We also account for
the synthesized beam area by scaling the flux by the ratio of the peak
flux to the 10 x 10 arcsec? aperture flux in the synthesized beam, and
assuming that the H1 emission region is unresolved at the resolution

(~ 15 arcsec FWHM) of the MIGHTEE L1, robust = 0.0 spectral
cube (see I. Heywood et al. 2024, for further details). The ~ 15
arcsec resolution of the data corresponds to ~ 75kpc at z ~ 0.35,
which if we assume the local relationship between H1 mass and the
diameter of H1discs (e.g. A. H. Broeils & M. H. Rhee 1997; M. A. W.
Verheijen & R. Sancisi 2001; S. H. A. Rajohnson et al. 2022) holds
at z ~ 0.35, corresponds to HI masses of My ~ 10'0 Mg. Thus,
although it is possible that high H I-mass galaxies may be marginally
resolved in our data, the amount of missing flux is likely to be small
with our measurement using an aperture of 10 x 10 arcsec?.

To determine the SNR of the integrated line flux, we measured the
integrated flux across ~ 500 similar-sized regions within 2 arcmin
of the central source of interest, using the same number of channels

MNRAS 544, 193-210 (2025)
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over which we determine the emission line flux, as indicated by the
blue part of the spectra in Fig. 2, varying both the central position
and the central frequency (within 10 MHz of the HI emission line
candidate). This method for estimating the noise accounts for the
intrinsic noise variation across the mosaicked COSMOS cube, both
spatially and spectrally, whilst also accounting for the correlated
noise within the size of the extracted region. Using these ~ 500
positions, we measure the 16th and 84th percentiles of the flux-
density histogram to determine the noise for the 3D voxel used to
extract the H1 emission line. As we make no a priori assumption
of Gaussianity or symmetric noise, we determine the mean of the
50th-16th and 84th—50th percentiles, and calculate the SNR as the
emission line flux divided by this value. We note that the 16th
and 84th percentiles are broadly similar around the median 50th
percentiles, suggesting that the noise is largely Gaussian. To confirm
this, we use the Anderson—Darling test (T. W. Anderson & D. A.
Darling 1952) and find that the distribution is consistent with being
Gaussian at > 95 per cent confidence. The noise distribution around
IDs 2 and 3 are marginally rejected at this level, and this is reflected
in the estimate of the SNR ratio for these objects. We use these
individual noise estimates for each source to calculate the SNR of
the integrated line flux and retained all galaxies in our sample with
an integrated line flux SNR > 4. This resulted in a final sample of
11 H1 detected galaxies.

The H1masses for these 11 galaxies were determined by summing
the spectrum across the estimated spectral extent of the H1 emission
line using equation 45 in M. Meyer et al. (2017), under the assumption
of the line being optically thin. We use the noise extracted from the
~ 500 independent voxels to determine the 1o uncertainty on the H1
mass. The spectra for the final high-confidence (SNR > 4) sample are
presented in Fig. 2, alongside the moment-0 maps spanning 80 x 80
arcsec? integrated over the emission line (shown in blue in Fig. 2).
H1 properties of the sources are provided in Table 1.

We note that an SNR> 4 at the position and redshift of a known
galaxy means that the actual probability of the source being real is in
facthigher than 4o, as we are estimating the noise at random positions
but the candidate itself is already known to have a coincident optical
counterpart at the redshift of the H1emission line. However, a danger
when searching for emission-line galaxies by eye is the possibility
of confirmation bias, i.e. knowledge of where a line should be may
lead to the ‘detection’ of more spurious sources.

We therefore repeated the search for HI emission at positions
offset from the optical galaxy position by 50 arcmin, but at the
same redshift. This resulted in 34 potential candidates. We carry
out the same analysis of determining the integrated SNR across the
putative emission lines, but all were ruled out by the final cut requiring
SNR> 4 to be considered a significant detection. The fact that we find
~ 20 per cent fewer potential sources at the offset positions by the
same search method used for optical spectroscopic redshift, supports
the number of sources that we identify as robust candidates (i.e. 11
of our initial sample of 43 galaxies were retained). This check also
accounts for any possible non-Gaussianity in the noise resulting in
spurious positive detections, if the noise properties of the data cubes
were skewed towards positive fluxes. Although we note that the noise
across the spectral cubes has been shown to be consistent with being
Gaussian (I. Heywood et al. 2024). We are therefore confident that
the 11 sources presented are highly likely to be real H 1 detections.

Another possible source of false positives, particularly when
selecting based on properties related to star formation (i.e. with
our spectroscopic redshift selection), is the possible presence of
radio continuum emission at the position of the candidate HI
detection. Such continuum emission may not only increase the noise
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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 8 um, 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. S »g 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 SFRy,4i, based
on the radio flux density. The uncertainty on SFR,4io 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 So 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 FarlR Radio

ID log;o(M,/Mo) SFR/Mg yr! log;o(M,/Mo) SFR/Mg yr~! Si.28/ 1y SFR/Mg yr!
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 6.24+0.5 9.86 +0.10 212424 85+ 8 9+7
3 10.45 £0.04 33403 10.63 +0.07 16.9 +2.2 844 2+1
4 9.93 +0.03 1.0£0.1 10.12 £ 0.04 35404 0+4 01
5 10.70 £0.05 21.8+ 1.6 10.78 + 0.04 334445 4205 81466
6* 10.49 +0.02 1.1+£0.1 10.66 £ 0.06 3.6+14 9+4 11
7 10.39 £0.02 37403 10.31 + 0.04 27.3+3.1 39+5 6+5
8 9.86 +0.02 2.740.2 9.75 + 0.04 1.1£13 30+ 8 5+4
9 10.75 £ 0.02 47+£04 10.81 £ 0.04 27.9+£3.0 19+4 5+4
10 10.56 + 0.02 41403 10.54 + 0.06 29.8+4.9 82+6 9+38
11af 11.40£0.15 8.4+183 71+38 12£10
11bt 10.76 + 0.14 10.0£10.2 76 + 8 14+ 11
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at the position of the sources, but if the continuum subtraction
leaves artefacts they may manifest as putative HI lines. We use
the MIGHTEE radio continuum Data Release 1 (C. L. Hale et al.
2025) to determine the radio continuum flux density of our 11 HI
detections. We find 9 of the 11 are detected in the radio continuum
map, and their flux densities at ~ 1.28 GHz are given in Table 2.
Although it would be very unlucky for an artefact from imperfect
continuum subtraction to reside at the exact frequency corresponding
to the optical redshift, we check whether there are any detections with
SNR> 4 at the spatial position of our sources but spanning the full
frequency range of the L1 cube, excluding the region around the
optical redshift. We find no lines with SNR> 4 along the spectral
frequency window, lending further confidence to the robustness of
our H1 detections.

As a further check on the robustness of our HI emission-line
candidates, we also remeasure the SNR using the noise characteristics
measured from random spatial positions around the source but fix the
frequency range to that of the extracted emission lines. This allows us
to assess whether there is increased noise at the specific frequency of
the emission, e.g. from radio-frequency interference. We do this for
both an aperture spanning the 10 x 10 arcsec” used in the selection,
and also from the single pixel at the position of the optical galaxy.
Both methods have pros and cons. The first assumes the correction
from an aperture flux to a total flux using the synthesized beam and
an appropriate correction factor. This method potentially measures
additional flux if the source is marginally resolved providing a
more appropriate measurement of the total HI content for such
sources and also smooths out noise variations from single-pixel
measurements of the peak flux. We note that this effect may be
important given our initial selection of inspection by eye, which
would favour including sources with ‘hot pixels’ at the position of
the optical galaxy. The second method assumes that the H1 emission
is completely unresolved and adopts the assumption that the peak H 1
flux is representative of the total HT flux of the galaxy.

We list the SNRs measured using these different estimates in
Table 1 alongside the SNR used to identify the H1 emission line
in the first instance. One can see that the SNR can vary significantly
dependent on the method used to estimate the noise. In particular,
there are significant differences in the SNR between the aperture
measurements and the single-pixel peak flux measurements. This
suggests that some of the galaxies may be marginally resolved at
the resolution of our data, indeed the 5 objects with low SNR from
the single-pixel peak-flux measurement show extended contours in
their emission (Fig. 2). The optical data (Fig. 4) also suggest that
this may be the case, with many of the sources showing extended
morphologies over 5-15 arcsec. Thus, our estimates for the HI
mass are dependent on this. We therefore provide a systematic
uncertainty on the H I mass in Table 1, for which we use the difference
between the single pixel flux measurement and the aperture flux
measurement, noting that the aperture flux will be closer to the
true line flux for marginally resolved sources, although we still may
miss more extended emission. Such extended flux could potentially
be recovered by using a larger aperture; however, increasing the
aperture would also increase the noise and consequently decrease
the SNR on the detection. Given that the sources are only likely
to be marginally resolved, the missing HI mass is likely to be low.
We therefore adopt the systematic uncertainty derived above and
assume it is symmetric around the measured HI mass to account
for uncharacterized extended emission. As a check, we convolve a
typical disk galaxy of 16 arcsec in extent with the beam of our data,
and find that the missing flux is < 10 per cent for the total flux, well
within the conservative systematic uncertainties that we adopt. After
these additional checks, ID3 becomes a significantly less secure
candidate, with a SNR = 1.5 from its single-pixel measurement.
ID9 has a SNR = 2.7 from the single-pixel measurement, however
we retain them both in our sample as they formally meets the
original selection criteria, although we caution that they may be
false positives.
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Figure 3. Redshift versus HI-mass for the final sample of HI1 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).

Our high-confidence sources span the redshift range 0.25 < z <
0.39 with no reliable sources at 0.39 < z < 0.5, even though the
L1 cube extends to frequencies corresponding to these redshifts.
Given that we detect one source at a SNR = 6.4 with z = 0.3285,
naively it may be surprising that we do not detect any sources at
higher redshifts. However, the redshift distribution of the parent DESI
galaxy sample, shown in Fig. 1, shows that ~ 75 percent of the
sample lies at 0.25 < z < 0.4 compared to ~25 per cent at 0.4 <
z < 0.5. Thus, itis unsurprising that we do not detect any H1emission
at 0.4 < z < 0.5 given the redshift distribution of the parent sample,
coupled with the depth of the MIGHTEE data.

Fig. 3 shows the redshift versus HI mass plane for the eleven HI-
detected galaxies and full information for the sample is also provided
in Table 1.

4 Hi GALAXY SAMPLE PROPERTIES

The MIGHTEE survey fields were chosen to overlap with surveys
at other wavelengths, providing a wealth of ancillary data with
which to determine the properties of host galaxies for both HI and
radio continuum sources. We cross-matched the high-confidence
H1 galaxies with the Deep Extragalactic VIsible Legacy Survey
(DEVILS; L. J. M. Davies et al. 2018) photometric catalogue (L.
J. M. Davies et al. 2021). This catalogue provides ultraviolet through
to mid- and far-infrared data measured in a consistent way (using
ProFOUND; A. S. G. Robotham et al. 2018) on imaging data from
the Galaxy Evolution Explorer (GALEX; M. A. Zamojski et al.
2007), the Canada—France—Hawaii Telescope (CFHT; O. Ilbert et al.
2006; P. Capak et al. 2007) (u#-band), HyperSuprimeCam (HSC;
H. Aihara et al. 2019) (grizy), Visible-Infrared Survey Telescope
for Astronomy (VISTA; H. J. McCracken et al. 2012; M. J. Jarvis
et al. 2013) (YJHK,), Spitzer Space Telescope (C. J. Lonsdale
et al. 2003; D. B. Sanders et al. 2007; J. C. Mauduit et al. 2012)
(mid-infrared), and the Herschel Space Observatory (S. J. Oliver
et al. 2012). We find that ten of the galaxies (IDs 1-10) are in the
DEVILS catalogue and we show postage stamps of these data in
Fig. 4.
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ID11 lies beyond the area covered by the multiwavelength data
and we use the data from the LEGACY survey' for this source.
There are two plausible counterparts for ID11 within the MIGHTEE
synthesized beam, which lie 7.7 arcsec apart (Fig. 5) and separated
by ~ 180km s~!. We therefore use the stellar mass and SFR given in
the DESI catalogue, noting that these are based on a more limited set
of imaging data and therefore more uncertain than the stellar masses
and SFRs determined for IDs 1-10, and provide the information
for both potential counterparts. However, it is feasible that the HI
emission we detect has a contribution from both of these galaxies
given their close proximity both spatially and in redshift space. This
may also explain the high HI mass and very high velocity width
of the line, although we note that the width of the line is highly
dependent on whether the line is truly double-horned. We therefore
denote these with red symbols in all subsequent relevant figures.

For IDs 1-10, we use BAGPIPES? (A. C. Carnall et al. 2018) to fit
the SEDs. For our sample of galaxies, given that we already have
spectroscopic redshifts, we fix the redshift values and run BAGPIPES
with the G. Bruzual & S. Charlot (2003) stellar population models
with a G. Chabrier (2003) initial mass function to estimate the stellar
mass 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
history, following M. N. Tudorache et al. (2024). We use 22-band
photometry from the far-ultraviolet through to the far-infrared for
determining the stellar mass and SFR from these SED fits. We adopt a
minimum flux—density uncertainty of 5 per cent for the observations
up to 4.5 um and 20 per cent for the observations longwards of
this, to account for both zero-point fluctuations, recognizing that the
synthetic templates are not perfect representations of SEDs of real
galaxies. However, for some of our galaxies the relatively low spatial
resolution of the mid- and far-infrared data may result in some of
this emission arising from neighbouring galaxies that lie within the
point-spread function of these data. We therefore, also fit the SEDs
using a restricted set of imaging data up to and including the 8 pum.
The SED fits, using the 50th percentile of the posterior distribution,
for these ten galaxies are shown in Fig. 4 and the derived properties
are given in Table 2. The quoted uncertainties are the 16th and 84th
percentiles of the posterior distributions over all parameters within
the prior range, but do not account for variations that may arise by
using different stellar population synthesis models or initial mass
functions, which can result in systematic offsets of up to 0.1 dex in
stellar mass and 0.3 dex in SFR (C. Pacifici et al. 2023).

We find that the stellar mass and SFRs are broadly consistent
between the fits with and without the far-infrared data, although
using the far-infrared data tends to reduce the stellar masses and
SFRs slightly due the far-infrared emission effectively limiting the
dust emission, and thus reducing the SFRs. Thus, the true uncertainty
on the stellar mass and SFRs are more accurately reflected in the
differences between these fits, with and without long-wavelength
data. However, we use the stellar masses and SFRs derived from just
using the data up to 8um in the SED fitting for the remainder of
the paper, to mitigate against confusion at the longer wavelengths.
For completeness, in Table 2 we also provide the SFRs determined
using the radio continuum data, using the relation between SFR and
1.4 GHz radio luminosity from E. F. Bell (2003). We adopt a spectral
index of « = —0.7 for the spectral slope (S, o« v*) to convert the
radio flux densities from 1.28 GHz to rest-frame 1.4 GHz luminosity

Iviewer.legacysurvey.org
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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 10 pum for clarity.
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Figure 5. LEGACY survey gri image of the two potential galaxies associated
with ID11. The large galaxy in the centre of the image is ID1la 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 7, the stellar mass of the galaxy M,, the metallicity Z (in units
of solar metallicity), the dust attenuation coefficient Ay, the PAH mass
fraction gpan, the lower limit of starlight intensity distribution up;,, the
fraction of stars at upi, ¥, and the ionization parameter, U.

Parameter Prior distribution
Age Uniform € [0.1, 15.0]

T Uniform € [0.3, 10.0]
log M, Uniform € [1.0, 15.0]
log Z Uniform € [0.0, 2.5]
Ay Uniform € [0.0, 3.0]
qPAH Uniform € [0.1, 4.58]
Umin Uniform € [0.1, 20.0]

y Uniform € [0.0, 0.5]
logy, Uniform € [—4.0, —1.0]

and using the observed scatter in this relation of 0.26 dex to estimate
the uncertainties. We do not use these values for the SFR, due to
their large uncertainties compared to those derived from the SED
fitting, but their general consistency demonstrates that the galaxies
are consistent with being normal star-forming galaxies, irrespective
of how this is measured.
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Figure 6. SFMS for the HI-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 1o scatter around the main sequence (filled region), for
galaxies at z = 0.35. The pink triangles denote the low-redshift MIGHTEE
ES H1 detections at z < 0.08 and the dashed black line shows the SEMS at
z ~ 0.02 from A. Saintonge & B. Catinella (2022).

4.1 The star-forming galaxy main sequence

With these measurements of the host galaxy properties we are able
to investigate whether the galaxies are similar to HI detected galaxies
in the local Universe. In Fig. 6, we show where the galaxies lie on the
z ~ 0.35 star formation main sequence (SFMS; e.g. K. G. Noeske
et al. 2007; K. E. Whitaker et al. 2012; R. Johnston et al. 2015). As
Fig. 6 shows, the galaxies lie on and above the main sequence for
star-forming galaxies at these redshifts, with just one galaxy lying
below the main sequence (ID6), which is a spiral galaxy (Fig. 4)
with a low SFR (Table 1). It is unsurprising that we preferentially
select galaxies lying above the main sequence, given that the parent
DESI sample is targeted at emission line galaxies with relatively high
SFRs.

Also shown in Fig. 6 is the main sequence at z ~ 0.02 from A.
Saintonge & B. Catinella (2022) and data from M. N. Tudorache et al.
(2024) using a similar analysis as presented here, but for the direct
detections of HI galaxies from the MIGHTEE Early Science (ES)
datarelease (see e.g. A. A. Ponomareva et al. 2023) without requiring
an optical spectroscopic redshift. The H I-rich galaxies presented M.
N. Tudorache et al. (2024) generally lie above the local SFMS.
This suggests that pure HI selection at z ~ O preferentially selects
galaxies with significant amount of ongoing star formation compared
to the more typical star-forming galaxies used in studies that define
the main sequence, whereas the galaxies that we detect at z ~ 0.35
appear to have a much greater variability in their position with respect
to the main sequence, although small number statistics prevent any
stronger statements.

4.2 The stellar-mass—H 1-mass relation

The stellar-mass—H I-mass scaling relationship with a sample se-
lected on H1emission is inherently biased to only probing the upper
envelope of this relation (see e.g. H. Pan et al. 2023 for a discussion).
This stems from the fact that we are only able to detect the highest
H1mass sources at these high redshifts, due to the flux-density limit
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Figure 7. HI mass versus the stellar mass for the HI-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 HI1 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 H1
detections from B. Catinella & L. Cortese (2015). The solid lines denote the
scaling relations from stacking analyses of the HI emission based on optical
spectroscopic redshifts for SFGs at z ~ 0.35 (F. Sinigaglia et al. 2022; A.
Bera et al. 2023).

of the survey. However, for fields with very deep optical and near-
infrared data, as is the case here, we are not as limited in terms of the
stellar mass that we can measure for such objects. This means that
we can detect galaxies with stellar mass of M, > 108 Mg atz ~ 0.5
(see e.g. fig. 3in N. J. Adams et al. 2021).

Fig. 7 shows the stellar-mass—HI-mass relation for our sample.
One can immediately see that the objects presented in this paper lie
significantly above the stacking-derived scaling relations at similar
redshifts to our sample from F. Sinigaglia et al. (2022) and A. Bera
et al. (2023). For the reasons highlighted above, this is unsurprising
for a sample with clear H1 detections. However, in Fig. 7 we also
show the stellar-mass — H I-mass for the low-redshift detections using
the MIGHTEE ES release from M. N. Tudorache et al. (2024). We
see that all of our galaxies have much higher HI masses than the
low-redshift detections. This suggests that we are only detecting the
galaxies at the bright end of the galaxy HI mass function, which
are rare in the local Universe and require large-area surveys to
find them (e.g. S. Huang et al. 2014), and are not present in the
relatively small volume covered by the MIGHTEE ES data. If we
use the HI mass function from A. A. Ponomareva et al. (2023) and
assume no evolution, then we would expect to detect of the order
~ 50 galaxies with log,,(Mur/Mg > 10.5) over a volume commen-
surate with an effective area of ~4 deg? over the redshift range
0.24 < z < 0.4. Thus, the discovery of these 11 HI galaxies within
this field is expected, and more should be detected when a robust
untargeted search is performed (Maksymowicz-Maciata et al., in
preparation).

4.3 The SFR-H 1-mass relation and gas depletion time-scale

In Fig. 8, we show the SFR against the HI mass for our galaxies.
We find that the galaxies at z ~ 0.35 generally lie above the scaling
relation between SFR and H1 determined from the stacking analysis
of the MIGHTEE ES data (F. Sinigaglia et al. 2022). This difference
between the stacking results and our results here can again be
explained by the fact that with direct H1 detections we are always
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Figure 9. H1 mass versus the HI-gas depletion time for the HI-detected
galaxies (filled blue circles) with the red circles denoting ID11. Also shown
are the low-redshift H 1-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 HI sample at
0.01 < z < 0.05.

biased towards galaxies containing the most HI, otherwise they
would fall below our detection threshold. This is reinforced by the
fact that there is an overlap with the low-redshift H 1-selected sample
presented in M. N. Tudorache et al. (2024), although at these higher
redshift the distribution is skewed towards higher SFRs.

In Fig. 9, we show the gas depletion time, defined as 4., =
My, /SFR, against the stellar mass for our sample. We find that
the gas depletion times for these H1 rich galaxies at relatively high-
redshift tend to be lower than those detected at low redshift from
the MIGHTEE ES data, with a mean (median) depletion time of
3.1 Gyr (1.5 Gyr), respectively, compared to 9.6 Gyr (9.5 Gyr) for
the MIGHTEE ES H1 sample from M. N. Tudorache et al. (2024)
and also the stellar-mass selected XGASS sample (S. Janowiecki
et al. 2020). Given the large scatter in the gas depletion time for
our sample, we cannot make any strong statements with respect
to any differences to the low-redshift H1 sample. Indeed, although
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the galaxies presented in this paper tend to have higher H1 masses
than their low-redshift counterparts, this is counter balanced by their
higher SFRs and underlines the importance of the galaxy stellar mass
in driving the key scaling relations (M. N. Tudorache et al. 2024)
that we observe in H I-selected samples.

4.4 The z ~ 0.35 baryonic Tully-Fisher relation

The Tully—Fisher relation (R. B. Tully & J. R. Fisher 1977) relates
the dynamical mass of rotation-dominated galaxies through mea-
surements of the velocity rotation curve, with the amount of light
or observable mass present in the galaxy. It has been used as a
redshift independent method for determining the distance to galaxies
and as such is one of the key elements in studies to understand the
bulk flow of galaxies at relatively low redshifts (H. M. Courtois
et al. 2012; R. B. Tully et al. 2013, 2019). However, the rotation
curves of the galaxies are the result of the mass distribution from all
components within the galaxy (stars, gas, and dark matter), which
may not be wholly captured by just tracing the stellar emission at a
given waveband, although some wavebands are more suited to this
than others (see e.g. A. A. Ponomareva et al. 2017). In particular,
low-stellar-mass gas-rich systems require the mass in the gaseous
component to be properly accounted for, and this gave rise to the
baryonic Tully-Fisher relation (bTFr), a tight relation that spans ~ 5
orders of magnitude in baryonic mass (S. S. McGaugh 2012; F. Lelli,
S. S. McGaugh & J. M. Schombert 2016; F. Lelli et al. 2019; A. A.
Ponomareva et al. 2021).

Cosmological hydrodynamic simulations, such as the SIMBA
simulation (R. Davé et al. 2019) predict evolution in the bTFr (M.
Glowacki, E. Elson & R. Davé 2021), which can be explained by the
merger histories of galaxies. However, an accurate measurement of
the bTFr beyond the local Universe is difficult and only a few studies
have attempted such a measurement (B. Catinella & L. Cortese 2015;
A. R. Gogate et al. 2023), with the faintness of the 21-cm line
inhibiting detailed studies of the evolution of the bTFr with redshift.
Other emission lines have been used such as CO (S. Topal et al. 2018)
and ionized gas tracers such as H « (E. M. Di Teodoro, F. Fraternali &
S. H. Miller 2016; A. L. Tiley et al. 2016, 2019). However, both CO
and H o tend to trace the central mass distribution of galaxies as the
gas tracer does not extend beyond the optical disc, unlike the H1 (B.
Catinella et al. 2023). Furthermore, it is often difficult to reconcile
different results due to the varying quality of the observational data
(A. L. Tiley et al. 2019). Therefore, it is important to compare like
with like across all redshifts to mitigate differences in the mass
distributions being traced by the dynamics, coupled with controlling
the systematics between different observational strategies.

Although many studies of the bTFr rely on resolved rotation
curves, much of the information is actually contained within the
velocity width of the integrated HI line, potentially removing the
need to resolve galaxies in order to place them on the bTFr (F. Lelli
et al. 2019; A. A. Ponomareva et al. 2021; T. Yasin & H. Desmond
2025). Simulations of H1 galaxies have also examined the impact of
using different integrated H1 linewidths on the bTFr (M. Glowacki
et al. 2021). This is particularly pertinent as we move to higher
redshift, where resolving the HI line with current interferometers
remains problematic, due to the need to balance surface brightness
sensitivity (requiring large single-dish telescopes or short baselines in
an interferometer) with high spatial resolution (< 5 arcsec), requiring
high sensitivity on baselines extending to at least 12 km, and is one of
the cornerstone science applications for the Square Kilometre Array
(SKA). Therefore, for our sample of unresolved galaxies we use the
velocity width at 50 per cent of the peak flux density (Wsp). In the
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cases where there appears to be a double-horned profile, we take the
maximum flux density from each horn individually to estimate the
lower and upper frequencies from which to determine the velocity
width. We vary the position of the peak and zero-flux density baseline
within the 1o noise of the data to estimate the measured uncertainty
on Wso. We then correct the line width for instrumental broadening
and random motions following M. A. W. Verheijen & R. Sancisi
(2001), using the channel width of 104.5 kHz (corresponding to an
observed velocity width of vo, ~ 16 km s~! at z = 0.35) and we
adopt 5 km s~! as an additional source of line broadening due to
turbulent motions (see e.g. A. A. Ponomareva, M. A. W. Verheijen &
A. Bosma 2016). We note that the dominant contribution to the
uncertainties on our measured line widths is the finite channel width
of our data and does not depend strongly on the SNR of the detected
line. An example of this is ID7, where although the integrated line
flux has an SNR = 4.5, the width of the line is very well defined
by the two peaks of the line and the very steep emission-line edges.
Other cases are not so clear cut, but we note that varying the height of
the peak of the line by the measured 1o noise does not significantly
impact the measured line width and, as detailed below, the uncertainty
on the inclination dominates over all these uncertainties.

The observed velocity widths then need to be corrected due to
the inclination of the galaxy. We follow the standard procedure of
using the galaxy elliptical measurement from the g—band imaging
data, and correct for the inclination (i) to an edge-on disc using
cosi = b/a, where a and b are the major and minor axes of the
galaxy. We assign an intrinsic uncertainty to the inclination of
Sdegrees for all our galaxies and this is carried through to the
overall uncertainty on the inclination corrected measurement of Ws.
We note that the uncertainty due to the finite channel width and
the inclination correction dominate the uncertainties presented in
Table 1, and adopting a thickness for the disc does not lead to different
results.

The baryonic mass (My,,) is determined from both the measured
stellar mass and the HI mass given in Table 1. Following the
literature, we make a correction to the gas mass, multiplying by the
universal value of a factor of 1.4 (see e.g. S. S. McGaugh 2012; A.
A. Ponomareva et al. 2021), to account for the primordial abundance
of helium and metals. The contribution from the molecular gas
has been found to make a negligible contribution to the statistical
properties of the bTFr at least at low masses (S. S. McGaugh
2012; A. A. Ponomareva et al. 2018). However, there is a potential
higher contribution from molecular gas at higher galaxy masses. For
example, B. Catinella et al. (2018) and A. Saintonge et al. (2017)
show that the molecular gas content may have a similar mass to that
of the H1 for galaxies with stellar mass M, > 10'My. Without a
direct measurement of the molecular gas content of these galaxies
it is impossible to accurately account for this in determining the
baryonic mass of a galaxy; however, we return to this later.

In Fig. 10, we show the position of our galaxies on the low-
redshift Baryonic Tully—Fisher relation of A. A. Ponomareva et al.
(2021). We find that all our galaxies lie within the scatter of the
local bTFr but probe much higher velocity widths and baryonic
masses. The fact that we do not detect any significant evolution in
the bTFr from the local Universe to z ~ 0.35 with this sample, is not
altogether surprising given the result of simulations, which suggest
relatively weak evolution (M. Glowacki et al. 2021). However, our
high baryonic mass objects all tend to lie below the local relation,
indicative of a flattening of the gradient at these high masses or high
redshifts. This would be in line with the expected evolution based on
the simulations presented in M. Glowacki et al. (2021). An alternative
explanation for the flattening of the bTFr in the high-mass regime
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Figure 10. H1 derived baryonic Tully—Fisher relation for our sample at
z ~ 0.35 (red triangles) using the inclination corrected measurements for
Wso. 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
Ws 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 H1 detections
in B. Catinella & L. Cortese (2015).

is that Wsy tends to trace the maximum rotational velocity (Vi)
rather than the velocity at the flat part of the rotation curve (Vgy). In
intermediate-mass galaxies with flat rotation curves, Vy,.x and Vi, are
consistent. However, high-mass systems often have rotation curves
that decline beyond the turnover radius, making Vj, systematically
lower than the circular velocity derived from the corrected width
of the global H1 profile (S. Casertano & J. H. van Gorkom 1991;
A. A. Ponomareva et al. 2016). Therefore, measuring the rotational
velocity from resolved rotation curves in these objects might place
them back on to the straight line relation (E. M. Di Teodoro et al.
2021), but higher resolution data would be required to make these
measurements.

As mentioned previously, another possible explanation for the
apparent flattening of the bTFr at high masses and large rotation
velocities may also arise from our incomplete knowledge of the
molecular gas mass in these galaxies. To illustrate this, in Fig. 11 we
show the bTFr when we assume that the molecular gas mass is equal
to that of the measured H 1 mass (see e.g. fig. 4 in A. Saintonge & B.
Catinella 2022). We now find that these higher redshift galaxies are
more aligned with the local bTFr defined by lower-mass galaxies.
This result would need to be confirmed with direct measurements of
the molecular gas mass to determine whether the observed trend can
be explained without any evolution in the bTFr with redshift.?

3We 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.
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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 H1 for the galaxies presented in both this paper and B. Catinella &
L. Cortese (2015).

Although the data are inconclusive with respect to showing strong
evidence for evolution in the bTFr, this study does highlight the
potential of using H1 detections with the MeerKAT telescope (using
both MIGHTEE and LADUMA) for studies of the evolution of the
bTFr to these redshifts and potentially higher with lower-frequency
observations and by utilizing stacking techniques (e.g. S. A. Meyer
et al. 2016; H. Pan et al. 2021).

5 CONCLUSIONS

Using the Data Release 1 of the spectral line cube of the MIGHTEE
survey, we have searched for H1emission at the position and redshift
of emission-line galaxies with spectroscopic redshifts selected from
the DESI survey. We identify eleven high-confidence (> 40) HI
detections at 0.25 < z < 0.4. These add to the six high-redshift H1
galaxies at 0.38 < z < 0.5, recently discovered using data from the
single-dish FAST deep survey (H. Xi et al. 2024) demonstrating
that we are now entering an era where direct detections of 21-
cm HI emission are possible over 5 billion years of cosmic time.
By design, our HI-rich galaxies have a wealth of ancillary data
available, allowing us to measure the host galaxy properties. Using
full spectral energy distribution fitting we derive the stellar mass and
star-formation rates for the H1 galaxies. They generally lie on and
above the galaxy SEMS, with just a single galaxy lying significantly
below the main sequence, and have similar stellar properties to their
low-redshift H 1-selected counterparts. However, we find much larger
H 1 gas reservoirs than their low-redshift (z < 0.08) counterparts, but
their discovery does not require any evolution in the local HT mass
function due to the much larger comoving volume accessible over
the higher redshift range. Indeed, we expect many more galaxies to
be detectable at these redshifts through untargeted searches.

Using the W5, parameter as a proxy for the rotation velocity of
the galaxies we are able, for the first time, to investigate whether
z > 0.25 H1 galaxies lie on the local baryonic Tully—Fisher relation,
overcoming issues around different tracers of the gravitational
potential of galaxies using different emission lines. We find that
although the galaxies lie at the very high baryonic mass and high
rotational velocity, they are consistent with the low-redshift relation
and we do not find any evidence for evolution, as expected based on
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hydrodynamic simulations. However, we find tentative evidence for
a flattening in the bTFr at these redshifts that could be attributed
to real evolution in the relationship between the baryonic mass
and gravitational mass. On the other hand, if the molecular mass
fraction in the most massive galaxies is higher than for their low-
mass counterparts (e.g. A. Saintonge & B. Catinella 2022), and does
become a significant component of the baryonic mass then including
this component may be sufficient to resolve the apparent flattening
at high masses/redshifts. We also note that using the integrated
line width of the HI emission as a proxy for the flat part of the
rotation curve at these high baryonic masses, which may lead to an
overestimate of the true rotational velocity.

This study paves the way for future studies of HI beyond the
local Universe using searches targeted at known objects and using
pure-HI selection. The data used in this study are derived from
approximately a fifth of the overall areal coverage of the MIGHTEE
and LADUMA surveys, and we can therefore expect many more
detections of HI-rich galaxies at z > 0.25 using both the method
adopted here utilizing the wealth of spectroscopic redshifts in these
fields, but also with blind searches. By combining MIGHTEE data
with the deeper observations from the LADUMA survey, we should
be able to constrain the evolution of the HI mass function and
potentially the bTFr out to z ~ 0.5, before the SKA comes online
towards the end of the decade.
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