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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 signiBcantly increased frequency, potentially expanding the known OHM population tenfold. These
detections, however, risk confusion with lower-redshift H I 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) H I 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), conBrms Bve new OHM host galaxies and reidentiBes two previously catalogued
OHMs misclassiBed as H I emitters in ALFALFA. These Bndings support the predictions from Roberts et al. and
underscore the evolving landscape of radio astronomy in the context of next-generation telescopes.

Uni!ed 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]LIRGs),
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 (H I) in untargeted

extragalactic surveys, leading to contamination of H I catalogs.

This can happen when there is no independent redshift of a

galaxy, allowing an OHM host to appear to be at a redshift of

zH I when the actual redshift is ( ( ) )/= +z z1 1OH OH,0 H I H I,0 ,

where νOH,0 is the rest frequency of OH (1667.35903MHz) and

νH I,0 is the rest frequency of H I (1420.40575 MHz).

K. A. Suess et al. (2016) Brst demonstrated this possibility by

Bnding Bve 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 H I surveys with the Square

Kilometer Array (SKA) and its precursors will detect thousands

of new OHMs. At high redshifts (z� 1.5), OHM detections will

likely outnumber H I detections in Gux-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 Brst 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 H I 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, identiBcation 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 identiBcation 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 H I 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 3.5 m 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 veriBcation tests and observations led to
revisions in the OHM Gagging algorithms presented here, as
well as the identiBcation of Bve 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 reBnements 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 H I 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
Gat ΛCDM cosmology with H0= 70 km s−1 Mpc−1, Ωm= 0.3,
and ΩΛ= 0.7.

2. Source Selection and Algorithm Revisions

In order to search for previously unidentiBed OHMs, we
applied the algorithm presented in H. Roberts et al. (2021) to
two extragalactic H I 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 I sources out to redshift zH I< 0.06 (or, for unrecognized OH
emitters, 0.174< zOH< 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 H I sources up to redshift zH I< 0.066 (0.174<
zOH< 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 identiBed, 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-conBrmed H I identiBcations and
were then cross matched with the AllWISE (Wide-Beld
Infrared Survey Explorer; E. L. Wright et al. 2010) catalog

to obtain photometry in WISE bands W1, W2, and W3 (3.4,
4.6, and 12 μm, 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 identiBed, 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 AllWISE 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 Brst 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 H I

emitter is a misidentiBed OHM. We deBned 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 identiBed 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 Brst 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 difBcult 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 deBned by their
B-band surface brightness, with typical selection criteria of
μB�∼ 22–23 mag arcsec−2. 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 H I

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 H I

emitter. Additionally, the methods of H. Roberts et al.
(2021) are fundamentally searching for photometric outliers
from a population of bright, nearby H I galaxies. Although
OHM hosts and LSB galaxies are distinct populations, both
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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 Brst
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 μ0, in units of
mag arcsec−2, was calculated for each galaxy using the
formulation presented in W. Du et al. (2015):

( ) ( ) ( ) ( )µ = + +m m a q z2.5 log 2 10 log 1 , 10 10
2

10

( ) ( ) ( ( ) ( )) ( )µ µ µ µ= + +B g g a0.47 0.17, 20 0 0 0

where m refers to the apparent magnitude of the relevant band

(g or r), a is the on-sky semimajor axis of the galaxy, q is the

axis ratio, and z is the SDSS spectroscopic redshift. For the on-

sky radius of the galaxy, we adopted the Petrosian radius Bt to

the r-band image in the SDSS pipeline. We calculated the axis

ratio using the de Vaucouleurs ellipticity, εdV, Bt to the r-band

image, where q= 1− εdV. 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 Bts, but we still expect surface brightness values to be

approximate due to the use of pipeline-Bt parameters.

However, this uncertainty should not be a major concern,

since our goal is to roughly Gag galaxies with LSB (and star

formation rate) and distinguish them from the more actively

star-forming H I 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 μ0(B)� 23.5 mag arcsec−2 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

diffuse than typical OHM host galaxies, resulting effectively in

no impact on our OHM classiBcation algorithms.
Using our triaged sample of non-LSB H I emitters, LSB H I

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 H I surveys.
However, this time, instead of assigning sources to one of just
two classiBcations, we now assign them to one of three. To do
so, we employ a one-versus-all (OVA) classiBcation scheme
(R. Rifkin & A. Klautau 2004), which works by iterating
through all classes and then deBnes a classiBer that
distinguishes sources in a given class from all sources not in
that class. This approach differs from a one-versus-one (OVO)

classiBcation scheme, which constructs classiBers for each pair
of classiBers. We chose the OVA classiBcation scheme
because it is simple to interpret—each source is assigned a
likelihood of belonging to each class—and it is computation-
ally efBcient. We also performed tests comparing the OVA and
OVO classiBcation schemes, and the OVA classiBcation
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 classiBed in more than one way: the
LSB galaxies are, in fact, H I emitters, and OHMs can also
produce H I emission lines (although the H I emission will
often not fall within the survey frequency band). However, the
simpliBcation 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-conBdence 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 H I

emitters, we fed them back into the algorithms with the correct
labels, improving but potentially changing the classiBcations
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 classiBed as high-
likelihood OHMs, but not every observed source was always
classiBed 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 identiBcation of OHMs in H I 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 I or the 18 cm OH
line). However, assuming that the emission line is H I or OH, its
observed frequency narrows the redshift down to two potential
values. To determine whether sources are misidentiBed OHMs

Figure 1. Histogram of Bt B-band surface brightnesses for the sample of
ALFALFA galaxies that could be Bt. The median value is marked with a
vertical solid line.

3

The Astrophysical Journal, 986:70 (12pp), 2025 June 10 Roberts et al.



Figure 2. Illustration of how sources previously identiBed as H I emitters were selected for inspection to determine if they are misidentiBed 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 I), LSB H I sources, or potential OHMs. From the potential OHM category, we primarily selected sources that have been classiBed with
90% or greater likelihoods of being OHMs.
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rather than H I emitters, we observed our candidates to
independently determine their spectroscopic redshifts using
optical emission lines. We used the Dual Imaging
Spectrograph (DIS) on the 3.5 m 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 wildBres, 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 Å. Our setup consisted of R300/B400 gratings in the red
and blue channels, respectively, with central wavelengths of

7500/4400 Å and approximate dispersions of 2.3/1.8 Å pixel−1

spanning over 2000 pixels, or 4620/3660 Å. 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, Gat
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 Bner calibration. This

calibration yielded uncertainties of ≲0.73 Å and ≲0.35 Å 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 Gux
calibrations were taken, and therefore we only report observed
wavelengths of lines but not their Guxes. For each potential
OHM, we took one to four Bve-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. BrieGy, these
consisted of trimming, debiasing, and Gattening science

images using master biases and Gats 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 Bnal wavelength calibration of the averaged
science images using source-free skylines. These skylines are
then removed, and the Bnal spectrum from each combined
science image is extracted. We identiBed relevant emission
lines and Bt a Gaussian proBle to each.
Although our main objective was to identify Hα (6563 Å) in

each spectrum, the typical spectrum had three to Bve emission

lines, such as those of the [N II] doublet (6549 and 6583 Å) or
the [S II] doublet (6717 and 6731 Å). Figure 3 shows an
example spectrum with all Bve of these lines and our Bts
to each for one of our objects. For some objects, the Hβ
(4861 Å), [O III] (4959 and 5007 Å), or [O II] (3727 Å) lines
could be found on the blue side, but due to signiBcant 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 Hα emission line, but typical values were SNR� 20.
Optical redshifts are calculated only on the basis of the Hα

emission because it has a signiBcantly higher SNR and smaller
measurement errors than the other lines. Other emission lines
were used to conBrm agreement with Hα, but due to blending
and being much fainter, the [N II] and [S II] lines had much
higher uncertainties and inGated 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
Hα line is detected, and for these sources, we only present
optical redshift measurement if it is in good agreement with
the presumed H I or OH redshift. Hα centroiding uncertainties

range from 0.001 to 0.12 Å with a median value of ∼0.016 Å.

Adding the maximum calibration uncertainty (0.73 Å for the
red side of the spectrum) in quadrature with the maximum

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 Bts to each line are
also shown as the thicker, colored overlays.
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measurement uncertainty (0.12Å) yields a maximum uncer-
tainty of 0.74 Å, corresponding to a maximum redshift
uncertainty of 1.1× 10−4 or about 33 km s−1 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 identi!ed 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 H I (zH I).
2. The radio source was incorrectly identi!ed 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 (zOH). These sources are new OHM discoveries that
had masqueraded as H I sources. Converting from the incorrect
zH I to the correct zOH is done using the following equation,
where the H I rest frequency (νH I,0) is 1420.405752 MHz and
the OH rest frequency (νOH,0) is 1667.35903 MHz:

( ) ( )= +z z1 1. 3OH
OH,0

H I,0

H I

3. The source’s optical redshift did not match either the H I
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 identiBed.
There is also the remote possibility that the detected line is real
but neither H I nor OH, such as a radio recombination line or
some new line.
4. The optical source did not produce identi!able emission

lines. Some sources, even after long integration times, did not
produce identiBable optical emission lines that could be used
to determine redshifts. It is possible that some of these sources
are incorrectly identiBed optical components that had higher
redshifts than could be measured by our observing setup and
thus actually belong to group 3 above, but more speciBc
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. H I Con!rmations and Ambiguous Sources

Our observations conBrmed 78 H I sources—25 from
Apertif and 53 from ALFALFA. These sources are presented
in Table A1 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 H I 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 H I 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 conBrms that it hosts an OHM. We
present the conBrmation of Bve new OHMs and their
properties in Table 1 and spectra for these OHMs, when
available, are shown in Figure 4. As all Bve are from the
ALFALFA catalog, the integrated Gux and line width (W50) in
an observed velocity frame from M. P. Haynes et al. (2018) are
Brst converted from H I to OH values with the following
equations:

( )= ×W W , 450,OH
OH,0

H I,0

50,H I

( )= ×S
S

W
W , 5OH

H I

50,H I

50,OH

where νH I,0 and νOH,0 are the rest frequencies for each line and

S is the line Gux in Jy km s−1. We then use these values, as

well as Equation (37) from M. Meyer et al. (2017) for

Table 1
OH Line Properties of New OHM ConBrmations

AGC Optical Position zopt OH Line Flux Line Width Llog OH

(J2000) (Jy km s−1) (km s−1) (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 0.19095a 2.30 454 3.88

249507b 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 W50.
a
This redshift was provided by SDSS.

b
This source was Brst proposed to be an OHM in M. P. Haynes et al. (2018) but had not yet been conBrmed.
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converting line Guxes measured in the observed optical frame,

to calculate the OH luminosity:

( )
( )=

+
L D

c z

S4
1

, 6
LOH
2 OH,0

2
OH

where νOH,0 is the rest frequency of the OH line, DL is the

luminosity distance, and SOH is the line Gux in Jy km s−1.
M. P. Haynes et al. (2018) present nine conBrmed OHM

detections—some conBrmed using SDSS redshifts and some
previously identiBed by K. A. Suess et al. (2016), R. Morganti
et al. (2006), and J. Darling & R. Giovanelli (2002a)—and 10
OHM candidates that require conBrmation. We observed three
of the OHM candidates that they presented and conBrm 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
identiBed, and they remain ambiguous. Together with the six
conBrmed OHMs from K. A. Suess et al. (2016) and the

additional Bve 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 conBrmed 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 Bnal 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 identiBcation in these processes, with the exception of
AGC 249507, whose proposed identiBcation as an OHM in
M. P. Haynes et al. (2018) was further supported by compact

Figure 4. Spectra from ALFALFA for seven OHMs, the top Bve panels showing sources identiBed as OHMs through spectroscopic redshifts in this work and the
bottom two panels showing the misidentiBed 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.
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radio emission reported in S. Wang et al. (2024). Although it is
not clear why these sources were not previously Gagged as
potential OHM hosts, we can compare the number of known
OHMs in ALFALFA with the predicted value to assess the
likelihood of Bnding 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) Bt to the OH luminosity 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 MHz10 (zOH= 0.162–0.235), 5σ survey
sensitivity of 0.72 Jy km s−1 for line width W50= 200 km s−1,
and sky coverage of almost 7000 deg2 to obtain a predicted
total number of OHM detections of =

+
N 35.8OH 6.5

6.6.

5.1.1. Misidenti!ed 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 Bnd two OHMs
that are detected in ALFALFA but are presumed to be H I

sources. We note that these two sources were Gagged by our
OHM Bnding methods; this result is expected because both
sources were known OHMs used to train our algorithms
originally. IRAS 10339+1548 (denoted AGC 205163 in the
ALFALFA catalog) is a known OHM host Brst identiBed by
J. Darling & R. Giovanelli (2001). The emission line detected
by ALFALFA occurs at νobs= 1393 MHz and, assuming the
line is the previously detected OHM emission, yields a redshift
of z= 0.1969, consistent with the measured spectroscopic
redshift of the host galaxy (H. W. W. Spoon et al. 2022). The
other OHM misidentiBed in the ALFALFA catalog is IRAS
22135+0043 (AGC 322009), which was Brst identiBed by
K. W. Willett (2012). The ALFALFA catalog gives an
observed emission line at νobs= 1376 MHz for this source.
Assuming that it is OH instead of H I, 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 conBrmed OHMs in the ALFALFA catalog to 18.

5.1.2. Missing OHM Detections

In addition to these misidentiBed sources, we can inspect the
catalog of known OHMs to select for any sources that fall
within the footprint and frequency range of ALFALFA.
SpeciBcally, we select OHMs that fall within one of the two
regions covered by ALFALFA: 7h30m< R.A.< 16h30m and

22h< R.A.< 3h, with both regions covering a decl. range of
0�< decl.< 36�. We also require that OHMs have observed
emission lines between 1335 and 1435MHz. 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 difBcult. Figure 6 shows the integrated
Gux density versus line width for OHMs with ALFALFA
detections and those without reported detections. ALFALFA
reports a 5σ sensitivity limit of 0.72 km s−1 for a line width of
W50= 200 km s−1. This H I sensitivity limit can be rescaled for
OH using Equations (4) and (5), yielding a sensitivity limit of
0.845 km s−1 for a line width of W50,OH= 235 km s−1. The
dashed line in Figure 6 indicates this rescaled 5σ 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 conBrmed 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 signiBcantly

broadened, the detection of a line with high integrated Gux
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 conBrmed, 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
=

+
N 35.8OH 6.5

6.6.
This approximate analysis further emphasizes the need for a

better understanding of OHMs, their hosts, and how they can
be identiBed. Upcoming H I surveys on next-generation
telescopes will signiBcantly 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

10
The full frequency coverage of ALFALFA is 1435–1335 MHz. However,

as noted in M. P. Haynes et al. (2018), ALFALFA suffers from signiBcant
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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Figure 5. Sky distribution of ALFALFA sources (black dots) including OHMs that were detected in ALFALFA (blue circles) and those that fall within the survey
parameters but have no reported detection from ALFALFA (red Xs). The marker with the black outline is IRAS 12032+1707, a known OHM host whose OH
emission was not reported in M. P. Haynes et al. (2018), but was conBrmed to be detected in the ALFALFA survey by M. P. Haynes (2024, private communication).

Figure 6. The lower left panel shows integrated Gux density vs. line width (W50) of OHMs with reported detections in ALFALFA (blue circles) and those without
reported detections (red Xs). The 5σ survey sensitivity (gray dashed curve) is 0.846 Jy km s−1 for W50 = 235 km s−1. This is rescaled for OH from the reported H I

sensitivity of 0.72 Jy km s−1 for W50 = 200 km s−1 (M. P. Haynes et al. 2018). The upper left panel displays a stacked histogram of line width values. The panel on
the right shows integrated Gux density vs. observed frequency of the emission line, shown on the bottom, or source redshift, shown on the top. The marker with the
black outline is IRAS 12032+1707, a known OHM host whose OH emission was not reported in M. P. Haynes et al. (2018), but was conBrmed to be detected in the
ALFALFA survey by M. P. Haynes (2024, private communication).

9

The Astrophysical Journal, 986:70 (12pp), 2025 June 10 Roberts et al.



ranges, the available ancillary data for host galaxies dwindle
signiBcantly. 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 +

0.09 0.01
0.02% 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 +

1.1 0.1
0.2 detections. Given the detection

of the previously known OHM IRAS 10597+5926 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 Gagging methods
presented in H. Roberts et al. (2021) on both existing H I

survey data from ALFALFA and new survey data from
AWES. Through these tests, we identiBed a tendency to Gag
LSB galaxies as potential OHMs. Our methods were updated
to identify potential OHM hosts, accounting for the large
number of LSB galaxies in H I survey data. For these potential
OHM hosts Gagged in H I 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, conBrming 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 H I or OH line.
Finally, we were able to identify Bve new OHMs previously
thought to be H I sources in ALFALFA data. These sources
verify the ability of our algorithms to successfully identify
potential OHMs that were interloping in H I survey data. We
also identify two known OHMs that were misidentiBed in the
ALFALFA data as H I 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
unidentiBed 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;

K. A. Suess et al. 2016; this work; and certainly future
additional studies).
The full scope of OH contamination in H I surveys is, in

some ways, unknown. However, the methods presented here
will continue to become more accurate as new OHMs are
identiBed and our methods adapted as new information is
obtained. For a fraction of the new OHMs that will be detected
in next-generation H I surveys, existing optical redshifts will
be crucial for fast OHM identiBcation 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 I 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 A1 presents the sources that
were conBrmed to be H I 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 H I identiBcation. 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 Bts. 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 ConBrmations from APO Observing Campaign

Radio Position AGC zH I zOH Optical Position zopt
(J2000) (J2000)

001137.3+253334.0 102682 0.03494 0.21487 001137.3+253334.0 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 001306.1+090959.0 0.03561

001723.2+155705.0 101185 0.02566 0.20398 001723.2+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 zH I zOH 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 Neithera

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 Neitherb

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 identiBable 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.
a
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.

b
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 N II Hα N II S II S II

(J2000) (6549 Å) (6563 Å) (6583 Å) (6717 Å) (6731 Å)

001137.3+253334.0 ⋯ 6790.836±0.027 ⋯ 6949.352±0.068 ⋯

001231.0+183339.0 ⋯ 6724.385±0.003 6745.107±0.018 6882.014±0.013 6895.573±0.029

001306.1+090959.0 ⋯ 6796.524±0.018 ⋯ 6954.956±0.054 ⋯

001723.2+155705.0 ⋯ 6731.734±0.040 ⋯ ⋯ ⋯

002936.3+270147.0 ⋯ 7567.133±0.011 7589.448±0.027 ⋯ ⋯

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