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Introduction: Ultraluminous X-ray sources (ULXs) represent an extreme class of accreting compact objects: from the identification of some of the accretors as neutron stars to the detection of powerful winds travelling at 0.1–0.2 c, the increasing evidence points towards ULXs harbouring stellar-mass compact objects undergoing highly super-Eddington accretion. Measuring their intrinsic properties, such as the accretion rate onto the compact object, the outflow rate, the masses of accretor/companion-hence their progenitors, lifetimes, and future evolution-is challenging due to ULXs being mostly extragalactic and in crowded fields. Yet ULXs represent our best opportunity to understand super-Eddington accretion physics and the paths through binary evolution to eventual double compact object binaries and gravitational-wave sources. 
Methods: Through a combination of end-to-end and single-source simulations, we investigate the ability of HEX-P to study ULXs in the context of their host galaxies and compare it to XMM-Newton and NuSTAR, the current instruments with the most similar capabilities.
Results: HEX-P’s higher sensitivity, which is driven by its narrow point-spread function and low background, allows it to detect pulsations and broad spectral features from ULXs better than XMM-Newton and NuSTAR.
Discussion: We describe the value of HEX-P in understanding ULXs and their associated key physics, through a combination of broadband sensitivity, timing resolution, and angular resolution, which make the mission ideal for pulsation detection and low-background, broadband spectral studies.
Keywords: ultraluminous X-ray sources, HEX-P, pulsars, black holes, accretion, spectra
1 INTRODUCTION
Ultraluminous X-ray sources (ULXs, see Kaaret et al., 2017; Fabrika et al., 2021; King et al., 2023; Pinto and Walton, 2023 for recent reviews) are off-nuclear X-ray sources whose apparent luminosities exceed the Eddington limit for a stellar-mass black hole (e.g., [image: image] erg s−1 for a [image: image] black hole).
ULXs commonly have X-ray spectra consisting of two thermal components; the lower-energy component has a characteristic temperature of [image: image] keV, whereas the higher-energy component shows a cut off at [image: image] keV. The low-energy component was initially interpreted as evidence for standard, sub-Eddington accretion onto intermediate-mass black holes (Miller et al., 2003). However, the cutoff, hinted at in high-quality observations with XMM-Newton since the mid-2010s (Roberts et al., 2005; Stobbart et al., 2006; Middleton et al., 2015a), was interpreted as Comptonization of disk photons by an optically thick corona and super Eddington accretion (e.g., Gladstone et al., 2009). Hard X-ray coverage provided by NuSTAR (Harrison et al., 2013) gave the highest-significance detections of this higher-energy cutoff, confirming the likely super-Eddington nature of most ULXs (e.g., Bachetti et al., 2013; Walton et al., 2013; Rana et al., 2015). Following the first detection of pulsations in M82 X-2 with NuSTAR (Bachetti et al., 2014), a growing number of pulsating ULXs (PULXs, also referred to as ultraluminous pulsars, ULPs; e.g., Fürst et al., 2016; Israel et al., 2017; Carpano et al., 2018; Rodríguez Castillo et al., 2020) have been found, showing that neutron stars (NSs) are able to radiate at hundreds of times their Eddington limit. The pulsations tend to be associated with an additional hard spectral component above 10 keV, which is reminiscent of the hard, curved spectra found in accreting pulsars (e.g., Pintore et al., 2017; Walton et al., 2018b).
The detection of some Galactic super-Eddington NSs provide a possible link between high-luminosity X-ray binaries (XRBs) and ULXs (Wilson-Hodge et al., 2018, e.g., Swift J0243+6124); in general, studying the highest-luminosity end of Galactic XRBs in the Milky Way Galaxy and external galaxies might provide clues on the onset of the ULX regime [see Fabbiano (2006) for a review, and Connors et al. (2023), in this volume, for HEX-P’s contribution to studies of this Galactic population].
Except for the few cases where pulsations have been observed, implying a neutron star (NS) accretor, determining the nature of the compact object in ULXs remains a major challenge for current observatories and a key open question for the vast majority of sources. One way to address this issue is through population synthesis studies, which suggest that NS-ULXs may dominate the ULX population (King et al., 2017; Middleton and King, 2017; Wiktorowicz et al., 2019; Khan et al., 2021). PULXs can reach luminosities above 1041 erg s−1 (e.g., NGC 5907 X-1, Israel et al., 2017), and given the similarity of PULX spectra to much of the ULX population, NSs might indeed power the majority of ULXs (Pintore et al., 2017; Walton et al., 2018b). In addition, a very small number of ULXs have shown evidence for cyclotron resonance scattering features (CRSFs) in their spectra1 (e.g., Walton et al., 2018a; Brightman et al., 2018), providing another route to identifying the presence of a NS, as well as a direct estimate of the magnetic field strength (likely indicating a weaker dipole but stronger multipolar field) close to the NS surface (Middleton et al., 2019a; Kong et al., 2022).
The mechanism for the very high luminosities of ULXs is still debated. It is likely that the emission is partially collimated by an optically thick, radiatively driven outflow (King et al., 2001) launched from the large scale-height disk expected at very high mass-transfer rates (Shakura and Sunyaev, 1973). Indeed, many ULXs show evidence of high-velocity winds and outflows likely inflating the [image: image] pc interstellar bubbles found around many ULXs at various wavelengths (Stobbart et al., 2006; Middleton et al., 2014; 2015b; Pinto et al., 2016; Pakull and Mirioni, 2002; Gúrpide et al., 2022; Belfiore et al., 2020, see Section 2.1). However, these mass-loaded winds likely affect our ability to locate pulsing ULXs (e.g., Mushtukov et al., 2017), and collimation alone is difficult to reconcile with the high pulsed fraction concurrent with the high luminosities of PULXs (e.g., Israel et al., 2017). Another possibility is that a locally strong, possibly non-dipolar, magnetic field is capable of altering the local Thomson cross section (Basko and Sunyaev, 1976; Dall’Osso et al., 2015; Ekşi et al., 2015; Mushtukov et al., 2015; Israel et al., 2017; Brice et al., 2021). These processes might also operate together to a greater or lesser extent.
Most ULXs are known to have other bright X-ray sources within 1′, in particular those located outside the Local Group (see Section 3.1.2). A clear detection and isolation of sources is therefore not possible given the low resolution power of the high energy detectors in use, impeding a profound and detailed study of the whole population of ULXs. The understanding of ULXs could reach considerable advancement by the combination, in one instrument, of high angular resolution, high time resolution and sensitivity in the hard X-rays.
The High-Energy X-ray Probe (HEX-P; Madsen et al., 2023) is a probe-class mission concept that offers sensitive broad-band X-ray coverage (0.2–80 keV) with an exceptional combination of spectral, timing and angular resolution capabilities. It features two high-energy telescopes (HETs) that focus hard X-rays, and one low-energy telescope (LET) that focuses lower energy X-rays.
The LET consists of a segmented mirror assembly, coated with iridium on monocrystalline silicon that achieves a half power diameter (HPD) of 3.5″, and a low-energy DEPFET detector, of the same type as the Wide Field Imager (WFI; Meidinger et al., 2020) onboard Athena (Nandra et al., 2013). It has 512 × 512 pixels that cover a field of view of 11.3′ × 11.3′, an effective passband of 0.2–25 keV, and a full frame readout time of 2 ms, which can be operated in a 128 and 64 channel window mode for higher count-rates, to mitigate pile-up and allow for faster readout. Pile-up effects remain below an acceptable limit of [image: image] for fluxes up to [image: image] mCrab–a lot higher than typical extragalactic ULX fluxes–in the smallest window configuration. The high angular resolution and low background result in a factor ∼2 sensitivity improvement with respect to XMM-Newton.
The HET consists of two co-aligned telescopes and detector modules. The optics are made of Ni-electroformed full shell, mirror substrates, leveraging the heritage of XMM-Newton (Jansen et al., 2001), and coated with Pt/C and W/Si multilayers for an effective passband of 2–80 keV. The high-energy detectors are of the same type flown on NuSTAR (Harrison et al., 2013), consisting of 16 CZT sensors per focal plane, tiled 4 × 4, for a total of 128 × 128 pixels spanning a field of view of 13.4′ × 13.4′. This improvement in angular resolution allows for a much more sensitive instrument configuration compared to NuSTAR.
The broad HEX-P X-ray passband and superior sensitivity compared with existing facilities provides a powerful and important opportunity to study ULXs across a wide range of energies, luminosities, and timescales.
2 CHALLENGES AND OPEN QUESTIONS
A number of major questions in the field of ULXs and super-Eddington accretion remain unanswered, preventing us from achieving a comprehensive understanding of their phenomenology and detailed accretion physics. We briefly describe them here.
2.1 Where does the transferred mass go?
Understanding the fraction of matter being expelled in winds versus the fraction accreted is key to estimate the possible evolutionary paths of massive binary systems–for instance, the formation of double compact object binaries and systems that create large ionising flux at high redshifts (Fragos et al., 2013)—and for understanding potential supermassive black hole (SMBH) growth rates in the early universe. A possible means for measuring the current mass loss rate is via the absorption lines, which are indicators of quasi-relativistic winds [see Pinto et al. (2016)], requiring observations at [image: image] keV. Many ULXs are associated with optical or radio bubbles (Pakull and Mirioni, 2002; Soria et al., 2021), which are sometimes as large as 400 pc in diameter and mechanically inflated (Gúrpide et al., 2022), allowing an estimate for the integrated kinetic energy released by the winds. The mass inflow rate can be crudely estimated from soft X-ray spectra [see Poutanen et al. (2007)] or, should the mass transfer dominate the angular momentum distribution within the system, from the change in the orbital period [e.g., see Bachetti et al. (2022), who estimate the mass transfer rate from a decrease in the orbital period of M82 X-2 through pulsar timing].
Winds in XRBs are commonly identified via absorption lines in the Fe K band from hot plasmas (typically Fe XXV-XXVI), and in the soft band from a forest of H- and He-like ions of several elements from C to Fe [for a review see Neilsen and Degenaar (2023)]. Initial searches for Fe XXV-XXVI in ULXs did not result in detections [see, e.g., Walton et al. (2013)], most likely due to their soft spectra or high ionisation state of the gas [for a review on ULX winds see Pinto and Walton (2023)]. Evidence of atomic lines in low-resolution ULX X-ray spectra were found in the form of residuals around 1 keV with respect to the continuum model through high-count-rate XMM-Newton EPIC spectra (Stobbart et al., 2006; Middleton et al., 2014; 2015b). Later on, high-spatial-resolution instruments onboard Chandra showed that the residuals were associated with the ULX itself rather than the interstellar medium in the host galaxy (Sutton et al., 2015), which was supported by the anticorrelation between their strength and the ULX X-ray spectral hardness (Middleton et al., 2015b). The first unambiguous proof of winds was obtained through long observations (300–500 ks) with the high-spectral-resolution reflection grating spectrometer (RGS) onboard XMM-Newton. In particular, Pinto et al. (2016) discovered a forest of emission lines (at rest-frame laboratory wavelengths) and absorption lines (mainly O VII-VIII and Ne IX-X), blueshifted by [image: image] in the two well-known ULXs NGC 1313 X-1 and NGC 5408 X-1, in excellent agreement with the predictions of winds driven by strong radiation pressure in super-Eddington accretion disks (Ohsuga and Mineshige, 2011; Jiang et al., 2014). Modelling of these lines permits an estimate of the kinetic power within the wind (affected by the uncertainties in the covering fraction), which matches well with the luminosities required to inflate the supersonically expanding ULX bubble nebulae [detected primarily in the optical and showing broad lines, see, e.g., recent work with the MUSE camera on the Very Large Telescope by Gúrpide et al. (2022)].
Features indicating a wind have been found in the majority of ULX RGS spectra with ≳ 1, 000 net counts (Pinto et al., 2017; Kosec et al., 2018; Pinto et al., 2021), as well as in the Chandra gratings observation of the transient Galactic super-Eddington NS, Swift J0243.6+6124 (van den Eijnden et al., 2019). The luminosity of the plasma producing the emission lines varies slightly over time and is very large (LX ∼ 1038 erg s−1; Pinto et al., 2020a), orders of magnitude higher than in Eddington-limited Galactic XRBs (Psaradaki et al., 2018). Absorption lines at 8.6–8.8 keV from the hotter Fe K component of the wind were finally found (albeit at lower significance) in a few ULXs with hard spectra (Walton et al., 2016b; Brightman et al., 2022). The emission and absorption lines in the soft band (0.3–2 keV) have equivalent widths similar to those of Galactic XRBs [EW ∼ 5–10 eV, see Kosec et al. (2021)]. The Fe K absorption features, albeit rarer, appear deeper (EW ∼ 50–200 eV) and similar to the most extreme wind phases observed in Galactic XRBs (which have velocities of [image: image]; e.g., King et al., 2012).
The very low detection rate of Fe K lines arises as a combination of low effective area in current instruments, high background, and low ionic fractions. The latter is a consequence of the soft radiation field of ULXs (e.g., Pinto and Walton, 2023). However, in ULXs likely seen at low inclinations [e.g., the hard ultraluminous, or HUL, systems of Sutton et al. (2013) with spectral slopes Γ < 2], the continuum is strong, likely overwhelming the lines in the soft band (e.g., Middleton et al., 2015b). The Fe K features might then be detected, as the irradiating continuum is hard, as long as the gas is not overionised in the wind cone and the instrumental background is sufficiently low at 7–9 keV.
Although absorption lines have proven elusive in HUL sources (such as Holmberg IX X-1 and most pulsating ULXs), should such features be detected, we could start to understand a) the 3D structure of the wind, and b) the actual mass outflow rate (and true kinetic power). The latter has important cosmological consequences for the net growth rate of SMBHs (e.g., Volonteri and Rees, 2005; Volonteri et al., 2015) and the overall role which ULXs play in their host galaxies, particularly at the peak of star formation (e.g., Prestwich et al., 2015). HEX-P will dramatically improve our ability to search for the Fe K wind component in ULXs thanks to its broader energy band (needed for modelling the continuum, which is crucial to search for shallow spectral features, see Figure 8), improved sensitivity compared to XMM-Newton and NuSTAR (for maximizing total source counts), and its narrower PSF (since ULXs tend to reside in crowded regions).
2.2 What is the content of the ULX population?
One of the open questions regarding the nature of ULXs is the prevalence of NS accretors and the strength of their magnetic fields. The detection of fast (≳ 1 Hz) pulsations unequivocally identifies a ULX as a NS, and pulsar timing can be used to indirectly estimate the magnetic field (e.g., Ghosh and Lamb, 1979; Wang, 1996). The detection of cyclotron lines in X-ray spectra allows us to tackle these two problems simultaneously, as it enables us to identify the presence of a NS where pulsations may be undetectable or absent (Brightman et al., 2018), while simultaneously offering an indication of the magnetic field strength (Walton et al., 2018a; Middleton et al., 2019a). To date, only two potential CRSFs have been reported in extragalactic ULXs (Walton et al., 2018a; Brightman et al., 2018), and one Galactic super-Eddington source, Swift J0243+6124 (Kong et al., 2022). The broadband coverage of HEX-P–and its higher sensitivity above 10 keV (where these lines are typically detected in NS XRBs; Staubert et al., 2019)—will allow us to increase the population of identified NS-ULXs by detecting CRSFs (see Section 3.3.3).
At the moment, due to the limited amount of high quality data, the sample of well-studied ULXs is very small (a few tens, compared to the thousands known; Walton et al., 2022; Tranin et al., 2023), restricting our ability to perform deep searches for pulsations and CRSFs, and hence preventing us from assessing the fraction of NSs in the ULX population. Given the energy dependence of the pulsing component (e.g., Brightman et al., 2016) and the potential for the CRSF to be located at a wide range of energies (depending on the magnetic field strength), broad-band observations, especially at high energies, are crucial.
A similar energy dependence also characterizes other forms of variability in addition to pulsations, such as quasi-periodic oscillations (QPOs), which can in principle be used to classify accreting objects (Lewin et al., 1988; Belloni and Hasinger, 1990; van der Klis, 2005). ULXs are known to show QPOs (Atapin et al., 2019), some of which match the phenomenology observed in other accreting systems, e.g., QPOs that have been detected over a broad-band [like M82 X-1’s 50–300 mHz QPO, see, e.g., El Byad (2021)] are more significant at higher energies (≳ 10 keV). The broadband spectro-temporal study of a rich sample of ULXs will help single out possible candidate black hole ULXs (e.g., Wolter et al., 2018). In particular, it will be crucial for studying the brightest ULXs, also referred to as hyperluminous X-ray sources (HLXs; Farrell et al., 2009; MacKenzie et al., 2023, still considered among the best candidates to host intermediate-mass black holes (IMBHs) although are rare and mostly found in very distant galaxies.
2.3 What drives the changes in ULX brightness/spectral shape?
ULXs have been observed to change dramatically in brightness on timescales of days, weeks, and months (e.g., Walton et al., 2016a; Gúrpide et al., 2021a; b). Possible causes of this variability include precession of the disk and wind (e.g., Pasham and Strohmayer, 2013; Middleton et al., 2015b; Luangtip et al., 2016; Amato et al., 2023) driven by a variety of processes [see the discussion in Middleton et al. (2018), (2019b)], changes in accretion rate [for instance by the launching of a thermal wind at large radius (Middleton et al., 2022
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Source type Felines’ X-ray continuum Variability

LMXB 10*'-10% Weak ‘Thermal + Power-law* Yes Yes (MS donor)
HMXB 210% Strong ‘Thermal + Power-law Yes Yes (O/B donor)
UCXB <102 Weak Thermal (kT gy ~0.1-2 keV) Yes No (H-poor donor)
Pulsar 102-10% No Power-law (I'~ 1.3-1.5) No No

P 102-10% Strong ‘Thermal (kT ~ 15-40 keV) Low Yes (MS donor)
Polar 10*-10% Strong. Thermal (kT ~ 5-15 keV) High Yes (MS donor)
Non-magnetic CV <10 Strong ‘Thermal (kT < 8 keV) Low Yes (MS donor)
AM CVn <10% ‘Weak ‘Thermal (kT < 1keV) Yes No (H-poor donor)
BH/NS transient 10%-10 Strong. ‘Thermal + Power-law Yes Yes (MS donor)
VEXT! 104-10% Weak ‘Thermal + Power-law Yes Yes (if MS donor)

“Unless otherwise noted, these values refer to typical quiescent luminosities.

*Strong and weak Fe lines refer to the combined equivalent width of neutral, He-like and H-like lines at 6.4, 6.7 and 7.0 keV above ~300 eV and below ~100 e, respectively.
“This refers to the detection of IR counterparts at Galactic center distances.

IVEXTs (very faint X-ray transients) could be outbursting UCXBs.

% nmme EMIRe. narticularly low-acorotion newtron share; sxtilbil primarily theomil emission others; expecially quiseceit HELLAXBs; are predominarily non-thermil
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‘get name

Science objectives

Sgr A*and the central 10 pe 500 Sgr A* flares, NSC and filaments

Sgr A complex 300 (with 4 tiles) Molecular clouds, filaments, star clusters, point sources
SgrB2 100 Molecular clouds and point sources

sgrC 100 Molecular clouds and point sources

Limiting Window 300 Point sources

1°% 0.7° survey. 850 (17 tiles x 50 ks) Point sources

SNRGL9 +0.3 100 ‘Youngest SNR in our Galaxy

PWN G09 +0.1 50 One of the brightest TeV sources

Note: 2.3 Ms total exposure is currently allocated to the HEX-P's primary science observations of the GC regions as listed above.
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Program description Sources Comments
Galactic PeVatrons TBD (e.g., Dark PeVirons) CTAO, LHAASO, HAWC, SWGO
Hadronic PeVatrons IceCube neutrino sources IceCube

Leptonic PeVatrons

Young SNRs (X-ray variability)

PWNe detected above 100 TeV'

Cas A, Tycho, G1.9 + 0.3

CTAO, LHAASO, HAWC, SWGO

Multi-epoch observations

Young SNRs (T science)
Sgr A* monitoring

Galactic NSM candidates

Cas A, Tycho, G1.9 + 0.3, G350.1-0.1
Supermassive BH

TBD

Note: These are potential HEX-P survey ideas other than the primary science program listed in Table 1.
M7 science program will benefit from combining HEX-P data obtained from multi-epoch observations, which are intended for detecting X-ray variabilities from young SNRs.

Combine multi-epoch observations*
EHT, GRAVITY, CTAO

€os1
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Source name Source type Exposure time (ks) Section
LHAASO sources Unidentified PeVatrons 5% 200ks Section5

CasA ‘Young SNR 200ks SNR/PWN paper (Section 3.3)
Tycho ‘Young SNR 200ks SNR/PWN paper (Section 3.4)
G19+03 ‘Young SNR 200ks SNR/PWN paper (Section 3.5)
SN 1987A Young SNR + PWN 300ks SNR/PWN paper (Section 3.6)
Crab Young PWN Calibration source SNR/PWN paper (Section 4.3)
G215-09 Young PWN Calibration source SNR/PWN paper (Section 4.3)
Lighthouse nebula Middle-aged PWN 100ks SNR/PWN paper (Section 4.3)
G09+0.1 Young PWN 100ks SNR/PWN paper (Section 4.3)
Arches cluster Star cluster 100ks Section 6.1

30Dor C Superbubble 300ks Section 6.2
$8433/W50 lobes Microquasar jets 300ks Section7

Sgra* Supermassive BH 500 ks GC paper (Section 4)

Note: 3.3 Ms total exposure. Some of the sources are described in our companion SNR/PWN (Reynolds et al., 2023) and GC papers (Mori et al., 2021).
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Chandra Observations HEX-P Simulation

log( fmi | LET

(ergcm=2s7! Ns Ny

(100 (11) (12) (13)

NGC 253 3.94 56 10.8 1.0 156 -163 500 81 60 50 67 61 36.8
M31bulge = 0776 <03 ‘ 105 ‘ 16 ‘ 676 -163 50 | 81 64 49 73 67 ‘ 36.0
Maffei 1 34 ~0.0001 ‘ 109 ‘ 12 ‘ 55 -156 200 64 45 25 ‘ 51 43 ‘ 37.0
NGC 3310 213 53 103 ‘ 03 93 -159 250 11 1 ‘ 7 l 1 1 ‘ 39.0

Note—Col. (1): galaxy name. Col. (2)-(5): distance, SER, logarithm of the stellar mass, and metallicity estimate for each galaxy/region simulated. Col. (6) and (7): archival Chandra observations
cumulative exposure time and minimum 0.5-7 keV flux of the detected point sources. Col. (8): HEX-P simulation exposure time. Col. (9)-(11): numbers of sources detected in our HET
simulations in the broad (B = 4-25 keV), medium (M = 6-12 keV), and hard (H = 12-25 keV) bands. Col. (12) and (13) numbers of sources detected in the LET soft (S = 4-6 keV) and medium
bands. Col. (14): HEX-P HET simulation luminosity limit in the 4-25 keV' band in units of erg s™'.
*Values of distance were extracted from the NASA Extragalactic Database (NED; hitp://ned.ipa.
°Lxued alus o SFR, M., and metalcity were obiained from the literature. For NGC 253 and NGC 3310 valuesof SER and M, were taken from the HECATE, source atalog
21). For the M31 bulge, the SFR, was taken to be less than the total galaxy-wide SR value of 0.3 M, yr~1 (Rahmani et al., 2016) and M, was taken as = 30% of the total galaxy-wide stellar
mass following the estimate in Tamm et 2l (2012). For Maffei 1, the SFR was derived using the absorption-corrected Ha luminosity from Buta and McCall (2003) and the L(Ha)-SER relation
from K all (2014). Metallicties are based on gas-phase emission line measurements for NGC 253 (Iz0tov et al, 2006), the M31 bulge
For Maffei 1, the metallicity is approximated following the stellar mass versus metallicity relation from E

1994) and M, was taken from
and NGC 3310 (F
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Name (1) z(2) D Mpc Type (4) Ref. (6) Obs. ID Tlks Obs. ID T/ks
(3) NuSTAR  NuSTAR  Chandra = Chandra

(7) (8) ()] (10)
1C2560 0.00976 329 35405 1 50001039004 196 4908 557
NGC1194 001360 613 6543 2 60501011002 583 22881 211
NGC1386 0.00290 162 i 3 60201024002 264 13257 343
NGC2273 000614 303 7504 2 60001064002 232 19377 10.1
NGC2960 0.01650 925 116405 2 60001069002 207 22270 101
NGC3079 0.00369 176 3 60662004002 246 20947 451
NGC3393 001250 563 31x2 4 60061205002 157 13968 25
NGC5643 0.00400 105 - - 60061362006 481 17664 421
NGC5728 000932 279 - - 60662002002 249 23254 201
NGC7479 0.00792 252 - - 60061316002 26 10120 102

Notes. (1)—Galaxy identifier. (2)—Spectroscopic redshift. (3)—Distance in Mpe. (4)—Distance typs

= redshift-independent, z = redshift dependent. (5)—Black hole mass in 10° M, derived

exclusively from megamaser emission. (6)—Black hole mass reference: 1: Yamauchi et al. (2012), 2: Kuo etal. (2011), 3: McConnell and Ma (2013), 4: Kondratko et al. (2008). (7)—NuSTAR,
observation ID. (8)—NuSTAR/FPMA, exposure time in ks. (9)—Chandms observation ID. (10)—Chandra exposure time in ks.
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