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Abstract

OH megamasers (OHMs) are extragalactic masers found primarily in gas-rich galaxy major mergers. To date, only
~120 OHMs have been cataloged since their discovery in 1982, and efforts to identify distinct characteristics of
OHM host galaxies have remained inconclusive. As radio astronomy advances with next-generation telescopes and
extensive 21 cm H I surveys, precursors to the Square Kilometre Array are expected to detect the 18 cm OH masing
line with significantly increased frequency, potentially expanding the known OHM population tenfold. These
detections, however, risk confusion with lower-redshift HI emitters unless accompanied by independent
spectroscopic redshifts. Building on methods proposed by Roberts et al. for distinguishing these interloping
OHMs via near- to mid-IR photometry and emission line frequencies, we apply these techniques to data from the
Arecibo Legacy Fast ALFA [Arecibo L-band Feed Array] (ALFALFA) survey and a preliminary Aperture Tile In
Focus (Apertif) HI emission line catalog from the Westerbork Synthesis Radio Telescope. Our study, utilizing the
Apache Point Observatory 3.5 m telescope to obtain optical spectroscopic redshifts of 142 candidates (107 from
ALFALFA and 35 from Apertif), confirms five new OHM host galaxies and reidentifies two previously catalogued
OHMs misclassified as HI emitters in ALFALFA. These findings support the predictions from Roberts et al. and
underscore the evolving landscape of radio astronomy in the context of next-generation telescopes.

Unified Astronomy Thesaurus concepts: Astrophysical masers (103); Megamasers (1023); Hydroxyl masers

(771); H I line emission (690); Sky surveys (1464); Starburst galaxies (1570)

Materials only available in the online version of record: machine-readable tables

1. Introduction

OH megamasers (OHMs) are rare luminous 18 cm masers
found in (ultra)luminous infrared galaxies ([U]JLIRGs),
produced in gas-rich major mergers, and are associated with
extreme star formation rates (J. Darling 2007). Despite
extensive searches, only about 120 OHM hosts have been
found in the 40 yr since their initial discovery (e.g.,
W. A. Baan et al. 1982; J. Darling & R. Giovanelli 2002a;
K. W. Willett 2012; H. Roberts & J. Darling 2025, in
preparation). Most of these searches have targeted IR luminous
galaxies; however, ~80% of (U)LIRGs show no masing
activity (K. W. Willett et al. 2011), which results in low OHM
detection rates. Current efforts to isolate the physical
conditions responsible for producing OHMs are similarly
frustrated by the small number of known OHMs.

F. H. Briggs (1998) predicted that the 18 cm OH line could
“spoof” the 21 cm line of neutral hydrogen (HI) in untargeted
extragalactic surveys, leading to contamination of HI catalogs.
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This can happen when there is no independent redshift of a
galaxy, allowing an OHM host to appear to be at a redshift of
zy 1 When the actual redshift is zoy = (von.o(1 + zu1)/vu10)— 1,
where vop g i the rest frequency of OH (1667.35903 MHz) and
varo is the rest frequency of HI (1420.40575 MHz).
K. A. Suess et al. (2016) first demonstrated this possibility by
finding five OHMs masquerading as H I sources in the 40% data
release of the Arecibo Legacy Fast Arecibo L-band Feed Array
(ALFALFA) survey (M. P. Haynes et al. 2018). H. Roberts
et al. (2021) showed that future HI surveys with the Square
Kilometer Array (SKA) and its precursors will detect thousands
of new OHMs. At high redshifts (z 5 1.5), OHM detections will
likely outnumber HT detections in flux-limited emission line
surveys. Projections over the next decade indicate that the
number of known OHMs could increase by an order of
magnitude (H. Roberts & J. Darling 2024). Recently, record-
shattering studies reported the first detections of OHM hosts at a
redshift of z>0.5 (M. Glowacki et al. 2022) and in turn at
z>0.7 (M. J. Jarvis et al. 2024). Both of these discoveries
originate from preliminary HI survey data taken by MeerKAT
(J. Jonas & MeerKAT Team 2016), the South African SKA
precursor, further supporting the predictions of an upcoming
onslaught of new detections.
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Although these forthcoming detections will be helpful in
determining what differentiates OHM hosts from nonmasing (U)
LIRGs, identification of OHMs in H I surveys is expected to be a
challenge. Upcoming surveys will detect thousands to hundreds
of thousands of H I-emitting galaxies. Although some of these
galaxies will have existing spectroscopic optical redshifts that
allow for effective identification of potential OHMs, many will
not. To address this challenge, H. Roberts et al. (2021) presented
new machine learning methods that can identify potential OHM
hosts based on near- to mid-IR photometry in the absence of
independent redshift measurements.

In this paper, we test the H. Roberts et al. (2021) methods on
two HI survey data sets: the full ALFALFA survey
(M. P. Haynes et al. 2018) and a preliminary catalog using
new data from the Apertif Wide-area Extragalactic Survey
(AWES; E. A. K. Adams et al. 2022). This exercise allows
these methods to be tested on both legacy data with a large
number of sources and new data with higher sensitivity. To test
the algorithms, we obtained optical spectroscopic redshifts
from the 3.5m telescope at the Apache Point Observatory
(APO). These redshifts were used to determine the rest
frequency of the observed radio emission line in each galaxy.
The results of these verification tests and observations led to
revisions in the OHM flagging algorithms presented here, as
well as the identification of five new OHMs in ALFALFA.

This paper is organized as follows. In Section 2, we describe
how the catalog of potential OHM hosts was selected and
present refinements to the original algorithms developed in
H. Roberts et al. (2021). Section 3 details our APO
observations and data reduction process. We present the
results of our observations in Section 4. Section 5 discusses
what these results tell us about the numbers of OH detections
in untargeted HT surveys, including two other previously
missed OHM hosts in ALFALFA. A brief summary of the
main points of this paper is presented in Section 6. Throughout
this work, when calculating OH line luminosities, we assume a
flat ACDM cosmology with Hy=70km s~ Mpc ™', Q,, = 0.3,
and Q, =0.7.

2. Source Selection and Algorithm Revisions

In order to search for previously unidentified OHMs, we
applied the algorithm presented in H. Roberts et al. (2021) to
two extragalactic HI catalogs: the full ALFALFA catalog
(M. P. Haynes et al. 2018) and a preliminary catalog from
AWES using Apertif, a phased array feed for the Westerbork
Synthesis Radio Telescope (WSRT; W. A. van Cappellen et al.
2022). The ALFALFA catalog consists of 31,502 extragalactic
H 1 sources out to redshift zy; 1 < 0.06 (or, for unrecognized OH
emitters, 0.174 < zoy < 0.244). ALFALFA’s nearly 7000 deg2
of sky coverage includes two large areas that cover declina-
tions of 0° to +36°. The preliminary Apertif catalog,
constructed using 4.5 months of Apertif observations, consists
of ~1200 HT sources up to redshift ziz1< 0.066 (0.174 <
Zou < 0.251), covering declinations of >27°. Since this
catalog was preliminary, it initially included some duplicate
sources and spurious detections that were removed as they
were identified, which is why only an estimate for the number
of sources is provided.

Both parent catalogs were cleaned of sources that had
optical spectroscopic redshift-confirmed H I identifications and
were then cross matched with the AINWISE (Wide-field
Infrared Survey Explorer; E. L. Wright et al. 2010) catalog
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to obtain photometry in WISE bands W1, W2, and W3 (3.4,
4.6, and 12 pum, respectively). For the ALFALFA catalog, we
used a 10" cross-match radius from the listed optical counter-
part due to the lower astrometric accuracy of WISE compared
to the optical imaging. Due to Arecibo’s large L-band beam
size, some of these optical counterparts are found to have been
incorrectly identified, and for those sources, we later
investigated WISE crossmatches within a radius of 30" of
the beam center for each detection. This value is slightly larger
than the reported H I centroid uncertainties of 20" because this
positional uncertainty may be higher for low SNR sources, as
discussed in M. P. Haynes et al. (2011). For the Apertif
catalog, we cross matched each of the detected emission lines
to the AIIWISE catalog with a search radius of 10" (as allowed
by the smaller WSRT beam size). H. Roberts et al. (2021)
present two algorithms for identifying potential OHMs using
WISE photometry: one that requires data from the W1 and W2
bands (the “W1 — W2 algorithm”) and one that requires data
from the W1, W2, and W3 bands (the “W1 — W2 — W3
algorithm”). The first algorithm was applied to the sources in
the cross-matched catalogs with SNR > 5 for bands W1 and
W2. The second algorithm was applied to sources with
SNR > 5 for bands W1, W2, and W3 (a subset of the former).
We applied the algorithms to the appropriate subcatalogs and,
for each source, estimated the probability that the putative HI
emitter is a misidentified OHM. We defined our starting OHM
candidate catalog as containing those sources that have >90%
likelihoods of being OHMs.

After preparing these initial catalogs, we visually inspected
the sources identified as potential OHMs for both the
ALFALFA and Apertif catalogs using optical images from
the Sloan Digital Sky Survey (SDSS; C. Stoughton et al. 2002)
and the first data release from the Panoramic Survey Telescope
and Rapid Response System (K. C. Chambers et al. 2016).
These images are useful for assessing morphologies in our
starting catalogs; OHMs are found in galaxy major mergers, So
sources with undisturbed morphologies are unlikely to host
OHMs and can quickly be ruled out. The initial catalogs
generated by applying the original algorithms of H. Roberts
et al. (2021) included some good examples of potential
mergers or disturbed galaxies, but the selection methods also
identify low surface brightness (LSB) galaxies as potential
OHMs. LSB galaxies are a common but difficult to identify
class of galaxies that have central surface brightnesses fainter
than the night sky by at least one magnitude (C. Impey &
G. Bothun 1997). They are historically defined by their
B-band surface brightness, with typical selection criteria of
pp>~22-23mag arcsec >. In optical images, they are
markedly differentiated from OHM hosts because they are
faint and diffuse. However, despite having low star formation
rates, they are gas-rich and much more easily detectable in HI
emission than in optical light (W. Du et al. 2015). Although
the exact reason that the original methods from H. Roberts
et al. (2021) were inadvertently selecting LSB galaxies is
unclear, it is likely due to multiple factors: LSB galaxies are
abundant (perhaps accounting for up to half of all local
galaxies: E. J. Hodges-Kluck et al. 2020), and they have
markedly lower star formation rates than the typical HI
emitter. Additionally, the methods of H. Roberts et al.
(2021) are fundamentally searching for photometric outliers
from a population of bright, nearby H1 galaxies. Although
OHM hosts and LSB galaxies are distinct populations, both
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Figure 1. Histogram of fit B-band surface brightnesses for the sample of

ALFALFA galaxies that could be fit. The median value is marked with a
vertical solid line.

appear optically fainter than typical H I sources—LSB galaxies
because they are nearby but faint, and OHM hosts because
they are luminous but more distant.

Although LSB galaxies are interesting in their own right,
here we update the methods of H. Roberts et al. (2021) to
properly account for and omit these sources when applying
OHM selection algorithms. To update these methods, we first
need to create a catalog of LSB galaxies in ALFALFA as a
training sample. To do so, we calculated the B-band surface
brightness of each source with SDSS spectroscopic redshifts
and DR16 g- and r-band photometry. The B-band surface
brightness was used so that we could apply typical LSB cutoff
values to our catalog. The surface brightness py, in units of
mag arcsec 2, was calculated for each galaxy using the
formulation presented in W. Du et al. (2015):

po(m) = m + 2.5log,,(2ma’q) — 10log;o(1 +z), (1)

Ho(B) = po(g) + 0.47(uo(g) — po@) + 0.17, )

where m refers to the apparent magnitude of the relevant band
(g or r), a is the on-sky semimajor axis of the galaxy, g is the
axis ratio, and z is the SDSS spectroscopic redshift. For the on-
sky radius of the galaxy, we adopted the Petrosian radius fit to
the r-band image in the SDSS pipeline. We calculated the axis
ratio using the de Vaucouleurs ellipticity, €4y, fit to the r-band
image, where g = 1 — g4vy. Since we used the Petrosian radius,
we also used the Petrosian magnitude to calculate the surface
brightnesses for the g and r bands. For each value used from
the SDSS catalog, we require an SNR of 10 to rule out any
poor fits, but we still expect surface brightness values to be
approximate due to the use of pipeline-fit parameters.
However, this uncertainty should not be a major concern,
since our goal is to roughly flag galaxies with LSB (and star
formation rate) and distinguish them from the more actively
star-forming HI and OHM hosts. A histogram of B-band
surface brightness values is shown in Figure 1. To select the
sources that are considered LSB galaxies, we imposed a
generous cut of p(B) > 23.5 mag arcsec” > to ensure that we
are well within the LSB galaxy parameter space. We visually
inspected sources near this selection threshold to verify that
most LSB galaxies were included in this sample. In some
cases, sources that may not be true LSB galaxies were included
as well. However, these sources are still fainter and more
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diffuse than typical OHM host galaxies, resulting effectively in
no impact on our OHM classification algorithms.

Using our triaged sample of non-LSB HT emitters, LSB HI
emitters, and OHM hosts, we followed a process nearly
identical to that described in H. Roberts et al. (2021) to
recreate the W1 — W2 and W1 — W2 — W3 algorithms to
identify potential OH sources in untargeted HI surveys.
However, this time, instead of assigning sources to one of just
two classifications, we now assign them to one of three. To do
so, we employ a one-versus-all (OVA) classification scheme
(R. Rifkin & A. Klautau 2004), which works by iterating
through all classes and then defines a classifier that
distinguishes sources in a given class from all sources not in
that class. This approach differs from a one-versus-one (OVO)
classification scheme, which constructs classifiers for each pair
of classifiers. We chose the OVA classification scheme
because it is simple to interpret—each source is assigned a
likelihood of belonging to each class—and it is computation-
ally efficient. We also performed tests comparing the OVA and
OVO classification schemes, and the OVA classification
scheme yielded a higher OH recall (i.e., fewer false negatives).
The obvious issue with either of these schemes is that a given
source can legitimately be classified in more than one way: the
LSB galaxies are, in fact, HI emitters, and OHMs can also
produce HI emission lines (although the HI emission will
often not fall within the survey frequency band). However, the
simplification of dividing our sample into three disjoint groups
is helpful in creating a weighting scheme for identifying
sources that are potential OHMs. Future work in this area will
require a more careful examination of how to classify
individual sources, but that effort will be made much more
feasible with the discovery of more OHMs with more diverse
host properties.

Our adapted algorithms were applied to the ALFALFA-
WISE and Apertif-WISE catalogs to identify potential OHMs,
as described above for the original algorithms, yielding 275
high-confidence OHMs using the W1 — W2 algorithm and 56
sources using the W1 — W2 — W3 algorithm. Figure 2 shows
how, starting from the original ALFALFA catalog, we drilled
down to a sample of 56 for the W1 — W2 — W3 case. Our
starting sample for optical observations was drawn from these
two pools; however, since the latter observations took place
over 13 months, as sources were found to be OHMs or H1
emitters, we fed them back into the algorithms with the correct
labels, improving but potentially changing the classifications
assigned to individual sources. As a result, the observing pool
itself evolved, with some sources added or removed at
different times as more information was taken into account.
All observed sources were at some point classified as high-
likelihood OHMs, but not every observed source was always
classified as a high-likelihood OHM. This iterative process
allows the method to adapt and improve as more OHMs are
discovered.

3. Observations and Data Reduction

The identification of OHMs in H1 surveys relies on optical
redshift measurements of host galaxies, since the detection of a
single radio emission line cannot independently constrain the
rest frequency (i.e., whether it is the 21 cm H 1 or the 18 cm OH
line). However, assuming that the emission line is HI or OH, its
observed frequency narrows the redshift down to two potential
values. To determine whether sources are misidentified OHMs
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Figure 2. Illustration of how sources previously identified as H I emitters were selected for inspection to determine if they are misidentified OHMs. This diagram
shows an example using the ALFALFA survey as input catalog and the results from the updated W1 — W2 — W3 algorithm that categorizes sources as “typical”
brightness H I sources (H 1), LSB H I sources, or potential OHMs. From the potential OHM category, we primarily selected sources that have been classified with
90% or greater likelihoods of being OHMs.
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Figure 3. The upper panel shows the full observed optical spectrum of AGC 720264 from both the red and blue channels. The spectral baseline oscillations in the
blue spectrum result from fringing and sensitivity issues, as mentioned in Section 3; thus, all line measurements were obtained from the red channel spectra. The
highlighted portion of the spectrum in the upper panel indicates the wavelength range used for line measurements, shown in the lower panel. The fits to each line are

also shown as the thicker, colored overlays.

rather than HI emitters, we observed our candidates to
independently determine their spectroscopic redshifts using
optical emission lines. We wused the Dual Imaging
Spectrograph (DIS) on the 3.5m telescope at APO over 12
half-nights from December 2020 to December 2021. The same
setup, presented below, was used for all 12 half-nights. Typical
seeing during these observing sessions ranged from 0.7 to 1.4,
except for three nights that were heavily impacted by snow and
clouds, resulting in no usable data. Two other nights were
affected by wind and wildfires, which limited sky areas that
could be observed, but spectra were still able to be acquired.
DIS is a medium-dispersion spectrograph with separate
red and blue channels with the dichroic split occurring at
5350 A. Our setup consisted of R300/B400 gratings in the red
and blue channels, respectively, with central wavelengths of
7500/4400 Aand approximate dispersions of 2.3 /1.8 A pixel '
spanning over 2000 pixels, or 4620/3660 A. The corresponding
resolving power is R ~ 3250 for the red channel and R ~ 2400
for the blue channel.
Each night, we calibrated our data with bias frames, flat
frames taken using a bright quartz lamp, and two wavelength
calibrators: a Helium—Neon—Argon (HeNeAr) lamp for coarse
calibration and then night skylines for finer calibration. This
calibration yielded uncertainties of <0.73 A and <0.35 A for
the red and blue sides, respectively, but varied each night
based on CCD fringing or observing conditions. Since we only
aimed to determine the redshift of each source, no flux
calibrations were taken, and therefore we only report observed
wavelengths of lines but not their fluxes. For each potential
OHM, we took one to four five-minute exposures, depending
on the brightness of each source. Some objects were revisited
on multiple nights due to intermittent clouds or poor
atmospheric stability.
Data reduction was performed using the IRAF longslit
package following typical reduction procedures. Briefly, these
consisted of trimming, debiasing, and flattening science

images using master biases and flats taken each night before
or after observing. The science images were then wavelength
calibrated using the HeNeAr images taken each night. After
averaging all science images for each object, we then
performed a final wavelength calibration of the averaged
science images using source-free skylines. These skylines are
then removed, and the final spectrum from each combined
science image is extracted. We identified relevant emission
lines and fit a Gaussian profile to each.

Although our main objective was to identify Ha (6563 A) in
each spectrum, the typical spectrum had three to five emission
lines, such as those of the [N 1I] doublet (6549 and 6583 A) or
the [S1I] doublet (6717 and 6731 A). Figure 3 shows an
example spectrum with all five of these lines and our fits
to each for one of our objects. For some objects, the Hf
(4861 A) [O111] (4959 and 5007 A) or [O11] (3727 A) lines
could be found on the blue side, but due to significant fringing
and reduced sensitivity in the blue channel optics, we do not
rely on these measurements for redshift calculation. The
measured rms noise for each target was calculated from
source-free regions of the spectrum, and we required SNR > 5
for the Ho emission line, but typical values were SNR > 20.

Optical redshifts are calculated only on the basis of the Ha
emission because it has a significantly higher SNR and smaller
measurement errors than the other lines. Other emission lines
were used to confirm agreement with Ha, but due to blending
and being much fainter, the [NII] and [SII] lines had much
higher uncertainties and inflated the uncertainty in any redshift
measurement. In an error-weighted average, they had minimal
impact on the redshift. For a small number of sources, only the
Ha line is detected, and for these sources, we only present
optical redshift measurement if it is in good agreement with
the presumed HT or OH redshift. Ha centroiding uncertainties
range from 0.001 to 0.12 A with a median value of ~0.016 A.
Adding the maximum calibration uncertainty (0.73 A for the
red side of the spectrum) in quadrature with the maximum
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Table 1
OH Line Properties of New OHM Confirmations

AGC Optical Position Zopt OH Line Flux Line Width log Lon

(J2000) (Jy km s~ (km s~ ") (L)
102299 003924.7+260414.4 0.20310 0.67 69 2.90
116345 011604.0+110136.6 0.20509 1.60 242 3.29
193884 093238.3+161157.0 0.19095* 2.30 454 3.88
249507° 140340.3+295456.0 0.17862 1.94 254 3.26
322050 221306.3+011627.0 0.18435 2.89 437 3.46

Notes. Flux and line width values are from M. P. Haynes et al. (2018) and are used to calculate OH luminosity. The line width is measured as Wso.

 This redshift was provided by SDSS.

" This source was first proposed to be an OHM in M. P. Haynes et al. (2018) but had not yet been confirmed.

measurement uncertainty (0.1215\) yields a maximum uncer-
tainty of 0.74 A, corresponding to a maximum redshift
uncertainty of 1.1 x 10~ or about 33 km s~ ' in recession
velocity. Although many of our optical redshift measurements
have errors much lower than this value, we adopt it as the
uncertainty for all of our measured optical redshifts.

4. Results and Analysis

Each source we observed yielded one of four results:

1. The source was correctly identified as an H I emitter. This
determination was made when the measured optical redshift
coincided within the uncertainty with the redshift calculated
assuming that the detected radio spectral line is HT (z 1).

2. The radio source was incorrectly identified as H I and the
reported spectral line is actually OH. This determination was
made when the optical redshift matched within the uncertainty
the redshift calculated assuming that the detected radio spectral
line is OH (zoy). These sources are new OHM discoveries that
had masqueraded as HI sources. Converting from the incorrect
zy 1 to the correct zoy is done using the following equation,
where the H1 rest frequency (vg 1) is 1420.405752 MHz and
the OH rest frequency (vopn,o) is 1667.35903 MHz:

VOH,0

Z0H = A+ zup — 1. 3)

VHILO0

3. The source’s optical redshift did not match either the H 1
or the OH redshift. These cases are likely the result of false
positive radio spectral line detections, or the optical counter-
parts to the radio line have not yet been correctly identified.
There is also the remote possibility that the detected line is real
but neither HI nor OH, such as a radio recombination line or
some new line.

4. The optical source did not produce identifiable emission
lines. Some sources, even after long integration times, did not
produce identifiable optical emission lines that could be used
to determine redshifts. It is possible that some of these sources
are incorrectly identified optical components that had higher
redshifts than could be measured by our observing setup and
thus actually belong to group 3 above, but more specific
determinations could not be made. We also examined the
spectra for any potential absorption lines, but no decisive
features were available to further classify these sources.

The results of our observation campaign are presented in the
Appendix, with individual line measurements presented in
Table A3. In total, we observed 142 optical objects associated
with 120 radio emission line sources. Given that the beam size
of radio telescopes is often much larger than the optical size of
the host galaxy, we sometimes observed multiple optical

counterparts per radio line emitter. Of these optical sources, 35
were associated with radio emission lines from Apertif and
107 were associated with lines from ALFALFA.

4.1. HI Confirmations and Ambiguous Sources

Our observations confirmed 78 HI sources—25 from
Apertif and 53 from ALFALFA. These sources are presented
in Table Al along with the corresponding optical positions
associated with the matching redshifts. For sources from the
ALFALFA catalog, the AGC number is provided. Optical
positions were determined using SDSS DR9 images, as well as
telescope-pointing images while observing.

Table A2 presents the optical sources that were observed
where no redshift determinations could be made, either
because they lacked optical emission lines to determine
redshifts or because their optical redshifts matched neither
the expected OH nor HT redshifts. Since multiple optical
sources could correspond with the radio emission line due to
large beam sizes, these 60 optical sources correspond to 46
radio sources. Broken down by survey, 10 optical sources were
observed corresponding to eight radio emission lines from
Apertif, and 50 optical sources corresponding to 38 radio
emission lines from ALFALFA. In total, 17 optical sources
were found to have redshifts that did not correspond to the
expected HI or OH redshifts. For another 43 sources, no
redshifts could be measured from their spectra.

4.2. OH Detections

Our observations yielded four OHM detections, all found in
the ALFALFA catalog. We originally planned on observing
AGC 193884; however, an optical redshift had already been
obtained by SDSS that confirms that it hosts an OHM. We
present the confirmation of five new OHMs and their
properties in Table 1 and spectra for these OHMs, when
available, are shown in Figure 4. As all five are from the
ALFALFA catalog, the integrated flux and line width (W5g) in
an observed velocity frame from M. P. Haynes et al. (2018) are
first converted from HT to OH values with the following
equations:

Ws0,00 = x WsoHI, 4)
VHI10
_ Su1
Son = X Ws0,0H, 5)
Wso,H1

where vy 1 and vop ¢ are the rest frequencies for each line and
S is the line flux in Jy km s~!. We then use these values, as
well as Equation (37) from M. Meyer et al. (2017) for



THE ASTROPHYSICAL JOURNAL, 986:70 (12pp), 2025 June 10

Roberts et al.

AGC 102299 AGC 116345
10 - 10
= =
= 5F =
g I é i H | ‘
E oF ! ‘ “\“ il 1 ‘ :3< oF wj |1 \,\“ | I
w | w | [ |
=Sr Vobs=1395 MHz
'obs = e
] ] i | ] -10 & | | ] Vo =1385 ke
1385 1390 1395 1400 1405 1365 1370 1375 1380 1385
Observed Frequency (MHz) Observed Frequency (MHz)
AGC 193884 AGC 249507
10 - 10
2 =
E g
of b= -
E x O MM’«MA
i i I
-10 1 v°bs|=1391 b | | | -10 - L i vobs=14:14 MHz Gak}cnc HI : !
1385 1390 1395 1400 1405 1405 1410 1415 1420 1425 1430
Observed Frequency (MHz) Observed Frequency (MHz)
AGC 322050
10
N
-
E
< Or
=
[
-10 Vobs=1411 MHz Galactic HI
1 1 ] 1 1 ]
1405 1410 1415 1420 1425 1430
Observed Frequency (MHz)
10 FAGC 205163 AGC 322009
< B | > 10f
£ ' 1 3
= | | il U x
E 0 H‘i | 1 \ ;]\ | = ok
<5l Vobs=1393 MHz !
lobs . Vops=1376 MHz
1 1 1 1 1 -10 & 1 1 1 1 1
1385 1390 1395 1400 1405 1365 1370 1375 1380 1385

Observed Frequency (MHz)

Observed Frequency (MHz)

Figure 4. Spectra from ALFALFA for seven OHMs, the top five panels showing sources identified as OHMs through spectroscopic redshifts in this work and the
bottom two panels showing the misidentified sources discussed in Section 5.1.1. AGC 249507 is included in the table of potential OH emission lines in M. P. Haynes
et al. (2018), for which no spectra were published. The spectrum presented here was provided by M. P. Haynes (2024, private communication). Each spectrum

indicates the central frequency of the OH line, as measured by ALFALFA.

converting line fluxes measured in the observed optical frame,
to calculate the OH luminosity:

VOH,0 (6)

OH L e+ 27 OH

where vop is the rest frequency of the OH line, Dy is the
luminosity distance, and Soy is the line flux in Jy km s L.
M. P. Haynes et al. (2018) present nine confirmed OHM
detections—some confirmed using SDSS redshifts and some
previously identified by K. A. Suess et al. (2016), R. Morganti
et al. (2006), and J. Darling & R. Giovanelli (2002a)—and 10
OHM candidates that require confirmation. We observed three
of the OHM candidates that they presented and confirm that
one of them is an OHM (AGC 249507—see Table 1). For the
other two OHM candidates we observed, AGC 749309 and
219835, the optical sources of the emission lines could not be
identified, and they remain ambiguous. Together with the six
confirmed OHMs from K. A. Suess et al. (2016) and the

additional five OHMs discussed in M. P. Haynes et al. (2018),
this brings the total number of OHM detections in ALFALFA

to 16.

5. Discussion

The discovery of additional OHMs in the ALFALFA
catalog is exciting but potentially not unexpected.
K. A. Suess et al. (2016) previously searched for OHM
candidates in the 40% survey and confirmed six of those
sources as OHMs. While not all sources determined to be
OHMs in this work were available in the 40% catalog, AGC
102299 and AGC 193884 were available in both the early
iterations and final catalog. Furthermore, in the data reduction
process for ALFALFA, each source was inspected to omit
false positive H I detections. The OHMs presented in this work
evaded identification in these processes, with the exception of
AGC 249507, whose proposed identification as an OHM in
M. P. Haynes et al. (2018) was further supported by compact
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radio emission reported in S. Wang et al. (2024). Although it is
not clear why these sources were not previously flagged as
potential OHM hosts, we can compare the number of known
OHMs in ALFALFA with the predicted value to assess the
likelihood of finding these sources and more.

5.1. Comparison with the Predicted Number of OHM
Detections in ALFALFA

The total number of OHMs predicted to be detected in
ALFALFA has varied: R. Giovanelli et al. (2005) predicted that
ALFALFA would detect a few dozen OHMs, while K. A. Suess
et al. (2016) extrapolated the number of OHMs detected in the
ALFALFA 40% data release to predict that roughly 15 total
new OHMs would be detected throughout the ALFALFA
survey. Now, with complete ALFALFA survey parameters, we
can integrate over the updated Markov Chain Monte Carlo
(MCMC) fit to the OH Iluminosity function (OHLF) from
H. Roberts et al. (2021) to calculate the number of OHMs
predicted to be detected by ALFALFA. We used the ALFALFA
survey parameters from M. P. Haynes et al. (2018): a frequency
range of 1435-1350 MHz'"® (zoy = 0.162-0.235), 50 surve
sensitivity of 0.72 Jy km s~ for line width W5, =200 km s,
and sky coverage of almost 7000 deg” to obtain a predicted
total number of OHM detections of Noy = 35.878¢.

5.1.1. Misidentified OHM Hosts

The discrepancy between this predicted value and the 16
known OHMs discussed in Section 4.2 warrants a closer look
at the ALFALFA catalog. Comparing a comprehensive OHM
catalog with the ALFALFA source catalog, we find two OHMs
that are detected in ALFALFA but are presumed to be HI
sources. We note that these two sources were flagged by our
OHM finding methods; this result is expected because both
sources were known OHMs used to train our algorithms
originally. IRAS 1033941548 (denoted AGC 205163 in the
ALFALFA catalog) is a known OHM host first identified by
J. Darling & R. Giovanelli (2001). The emission line detected
by ALFALFA occurs at v, = 1393 MHz and, assuming the
line is the previously detected OHM emission, yields a redshift
of 7=0.1969, consistent with the measured spectroscopic
redshift of the host galaxy (H. W. W. Spoon et al. 2022). The
other OHM misidentified in the ALFALFA catalog is IRAS
2213540043 (AGC 322009), which was first identified by
K. W. Willett (2012). The ALFALFA catalog gives an
observed emission line at v, = 1376 MHz for this source.
Assuming that it is OH instead of H 1, this yields a redshift of
z=0.2110, consistent with other spectroscopic redshift
measurements (E. Glikman et al. 2018). This brings the total
number of confirmed OHMs in the ALFALFA catalog to 18.

5.1.2. Missing OHM Detections

In addition to these misidentified sources, we can inspect the
catalog of known OHMs to select for any sources that fall
within the footprint and frequency range of ALFALFA.
Specifically, we select OHMs that fall within one of the two
regions covered by ALFALFA: 7"30™ < R.A. < 16"30™ and

1% The full frequency coverage of ALFALFA is 1435-1335 MHz. However,
as noted in M. P. Haynes et al. (2018), ALFALFA suffers from significant
radio frequency interference below 1350 MHz, and volume-complete studies
should be restricted to volumes corresponding to radio frequencies
>1350 MHz.
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22" < R.A. < 3", with both regions covering a decl. range of
0° < decl. < 36°. We also require that OHMs have observed
emission lines between 1335 and 1435 MHz. This exercise
yields an additional 12 OHMs that fall within the footprint of
the ALFALFA survey, shown as red Xs in Figure 5.
Determining whether these OHMs should have been detected
by ALFALFA is more difficult. Figure 6 shows the integrated
flux density versus line width for OHMs with ALFALFA
detections and those without reported detections. ALFALFA
reports a 5o sensitivity limit of 0.72km s~ for a line width of
Wso=200km s '. This HI sensitivity limit can be rescaled for
OH using Equations (4) and (5), yielding a sensitivity limit of
0.845 km s~ ! for a line width of Wso0.0u =235 km s ! The
dashed line in Figure 6 indicates this rescaled 50 survey
sensitivity extrapolated across the entire range of line widths.
We utilize this reported sensitivity to illustrate the distribution
of sources with reported detections in Figure 6, but we note
that ALFALFA required a signal-to-noise ratio of 6.5 (or 5 for
those with confirmed spectroscopic redshift measurements) for
inclusion in their catalog (M. P. Haynes et al. 2018). This
sensitivity can also be impacted by other factors, such as radio
frequency interference and the standing waves it can produce.
Although there is no correlation between the observed
frequency of a line and the likelihood that a detection was
made in the ALFALFA survey, as shown in the left panel of
Figure 6, intermittent interference could still impact detect-
ability. Furthermore, OHMs can be variable, particularly in
their peak emission (J. Darling & R. Giovanelli 2002b), which
could cause them to elude detection by ALFALFA.

Since some OHM emission lines can be significantly
broadened, the detection of a line with high integrated flux
density spread over a large number of spectral channels can be
challenging. Although none of our possible explanations fully
explain the distribution of OHMs that have reported detections
in ALFALFA and those that do not, this last consideration is
illustrated by sources with narrower line widths in Figure 6
being more likely to have reported detections in ALFALFA. It
could also be that marginally detected emission lines were not
recognized as having the expected optical counterparts (spiral
galaxies), and were therefore rejected as spurious during
ALFALFA quality control.

These complications make it impossible to determine which
OHMs should have been detectable by ALFALFA. However,
for argument’s sake, if all of these additional 12 OHMs were
detected by ALFALFA, the total number of OHMs detected by
ALFALFA would rise to 30. Furthermore, if the nine
additional OHM candidates from M. P. Haynes et al. (2018)
can be confirmed, they would increase the number of OHMs in
ALFALFA to 39. Both of these values, although somewhat
hypothetical, are consistent with the predicted value of

This approximate analysis further emphasizes the need for a
better understanding of OHMs, their hosts, and how they can
be identified. Upcoming HI surveys on next-generation
telescopes will significantly increase the number of known
OHM hosts and allow for some of the work necessary to better
understand this population. However, these surveys will also
have issues similar to those that impact the search for OHMs
within the ALFALFA survey. The increase in the number of
detected sources will make wading through OH false positives
more time-consuming and further stress the need for optical or
IR spectroscopic redshifts. As surveys reach higher redshift
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emission was not reported in M. P. Haynes et al. (2018), but was confirmed to be detected in the ALFALFA survey by M. P. Haynes (2024, private communication).
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ranges, the available ancillary data for host galaxies dwindle
significantly. Tackling these challenges will require revisiting
techniques, such as those presented in this work, and adapting
our algorithms or developing new ones as our understanding
evolves.

5.2. Comparison with the Predicted Number of OHM
Detections in Apertif

We cannot calculate the expected number of OHM
detections in the preliminary Apertif catalog using the same
method as above because the observations are only partially
complete. However, we can use the expected OH contamina-
tion rate for Apertif of 0.09700;% from H. Roberts et al.
(2021) and apply it to our catalog of ~1,200 sources. This
gives an expected number of OHM detections for the
preliminary catalog of 1.17)7 detections. Given the detection
of the previously known OHM IRAS 1059745926 in Apertif
(K. W. Willett 2012; K. M. Hess et al. 2021), the lack of
additional OHMs in the preliminary catalog is consistent with
the expected OHM contamination rate, validating the estimate
presented in that paper.

6. Conclusion

In this work, we tested the OHM flagging methods
presented in H. Roberts et al. (2021) on both existing HI
survey data from ALFALFA and new survey data from
AWES. Through these tests, we identified a tendency to flag
LSB galaxies as potential OHMs. Our methods were updated
to identify potential OHM hosts, accounting for the large
number of LSB galaxies in H1 survey data. For these potential
OHM hosts flagged in HI surveys, we obtain longslit optical
spectra in order to determine the rest frequency of the radio
emission line detected in each source. In total, we obtained 142
optical spectra, confirming H I emission in 78 galaxies. For 60
of these spectra, the results were ambiguous, where either a
redshift could not be determined or the measured redshift did
not match the redshift inferred from the HI or OH line.
Finally, we were able to identify five new OHMs previously
thought to be HI sources in ALFALFA data. These sources
verify the ability of our algorithms to successfully identify
potential OHMs that were interloping in HI survey data. We
also identify two known OHMs that were misidentified in the
ALFALFA data as HI sources.

We also examine the number of expected OHM detections
for both the ALFALFA and the preliminary Apertif catalogs.
Although this exercise is somewhat ambiguous for a partial
Apertif catalog, it shows that there are likely still some
unidentified OHMs within the ALFALFA catalog, either from
the list of potential OHMs from M. P. Haynes et al. (2018) or
otherwise eluding any suspicion. While this scenario may
seem unlikely, it is supported by numerous studies that have
closely scrutinized the ALFALFA survey data for OHM hosts,
only to be followed up by subsequent studies identifying
previously missed OHMs (M. P. Haynes et al. 2011, 2018;
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K. A. Suess et al. 2016; this work; and certainly future
additional studies).

The full scope of OH contamination in HI surveys is, in
some ways, unknown. However, the methods presented here
will continue to become more accurate as new OHMs are
identified and our methods adapted as new information is
obtained. For a fraction of the new OHMs that will be detected
in next-generation HI surveys, existing optical redshifts will
be crucial for fast OHM identification and then used to further
strengthen these algorithms for sources without existing
redshifts. The future of OHM science will be driven by these
detections in H T surveys.
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Appendix
Results of Optical Redshift Observing Campaign

We present the full results from the optical redshift
observing campaigns. All tables are published in their entirety
in machine-readable formats, and portions of each are shown
here as a demonstration. Table Al presents the sources that
were confirmed to be HI detections. Table A2 presents the
optical sources where either no redshift measurement was
made or the measured redshift was not consistent with either
an OH or an HI identification. Finally, Table A3 presents all
emission lines measured for optical sources where redshift
determinations were made. The measurements presented here
are the observed central wavelengths for each line and the
uncertainties on those fits. The uncertainties are strictly
statistical and do not include systematic or calibration
uncertainties, as discussed in Section 3.
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Table A1
H I Confirmations from APO Observing Campaign

Radio Position AGC 1 ZoH Optical Position Zopt
(J2000) (J2000)
001137.3+253334.0 102682 0.03494 0.21487 001137.34253334.0 0.03475
001231.0+183339.0 104713 0.02445 0.20256 001231.0+183339.0 0.02462
001306.1+090959.0 103613 0.03562 0.21567 001306.14+090959.0 0.03561
001723.2+155705.0 101185 0.02566 0.20398 001723.24+155705.0 0.02574
003054.1+102432.0 105317 0.03656 0.21678 003054.1+102432.0 0.03666
(This table is available in its entirety in machine-readable form in the online article.)

Table A2

Ambiguous Sources from APO Observing Campaign

Radio Position AGC ZH1 Z0H Optical Position Zopt Category
(J2000) (J2000)
001137.3+253334.0 102682 0.03494 0.21487 001133.2+253343.5 No Lines
004550.2+011916.0 103454 0.03633 0.21650 004550.2+011916.0 0.10667 Neither®
005040.4+030544.0 103359 0.04153 0.22261 005040.4+030544.0 No Lines
011604.4+110138.0 116345 0.02644 0.20490 011604.4+110138.0 0.02599 Neither”
230032.3+304212.0 0.00268 0.17701 230032.3+304212.0 No Lines

Notes. Ambiguous sources were categorized into two groups: those whose optical spectra showed no identifiable emission lines that could be used to determine
redshifts (No Lines) and those for which redshifts could be determined but did not match the expected OH or H I redshifts (Neither). Table A2 is published in its
entirety in machine-readable format. A portion is shown here for guidance regarding its form and content.

4 While optical redshifts are provided for these sources, we note that the redshift is calculated from only one emission line, resulting in a large uncertainty.

® While these redshifts were close to the expected redshifts, other sources were found closer to the radio source and with better matched redshifts. These sources may
possibly be contributing to the radio signal but are not expected to be the primary emitters.

(This table is available in its entirety in machine-readable form in the online article.)

Table A3
Optical Emission Line Center Measurements for Candidate OHMs
Optical Position NI Ha NI S S
(J2000) (6549 A) (6563 A) (6583 A) (6717 A) (6731 A)
001137.34-253334.0 6790.83610.027 6949.3524+0.068
001231.0+183339.0 6724.3851+0.003 6745.107+0.018 6882.014+0.013 6895.573+0.029
001306.14-090959.0 6796.5241+0.018

6731.734+0.040
7567.133£0.011

001723.2+155705.0
002936.34+-270147.0

6954.9561+0.054

7589.448+0.027

(This table is available in its entirety in machine-readable form in the online article.)

ORCID iDs

Hayley Roberts © https: //orcid.org/0000-0003-0046-9848
Jeremy Darling @ https: //orcid.org/0000-0003-2511-2060
Kelley M. Hess @ https: //orcid.org/0000-0001-9662-9089
Andrew J. Baker @ https: //orcid.org/0000-0002-7892-396X
Elizabeth A. K. Adams @ https: /orcid.org/0000-0002-9798-5111
Helga Dénes ©® https: //orcid.org/0000-0002-9214-8613

References

Adams, E. A. K., Adebahr, B., de Blok, W. J. G, et al. 2022, A&A, 667, A38

Astropy Collaboration, Price-Whelan, A. M., Lim, P. L., et al. 2022, AplJ,
935, 167

Baan, W. A., Wood, P. A. D., & Haschick, A. D. 1982, ApJL, 260, L49

Briggs, F. H. 1998, A&A, 336, 815

Chambers, K. C., Magnier, E. A., Metcalfe, N., et al. 2016, arXiv:1612.05560

Darling, J. 2007, ApJL, 669, L9

Darling, J., & Giovanelli, R. 2001, AJ, 121, 1278

Darling, J., & Giovanelli, R. 2002a, ApJ, 572, 810

11

Darling, J., & Giovanelli, R. 2002b, AJ, 124, 100

Du, W., Wu, H., Lam, M. L, et al. 2015, AJ, 149, 199

Ginsburg, A., Sipcz, B. M., Brasseur, C. E., et al. 2019, AJ, 157, 98

Giovanelli, R., Haynes, M. P., Kent, B. R., et al. 2005, AJ, 130, 2598

Glikman, E., Lacy, M., LaMassa, S., et al. 2018, ApJ, 861, 37

Glowacki, M., Collier, J. D., Kazemi-Moridani, A., et al. 2022, ApJL, 931, L7

Harris, C. R., Millman, K. J., van der Walt, S. J., et al. 2020, Natur, 585, 357

Haynes, M. P., Giovanelli, R., Kent, B. R., et al. 2018, ApJ, 861, 49

Haynes, M. P., Giovanelli, R., Martin, A. M., et al. 2011, AJ, 142, 170

Hess, K. M., Roberts, H., Dénes, H., et al. 2021, A&A, 647, A193

Hodges-Kluck, E. J., Gallo, E., Seth, A., Greene, J., & Baldassare, V. 2020,
Apl, 898, 106

Hunter, J. D. 2007, CSE, 9, 90

Impey, C., & Bothun, G. 1997, ARA&A, 35, 267

Jarvis, M. J., Heywood, L., Jewell, S. M., et al. 2024, MNRAS, 529, 3484

Jonas, J. & MeerKAT Team 2016, in MeerKAT2016, MeerKAT Science: On
the Pathway to the SKA, ed. R. Taylor et al. (Trieste: PoS), 1

Meyer, M., Robotham, A., Obreschkow, D., et al. 2017, PASA, 34, 52

Morganti, R., de Zeeuw, P. T., Oosterloo, T. A., et al. 2006, MNRAS,
371, 157

Pedregosa, F., Varoquaux, G., Gramfort, A., et al. 2011, IMLR, 12, 2825

Rifkin, R., & Klautau, A. 2004, JMLR, 5, 101


https://orcid.org/0000-0003-0046-9848
https://orcid.org/0000-0003-2511-2060
https://orcid.org/0000-0001-9662-9089
https://orcid.org/0000-0002-7892-396X
https://orcid.org/0000-0002-9798-5111
https://orcid.org/0000-0002-9214-8613
https://doi.org/10.1051/0004-6361/202244007
https://ui.adsabs.harvard.edu/abs/2022A&A...667A..38A/abstract
https://doi.org/10.3847/1538-4357/ac7c74
https://ui.adsabs.harvard.edu/abs/2022ApJ...935..167A/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJ...935..167A/abstract
https://doi.org/10.1086/183868
https://ui.adsabs.harvard.edu/abs/1982ApJ...260L..49B/abstract
https://doi.org/10.48550/arXiv.astro-ph/9710143
https://ui.adsabs.harvard.edu/abs/1998A&A...336..815B/abstract
http://arxiv.org/abs/1612.05560
https://doi.org/10.1086/523756
https://ui.adsabs.harvard.edu/abs/2007ApJ...669L...9D/abstract
https://doi.org/10.1086/319413
https://ui.adsabs.harvard.edu/abs/2001AJ....121.1278D/abstract
https://doi.org/10.1086/340372
https://ui.adsabs.harvard.edu/abs/2002ApJ...572..810D/abstract
https://doi.org/10.1086/341166
https://ui.adsabs.harvard.edu/abs/2002AJ....124..100D/abstract
https://doi.org/10.1088/0004-6256/149/6/199
https://ui.adsabs.harvard.edu/abs/2015AJ....149..199D/abstract
https://doi.org/10.3847/1538-3881/aafc33
https://ui.adsabs.harvard.edu/abs/2019AJ....157...98G/abstract
https://doi.org/10.1086/497431
https://ui.adsabs.harvard.edu/abs/2005AJ....130.2598G/abstract
https://doi.org/10.3847/1538-4357/aac5d8
https://ui.adsabs.harvard.edu/abs/2018ApJ...861...37G/abstract
https://doi.org/10.3847/2041-8213/ac63b0
https://ui.adsabs.harvard.edu/abs/2022ApJ...931L...7G/abstract
https://doi.org/10.1038/s41586-020-2649-2
https://ui.adsabs.harvard.edu/abs/2020Natur.585..357H/abstract
https://doi.org/10.3847/1538-4357/aac956
https://ui.adsabs.harvard.edu/abs/2018ApJ...861...49H/abstract
https://doi.org/10.1088/0004-6256/142/5/170
https://ui.adsabs.harvard.edu/abs/2011AJ....142..170H/abstract
https://doi.org/10.1051/0004-6361/202040019
https://ui.adsabs.harvard.edu/abs/2021A&A...647A.193H/abstract
https://doi.org/10.3847/1538-4357/ab9ffa
https://ui.adsabs.harvard.edu/abs/2020ApJ...898..106H/abstract
https://doi.org/10.1109/MCSE.2007.55
https://ui.adsabs.harvard.edu/abs/2007CSE.....9...90H/abstract
https://doi.org/10.1146/annurev.astro.35.1.267
https://ui.adsabs.harvard.edu/abs/1997ARA&A..35..267I/abstract
https://doi.org/10.1093/mnras/stad3821
https://ui.adsabs.harvard.edu/abs/2024MNRAS.529.3484J/abstract
https://ui.adsabs.harvard.edu/abs/2016mks..confE...1J/abstract
https://doi.org/10.1017/pasa.2017.31
https://ui.adsabs.harvard.edu/abs/2017PASA...34...52M/abstract
https://doi.org/10.1111/j.1365-2966.2006.10681.x
https://ui.adsabs.harvard.edu/abs/2006MNRAS.371..157M/abstract
https://ui.adsabs.harvard.edu/abs/2006MNRAS.371..157M/abstract
https://doi.org/10.48550/arXiv.1201.0490
https://ui.adsabs.harvard.edu/abs/2011JMLR...12.2825P/abstract
https://doi.org/10.3847/1538-4357/adcedc
https://doi.org/10.3847/1538-4357/adcedc
https://doi.org/10.3847/1538-4357/adcedc

THE ASTROPHYSICAL JOURNAL, 986:70 (12pp), 2025 June 10

Roberts, H., & Darling, J. 2024, in IAU Symp. 380, Cosmic Masers: Proper
Motion Toward the Next-Generation Large Projects, ed. T. Hirota et al.
(Cambridge: Cambridge Univ. Press), 16

Roberts, H., Darling, J., & Baker, A. J. 2021, ApJ, 911, 38

Spoon, H. W. W., Herndn-Caballero, A., Rupke, D., et al. 2022, ApJS, 259,
37

Stoughton, C., Lupton, R. H., Bernardi, M., et al. 2002, AJ, 123, 485

Suess, K. A., Darling, J., Haynes, M. P., & Giovanelli, R. 2016, MNRAS,
459, 220

Tody, D. 1986, Proc. SPIE, 627, 733

12

Roberts et al.

van Cappellen, W. A., Oosterloo, T. A., Verheijen, M. A. W, et al. 2022,
A&A, 658, Al46

Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020, NatMe, 17, 261

Wang, S., Wu, Z., Zhang, B., et al. 2024, A&A, 686, A172

Willett, K. W. 2012, in IAU Symp. 287, Cosmic Masers—from OH to HO, ed.
R. S. Booth, W. H. T. Vlemmings, & E. M. L. Humphreys (Cambridge:
Cambridge Univ. Press), 345

Willett, K. W., Darling, J., Spoon, H. W. W., Charmandaris, V., & Armus, L.
2011, AplJS, 193, 18

Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 2010, AJ, 140, 1868


https://ui.adsabs.harvard.edu/abs/2024IAUS..380...16R/abstract
https://doi.org/10.3847/1538-4357/abe944
https://ui.adsabs.harvard.edu/abs/2021ApJ...911...38R/abstract
https://doi.org/10.3847/1538-4365/ac4989
https://ui.adsabs.harvard.edu/abs/2022ApJS..259...37S/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJS..259...37S/abstract
https://doi.org/10.1086/324741
https://ui.adsabs.harvard.edu/abs/2002AJ....123..485S/abstract
https://doi.org/10.1093/mnras/stw666
https://ui.adsabs.harvard.edu/abs/2016MNRAS.459..220S/abstract
https://ui.adsabs.harvard.edu/abs/2016MNRAS.459..220S/abstract
https://doi.org/10.1117/12.968154
https://ui.adsabs.harvard.edu/abs/1986SPIE..627..733T/abstract
https://doi.org/10.1051/0004-6361/202141739
https://ui.adsabs.harvard.edu/abs/2022A&A...658A.146V/abstract
https://doi.org/10.1038/s41592-019-0686-2
https://ui.adsabs.harvard.edu/abs/2020NatMe..17..261V/abstract
https://doi.org/10.1051/0004-6361/202348174
https://ui.adsabs.harvard.edu/abs/2024A&A...686A.172W/abstract
https://ui.adsabs.harvard.edu/abs/2012IAUS..287..345W/abstract
https://doi.org/10.1088/0067-0049/193/1/18
https://ui.adsabs.harvard.edu/abs/2011ApJS..193...18W/abstract
https://doi.org/10.1088/0004-6256/140/6/1868
https://ui.adsabs.harvard.edu/abs/2010AJ....140.1868W/abstract

	1. Introduction
	2. Source Selection and Algorithm Revisions
	3. Observations and Data Reduction
	4. Results and Analysis
	4.1. H i Confirmations and Ambiguous Sources
	4.2. OH Detections

	5. Discussion
	5.1. Comparison with the Predicted Number of OHM Detections in ALFALFA
	5.1.1. Misidentified OHM Hosts
	5.1.2. Missing OHM Detections

	5.2. Comparison with the Predicted Number of OHM Detections in Apertif

	6. Conclusion
	AppendixResults of Optical Redshift Observing Campaign
	References



