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Probing Heavily Obscured AGN in Major Galaxy Mergers Using the mm—X-ray Correlation
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ABSTRACT

The study of heavily obscured supermassive black hole (SMBH) growth in late-stage galaxy mergers
is challenging: column densities Nj>10%*cm™2 can block most nuclear emission, leaving significant
gaps in the SMBH growth census. Millimeter-wave continuum emission offers a potential window into
this obscured phase, as it can trace Active Galactic Nuclei (AGN) activity through mechanisms less
affected by dust extinction. In this work, we test whether the observed correlation between millimeter
(~200 GHz) and hard X-ray (14-150 keV) luminosities can be used to plausibly identify hidden AGN
in local (Ultra)Luminous Infrared Galaxies (U)LIRGs, including systems hosting confirmed dual AGN.
We identify three sources — one confirmed AGN and two strong candidates — presenting significant
evidence of AGN activity. The confirmed dual AGN lie within ~30 of the mm-X-ray correlation,
suggesting this relation can be used to identify hidden pairs. By combining the position of each source
relative to this correlation with independent star formation rate constraints, we propose a method
to disentangle AGN and star formation contributions for sources with measured column densities.
While our analysis is based on a small, heterogeneous local sample and relies on empirical scaling rela-
tions, these results indicate that millimeter continuum emission may provide a useful complementary
diagnostic for obscured SMBH growth. ALMA observations at high angular resolutions are particu-
larly valuable for this approach, while future facilities such as the ngVLA will be essential to test its
robustness in larger and more distant samples.
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1. INTRODUCTION while obscuring this activity behind large amounts of
gas and dust, both on nuclear (e.g., C. Ricci et al. 20174a;
M. J. Koss et al. 2018; C. Ricci et al. 2021a) and galaxy-
wide (J. Buchner & F. E. Bauer 2017; L. Blecha et al.
2018) scales. These critical events have also been linked
to a high incidence of dual or closely separated AGN
* GECO Fellow (e.g., M. Imanishi 2009; R. W. Pfeifle et al. 2019a,b; D.

Major galaxy mergers can simultaneously trigger in-
tense accretion onto supermassive black holes (SMBHs;
e.g., P. F. Hopkins et al. 2008; E. Treister et al. 2012)
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Farrah et al. 2022). As a result, Active Galactic Nu-
clei (AGNs, i.e., rapidly accreting SMBHs) in late-stage
mergers are often enshrouded in material that can reach
Compton-thick (Ng > 10%* ecm~2; e.g., M. J. Koss et al.
2016; S. Yamada et al. 2021; C. Ricci et al. 2021b) lev-
els, which hampers their detection and characterization.
This obscuration creates a significant gap in the census
of SMBH growth. A complete accounting of the dual
AGN population is crucial for predicting gravitational
wave event rates, enabling precise constraints on their
number density and physical properties—measurements
that will become feasible with next-generation space-
based gravitational wave observatories (e.g., K. Nandra
et al. 2013; P. Amaro-Seoane et al. 2017; L. Piro et al.
2023). Probing heavily obscured SMBH growth gen-
erally requires multi-wavelength observations (e.g., M.
Koss et al. 2012). In major galaxy mergers, however, in-
tense star formation further complicates the AGN iden-
tification at optical, infrared, and radio wavelengths.
For example, M. Koss et al. (2011) reported a dual AGN
detected in hard X-rays but missed in optical and ra-
dio observations, highlighting these difficulties. Optical
emission-line diagnostics are also known to be unreli-
able in mergers due to extinction and dilution by star
formation (M. Koss et al. 2010). Millimeter (mm) wave-
lengths offer a promising avenue to study AGN in such
environments, as they are largely unaffected by dust,
even at very high column densities (Ng ~ 10?6 cm~2;
R. H. Hildebrand 1983). Detailed SED decomposition
analyses (e.g., A. Efstathiou et al. 2022; C. Varnava
et al. 2025) have shown that many (U)LIRGs harbor
deeply buried AGN, further motivating the use of dust-
insensitive tracers such as mm emission.

In most AGN, mm emission is thought to arise primar-
ily from synchrotron radiation produced by relativistic
particles near the X-ray—emitting corona (e.g., E. Behar
et al. 2018; Y.-F. Jiang et al. 2010). Supporting this,
Y. Inoue & A. Doi (2018) detected excess mm emission
in Seyfert galaxies, attributing it to self-absorbed syn-
chrotron radiation from a compact region close to the
SMBH. Because X-ray and mm emission can originate
from related processes, they are expected to correlate
tightly, a relation already explored in numerous studies
(e.g., W. Brinkmann et al. 2000; M. Salvato et al. 2003;
R. Wang et al. 2006; F. Panessa et al. 2007; E. Behar
et al. 2018).

More recently, T. Kawamuro et al. (2022) investi-
gated the relation between soft/ultra-hard X-ray (2-10
keV/14-150 keV) and mm-wave (1.3 mm, 230 GHz) lu-
minosities for isolated AGN in the local Universe using
the Swift/BAT 70-month catalog (W. H. Baumgartner
et al. 2013; C. Ricci et al. 2017b). Swift/BAT’s sen-

sitivity to ultra-hard X-rays (14-195 keV) ensures de-
tections largely immune to obscuration up to Compton-
thick levels (Ng ~ 10%* cm~2), yielding one of the least
biased local AGN samples. Using high angular reso-
lution (< 0.6”; <100-200 pc) ALMA observations, T.
Kawamuro et al. (2022) reported a tight correlation be-
tween mm and X-ray luminosities, with a 1o scatter of
0.36 dex. Because mm emission is optically thin, this
correlation provides a powerful tool for studying SMBH
growth in heavily obscured environments. Similarly, C.
Riccei et al. (2023) examined the 100 GHz (3.0 mm) to
X-rays correlation for a smaller sample of nearby (within
50 Mpc) radio-quiet AGN from the BAT AGN Spectro-
scopic Survey (BASS; M. Koss et al. 2017), finding even
less scatter (0.22 dex) and no significant dependence of
the intrinsic X-ray /mm ratio on AGN properties such as
obscuration (in the Compton-thin regime), black hole
mass, Eddington ratio, or star formation rate (SFR).
However, its applicability beyond hard X-ray selected
samples — in particular for relatively X-ray faint pop-
ulations such as heavily reddened quasars (E. Glikman
et al. 2024), dust-rich Broad Absorption Line (BAL)
systems (S. C. Gallagher et al. 2006), e.g., LoBALs and
FeLoBAL, infrared-luminous mergers, and/or extremely
Compton-thick environments (Nyg > 10?5 cm™2) like the
nuclear regions of gas-rich major mergers — remains
largely unexplored.

(Ultra-)Luminous Infrared Galaxies or (U)LIRGs
(D. B. Sanders et al. 1988), provide an ideal laboratory
to test this correlation. Defined by their infrared lumi-
nosities (Lig > 10 Lg for LIRGs and Lig > 10'2Lg
for ULIRGs), these sources often host galaxy mergers
with both intense star formation and heavily-obscured
AGN activity. Of particular interest is the dual AGN
phase, in which late-stage mergers host two active nu-
clei separated by <10 kpc, frequently accompanied by
extreme obscuration (C. Ricci et al. 2021a) that can al-
most exclusively be probed at mm wavelengths.

In this work, we study 2-10 keV/14-150 keV X-ray
and 1.3 mm luminosities for a sample of local (U)LIRGs
from the Great Observatories All-Sky LIRG Survey
(GOALS; L. Armus et al. 2009). Some of these sys-
tems were selected as candidates to host obscured dual
AGN, allowing us to test whether the mm—X-ray re-
lation can reveal previously undetected AGN. The re-
maining sources are already confirmed dual AGN; to
achieve a more complete sample of local confirmed dual
AGN, we also include UGC 4211, a confirmed dual AGN
not part of GOALS. Using these sources, we investigate
archival Atacama Large Millimeter /submillimeter Array
(ALMA) observations to examine whether the mm/X-
ray relation holds in dual AGN systems and whether



it can uncover hidden SMBH growth. Throughout this
work we adopt a ACDM cosmology with Hy = 70 km
s~ Mpc™!, Q,, =0.3, and Q4 = 0.7.

2. SAMPLE AND OBSERVATIONAL DATA

The ultimate goal of this study is to evaluate the feasi-
bility of using high angular resolution observations from
ALMA, in combination with the millimeter—X-ray re-
lation, to identify potential hidden AGN pairs in close
proximity. This search for nearby obscured AGN using
high angular resolution ALMA data will be presented
in an upcoming publication (Droguett-Callejas et al.,
in prep.). As an initial step, and taking advantage of
the currently available data, we focus on a sample of
(U)LIRGs. These sources are uniquely suited to probe
the Compton-thick SMBH growth regimes and are prime
environments for hosting heavily obscured (dual) AGN.
We therefore searched the ALMA archive'# for observa-
tions of sources in the complete, volume-limited GOALS
sample (L. Armus et al. 2009), which contains more than
200 (U)LIRGs drawn from the IRAS Revised Bright
Galaxy Sample (RBGS; D. B. Sanders et al. 2003).
Specifically, we focused on observations from ALMA
programs 2016.2.00055.S and 2017.1.00767.S (PI: E.
Treister), designed to detect 12CO(2-1) emission and sig-
natures of potential outflows in the line wings. These
programs provide deep continuum data and a sample
with well-defined statistical properties, selected based
on the following criteria: (1) —20° < ¢ < 20°, to ensure
good visibility with both ALMA and the VLA for po-
tential follow-up; and (2) CO(1-0) peak flux > 3 mK, to
guarantee detection of the >CO(2-1) line . Note that
these requirements imply that there will be (U)LIRGs
included in the T. Kawamuro et al. (2022) sample that
will be automatically incorporated in this study, such as
IRASF 05189-2524. The ALMA Band 6 (211-275 GHz)
observations used in these projects provide an optimal
balance of low optical depth, suitable spatial resolution,
and data availability. To build our working sample, we
further required sources with available X-ray detections
in either the 2-10 keV or 14-150 keV bands. These
criteria yield 11 systems observed with the Atacama
Compact Array (ACA), with ~5.4” angular resolution,
which correspond to a representative spatial resolution
of ~3.4 kpc for the sources in the sample. For four
of them, CGCG 436—030, IRASF 14348—1447, IRASF
17138—1017, and IRASF 17207—0014, we also analyzed
archival higher-resolution 12-m array data with a me-
dian angular resolution of ~0.41”, corresponding to a
typical spatial resolution of ~0.33 kpc at the distance of
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these sources. While ACA observations have lower spa-
tial resolution than the <1” data used by T. Kawamuro
et al. (2022) for isolated AGN, they provide a valuable
baseline for assessing how spatial resolution affects the
detectability of obscured AGN.

Following T. Kawamuro et al. (2022), we searched
the literature for X-ray data in both the 2-10 keV and
14-150 keV bands. The 2-10 keV data are primar-
ily from Chandra/ACIS observations, whose relatively
high spatial resolution reduces contamination from star-
formation-related emission and can potentially resolve
dual nuclei systems. For the 14-150 keV band, we used
the Swift/BAT 105-Month Hard X-ray Survey (K. Oh
et al. 2018), since emission at these energies is considered
a clean and relatively unbiased AGN tracer. Only one
source in our sample, NGC 835, has a robust L14-150,kev
measurement, whereas IRASF 17138 has only an up-
per limit in the 14-195 keV energy range. Table 1
summarizes the coordinates, and ALMA details for this
(U)LIRG sample, including higher-resolution measure-
ments where available.

2.1. Dual AGN candidates

he overarching objective of this paper is to assess the
feasibility of applying the millimeter—X-ray relation to
identify obscured AGN in general, and in particular in
late-stage mergers. While this approach is applicable to
a broad range of merger configurations and other ob-
scured systems, we place particular emphasis on close-
separation dual AGN systems, which represent a crit-
ical and observationally challenging subset for testing
the power of this method. Hence, we compiled a sample
that satisfies the following criteria: systems located in
the local Universe (2<0.05), with projected nuclear sep-
arations between 60 pc and 10 kpc, available X-ray ob-
servations in both the 2-10 keV and 14-150 keV bands,
and ALMA Band 6 (211-275 GHz) data obtained with
the 12 meter array in extended configurations. The min-
imum nuclear separation was estimated using the max-
imum angular resolution achievable with ALMA Band
6 observations, combined with the mean distance of our
sample and the minimum theoretical separation required
to spatially resolve both nuclei. To ensure completeness,
we cross-checked our list with The Big Multi-AGN Cat-
alog (The Big MAC, R. W. Pfeifle et al. 2024), the first
literature-complete catalog of known confirmed and can-
didate multi-AGN systems. We hence verified that our
subsample includes all currently confirmed dual AGN
in the local Universe that satisfy our criteria, including
UGC 4211, a confirmed dual AGN at very small nuclear
separation not in GOALS. Our resulting sample com-
prises: Mrk 463, with a nuclear separation of ~ 4 kpc (E.
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Treister et al. 2018); Mrk 739, with ~3.4 kpc separation
(M. Koss et al. 2011); NGC 6240, with ~1 kpc separa-
tion (E. Treister et al. 2020); and UGC 4211, with ~0.23
kpc separation (M. J. Koss et al. 2023). For compari-
son, we also include the nearby (U)LIRG Arp 220, a late-
stage merger hosting two nuclei separated by ~ 0.36 kpc
(e.g., L. Barcos-Munoz et al. 2015), where the presence
of one or two AGN remains debated (e.g., B. T. Soifer
et al. 1984; E. E. Becklin & C. G. Wynn-Williams 1987;
K. Iwasawa et al. 2005; L. Barcos-Munoz et al. 2015; A.
Paggi et al. 2017; M. Perna et al. 2024). Table 2 lists
these systems’ properties and ALMA observational de-
tails. We found X-ray data in the 2-10 keV range for all
dual AGN in our sample, although UGC 4211 remains
unresolved with Chandra. Four of the five systems also
have measurements in the 14-150 keV band. Table 2
summarizes the luminosity distances, coordinates, and
ALMA data for our confirmed dual AGN /nuclei sample.

3. ANALYSIS
3.1. Mm-wave Emission

We used the Common Astronomy Software Applica-
tions (CASA) package ( CASA Team et al. 2022) for cal-
ibration, imaging, and analysis of the ALMA data. We
obtained the data from the ALMA archive (see project
codes in Tables 1 and 2) and ran the script_for_PLpy
pipeline script provided by the observatory to obtain cal-
ibrated measurement sets. We then created dirty cubes
of the observed spectral windows to identify and remove
line emission from the data. Subsequently, we generated
continuum images with these line-free measurement sets,
which were then corrected for primary beam efficiency.
Since the emission from a potential AGN corona would
be spatially unresolved by any available ALMA configu-
rations, we analyze the primary beam-corrected images
by measuring the peak flux density within an aperture
around the peak source emission (or from each nucleus
for the confirmed dual AGNs). By using the peak, in-
stead of the integrated flux density, we aim to remove
some potential contribution from more diffuse dust/SF
emission. In the case of the ACA data, the large beam
size means that this diffuse dust/SF emission is most
likely contributing to (or potentially dominating) the
observed mm emission. Further analysis and discussion
of this potential contribution are presented in section
3.3.

We measured the noise of the continuum maps in the
non-primary-beam-corrected images by selecting a large
aperture free of emission. To calculate the mm-wave lu-
minosity peak, we applied the standard relation between
flux density and luminosity, which requires the luminos-
ity distance and observed frequency for each source. The

uncertainties in luminosity were derived by propagat-
ing systematic errors in the flux density measurement,
with the RMS noise added in quadrature. The flux cal-
ibration accuracy for each ALMA band is outlined in
the “ALMA Proposer’s Guide” (G. Privon et al. 2025),
which reports a 10% accuracy for Band 6.

This procedure was applied to all the data stud-
ied here; only the high angular resolution data of
CGCG436-030 required an additional step. Since no
high angular resolution Band 6 observations are cur-
rently available, we estimated the corresponding peak
flux density at these wavelengths by interpolating the
peak emission from archival Band 3 and 7 observations
(after matching their angular resolution). We used the
derived spectral index to compute the corresponding in-
terpolated flux density emission at Band 6. Finally,
for those galaxies with available high angular resolu-
tion complementary data, we compute the recovered
emission fraction relative to the compact array mea-
surements. To achieve this, we will compare the peak
luminosity at both resolutions. This will serve as an es-
timation of how much diffuse emission is found in these
sources. The mm-wave luminosity values and their cor-
responding errors are provided in Tables 3 and 4.

3.2. X-ray Emission

Following the work of T. Kawamuro et al. (2022),
who investigated correlations in two X-ray energy ranges
(2-10 keV and 14-150 keV), we searched for luminosity
measurements in both bands for each source. As sum-
marized in Tables 3 and 4, 2-10 keV luminosities are
available for the entire sample, whereas only five sources
are currently detected by Swift/BAT in the 14-150 keV
range. Since the 14-150 keV band provides a cleaner,
less contaminated probe of the mm—X-ray correlation
in AGN, we estimated high-energy luminosities for the
remaining sources to assess their expected behavior at
these energies. To estimate 14-150 keV luminosities, we
used the 2-10 keV measurements and a photon index
of I' = 1.74, appropriate for star-formation—-dominated
X-ray emission and not corrected for any AGN con-
tribution. This photon index is consistent with other
reported values for high-mass X-ray binaries (HMXBs;
e.g., C. Done et al. 2007; M. Persic & Y. Rephaeli 2007;
S. Mineo et al. 2014; E. Seifina et al. 2016; S. Sazonov
& 1. Khabibullin 2017). This value corresponds to the
median photon index for GOALS galaxies with no indi-
cation of an AGN in any wavelength, as compiled from
the analysis of K. Iwasawa et al. (2011) and N. Torres-
Alba et al. (2018) thereby ensuring that the adopted
correction reflects non-AGN X-ray emission, and could
be taken as a conservative approach in our search for



Source z Spatial Scale [kpc/”] R.A. [J2000] DEC [J2000] Beam size Project ID
(1) (2) (3) 4) (5) (6) )
CGCG436-030 0.032 0.66 01:20:02.63 +14:21:42.3 6721 x 4”37 2016.2.00055.S
CGCG436-030 highres ” ? ? ” 0716 x 0713 2017.1.01235.5*
2018.1.00279.5**
CGCG465-012 0.022 0.46 03:54:16.04 +15:55:43.4 6737 x 4795 2016.2.00055.S
ESO550-1G025 0.032 0.66 04:21:20.04 -18:48:45.2 6787 x 3774 2016.2.00055.S
TRAS18090+0130 0.029 0.60 18:11:33.34 +01:31:42.6 6760 x 4736 2017.1.00767.S
IRASF03359+1523 0.035 0.72 03:38:46.95 +15:32:54.5 6736 x 4767 2017.1.00767.S
TRASF14348-1447 0.082 1.60 14:37:38.49 -15:00:19.1 6763 x 4706 2017.1.00767.S
TRASF14348-1447 highres ” ? ? ” 0704 x 0704 2019.1.00329.S
IRASF17138-1017 0.017 0.36 17:16:35.82 -10:20:40.2 771 x 3799  2017.1.00767.S
TRASF17138-1017 highres ” ? ? ” 0723 x 0722 2017.1.00255.S
IRASF17207-0014 0.043 0.88 17:23:21.95 -00:17:00.7 6777 x 4740 2017.1.00767.S
TRASF17207-0014 highres ” ? ? ” 0739 x 0728 2018.1.01123.S
NGC835 0.013 0.28 02:09:24.61 -10:08:09.1 572 x 3774 2016.2.00055.S
NGC835 ? ? ? ? 1748 x 1708 2018.1.00657.S
NGC838 0.013 0.28 02:09:38.53 -10:08:48.1 6711 x 3797 2016.2.00055.S
UGC02238 0.022 0.46 02:46:17.51 +13:05:44.6 6799 x 4744 2016.2.00055.S

Table 1. Sample of low resolution (U)LIRGs from GOALS studied in this work: (1) Source Name, (2) Redshift, (3) Linear
scale in kpc/”, (4) Right Ascension (J2000), (5) Declination (J2000), (6) Beam size in arcseconds, and (7) Project ID, *
corresponds to data from Band 3 and ** Band 7. The values for redshift (3), RA (4) and DEC (5) were obtained from the

NASA/IPAC Extragalactic Database (NED).

Source z Spatial Scale [kpc/”] R.A. [J2000] DEC [J2000] Beam size Project ID

1) (2) 3) (4) (5) (6) )

Mrk463 0.051 1.04 13:56:02.87 +18:22:19.48 (0730 x 0717 2013.1.00525.S
Mrk739 0.031 0.64 11:36:29.33 21:35:45.10 0709 x 0708 2023.1.01196.S
NGC6240 0.024 0.50 16:52:58.87 +02:24:03.33 0704 x 0702 2015.1.00370.S
Arp220  0.018 0.38 15:34:57.21  423:30:13.26 0703 x 0702  2017.1.00042.S
UGC4211 0.036 0.74 08:04:46.38 +10:46:36.19 0706 x 0707 2021.1.01019.S

Table 2. Sample of confirmed dual nuclei mergers in the local Universe studied in this work: (1) Source Name, (2) Redshift,
(8) Linear scale in kpc/”, (4) Right Ascension (J2000), (5) Declination (J2000), (6) Beam size in arcseconds, and (7) Project
ID. The values for redshift (3), RA (4) and DEC (5) were obtained from the NASA/IPAC Extragalactic Database (NED)

the presence of previously-hidden AGN, as will be de-
scribed below. The photon index was obtained from fit-
ting Chandra data of individual galaxies in the 2-7 keV
range, where thermal emission is no longer dominant.
For the median computation, all galaxies for which the
photon index was not fit, but rather fixed (due to a
low number of counts), were removed. The extrapola-
tion to the 14-150 keV band was carried out using the
HEASARC WebPIMMS tool'®. This estimation specif-
ically implies: (1) For sources where the X-ray emission
is dominated by star formation, the extrapolated lumi-

15 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/
w3pimms.pl

nosities should be considered as upper limits, since the
presence of a high-energy cutoff, as generally observed
in these systems (S. N. Zhang 1996; W. Coburn et al.
2002; F. Fornasini et al. 2022), would result in lower
luminosities in the 14-150 keV range. (2) For Compton-
thin AGN, the extrapolation should provide reliable es-
timates. (3) For heavily-obscured, Compton-thick AGN,
the extrapolated luminosities likely represent lower lim-
its due to the presence of a (prominent) Compton re-
flection hump not included in our assumed spectrum
(A. P. Lightman & T. R. White 1988; I. M. George &
A. C. Fabian 1991; P. G. Boorman et al. 2025). Al-
though the 14-150 keV band represents a cleaner regime
for investigating the mm—-X-ray correlation, our use of
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this band is based on a model-dependent extrapolation
of the observed 2-10 keV luminosities (for the sources
without 14-150 observations). Future and complemen-
tary observations with NuSTAR—which directly probes
the 3-79 keV range—would enable a more robust, em-
pirical assessment of this relation, particularly for heav-
ily obscured sources. The resulting luminosities in both
energy bands are presented in Tables 3 and 4.

3.3. Star Formation Contribution

To characterize the millimeter and X-ray emission in
major galaxy mergers, it is essential to consider that
these events are typically associated with intense star-
burst activity (D. B. Sanders et al. 1988; D. B. Sanders &
I. F. Mirabel 1996; C. J. Lonsdale et al. 2006; P. F. Hop-
kins et al. 2008). High angular resolution studies (e.g.,
T. Kawamuro et al. 2022; C. Ricci et al. 2023) can iso-
late the AGN contribution, but at lower resolution, both
AGN and star formation contribute to the observed mm
and X-ray emission. It is, hence, essential to quantify
the host galaxy’s star-formation-related emission when
interpreting the observed luminosities. This is particu-
larly relevant for the low-resolution observations of the
(U)LIRGsS included in our sample.

A potential caveat in this estimation arises from the
possibility of having intrinsically X-ray weak AGN emis-
sion in merging systems. While in this case these sources
could, in principle, remain undetected by X-ray—based
diagnostics, the fraction of X-ray-weak AGN, such as
BAL AGN in (U)LIRGs, appears to be small (e.g., S. H.
Teng et al. 2015), thus suggesting that they are unlikely
to represent a significant source of incompleteness in our
sample.

3.3.1. Star Formation Contribution to the X-ray emission

Several studies have investigated the relation between
star formation rate and X-ray luminosity across different
samples and energy ranges. For example, M. Persic &
Y. Rephaeli (2007) studied local star-forming galaxies
and (U)LIRGs using IRAS and XMM data, deriving the
2-10 keV SFR-Lx relation. B. D. Lehmer et al. (2010)
constrained the SFR-L x relation in the 2-8 keV band
for LIRGs from the IRAS Revised Bright Galaxy Sample
(RBGS; D. B. Sanders et al. 2003). S. Mineo et al.
(2014) extended these studies with a combined sample of
late-type galaxies, (U)LIRGs, and star-forming galaxies
from the Chandra Deep Fields (CDFs), finding a linear
relation: Lgs_gpey ~ A x 1039 - SFR(Mg yr~1), with
A = (4£0.4). They also re-derived A for the results of
M. Persic & Y. Rephaeli (2007) and B. D. Lehmer et al.
(2010), finding good overall agreement.

C. Ricci et al. (2021a) examined this same connec-
tion in their hard X-ray study of late-stage AGN merg-

ers, using NuSTAR observations of (U)LIRGs from the
GOALS sample. They compared the observed X-ray
luminosities with those predicted from star formation
alone, based on the SFR—X-ray relations of P. Ranalli
et al. (2003) and B. D. Lehmer et al. (2010). Their re-
sults show that systems without clear AGN signatures
have X-ray luminosities that are consistent with, or even
below, the values expected from star formation. This
agrees with the findings of N. Torres-Alba et al. (2018),
who reported a flattening of the SFR—X-ray relation in
(U)LIRGs, likely due to increased obscuration within
their star-forming regions. In contrast, sources that host
an AGN systematically display X-ray luminosities in ex-
cess of those predicted by star formation alone.

While this relation applies to the 2-10 keV band,
we would also like to assess the expected star forma-
tion contribution at higher energies. M. Persic & Y.
Rephaeli (2007) showed that in powerful (U)LIRGs,
the 2-10 keV emission is dominated by young HMXBs.
Assuming that HMXBs dominate the SFR-driven X-ray
output, we adopt the same photon index of I' = 1.74
(See Section 3.2). Figure 1 presents the observed mm
and X-ray values of our (U)LIRGs sample against their
derived SFR, compared to different SFR-mm /X-ray cor-
relations. We derived the SFR values for our sample of
(U)LIRGs by following the expression given by J. Ken-
nicutt (1998), corrected for a P. Kroupa (2001) Initial
Mass Function (IMF) where SFR = 3.15 x 10~% L;g.
We derived the integrated IR luminosities [8-1000 pm)]
using the observed IR flux densities reported by D. B.
Sanders et al. (2003) and the equations reported in Ta-
ble 1 from D. B. Sanders & I. F. Mirabel (1996). Panels
a) and b) show the observed X-ray values for our sample
of (U)LIRGs in the 2-10 and 14-150 keV bands, respec-
tively, against their derived SFR. From both of these
panels, we can see that the B. D. Lehmer et al. (2010)
relation predicts a higher contribution to the X-ray
emission from star formation. In addition, our results
are consistent with the study by C. Ricci et al. (2021a),
which found that sources without a confirmed AGN also
exhibit consistent or lower luminosities compared to the
relation by B. D. Lehmer et al. (2010). Consistently,
one of the sources confirmed to host an AGN by other
AGN tracers, NGC 835, is found significantly above the
relation.

3.3.2. Star Formation Contribution to the mm emission

At millimeter wavelengths, E. J. Murphy et al. (2012)
found a correlation between SFR and millimeter emis-
sion at 33 GHz using a sample of extranuclear and
nuclear star formation regions in nearby galaxies. This



relation uses SFRs computed using a P. Kroupa (2001)
IMF and considers both a free-free emission and a syn-
chrotron emission component (see equation 10 in E. J.
Murphy et al. (2012)). We use the explicit frequency
dependence of this correlation to extrapolate from 33
GHz, the frequency at which it was derived, to ~230
GHz, the representative frequency of the ALMA band
6 observations. This is done considering a non-thermal
radio index of a¥7 = 0.85, based on the average spec-
tral index found for star-forming regions in NGC 6946.
M. S. Yun & C. L. Carilli (2002) also described an SFR-
mm correlation based on a sample of IR-selected dusty
starburst galaxies. This correlation used a combination
of free-free, synchrotron, and dust emission to model the
mm emission, and the LIR to derive SFR using J. Ken-
nicutt (1998) corrected by a P. Kroupa (2001) IMF. The
entire radio-to-FIR continuum flux spectrum is given by:

Svgps = {25fnthyaa + 0.71V60'1
3 —(v0/2000)"%3
o L | WY

-6
+1.3x 10 £0-00083v0 _ | D?

This radio-to-FIR continuum spectrum is modeled with
fath = 1 (Galactic normalization; J. J. Condon 1992)
and a synchrotron spectral index of a = 0.75 (M. S. Yun
& C. L. Carilli 2002). Emission is modeled for a range
of SFRs using the GOALS sample’s median redshift
and luminosity distance, adopting vy = 230, GHz as the
representative ALMA Band 6 frequency.

Panel (¢) in Figure 1 shows the location of our
(U)LIRGs sample in the SFR-mm plane, compared with
the two expected correlations described above. We can
see here that the (U)LIRGs in our sample are located
systematically below the relation derived by M. S. Yun
& C. L. Carilli (2002) and are instead better charac-
terized by the correlation presented by E. J. Murphy
et al. (2012). The fundamental difference between these
two correlations is that the latter does not account for
the dust contribution, whereas the former was derived
from observations of dusty starburst galaxies at high
redshifts.

4. RESULTS AND DISCUSSION

Figure 2 compares the X-ray and millimeter proper-
ties of our sample in order to assess the relative contri-
butions of star formation and AGN activity. The top
panel shows the observed 2-10 keV luminosities, while
the bottom one presents the corresponding 14-150 keV
luminosities, enabling a direct comparison between the
empirical AGN and star-formation correlations.
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The figure includes the empirical correlation and data
for isolated AGN from T. Kawamuro et al. (2022) in
black. Some sources are highlighted with black-edged
markers; these correspond to the single AGN in T.
Kawamuro et al. (2022) sample that also satisfy cri-
terion (1) for our sample. We present a zone where
emission can be explained completely by star formation
(cyan, top left corner triangle). This zone is delimited
by the E. J. Murphy et al. (2012) and the M. Persic
& Y. Rephaeli (2007) relations. This combination was
selected as a conservative approach, since it corresponds
to the highest contribution from star formation to X-
ray emission. We also show the relation of M. S. Yun &
C. L. Carilli (2002) as a reference for the expected con-
tribution to the mm emission from dusty star-forming
galaxies without AGN. We then expect sources in be-
tween the cyan region and the AGN mm-X-ray relation
to have combine contributions from both star formation
and a -possibly heavily obscured- AGN. To better under-
stand cases with combined contributions, we have added
light-blue lines, assuming a constant SFR and varying
AGN contributions. For reference, we have marked the
AGN contribution, as percentages (10, 20, 50, 75%) of
the total bolometric luminosity, with blue dots. Higher
star formation rates produce bright mm emission, equiv-
alent to that from bright, unobscured AGN. Higher star
formation will hence naturally require more luminous
AGNs to deviate from the correlation. In the vicinity of
the AGN mm-X-ray correlation (black line), we expect
AGN emission to dominate in both bands.

4.1. (U)LIRGs

In the top panel of Figure 2, we present the observed
2-10 keV luminosities for all (U)LIRGs in our sam-
ple, with the exception of NGC 835, for which intrinsic
(absorption-corrected) 2-10 keV luminosities are shown.
The bottom panel shows the extrapolated 14-150 keV
luminosities for the low-resolution (U)LIRGs (purple
points). For systems lacking direct 14-150 keV measure-
ments, the extrapolated luminosities should be regarded
as upper limits of the star-formation contribution, since
the high-energy cutoff, characteristic of star-formation-
dominated emission, would in practice dramatically re-
duce the actual hard-X-ray emission (see Section 3.3).

Most of our (U)LIRGs are found between the limits
defined by the M. S. Yun & C. L. Carilli (2002)/B. D.
Lehmer et al. (2010) and E. J. Murphy et al. (2012)
/M. Persic & Y. Rephaeli (2007) correlations. These
results suggest that most of these sources do not host
a (dominating) AGN. This conclusion is based on mea-
surements obtained at low spatial resolution for the ma-
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Figure 1. Mm/x-ray luminosity versus SFR. Purple markers indicate the observed luminosity of the (U)LIRGs in our sample,
plotted against their SFR, derived from their IR luminosity. Light-blue lines show different SFR-mm/x-ray correlations. The
grey dotted lines show a reference grid and are included solely to aid in the visual interpretation. (a) This panel compares the
position of the (U)LIRGs sources in the SFR-X-ray (2-10 keV) against the correlations derived by M. Persic & Y. Rephaeli
(2007), derived from a sample of local star-forming galaxies, S. Mineo et al. (2012), obtained from a sample of 29 nearby late-type
galaxies, (U)LIRGs and star forming galaxies, and B. D. Lehmer et al. (2010), measured from a sample of LIRGs at z~0. (b)
Same as a) but for X-rays in the 14-150 keV range. (c¢) This panel shows the (U)LIRGs from our sample in the SFR-mm plane
against the correlation derived by M. S. Yun & C. L. Carilli (2002) derived from a sample of IR-selected dusty starburst galaxies
and the correlation derived by E. J. Murphy et al. (2012) , obtained from observations of nuclear and extra-nuclear star-forming

regions in nearby galaxies.

jority of the GOALS (U)LIRGs in our sample. We cau-
tion, however, that since only observed X-ray luminosi-
ties are currently available for these sources (except for
IRASF17207-0014, IRASF14348-1447 and NGC835), we
cannot rule out the presence of heavily obscured AGN
that contribute to the mm continuum but remain faint
in X-rays. Based on previously published results, the
emission from most sources in this region is classified
as Composite (AGN/SB), with no clear evidence for a
dominant AGN. This is not surprising, as our method
cannot easily distinguish the presence of a subdominant
AGN either. ESO550-1G025 S is the only source in this
region with an existing AGN claim (E. Vardoulaki et al.
2015). Further verification based on other AGN tracers

would be important to confirm the source of the emis-
sion in this system.

An alternative explanation for the low X-ray lumi-
nosities of these systems is that they may be intrinsi-
cally X-ray faint, a phenomenon previously reported in
(U)LIRGs (A. Franceschini et al. 2003; C. J. Lonsdale
et al. 2006; C. Ricci et al. 2016). Interestingly, a sim-
ilar X-ray weakness is commonly observed in LoBAL
quasars (P. J. Green & S. Mathur 1996), which have
been linked to (U)LIRGs, suggesting a possible evo-
lutionary or physical connection between these popu-
lations. Still, the lack of additional AGN diagnostics
argues against this scenario. For IRASF 17207-0014,
the line-of-sight column densities from C. Ricci et al.
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Figure 2. Observed peak millimeter continuum luminosity at 230 GHz versus X-ray luminosities in the 2-10 keV (top) and
14-150 keV bands (bottom). As in Figure 1, the grey dotted lines show a reference grid and are included solely to aid in
the visual interpretation. Grey circles show the isolated AGN sample from T. Kawamuro et al. (2022), with their mm—X-ray
relation plotted with a black line. Sources highlighted with black-edged markers correspond to single AGN in T. Kawamuro
et al. (2022) sample that also satisfy criterion (1) of our sample. Purple circles represent the GOALS-selected IR-bright galaxies
observed at low resolution with ACA; confirmed dual AGNs are marked in red, and Arp 220 in orange. When available, X-ray
luminosities are corrected for obscuration using the reported column densities (Tables 4 and 3). For sources with Nu given as a
range (Arp 220 E, IRASF 14348—1447, IRASF 17207—0014), a line of the same color indicates the shift in position if corrected
for Ng ~ 10%* cm™? (first perpendicular bar) and Ny ~ 10*® cm™? (second perpendicular bar). The light-blue shaded region
marks the area where emission can be entirely attributed to star formation, based on the SFR-mm relation from M. S. Yun &
C. L. Carilli (2002) and the SFR—X-ray relation from M. Persic & Y. Rephaeli (2007), as described in Section 3.3. Light-blue
lines indicate the expected mm and X-ray luminosities for systems with different AGN contributions at a given SFR.
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Source Lyym RMS Unresolved  La_1okev Lia—150 kev
104 erg s7* mJy/beam Emission % 10%0 erg s1 1040 erg s~1 log Ny Reference

CGCG436-030 3.31+£0.34 0.11 ~ 22 16.97 £ 3.31 43.74 £7.43 - a
CGCG465-012 0.88 £0.09 0.11 - 5.64 +0.88 15.35 + 5.86 - a
ESO550-1G025 N 1.95 4+ 0.20 0.14 - 3.58 £1.95 9.74 +4.25 - a
ESO550-1G025 S 1.36 £0.15 0.14 - 4.29+1.36 11.68 + 3.99 - a
TRAS18090+0130 2.53 +0.27 0.18 - 6.39 £ 2.53 17.39 £4.93 - a
TRASF03359+1523  6.52 + 0.66 0.17 - 8.32 £6.52 22.65+6.10 - a
TRASF14348-1447  14.16 +1.46 0.10 ~ 36 204.66 +25.62 557.08 +69.72 24/25 b
IRASF17138-1017 1.26 £0.14 0.45 ~ 4 17.6 £ 1.26 48.02 £ 5.51 - a
IRASF17207-0014  39.82 £ 3.99 0.30 ~ 19 33.88 £1.97 92.23 +£5.36 24/25 b
NGC835 0.21 4 0.03 0.24 ~ 32 114.82 £29.73  574.667175 750  23.63701% b
NGC838 0.47£0.05 0.28 - 2.7+0.50 7.35£0.73 - a
UGC02238 2.20£0.22 0.11 - 5.88 + 2.20 16.01 +4.29 - a

Table 3. Derived parameters for the (U)LIRGs sources in our sample. The reference corresponds to the literature from where
the values of the X-ray luminosity and logio Nu; (a) corresponds to N. Torres-Alba et al. (2018) and (b) to C. Ricci et al.
(2021a).

Source Linm RMS Lo 10kev L14-150 kev
1040 erg s1 mJy/beam 10¥% ergs™ 10 ergs? log Nu Reference

Mrk463 E 0.441032 0.037 1.54+0.7 5137995 23.85+0.1 a
Mrk463 W 0.23 4 0.06 0.037 0.38+0.17 5137995 235140.1 a
Mrk739 W 0.08 +0.01 0.016 1.1+ 0.02 795705 21187508 b
Mrk739 E 0.05 + 0.01 0.016 0.1+0.01 7957058 2166700 b
NGC6240 N 0.06 + 0.01 0.029 2.0079-39 9.3370%5 24197917 ¢
NGC6240 S 0.71 +0.07 0.029 5.2570 %0 9.337015 24171517 ¢
Arp220 E 0.25 + 0.03 0.020 > 0.04 - - d
Arp220 W 1.06 £ 0.11 0.020 >0.1 - > 24.72% d
UGC4211 N 0.09 + 0.02 2 0.5+ 1.6 2.8870 51 22.9540.05% e
UGC4211 S 1.18 +0.03 15 0.5+ 1.6 2.8870 51 22.9540.05F e

Table 4. Derived parameters for the known dual nuclei or dual AGN in our sample. The references correspond to the existing
literature from which the values of the X-ray luminosity and logio Ng were collected where (a) corresponds to S. Bianchi et al.
(2008), (b) to M. Koss et al. (2011),(c) to C. Ricci et al. (2021a), (d) to A. Paggi et al. (2017) and (e) to M. J. Koss et al.
(2023). * value collected from C. Ricci et al. (2021a). The value labeled with * was obtained from the work of X. Zhao et al.
(2021).



(2021a) allow us to estimate possible intrinsic X-ray lu-
minosities corrected for obscuration at Ny = 104 cm—2
and 10%® cm~2, as presented in Table 4. In this case,
the source could fall into the regime where the source
has either a combination of star formation and AGN
contribution, or it is mostly dominated by an obscured
AGN (column densities of Ny ~ 10?5 cm~2). However,
no additional AGN evidence has been reported in the
literature, and all available diagnostics indicate instead
a starburst classification (K. Iwasawa et al. 2011). A
few (U)LIRGs lie in the intermediate region, with X-ray
luminosities exceeding those expected from star for-
mation alone. We interpret this excess as likely due to
AGN activity. Indeed, NGC 835 and IRASF 14348-1447
are confirmed AGN hosts based on multiple diagnostics
(see E. Vardoulaki et al. (2015), Y. Song et al. (2022)
and references therein), while IRASF 17138-1017 shows
evidence of an AGN only from its Chandra hardness
ratio (N. Torres-Alba et al. 2018).

4.2. Dual AGNs:

Confirmed dual AGNs are also presented in Figure 2,
using one symbol per nucleus, based on their inferred
intrinsic X-ray luminosities. In UGC 4211, the 2-10
keV data cannot resolve the two nuclei, so the total in-
trinsic luminosity is assigned to each component and
hence should be considered as an upper limit. Simi-
larly, in the intrinsic 14-150 keV band, the total lumi-
nosity is treated as an upper limit for both components.
Generally, the dual AGN systems are consistent with
the mm-X-ray correlation within ~ 3¢ in both energy
ranges. This is a promising result, as it confirms that
the mm-X-ray relation can be effectively used to identify
(obscured) growing SMBHs in (late-stage) major galaxy
mergers. Finally, the dual nuclei in Arp 220 are shown as
orange circles in the top panel. For the western nucleus,
only a lower limit on the column density is available, and
thus a lower bound is plotted for its X-ray luminosity.
The eastern nucleus only has uncertain column density
estimates, though previous studies (e.g., S. Koenig et al.
2016) suggest that both nuclei would need to be heavily
obscured to harbor AGN. The orange line indicates the
expected conversion from observed to intrinsic luminosi-
ties for column densities between 10?4 and 10%® cm 2.
We do not plot Arp 220 in the 14-150 keV panel, since
the extrapolation would require assuming a spectral in-
dex that is not reliably constrained for such a heavily
obscured system.

Overall, Figure 2 exhibits our approach: rather than
correcting each individual source by subtracting the ex-
pected star formation contribution based on these re-
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lations, we instead define a cyan region (left-top light
blue region in Figure 2) that can be fully explained by
star formation alone. Considering a region for star for-
mation as opposed to correcting each source naturally
accounts for uncertainties, such as those associated with
observations and model predictions.

4.3. Obscuration effects

As discussed above, the mm continuum emission is
expected to remain optically thin even in heavily ob-
scured systems, whereas obscuration effects are more
prominent in the X-ray regime. When column density
measurements are available, we can correct the X-ray
luminosities for obscuration. However, when Ng is un-
available, we cannot estimate the true X-ray luminos-
ity. Eight of the eleven GOALS sources lack column
density estimates, which is expected given that in the
low-counts regime, it is not feasible to carry out com-
plex X-ray fitting to determine the presence of an AGN
component. Their X-ray luminosities could therefore be
underestimated; however, in most cases, there is no ev-
idence for an AGN, and the emission is consistent with
an origin due to star formation, for which extinction cor-
rections are expected to be modest. These sources gen-
erally lie in the location expected for pure star-formation
emission. Concealing an AGN in these systems would
require extreme obscurations, with Ny > 10%° cm™2;
values that are rare in the general AGN population
(e.g., A. Peca et al. 2024), and/or intrinsically under-
luminous X-ray emission. Nevertheless, X-ray studies
of nearby (U)LIRGs in GOALS (C. Ricci et al. 2021a)
suggest that a significant fraction of late-stage merg-
ers could harbor heavily obscured, as-yet undetected
AGN—underscoring the importance of calibrating an
alternative mm AGN tracer. For the (U)LIRGs within
the cyan triangle, showing a significant mm excess above
the star-formation prediction, one could attempt to es-
timate the AGN luminosity required to account for this
excess, if a reliable determination of the dominant star-
formation component is feasible.

For the systems in the confirmed dual AGN sample,
each nucleus was independently corrected for obscura-
tion using either the exact column density or an upper
limit, as reported in Table 4. Arp 220 is expected to
be highly obscured (e.g., K. Iwasawa et al. 2001; S. H.
Teng et al. 2015), so further constraints on the column
densities of each nucleus are needed. For instance, if the
line-of-sight Ny for the eastern nucleus is confirmed to
lie between 10?4 and 10%° ecm™2, the source would align
with the T. Kawamuro et al. (2022) relation, potentially
confirming the presence of AGN activity. This highlights
the importance of obtaining improved column-density
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measurements in future work, as they are essential for
accurately determining the intrinsic luminosities of the
sources under study.

4.4. Spatially-extended Continuum mm Emission

AGN coronal millimeter continuum emission origi-
nates from a very compact region (~ 1074103 pc;
E. Behar et al. 2018), which remains unresolved at the
scales probed by our work and the literature. In con-
trast, extended millimeter emission on larger scales is
more likely associated with star formation (F. Panessa
et al. 2019) or dusty components with spatial extents of
the order of tens of parsecs. Unfortunately, even with
igh angular resolution observations, we would not be
able to resolve these dusty components. The (U)LIRG
sample studied here has an average ALMA ACA resolu-
tion of ~ 5.4”. To evaluate the effect of this coarser
resolution, we analyzed four GOALS sources in our
sample —CGCG436-030, IRASF 14348-1447, IRASF
17138-1017, and IRASF 17207-0014— for which higher-
resolution ALMA 12-m array data are available. This
high angular-resolution data has a median angular res-
olution of ~0.4”, on average corresponding to spatial
scales of ~0.3 kpc.

Comparing the peak luminosity at high and low reso-
lutions to that from lower-resolution ACA data, we find
that the former are consistently lower, indicating the
presence of diffuse SF mm emission in the latter. Ta-
ble 3 lists the fraction of luminosity attributed to unre-
solved emission (from the high resolution data), with a
maximum of ~36%, indicating the presence of consid-
erable extended emission coming from star formation in
these four sources. Therefore, for the ACA (U)LIRG
observations in our sample, even if a heavily obscured
AGN is present, it would not be expected to dominate
the mm continuum. The precise determination of the
emission’s origin requires further follow-up information.
Unlike the Swift/BAT AGN hosted by relatively nor-
mal star-forming galaxies, used to derive the mm—X-ray
relation of T. Kawamuro et al. (2022), GOALS galax-
ies often host luminous, compact starbursts that will
need to be taken into consideration, as they can still
be responsible for a significant fraction of the observed
star-formation-related emission in high angular resolu-
tion observations. Hence, multi-wavelength, high angu-
lar resolution SED decompositions are crucial to further
confirm and provide a more detailed study identifying
the origin and quantifying the contribution of nuclear
millimeter emission (S. del Palacio et al. 2025). By com-
bining multi-band ALMA data with other high angular
resolution facilities, such as the VLA and VLBI, it be-
comes possible to derive spatially-resolved spectral in-

dices, offering stronger constraints on the physical mech-
anisms powering the emission.

5. CONCLUSIONS

Here, we investigated whether the relationship be-
tween the 230 GHz mm continuum and X-ray luminosity
(2-10 keV and 14-150 keV) can be used as a tracer of
hidden SMBH growth, with the ultimate goal of evalu-
ating this approach for identifying obscured dual AGN
at small separations. To this end, we analyzed a sam-
ple of (U)LIRGs from the GOALS survey — including
both ACA observations and high angular resolution con-
firmed dual AGN — as well as the confirmed dual AGN
UGC4211 and the baffling late-stage merger Arp 220.
We compared the locus of these systems relative to the
established mm—X-ray correlation for isolated AGN and
star-forming galaxies. The (U)LIRGs follow the rela-
tion of E. J. Murphy et al. (2012), which accounts only
for free-free and synchrotron emission, rather than the
M. S. Yun & C. L. Carilli (2002) relation that includes
dust emission. This suggests that the dust contribution
to the 230 GHz continuum in our sample is relatively
small, with a scatter of only ~0.2dex in the mm—SFR
plane. Rather than applying per-object corrections for
star formation, we adopted a conservative approach by
defining a region in the X-ray—mm luminosity plane that
can be fully explained by star formation alone. Our re-
sults show that the position of galaxy nuclei relative to
this region provides important constraints on the domi-
nant physical processes:

o Star-formation locus:  Sources in the region
expected for pure star formation can be ex-
plained without invoking AGN activity, unless the
SMBH growth emission is extremely Compton-
thick and/or intrinsically X-ray under-luminous.

e AGN correlation: Sources lying near the AGN
mm-—X-ray relation of T. Kawamuro et al. (2022)
are most likely AGN-dominated, since star forma-
tion alone cannot reproduce their luminosity ra-
tios.

e Intermediate Tegime: Sources between the star-
formation locus (cyan triangle in Figure 2) and
the AGN correlation require a combination of star
formation and obscured AGN emission to explain
their luminosities. In our sample, four (U)LIRGs
fall in this category: IRASF17207—0014 and
IRASF14348—1447 (requiring Ng ~ 10%* — 10%®
em~?), IRASF17138—1017 (Ng > 10** cm™2),
and NGC835 (already corrected for obscuration).
Among these, IRASF17207—0014 is classified as a



starburst in multiple diagnostics, while NGC835
and TRASF14348—1447 are confirmed AGN hosts
established by multiple AGN diagnostics. Our
approach confirms the AGN nature of NGC835
while providing strong evidence for AGN activity
in IRASF14348—1447 and TRASF17138—1017, by
combining our approach with the observed Chan-
dra hardness ratio.

Overall, this analysis of our sample of (U)LIRGs from
GOALS, plus UGC 4211, strongly suggests the presence
of heavily obscured AGN in three sources, two of which
already have significant evidence in the literature. The
confirmed dual AGN in our sample lie within ~30 of
the mm—X-ray correlation, demonstrating that the X-
ray—-mm continuum correlation extends to dual SMBH
systems and can aid in identifying hidden pairs.

We note that, unlike the Swift/BAT AGN hosted by
relatively normal star-forming galaxies used to derive
the mm-X-ray relation of T. Kawamuro et al. (2022),
GOALS galaxies often host luminous, compact star-
bursts. These can contribute significantly to the ob-
served mm emission even at high angular resolution, and
multi-wavelength SED decompositions are essential for
robustly confirming the origin of nuclear mm emission.

These encouraging results suggest that the X-ray—mm
continuum correlation can be a useful tool for uncovering
previously hidden SMBH growth in merging galaxies.
ALMA'’s high sensitivity and spatial resolution make it
particularly well-suited for this application, while future
facilities such as the ngVLA will extend this approach
to fainter and more distant systems.
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