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Abstract

We consider the circumnuclear regions of star-forming MaNGA galaxies. The spaxels spectra are classified as active-galactic-nucleus-like (AGN-like), H II-region-like (or SF-like), and intermediate (INT) spectra according to their positions on the Baldwin-Phillips-Terlevich (BPT) diagram. There are the following four configurations of the radiation distributions in the circumnuclear regions in (massive) galaxies: (1) AGN+INT, the innermost region of the AGN-like radiation is surrounded by a ring of radiation of the intermediate type; (2) INT, the central area of radiation of the intermediate type; (3) SF+INT, the inner region of the H II-region-like radiation is surrounded by a ring of radiation of the intermediate type; and (4) SF, the central area of the H II-region-like radiation only. The low ionization nuclear emission line regions (LINERs) of configurations 1 and 2 are examined. The spaxel spectra of the LINERs form a sequences on the BPT diagram, that is, they lie along the known AGN-SF mixing line trajectories. The diagnostic line ratios of the spaxels spectra change smoothly with radius, from AGN-like (or INT) line ratios at the galactic center to H II-region-like at larger galactocentric distances. This is in agreement with the paradigm that the LINERs are excited by AGN activity. We found that the AGN and INT radiation in the circumnuclear region is accompanied by an enhanced gas velocity dispersion σgas. The radius of the area of the AGN and INT radiation is similar to the radius of the area with enhanced σgas, and the central σgas, c correlates with the luminosity of the AGN+INT area. We assume that the gas velocity dispersion can serve as an indicator of the AGN activity. An appreciable enhancement of σgas, c was also measured in the SF-type centers of massive galaxies. The values of σgas, c for the SF-type centers partly overlap with those of the AGN-type centers. This suggests that the manifestation of the circumnuclear region as AGN or as SF on the BPT diagram depends not only on the value of σgas, c (the level of the AGN activity) but it is also governed by an additional parameter(s). We find that there is a demarcation line between the positions of the AGN-type and SF-type objects on the central gas velocity dispersion – central Hα surface brightness diagram, in the sense that an object with a given value of σgas, c is an AGN-type only if the central Hα surface brightness is lower than some value.
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1. Introduction
It has been known for a long time that active galactic nuclei (AGNs) are powered by accretion onto supermassive black holes (Zel’dovich 1964; Salpeter 1964; Lynden-Bell 1969). It is believed (e.g., Heckman & Best 2014) that the nuclei of most, and quite possibly all, massive galaxies host a central supermassive black hole. Heckman (1980) suggested dividing the AGNs into two classes: Low Ionization Nuclear Emission line Regions (LINERs), and Seyfert galaxies (types I and II), which are high ionization AGNs. The demarcation line between LINERs and Seyferts in different diagrams are discussed in many works (e.g., Kewley et al. 2006; Cid Fernandes et al. 2010).
It is believed at present that Seyfert and LINER phenomena are not fundamentally different in the sense that photoionization is responsible for the emission of both classes of AGNs. It is commonly accepted that the source of the ionizing photons in the Seyferts is the radiation of the accretion disk (Shakura & Sunyaev 1973; Antonucci 1993). On the contrary, the following different sources of the ionizing photons in the LINERs are discussed: the radiation of low-luminosity accretion disk (Ferland & Netzer 1983), the hot, low-mass evolved (postasymptotic giant branch) stars (HOLMES) (Stasińska et al. 2006, 2008; Sarzi et al. 2010; Yan & Blanton 2012; Singh et al. 2013), and shocks caused by different phenomena (jets, galactic winds, galaxy-galaxy interactions) (Heckman 1980; Dopita & Sutherland 1995; Ho et al. 2014; Molina et al. 2018).
The intensities of strong, easily measured lines can be used to separate different types of emission-line objects according to their main excitation mechanism (i.e., starburst or AGN). The most widely used system of spectral classification of emission-line objects is the [O III]λ5007/Hβ versus [N II]λ6584/Hα diagnostic diagram suggested by Baldwin et al. (1981) (BPT classification diagram). The excitation properties of objects with the emission line specta are studied by plotting the low-excitation [N II]λ6584/Hα line ratio against the high-excitation [O III]λ5007/Hβ line ratio. It was noted (Stasińska et al. 2006, 2008) that the galaxies from the Sloan Digital Sky Survey (York et al. 2000) occupy a well-defined region, evoking the wings of a flying seagull. The left wing consists of star-forming galaxies while the right wing is attributed to galaxies with active nucleus. The exact location of the dividing line between starbursts (H II regions) and AGNs is still controversial (see, e.g., Kewley et al. 2001; Kauffmann et al. 2003; Stasińska et al. 2006, 2008; Herpich et al. 2016).
The AGNs are revealed in many galaxies using the BPT classification diagram (e.g., Ho et al. 1997; Kauffmann et al. 2003). At the same time, some AGNs are not detected by means of the BPT classification diagram in a number of massive galaxies. Indeed, some galaxies identified as AGNs by their hard X-ray luminosity are not classified as AGN by their optical emission line properties (Elvis et al. 1981; Moran et al. 2002; Pons & Watson 2014, 2016; Agostino & Salim 2019). This suggests that the presence of the AGN in the galaxy does not necessarily result in the appearance of the LINER (or Seyfert) on the BPT diagram.
The Integral Field Unit (IFU) spectroscopy reveals that many galaxies involve low-ionization emission-line regions (LIER) located far from the centers of galaxies (e.g., Belfiore et al. 2016; Hviding et al. 2018; Parkash et al. 2019). This evidences that LIERs are not produced by AGNs, instead, the source of the ionizing photons in the LIERs can be attributed to hot low-mass evolved stars (HOLMES).
Since (i) the presence of the AGN is not necessarily accompanied by the LINER (or Seyfert) on the BPT diagram and (ii) the LIERs are excited by the HOLMES but not the AGNs then one can suggest that the LINERs (at least some of them) can be also attributed to the HOLMES rather than to the AGNs, this is, LINERs differ from LIERs by their locations in galaxies only. Or they differ also by the sources of the ionizing photons. Here we examine the properties of the circumnuclear regions in the MaNGA galaxies with and without detected AGNs aiming to clarify the sources of the ionizing photons in the LINERs and why the AGNs are not detected in some massive galaxies through the BPT classification diagram.
This paper is organized in the following way. The data are described in Sect. 2. In Sect. 3 the properties of the circumnuclear regions in the MaNGA galaxies are examined. The discussion is given in Sect. 4. Section 5 contains a brief summary.
2. Data
The spectroscopic measurements from the SDSS-IV MaNGA survey (Bundy et al. 2015; Albareti et al. 2017) provide the possibility to measure the surface brightness distribution and to determine photometric characteristics (such as the optical radius and luminosity), to measure the line-of-sight velocity field and to derive kinematic characteristics (kinematic angles and rotation cuerve), and to measure emission line fluxes and obtain abundance maps. The spectrum of each spaxel is reduced as indicated in Zinchenko et al. (2016). The stellar background is fitted using the public version of the STARLIGHT code (Cid Fernandes et al. 2005; Mateus et al. 2006; Asari et al. 2007) adapted for execution in the NorduGrid ARC1 environment of the Ukrainian National Grid. The library of 150 synthetic simple stellar population (SSP) spectra from the evolutionary synthesis models by Bruzual & Charlot (2003) with ages from 1 Myr up to 13 Gyr and metallicities of Z = 0.0001, 0.004, 0.008, 0.02, and 0.05 are used. The reddening law of Cardelli et al. (1989) with RV = 3.1 is adopted. The obtained stellar radiation contribution was subtracted from the observed spectrum.
The emission lines in each spaxel spectrum were estimated using a Gaussian fit to the line profiles. The emission line parameters include the central wavelength λ0, the sigma σ, and the flux F. For each spectrum, we measure the [O II]λλ3727,3729, Hβ, [O III]λ5007, Hα, and [N II]λ6584 emission lines. The measured fluxes in those lines are used for the interstellar reddening correction, the determination of the BPT type of the spectrum (separation of the emission-line objects according to their main excitation mechanism), and for the abundance determination. The central wavelength of the Hα line is converted into the line-of-sight velocity. The sigma of the best-fit Gaussin σHα specifies the width of the Hα line (the full width at half maximum FWHM and σ is linked by the relation FWHM ≈ 2.355σ) and is converted into the observed gas velocity dispersion σgas, obs as σgas, obs = (σHα/λHα)c, where c is the speed of light. The observed gas velocity dispersion σgas, obs in the spaxels within the circumnuclear region is corrected for the instrumental profile in the following way [image: equation] = [image: equation]–[image: equation], where σmedian, HII is the median value of the σgas, obs for all the spaxels with the H II-region-like spectra in the galaxy (see discussion below).
It should be noted that only those spaxel spectra where all the used lines were measured with a signal-to-noise ratio S/N >  3 were considered. The measured emission line fluxes were corrected for interstellar reddening using the theoretical Hα/Hβ ratio and the reddening function from Cardelli et al. (1989) for RV = 3.1. We assume CHβ = 0.47AV (Lee et al. 2005).
The oxygen abundances were obtained through the three-dimensional R calibration (Pilyugin & Grebel 2016; Pilyugin et al. 2018). The [O II]λλ3727,3729, Hβ, [O III]λλ4959,5007, and [N II]λλ6548,6584 emission lines are used for oxygen abundance determinations. The flux in the [O III]λλ4959,5007 lines is estimated as [O III]λλ4959,5007 = 1.3[O III]λ5007 and the flux in the [N II]λλ6548,6584 lines is estimated as [N II]λλ6548,6584 = 1.3[N II]λ6584 (Storey & Zeippen 2000). The R-calibration produces abundances compartible to the Te-based abundance scale and is workable over the whole metallicity scale of H II regions.
To determine the galactocentric distances of the spaxels, the geometrical parameters of the galaxy are needed. The parameters of the galaxy are determined from the observed velocity field in the standard way assuming that a galaxy is a symmetrically rotating disc (e.g., Warner et al. 1973; Begeman 1989; de Blok et al. 2008; Oh et al. 2018). The position of the kinematic center of the galaxy, the position angle of the major kinematic axis and the kinematic inclination angle are determined from the measured line-of-sight velocities of the Hα line in the same way as in our previous papers (Pilyugin et al. 2019, 2020; Zinchenko et al. 2019). In brief, the observed line-of-sight velocities recorded on a set of pixel coordinates (1 pixel = 0.5 arcsec for MaNGA galaxies) are related to the kinematical parameters of the galaxy and its rotation curve. The deprojected galaxy plane is divided into rings with a width of one pixel. The rotation velocity is assumed to be the same for all the points within the ring. The position angle of the major axis and the galaxy inclination angle are assumed to be the same for all the rings. The coordinates of the rotation center of the galaxy, the position angle of the major axis, the galaxy inclination angle, and the rotation curve are derived through the best fit to the observed velocity field. All the spaxels with measured line-of-sight velocities are ased.
The distances to the galaxies were adopted from NED. The NED distances use flow corrections for Virgo, the Great Attractor, and Shapley Supercluster infall (adopting a cosmological model with H0 = 73 km s−1 Mpc−1, Ωm = 0.27, and ΩΛ = 0.73).
The SDSS data base provides values of the stellar masses of its target galaxies determined in different ways. We have chosen the spectroscopic Msp masses of the SDSS and BOSS galaxies (BOSS stands for the Baryon Oscillation Spectroscopic Survey in SDSS-III, see Dawson et al. 2013). The spectroscopic masses, Msp, are the median (50th percentile of the probability distribution function, PDF) of the logarithmic stellar masses from table STELLARMASSPCAWISCBC03 determined by the Wisconsin method (Chen et al. 2012) with the stellar population synthesis models from Bruzual & Charlot (2003).
We selected a sample of MaNGA galaxies to be analyzed by considering the surface brightness maps, the line-of-sight gas velocity fields, the distribution of the spaxels of the AGN-like, H II-region-like, and intermediate spectra on the image of the MaNGA galaxies, and finally, the type of spectra at the center of the galaxies. First, we search for galaxies with intermediate and AGN-like spectra at the centers. The circumnuclear region in such galaxy is defined as the central region involving the spaxels with AGN-like and intermediate spectra. The map of the distributions of the spaxels with the AGN-like, H II-region-like, and intermediate spectra on the images for around three thouthands MaNGA galaxies of the DR15 release were constructed. We search for galaxies with intermediate and AGN-like spectra at the centers by visual inspection of those maps. Then we selected galaxies using the following criteria.
Only the star-forming galaxies (where emission lines are measured in spectra of more than hundred spaxels) were considered, since the characteristics to be analyzed (emission line ratios, gas velocity dispersion, luminosities and surface brightnesses in the emission lines) are based on emission lines.
Galaxies measured with a small number of fibers (19 and 37) were excluded.
In order to exclude a peculiar and strongly interacting or merging galaxies, we required that the surface brightness distribution is centrally symmetric and smooth and the line-of-sight gas velocity field are rather regular, this is, the isovelocity curves of the measured velocity field are more or less close to a set of parabolic curves (the hourglass-like picture for a rotating disc).
We required that the spaxels with measured emission lines cover an area larger than the circumnuclear region, this is, the circumnuclear region is measured entirely and does not extend beyond the measured area. We also required that the emission lines measurements were available for all (or at least for the majority of) the spaxels within the circumnuclear area. Under those conditions, the circumnuclear area (the central region with the AGN-like and intermediate spectra) can be outlined and its characteristics (e.g., luminosity) can be obtained.
We selected 85 MaNGA galaxies with those criteria.
The emission line profiles of the spectra at the centers of the majority of galaxies with AGN-like and intermediate spectra selected with the above criteria are rather simple (panels a and b of Fig. 1) and can be fitted by single Gaussians. A broad component can be seen in the emission line profiles in the spaxel spectra at the centers of some selected galaxies (panels c and d of Fig. 1). Galaxies with a broad component in the emission line spectra at the center were excluded from the current consideration. The single Gaussian is not adequate approximation for the profile of the emission line with a broad component, such lines should be fitted by two Gaussians. The investigation of the properties of the AGNs with the broad components in the emission lines should be the subject of the separate study. For the same reason, the galaxies classified as Seyfert galaxies according to the BPT diagram were also excluded from the current consideration.
	[image: thumbnail]	Fig. 1.
Spectra of the central regions in four MaNGA galaxies. The flux F is in units of 10−17 erg s−1 cm−2, and the wavelength λ in angstroms. The stacked spectra of nine central spaxels are shown in each panel.




Our final list includes 46 galaxies with the circumnuclear region with AGN-like radiation, and 17 galaxies with the circumnuclear region of the intermediate type. The selected galaxies are listed in Tables 1 and 2.
Table 1.

Properties of our sample of MaNGA galaxies with the circumnuclear region classified as AGN-type.


Table 2.

Properties of our sample of MaNGA galaxies with the circumnuclear region classified as INT type.


For comparison purposes, we also consider 98 galaxies with the circumnuclear region with the H II region-like radiation. Those galaxies are selected using the same criteria as the galaxies with LINERs, except with the requirement for H II region-like spectra at the center.
3. Circumnuclear regions of different BPT types
3.1. BPT types
The intensity of strong, easily measured lines can be used to separate different types of emission-line objects according to their main excitation mechanism (i.e. starburst or AGN). Baldwin et al. (1981) proposed a diagram (BPT classification diagram) where the excitation properties of H II regions are studied by plotting the low-excitation [N II]λ6584/Hα (=XBPT) line ratio against the high-excitation [O III]λ5007/Hβ (=YBPT) line ratio.
Kauffmann et al. (2003) found an empirical demarcation line between the star forming and the AGN spectra in the BPT diagram (solid line in panel c of Fig. 2). This demarcation line can be interpreted as the upper limit of pure star forming spectra (Davies et al. 2014a,b, 2016). The spectra located left (below) the demarcation line of Kauffmann et al. (2003) will be referred to as the SF-like or H II region-like spectra (blue points in panel c of Fig. 2). Kewley et al. (2001) found a theoretical demarcation line between the star forming and the AGN spectra in the BPT diagram (short-dashed line in panel c of Fig. 2). This demarcation line can be interpreted as the lower limit of pure AGN spectra. The spectra located right (above) the demarcation line of Kewley et al. (2001) will be referred to as the AGN-like spectra (black points in panel c of Fig. 2). The spectra located between the demarcation lines of Kauffmann et al. (2003) and Kewley et al. (2001) will be referred to as the intermediate (INT) spectra (red points in panel c of Fig. 2). In the literature, those spectra are also referred to as composite or transition spectra (Davies et al. 2014a; Pons & Watson 2014, 2016). The long-dashed line in panel c of Fig. 2 is the dividing line between Seyfert galaxies and LINERs defined by Cid Fernandes et al. (2010).
	[image: thumbnail]	Fig. 2.
Example of BPT diagrams for a galaxy with the circumnuclear region classified as AGN type. Panel a: locations of the spaxels with the AGN-like, H II-region-like, and intermediate spectra on the image of the MaNGA galaxy M-7495-12704 in sky coordinates (pixels, the physical scale is 0.309 kpc pixel−1). The BPT type of the spectra is color-coded. The spaxels with the intermediate spectra in the circumnuclear region (center) and in the disc are shown by different colors. The circle marks the kinematic center of the galaxy. Panel b: map of the observed (non corrected for instrumental profile) gas velocity dispersion. The value of gas velocity dispersion is color-coded. Panel c: BPT diagram for the individual spaxels with AGN (black symbols) and intermediate (red symbols) spectra classification in the circumnuclear region. The thick solid line is the YBPT = aXBPT + b relation obtained for those data. Solid and short-dashed curves mark the demarcation line between AGNs and H II regions defined by Kauffmann et al. (2003) and Kewley et al. (2001), respectively. The long-dashed line is the dividing line between Seyfert galaxies and LINERs defined by Cid Fernandes et al. (2010). The blue points are the H II-region-like spectra in the galaxy. Panel d: same as panel b but for the spaxels with the intermediate-type spectra located in the disc.




Here we examine the circumnuclear regions in MaNGA galaxies. Using the BPT classification diagram, the circumnuclear regions are divided into three BPT types: the AGN type, the SF (or H II) type, and the intermediate (INT) type.
3.2. Circumnuclear regions of the AGN type
3.2.1. Characteristics of the circumnuclear region
Panel a of Fig. 2 shows the location of the spaxels with the AGN-like, H II-region-like, and intermediate spectra on the image of the galaxy M-7495-12704, where the circumnuclear region is of the AGN type. The BPT classification of each spectra is color-coded. The spaxels with the AGN-like (intermediate) spectra in the circumnuclear region (center) and in the disc are shown by different colors. The circle marks the kinematic center of the galaxy. Panel b of Fig. 2 shows a map of the observed (non corrected for instrumental profile) gas velocity dispersion. The value of gas velocity dispersion is color-coded. Figure 3 shows the radial variation of several measured properties of this galaxy.
	[image: thumbnail]	Fig. 3.
Radial variation of properties in the disc of the MaNGA galaxy M-7495-12704 with the circumnuclear region of the AGN type (Fig. 2). Panels show the surface brightness in Hα (panel a) and [O III]λλ4959,5007 (panel b) lines, the observed (non corrected for instrumental profile) velocity dispersion of the gas σgas, obs (panel c) and stars σstar, obs (panel d), the coordinates in the BPT diagram XBPT = log([N II]λ6584/Hα) (panel e), and YBPT = log([O III]λ5007/Hβ) (panel f), as a function of the galactocentric distance. The BPT type of the spectra is color-coded. The spaxels classified as intermediate-type in the disc and in the circumnuclear region (center) are shown by different colors.




The circumnuclear region with an AGN-induced radiation can be specified by a number of parameters as indicated below. The luminosity of the circumnuclear region with an AGN-induced radiation will be specified by the following parameters. The LAGN, Hα luminosity is defined as the sum of the Hα luminosities of the spaxels with AGN-like spectra in the circumnuclear region. The LINT, Hα luminosity is defined as the sum of the Hα luminosity of the spaxels with AGN-like and intermediate spectra in the circumnuclear region. The LAGN, OIII and LINT, OIII luminosities in the [O III]λλ4959,5007 lines are determined in a similar way using the [O III]λ5007 line measurement and adopting L[OIII]λλ4959, 5007 = 1.3L[OIII]λ5007 (Storey & Zeippen 2000). It is believed that the Hα emission within the circumnuclear region is likely to be strongly contaminated by star formation, whereas the [O III] emission is less contaminated and is therefore a better indicator of the AGN luminosity.
The size of the circumnuclear region with an AGN-induced radiation will be specified by two radii. Since the shape of the circumnuclear region with an AGN-induced radiation can deviate significantly from the ring on the deprojected plane (ellipses in the observed plane) then we define the radius RAGN as the radius of the ring with an area equal to the area covered by the spaxels with the AGN-like spectra. The radius RAGN specifies the size of the zone where the AGN-induced radiation makes a dominant contribution to the emission spectra. Similarly, we define the radius RINT as the radius of the ring with the area equal to the area covered by the spaxels with the AGN-like and intermediate spectra. The radius RINT specifies the size of the zone where the AGN-induced radiation makes a contribution to the emission spectra large enough such that the spectra are classified as INT type. In other words, the radius RINT is the radius of influence of AGN.
The determination of the radius RINT can meet the following difficulty. It was noted above that the discs of many galaxies involve low-ionization emission-line regions (LIER) excited by the HOLMES. If the LIER adjoins to the LINER then the central area covered by the spaxels with the AGN-like and the intermediate spectra (and, consequently, the radius RINT) will be overestimated. This seems take place in the galaxy M-7495-12704, the north part of the circumnuclear region may be an adjoining LIER (panel a of Fig. 2).
Panel c of Fig. 3 shows that the observed (non corrected for the instrumental profile) gas velocity dispersion decreases with galactocentric distance up to some radius Rσgas and remains approximately constant beyond this radius. The radius of the region with enhanced gas velocity dispersion Rσgas is estimated for each galaxy. The radial distribution of the σgas, obs is fitted with a broken line, and the radius where the break occurs is adopted as the Rσgas. To minimize the influence of errors in the Hα line width measurements in the spectra of individual spaxels on the determination of the Rσgas, the median values of the σgas, obs within rings with width of 1 spaxel are determined (panel a of Fig. 4), and the broken line fit to those median values is obtained.
	[image: thumbnail]	Fig. 4.
Determination of the radii of the zones of the enhanced gas and stellar velocity dispersions. Panel a: observed (non corrected for the instrumental profile) gas velocity dispersion σgas, obs as a function of radius for individual spaxels (blue points) and median values of σgas, obs with the mean deviations (red points and bars) for intervals corresponding to the width of 1 spaxel. The broken line is the fit to the median values of σgas, obs. Panel b: same as panel a but for the observed stellar velocity dispersion σstar, obs.




The gas velocity dispersion within the circumnuclear region can be also specified by the maximum value of the gas velocity dispersions. Again, to minimize the influence of errors in the Hα line width measurements in the spectra of individual spaxels on this parameter, we specify the gas velocity dispersion within the circumnuclear region by the mean value of the gas velocity dispersions in five spaxels in the circumnuclear region with higher σgas and will refer to this parameter as the central gas velocity dispersion σgas, c. The median value of the observed (non corrected for the instrumental profile) gas velocity dispersion for all the spaxels of the H II-region-like spectra, σmedian, HIIobs, is also obtained for each galaxy.
The radial distribution of the observed stellar velocity dispersion σstar, obs is also fitted by the broken line, and the break radius is adopted as the Rσstar (panel b of Fig. 4). The uncertainty in σstar is much larger than that in σgas (panels a and b of Fig. 4). There are no a plateaus in the σstar–R diagrams, and the observed stellar velocity dispersions are below the MaNGA instrumental dispersion in many cases (Westfall et al. 2019). A reliable estimation of the Rσstar value was not obtained for a several galaxies in our sample.
The measured flux in the Hα line per spaxel FHα in units 10−17 erg s cm−2/spaxel is converted into surface brightness in the Hα line ΣHα. The value of the surface brightness is corrected for the galaxy inclination. The central surface brightness ΣHα, c is specified by the mean values of ΣHα for the same five spaxels used for estimation of the σgas. The central surface brightness in the [O III]λλ4959,5007 lines is also determined adopting again F[OIII]λλ4959, 5007 = 1.3F[OIII]λ5007.
Thus, the luminosities LAGN and LINT in the Hα and [O III]λλ4959,5007 emission lines, the radii RAGN, RINT, Rσgas, and Rσstar, the central gas velocity dispersion σgas, c, the central surface brightnesses in the Hα line ΣHα, c and in the [O III]λλ4959,5007 lines ΣOIII, C, and the median value of the observed (non corrected for the instrumental profile) gas velocity dispersions in all the spaxels for the H II-region-like spectra σmedian, HIIobs were determined for the circumnuclear regions of the AGN type for our sample of MaNGA galaxies. The numbers of the AGN-like and intermediate spectra within the circumnuclear regions and the total numbers of measured spectra in the galaxies with the circumnuclear regions of the AGN type are presented in Fig. 5.
	[image: thumbnail]	Fig. 5.
Histograms of the numbers of the AGN-like spectra NAGN (panel a) and AGN-like+intermediate spectra NAGN + INT (panel b) in the circumnuclear regions in galaxies with the circumnuclear regions of the AGN types. Panel c: NAGN (circles) and NAGN + INT (plus signs) as a function of total number of spectra measured in the galaxy.




3.2.2. AGN-SF mixing
The positions of the AGN-like and intermediate spectra of the spaxels in the circumnuclear region occupy a rather narrow band in the BPT diagram, see panel c in Fig. 2. This sequence on the BPT diagram can be fitted by the linear relation
[image: thumbnail](1)
Such relation (coefficients a and b in Eq. (1)) was obtained for all galaxies with the circumnuclear regions of the AGN type. It should be emphasized that the spaxels with the intermediate spectra in the disc (beyond the circumnuclear region) do not follow this relation, see panel d in Fig. 2.
Kauffmann & Heckman (2009) created a set of empirical mixing line trajectories in the BPT diagram by averaging the emission-line fluxes of star-forming galaxies and AGNs in different proportions. The decrease of the fraction of the luminosity attributed to SF results in a shift from the locus of pure star-forming galaxies in the BPT diagram. The greater the fraction of the line emission excited by AGN activity, the further along the mixing trajectory a spectrum will lie.
Davies et al. (2014a,b, 2016) found that spectra of individual spaxels of some AGN host galaxies form a tight sequence on the BPT diagram, which is similar to the mixing line trajectories constructed by Kauffmann & Heckman (2009) for “global” spectra. The diagnostic line ratios in the spaxel spectra change smoothly with radius, from AGN-like ratios in the spaxel spectra at the galactic center, to H II-like ratios in the spaxel spectra at larger galactocentric distances. Davies et al. (2014a,b, 2016) concluded that this provides strong evidence in favor of variations of diagnostic line ratios with radius being primarily driven by variations in the fraction of the line emission excited by AGN activity.
Panels c and d in Fig. 3 show the variations in the diagnostic line ratios [N II]λ6584/Hα and [O III]λ5007/Hβ in the spectra of spaxels from the circumnuclear region of the galaxy M-7495-12704 as a function of galactocentric distance, respectively. Inspection of panel b in Fig. 2 together with panels c and d in Fig. 3, show clearly that the diagnostic line ratios of the spaxel spectra change smoothly with radius, this is, the spaxel spectra of the circumnuclear region lie along the mixing line trajectories of the BPT diagram, where the fraction of the line emission excited by AGN activity decreases with radius. It should be emphasized that the same radial behavior in the diagnostic lines was obtained for every one of the galaxies in our sample where the circumnuclear region is of the AGN-type.
The diagnostic line ratios in the spaxel spectra change smoothly with the radius within the circumnuclear region, and the gas velocity dispersion decreases with galactocentric distance within the circumnuclear region, that is, the diagnostic line ratios correlate with gas velocity dispersion. It is worth noting that such a correlation is not only related to AGN excited regions. A correlation between gas velocity dispersion and emission-line ratio is revealed in the ultraluminous and luminous infrared galaxies in the absence of any contribution from an AGN. This correlation is interpreted as a signature of shock excitation where shocks are driven by galaxy mergers or interactions (Monreal-Ibero et al. 2006, 2010; Rich et al. 2014, 2015).
The relations that were obtained above between XBPT and YBPT, Eq. (1), describe the mixing line trajectories on the BPT diagram for galaxies with the circumnuclear region of the AGN-type, see panel c in Fig. 2. Next, we examine the dependences between the slope of the mixing line trajectory on the BPT diagram with other properties of the galaxy (the slope of the relation YBPT = a × XBPT + b as a function of the stellar mass of the galaxy, Hα luminosity of the AGN zone, central gas velocity dispersion, and central surface brightness in the Hα line). We find that there is not a significant corrrelation between the slope of the mixing line trajectory on the BPT diagram with other parameters of the galaxy.
3.2.3. Gas velocity dispersion as an indicator of AGN activity
The characteristics of a galaxy with an AGN can be divided into two groups. The parameters of the first group (e.g., stellar mass, Msp) specify the host galaxy. The parameters of the second group (e.g., luminosity, LINT, or radius of the influence of the AGN, RINT) specify the level of the AGN activity.
Faber–Jackson relations link the luminosity (mass) and the stellar velocity dispersion in elliptical galaxies and in the bulges of disc galaxies (Faber & Jackson 1976; Kormendy 1985). It is also established that the mass of supermassive black holes correlates tightly with the stellar velocity dispersion of the host galaxy (e.g., Ferrarese & Merritt 2000; Tremaine et al. 2002; King & Pounds 2015; Sahu et al. 2019). Therefore, the stellar velocity dispersion specifies the host galaxy and belongs to the first group of parameters.
It was suggested (Nelson & Whittle 1996) to use the width of the [O III]λ5007 emission line as a surrogate for σstar for Seyfert galaxies. Bennert et al. (2018) carried out a direct comparison between σstar and σOIII and found that there is no correlation between σstar and σOIII. On the other hand, Ilha et al. (2019) have found that the fractional difference between gas and star velocity dispersions σfrac = (σgas–σstar)/σstar can be used as an indicator of AGN activity. Here we examine the relationships between the gas velocity dispersion and other parameters for our sample of MaNGA galaxies. Among other things, this can tell us if the gas velocity dispersion in the LINERs is an indicator of the (gaseous) bulge (belongs to the first group of parameters) or the AGN activity (belongs to the second group of parameters).
The energy generation by an AGN (and consequently its influence on the circumnuclear region) depends on mass of the black hole and acretion rate. A significant correlations exist between the mass of the black hole and some properties of the host galaxy, such as stellar mass or stellar velocity dispersion. Therefore, examination of correlations between σgas and those properties cannot provide the choice whether the σgas is a tracer of AGN activity (related to the black hole mass) or is a tracer of gaseous bulge (related to the host galaxy properties). At the same time, the existence of correlations between σgas and direct characteristics of the AGN activity, such as AGN luminosity and radius of AGN influence, can be considered as a significant evidence in favor of that the σgas is a tracer of AGN activity.
Figure 6 shows the comparison between the radius of the zone with enhanced gas velocity dispersion Rσgas and the radii of other zones in the galaxies. Inspection of panel a in Fig. 6 shows that the radius of the zone with enhanced gas velocity dispersion Rσgas is smaller than the radius of the zone with enhanced stellar velocity dispersion Rσstar. Examination of panel b in Fig. 6 shows that the Rσgas exceeds the size of the zone with dominant contribution of AGN to the radiation RAGN. Panel c of Fig. 6 shows that Rσgas is very similar to the radius of the zone of the influenc of the AGN on the radiation RINT.
	[image: thumbnail]	Fig. 6.
Comparison between the radii of different zones for MaNGA galaxies with an AGN-type circumnuclear regions. The panels show the radius of the zone of the enhanced stellar velocity dispersion Rσstar (panel a), the radius of the zone where the dominant contribution is AGN-type radiation RAGN (panel b), and the radius of the zone with AGN influence on the radiation RINT (panel c) as a function of the radius with an enhanced gas velocity dispersion Rσgas. In each panel, the circles denote individual galaxies. The dashed line represents the one-to-one relation.




Thus, the radius of the zone with enhanced gas velocity dispersion Rσgas is related to the radius of the zone of the influence of the AGN on the radiation RINT.
Figure 7 shows the luminosity of the Hα and the [O III]λλ4959,5007 emission lines for the zone with the dominant AGN contribution to the radiation, LAGN, and of the zone of the influence of AGN, LINT, as a function of the central gas velocity dispersion σgas, c. In each panel, the circles correspond to individual galaxies, and the line is the best fit to those data. Coefficients for the linear correlations of the type log L = aσgas, c + b, the correlation coefficient, and the mean value of the scatter in log L for each diagram are listed in Table 3. Every one of those luminosities (LAGN, Hα, LAGN, OIII, LINT, Hα, LINT, OIII) is an indicator of AGN activity. Examination of Fig. 7 shows that there is a correlation between σgas, c and luminosity of each kind. This provides evidence in favor of that the central gas velocity dispersion σgas, c can serve as an indicator of AGN activity.
	[image: thumbnail]	Fig. 7.
Relations between the luminosity of the circumnuclear region of the AGN type and central gas velocity dispersion. Panel a: Hα line luminosity for the region where the dominant contribution to the radiation is an AGN, LAGN, Hα, as a function of the central gas velocity dispersion σgas, c. Panel b: Hα line luminosity of the zone of influence of the AGN, LINT, Hα, as a function of central gas velocity dispersion. Panels c and d: same as panels a and b but for the luminosity in the [O III]λλ4959,5007 emission lines.




Table 3.

Coefficients for the linear relation y = ax + b between parameters of the circumnuclear regions of the AGN type.


It is known that the radius of the zone ionized by the AGN correlates with its luminosity in the [O III]λ5007 emission line for the Seyfert galaxies (Schmitt et al. 2003; Chen et al. 2019; do Nascimento et al. 2019, among many others). In Fig. 8 we show the radius of the zone where an AGN makes the dominant contribution to the radiation, RAGN, as a function of the Hα luminosity for the same zone, LAGN, Hα, (panel a), and as a function of the [O III]λλ4959,5007 luminosity (panel b) for our sample of LINERs. The radius of the zone of the influence of the AGN on the radiation, RINT, is plotted as a function of the Hα luminosity, for the same zone, LINT, Hα in panel c of Fig. 8, and as a function of the [O III]λλ4959,5007 luminosity in panel d of Fig. 8. One can see the correlation between R and L in each diagram. The coefficients in the linear correlations y = ax + b, the correlation coefficient, and the mean value of the scatter in y for each diagram are listed in Table 3.
	[image: thumbnail]	Fig. 8.
Relations between the radius and other parameters of the circumnuclear region of the AGN-type. Panels a, b, and e: radius of the zone of dominant contribution of the AGN to the radiation, RAGN, as a function of the luminosity of this zone in the Hα emission line (panel a), in the [O III]λλ4959,5007 emission lines (panel b), and as a function of the central gas velocity dispersion (panel e). Panel c, d, and f: same as panels a, b, e (respectively) but for the radius of the zone of the AGN influence on the radiation, RINT. The points in each panel denote individual galaxies. The line is the best linear fit to those data (see Table 3).




Panel e in Fig. 8 shows the radius RAGN as a function of the central gas velocity dispersion, while panel f shows the RINT–σgas, c diagram. Both, the RAGN and the RINT correlate with σgas, c.
Thus, the consideration of our sample of galaxies with the circumnuclear regions of the AGN type (LINERs) results in the following conclusions.
The spectra of individual spaxels in the circumnuclear region occupy a narrow band on the BPT diagram, this is, they lie along the AGN-SF mixing line trajectory. The diagnostic line ratios in the spaxels spectra within the radius RINT change smoothly with radius, from AGN-like line ratios in the spaxels spectra at the galactic center, to H II-region-like line ratios in the spaxels spectra at galactocentric distances larger than RINT. This is in agreement with the widely used paradigm that the LINERs are excited by the AGNs.
The radius of the AGN influence can be specified by the radius RINT, and the strength of the AGN activity can be specified by the luminosity of this region in the Hα (or [O III]λλ4959,5007) emission lines.
Alternatively, the radius of the AGN influence can be specified by the radius of the zone of enhanced gas velocity dispersion Rσgas which coincides with (or at least is close to) the radius RINT, and the strength of the AGN activity can be specified by the value of the central gas velocity dispersion σgas, c.
3.3. Circumnuclear regions of the INT type
The circumnuclear regions in a number of MaNGA galaxies are classified as INT type. As an example, the upper panel of Fig. 9 shows the locations of the spaxels with the H II-region-like and intermediate spectra on the image of the galaxy M-8137-12703. The spaxels of the intermediate type spectra in the circumnuclear region and in the disc are shown by different colors. The circle marks the kinematic center of the galaxy. The other panels of Fig. 9 show the radial distributions of different characteristics (such as the Hα surface brightness, the gas velocity dispersion, and the BPT emission line ratios).
	[image: thumbnail]	Fig. 9.
Example of galaxies with the circumnuclear region classified as INT type. Panel a: locations of the spaxels with the H II-region-like and intermediate spectra on the image of the MaNGA galaxy M-8137-12703. The BPT types of the spaxels spectra are color-coded. The spaxels with the intermediate spectra in the circumnuclear region (center) and in the disc are shown by different colors. The circles marks the kinematic center of the galaxy. Panels b–e: variations with radius of the surface brightness in the Hα line (panel b), the observed (non corrected for the instrumental profile) gas velocity dispersion (panel c), the XBPT = log([N II]λ6584/Hα) (panel d), and the YBPT = log([O III]λ5007/Hβ) (panel e). In each panel, 1 pixel corresponds to 0.385 kpc.




The radius of the area of the influence of the AGN on the radiation RINT, the radius of the zone of the enhanced gas velocity dispersion Rσgas, the values of the LINT, Hα and LINT, OIII luminosities within the RINT, the central gas velocity dispersion σgas, c, the values of the central Hα surface brightness, ΣHα, c, and in the [O III]λλ4959,5007 emission lines ΣOIII, c, are determined for the circumnuclear regions of the INT type in the same way as for the circumnuclear regions of the AGN type.
Here we compare the properties of the circumnuclear regions of the INT and the AGN types. Panel a of Fig. 10 shows the Rσgas–RINT diagram. The circles denote the circumnuclear regions of the AGN type, and the plus symbols are the circumnuclear regions of the INT type. The line is the perfect agreement. Inspection of panel a of Fig. 10 shows that there is no agreement between the Rσgas and the RINT for the circumnuclear regions of the INT type, in the sense that the radius of the AGN influence on the radiation RINT, is usually less than the radius of the zone of the enhanced gas velocity dispersion Rσgas. This can be evidence in favor of that the contribution of the SF radiation is higher in those circumnuclear regions. Indeed, the position of each spaxel on the BPT diagram moves along the mixing line trajectories toward lower XBPT and YBPT values due to an increase of the contribution of the SF radiation. As a result, the positions of the central spaxels move from the AGN locus to the INT locus on the BPT diagram, and the position of the outermost spaxels (with radii close to, slightly less than, the Rσgas) move from the INT locus to the H II region locus. Thus, the differences between the circumnuclear regions of the AGN and INT types can be explained if the contribution of the SF to the radiation is higher in circumnuclear regions of the INT type, in comparison to the circumnuclear regions of the AGN type.
	[image: thumbnail]	Fig. 10.
Comparison of properties of the circumnuclear regions of the AGN (blue symbols) and INT (red symbols) types. Panel a: RINT–Rσgas diagram. The line is the perfect agreement. Panel b: LINT, Hα–σgas, c diagram. The line is the LINT, Hα–σgas, c relation for galaxies with the circumnuclear region of the AGN type. Panel c: LINT, OIII–σgas, c diagram. The line is the LINT, OIII–σgas, c relation for galaxies with the circumnuclear region of the AGN type.




It should be noted that the enhancement of the gas velocity dispersion in some galaxies of the INT type (with weak circumnuclear regions) can be low, Fig. 11. Therefore the uncertainty in the determinations of the value of the Rσgas for weak circumnuclear regions of the INT type can be large.
	[image: thumbnail]	Fig. 11.
Example of a galaxy with a weak circumnuclear region of the INT type. Panel a: location of spaxels with different BPT classifications for the MaNGA galaxy M-9506-09102. The spaxels with H II-region-like spectra are denoted by blue symbols, the spaxels with intermediate spectra in the circumnuclear region are marked by red symbols, and those in the disc by orange symbols. The circle is the kinematic center of the galaxy. Panel b: BPT diagram for the spectra of the individual spaxels. The colors correspond to the same classification as in panel a. Solid and short-dashed curves mark the demarcation line between AGNs and H II regions defined by Kauffmann et al. (2003) and Kewley et al. (2001), respectively. Panel c: variation with radius of the observed (non corrected for the instrumental profile) gas velocity dispersion. Panels a and c: 1 pixel = 0.275 kpc.




The BPT diagram for the circumnuclear region of the INT type resembles that of the circumnuclear region of the AGN type, with the exception that the positions of the spaxels of the INT type do not reach the AGN locus in the BPT diagram. This indicates again that the contribution of the SF to the radiation is higher in the circumnuclear regions of the INT type in comparison to the circumnuclear regions of the AGN type. Since the extension of the band in the BPT diagram occupied by the spaxels of the INT type is not large enough, then that prevents the accurate determination of the slope of the YBPT–XBPT relation. Moreover, even the existence of the AGN-SF mixing trajectory is not indisputable if the extension of the band in the BPT diagram is small.
Panel b of Fig. 10 shows the LINT, Hα–σgas, c diagram. The circles denote the circumnuclear regions of the AGN-type, and the plus symbols denote the circumnuclear regions of the INT-type. The line is the LINT, Hα–σgas, c relation obtained for the AGN-type. Inspection of panel b of Fig. 10 shows that the location of the circumnuclear regions of the INT-type in the LINT, Hα–σgas, c diagram, follow the trend outlined by the location of the AGN-type for high values of the central gas velocity dispersion, and are slightly shifted toward lower luminosities for lower values of the central gas velocity dispersion.
Panel c of Fig. 10 shows the LINT, OIII–σgas, c diagram. Examination of this panel indicates that the LINT, OIII luminosities of the INT-type are slightly lower, on average, than those of the AGN-type for similar values of the central gas velocity dispersion.
3.4. Circumnuclear regions of the SF type
The H II-region-like spectra are observed at the center of many MaNGA galaxies, this is, they are galaxies with the circumnuclear region of the SF-type. Figure 12 shows the observed (non corrected for the instrumental profile) gas velocity dispersion σgas, obs as a function of radius for two galaxies with the circumnuclear regions of the SF-type. The spaxels with the SF-like spectra are denoted by blue symbols, and the spaxels with the intermediate spectra in the disc by orange symbols. From one side, the gas velocity dispersion σgas, obs can be nearly constant over the whole galaxy, this is, the gas velocity dispersion σgas, obs at the center of the circumnuclear region of the SF-type can be close to that of the disc, see panel a of Fig. 12. On the other hand, the gas velocity dispersion σgas, obs at the center of the circumnuclear region of the SF-type can be significantly higher than that in the disc, see panel b of Fig. 12.
	[image: thumbnail]	Fig. 12.
Gas velocity dispersion σgas as a function of radius for two galaxies with the circumnuclear regions of the SF-type. The spaxels of the SF-like spectra are denoted by blue symbols, the spaxels with intermediate spectra are shown by orange symbols.




The central gas velocity dispersion σgas, c, the values of the central surface brightness in the Hα emission line (ΣHα, c) and [O III]λλ4959,5007 emission lines (ΣOIII, c) in the circumnuclear regions of the SF-type are determined using the same approach as for the AGN and INT-types. The mean value of the gas velocity dispersion in five spaxels with higher σgas within the radius of 3 pixel is adopted as the central gas velocity dispersion σgas, c. The central surface brightness in the Hα and in the [O III]λλ4959,5007 emission lines are determined as the mean values for the same five spaxels.
In a several MaNGA galaxies (M-8137-09102, M-8249-12703, M-9500-12702), the circumnuclear region of the SF type is surrounded by a ring of spaxels of intermediate type spectra. For instance, panel a of Fig. 13 shows the distribution of the H II-region-like spaxels (blue symbols), the spaxels with the intermediate spectra in the circumnuclear ring (red symbols), and the spaxels with the intermediate spectra in the disc (orange symbols). The circle marks the kinematical center of the galaxy. Panels b–e of Fig. 13 show the radial distributions of different characteristics (surface brightness in the Hα emission line, gas velocity dispersion, and BPT line ratios) for this galaxy.
	[image: thumbnail]	Fig. 13.
Galaxy with a ring of the INT type radiation. Panel a: distribution of the spaxels with the SF-like (blue squares), intermediate spectra in the ring (red squares), and in the*1pt disc (orange squares), for the galaxy M-8249-12703. The circle marks the kinematical center of the galaxy. Panels b–e: variation with radius of the Hα line surface brightness ΣHα (panel b), the observed (non corrected fro the instrumental profile) gas velocity dispersionσgas, obs (panel c), XBPT = log([N II]λ6584/Hα) (panel d), and YBPT = log([O III]λ5007/Hβ) (panel e). In each panel, 1 pixel corresponds to 0.276 kpc.




Two possible explanations of the appearance of the ring of the spaxels with the spectra of the intermediate type around the innermost region of the SF radiation can be suggested. First. The spaxels with the spectra of the intermediate type lie at a dip in the Hα surface brightness and do not form a clear mixing line trajectory on the BPT diagram. This can indicate that diffuse ionized gas might make a significant contribution to the line emission like that in the spaxels with spectra of the INT type in the disc far from the center.
Second. Such circumnuclear region looks as if the innermost AGN zone is replaced by a SF-zone in the circumnuclear region of an AGN type. One can speculate that this configuration of the radiation distribution in the circumnuclear region in those galaxies can be explained in the following way. A star formation burst occurs at the center of a galaxy with the circumnuclear region of the AGN type. Then the contribution of the SF to the radiation becomes dominant at the center, moving its location on the BPT diagram from an AGN to an H II-region locus. The contribution of the SF to the radiation decreases with radius, as seen in panel b of Fig. 13, and becomes low in comparison to the contribution of the AGN (shock) at some radius, such that the spectra are of the INT type in the ring. However, a detailed model should be constructed in order to confirm or reject this picture.
Thus, the central gas velocity dispersion can be either low or high in the circumnuclear region of the SF-type. In several galaxies, the circumnuclear region of the SF-type is surrounded by a ring of spaxels with the intermediate spectra.
3.5. Detectability of the circumnuclear regions of the AGN type from the optical spectra
We argued above that the value of the central gas velocity dispersion σgas, c can serve as an indicator of the AGN activity. Panel a of Fig. 14 shows the central gas velocity dispersion as a function of the stellar mass for galaxies with the circumnuclear regions of the AGN-type (red crosses), INT-type (green plus symbols), and SF-type (blue circles). Inspection of panel a of Fig. 14 shows that the central gas velocity dispersion increases significantly for galaxies with stellar masses larger than ∼1010.6 M⊙. Then one can expect an appreciable AGN activity for those galaxies.
	[image: thumbnail]	Fig. 14.
Central gas velocity dispersion σgas, c as a function of stellar mass of the galaxy Msp (panel a), central surface brightness in the Hα line ΣHα, C (panel b), and central surface brightness in the [O III]λλ4959,5007 emission lines ΣOIII, C (panel c). Galaxies with the circumnuclear regions of the AGN-type are denoted by red crosses, INT-type by green plus symbols, and SF-type by blue circles. The line in panels b and c is the demarcation line between the location of galaxies with the circumnuclear regions of the AGN and SF-types.




The values of the central gas velocity dispersion in galaxies with the circumnuclear regions of the AGN-type are higher than those for galaxies with the circumnuclear regions of the SF-type. However, the diapason of values of the central gas velocity dispersion in galaxies of the AGN-type circumnuclear regions overlaps partially with the values of the central gas velocity dispersion in the galaxies with the circumnuclear regions of the SF-type. On one side, this overlapping can be attributed to the errors in the determination of the central gas velocity dispersion (and/or mass of the galaxy). On the other side, the lack of a sharp demarcation value in the central gas velocity dispersions for galaxies with the circumnuclear regions of AGN and SF-types can be considered as evidence of additional parameters playing a role. If this is the case, then the presence of AGN activity at a given level in the galaxy does not necessary result in the appearance of the circumnuclear region of the AGN type in the BPT diagram.
Panel b of Fig. 14 shows the central gas velocity dispersion σgas, c as a function of the central surface brightness in the Hα emission line ΣHα, c for galaxies with the circumnuclear region of the AGN-type (red crosses) and for galaxies with the circumnuclear region of the SF-type (blue circles). A comparison between panels a and b of Fig. 14 shows that the demarcation line between the location of the AGN and SF-types in the σgas, c–ΣHα, c diagram is more clear than that in the σgas, c–Msp diagram. The demarcation value between the central gas velocity dispersions in the circumnuclear regions of the AGN and the SF-types depends on the value of the central Hα surface brightness, in the sense that the circumnuclear region at a given value of the central gas velocity dispersion is detected as an AGN-type object in the BPT diagram only if the central surface brightness in Hα is lower than some value, or the circumnuclear region with a given value of ΣHα, c will be detected in the BPT diagram as an AGN-type object only if the central gas velocity dispersion is higher than some value.
Panel c of Fig. 14 shows the central gas velocity dispersion σgas, c as a function of the central surface brightness in the [O III]λλ4959,5007 emission lines ΣOIII, c for the galaxies with the circumnuclear regions of the AGN-type (red crosses) and for galaxies with the circumnuclear regions of the SF-type (blue circles). Comparison between panels c and b of Fig. 14 shows that the demarcation line between the locations of the AGN and SF-types in the σgas, c–ΣOIII, C diagram is less distinctive than that of the σgas, c–ΣHα, c diagram.
Thus, the AGN activity takes place at the center of each massive galaxy as it is indicated by the central gas velocity dispersion. The circumnuclear region is detected as an AGN-type object in the BPT diagram if the central gas velocity dispersion is higher than some value. The demarcation value between the central gas velocity dispersion in the circumnuclear regions of the AGN and the SF types can also depend on the value of the central Hα surface brightness.
4. Discussion
The median value of the gas velocity dispersions in the spaxels with the H II-region-like spectra in the galaxy was used in the current study in the correction of the observed gas velocity dispersions for the instrumental profile. Now we discuss this approach. The mean values of the gas velocity dispersion for spaxels with H II-region-like spectra in the galaxy can be slightly higher than the median values because of the gas velocity dispersions in some spaxels (close to the center of the galaxy) can be higher than the average value for the disc. Then the median value of the gas velocity dispersion better specifies the gas velocity dispersion in the disc.
We have examined the median value of the gas velocity dispersions in the disc as a function of the galaxy inclination i, the distance to the galaxy d, the stellar mass Msp, and the central oxygen abundance in the galaxy 12 + log(O/H). The median value for the 161 galaxies which is equal to 72.5 km s−1, and the mean value of the scatter around the median value is 2.8 km s−1. The relative low scatter in the median values of the observed gas velocity dispersion in the discs of different galaxies is a strong evidence in favor that the conditions of the observations, as well as the physical conditions of the galaxies do not significantly influence on the median observed gas velocity dispersion. Indeed, the lack of correlation between the median observed gas velocity dispersion and galaxy inclination i implies that the rotational velocity does not make an appreciable contribution to the observed gas velocity dispersion. The value of the observed gas velocity dispersion does not depend on the physical size of the area in the galaxy within the spaxel (which depends on the distance to the galaxy d). The electron temperature in the H II region correlates with its oxygen abundance in the sense that the electron temperatures are higher in the low-metallicity H II regions. Then, the lack of the correlation between the observed gas velocity dispersion and oxygen abundance implies that the electron temperature does not significantly influence the observed gas velocity dispersion. At last, the observed gas velocity dispersion is similar in galaxies of different masses.
The median value of the observed gas velocity dispersion in galaxies (72.5 ± 2.8 km s−1) is within the expected interval of the instrumental dispersion for the MaNGA survey, 50−80 km s−1 (Bundy et al. 2015), and is close to the estimated instrumental dispersion ∼70 km s−1 (Westfall et al. 2019).
Thus, the use of the median value of the gas velocity dispersions in the spaxels with the H II-region-like spectra in the galaxy as the instrumental profile is quite justified (at least as a first-order approximation).
We have considered the circumnuclear regions of different BPT types. There are four configurations of the radiation distributions in the circumnuclear regions in (massive) galaxies:

	
(1) 
AGN+INT, the innermost region of the AGN-like radiation is surrounded by a ring of radiation of intermediate type,



	
(2) 
INT, the spectra of the spaxels in the central region are of the intermediate type,



	
(3) 
SF+INT, the inner region of the H II-like radiation is surrounded by a ring of radiation of the intermediate type,



	
(4) 
SF, the central area involves the spaxels with the H II-like radiation only.




Figures 2, 3, 9, and 13 illustrate those configurations of the radiation distributions in the circumnuclear regions. Figures 2 and 3 show the galaxy M-7495-12704 which is an example of galaxies with circumnuclear regions of the AGN+INT configuration. Figure 9 shows the galaxy M-8137-12703, an example of galaxies with the circumnuclear regions of the INT configuration. Figure 13 shows the galaxy M-8249-12703, an example of galaxies with the circumnuclear regions of the SF+INT configuration. The sequence of those configurations (from the AGN+INT through the INT (or SF+INT) to the SF) can be explained by an increase of the contribution of the SF to the radiation in the circumnuclear region.
Thus, we suggest that the gas velocity dispersion can serve as an indicator of AGN activity. Figure 14 shows that the value of central gas velocity dispersion depends on stellar mass. This correlation can be explained if gas velocity dispersion is a tracer of gaseous bulge (related to the host galaxy mass). However, this correlation can be explained equally well if gas velocity dispersion is a tracer of AGN activity (related to the black hole mass) since a correlation exists between the mass of the black hole and stellar mass of the host galaxy. Our suggestion that the gas velocity dispersion can serve as an indicator of AGN activity is based on the fact that the characteristics of the gas velocity dispersion correlate with direct characteristics of the AGN activity. The radius of the zone with enhanced gas velocity dispersion is related to the radius of the zone of the influence of AGN. The values of the central gas velocity dispersion correlates with AGN luminosity in [O III]λλ4959,5007 and Hα emission lines. We did not find facts which are in conflict with our suggestion.
5. Conclusions
We have considered the circumnuclear regions in star-forming MaNGA galaxies. The spaxels spectra are classified as AGN-like, H II-region-like (or SF-like), and intermediate (INT) spectra according to their positions in the Baldwin-Phillips-Terlevich (BPT) diagram. We found that there are four configurations of the radiation distributions in the circumnuclear regions in galaxies:

	
(1) 
AGN+INT, the innermost region of the AGN-like radiation is surrounded by a ring of radiation of the intermediate type,



	
(2) 
INT, the radiation at the center of galaxy is the intermediate type,



	
(3) 
SF+INT, the inner region of the H II-region-like radiation is surrounded by a ring of radiation of the intermediate type,



	
(4) 
SF, the central area involves the spaxels with the H II-region-like radiation only. The sequence of those configurations (from the AGN+INT through the INT (or SF+INT) to the SF) can be explained by an increase in the contribution of the SF to the radiation of the circumnuclear region.




The low ionization nuclear emission line regions (LINERs) of configurations 1 and 2 are examined. The spaxel spectra in the LINERs form a sequences on the BPT diagram, that is, they lie along the known AGN-SF mixing line trajectories. The diagnostic line ratios in the spaxels spectra change smoothly with radius, from AGN-like (or INT) in the spaxels spectra in the galactic center, to H II-region-like in the spaxels spectra at larger galactocentric distances. This evidences that the change of the diagnostic line ratio along radius is primary caused by variations in the fraction of the line emission excited by AGN activity. Our results are in agreement with the widely accepted paradigm that the LINERs are excited by AGN activity and also agree with the results from Davies et al. (2014a,b, 2016).
The AGN and INT radiation in the circumnuclear region is accompanied by an enhancement in the gas velocity dispersion σgas. The radius of the area of the AGN and INT radiation (radius of influence of the AGN on the radiation) RINT is similar to the radius of the area with enhanced gas velocity dispersion Rσgas, and the central gas velocity dispersion σgas, c correlates with the luminosity of the AGN+INT area. This allows us to assume that the central gas velocity dispersion can serve as indicator of AGN activity.
An appreciable σgas, c were also measured in the SF-type centers of massive galaxies. With our assumption that the central gas velocity dispersion can serve as indicator of AGN activity, this implies the AGN activity in those galaxies. The interval of the values of the central gas velocity dispersion in the galaxies with the circumnuclear regions of the AGN type overlaps partly with the interval of those in the galaxies with the circumnuclear regions of the SF type. The lack of the sharp demarcation between the values of the central gas velocity dispersions in the circumnuclear regions of the AGN and the SF types can be considered as an evidence in favor of that the manifestation of the circumnuclear region as AGN or as SF depends not only on the value of the central gas velocity dispersion (the level of the AGN activity) but it is also governed by an additional parameter(s). We found that there is a demarcation line between the positions of the AGN-type and SF-type galaxies on the central surface brightness in the Hα line – central gas velocity dispersion diagram in the sense that the galaxies with a given value of the central gas velocity dispersion are detected as the AGN-type object on the BPT diagram if only the central surface brightness in the Hα line is lower than some value. One can assume that the value of the central gas velocity dispersion may be the more sensitive indicator of the AGN activity than the position on the BPT diagram.


1 http://www.nordugrid.org/
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All Figures
	[image: thumbnail]	Fig. 1.
Spectra of the central regions in four MaNGA galaxies. The flux F is in units of 10−17 erg s−1 cm−2, and the wavelength λ in angstroms. The stacked spectra of nine central spaxels are shown in each panel.

In the text



	[image: thumbnail]	Fig. 2.
Example of BPT diagrams for a galaxy with the circumnuclear region classified as AGN type. Panel a: locations of the spaxels with the AGN-like, H II-region-like, and intermediate spectra on the image of the MaNGA galaxy M-7495-12704 in sky coordinates (pixels, the physical scale is 0.309 kpc pixel−1). The BPT type of the spectra is color-coded. The spaxels with the intermediate spectra in the circumnuclear region (center) and in the disc are shown by different colors. The circle marks the kinematic center of the galaxy. Panel b: map of the observed (non corrected for instrumental profile) gas velocity dispersion. The value of gas velocity dispersion is color-coded. Panel c: BPT diagram for the individual spaxels with AGN (black symbols) and intermediate (red symbols) spectra classification in the circumnuclear region. The thick solid line is the YBPT = aXBPT + b relation obtained for those data. Solid and short-dashed curves mark the demarcation line between AGNs and H II regions defined by Kauffmann et al. (2003) and Kewley et al. (2001), respectively. The long-dashed line is the dividing line between Seyfert galaxies and LINERs defined by Cid Fernandes et al. (2010). The blue points are the H II-region-like spectra in the galaxy. Panel d: same as panel b but for the spaxels with the intermediate-type spectra located in the disc.
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	[image: thumbnail]	Fig. 3.
Radial variation of properties in the disc of the MaNGA galaxy M-7495-12704 with the circumnuclear region of the AGN type (Fig. 2). Panels show the surface brightness in Hα (panel a) and [O III]λλ4959,5007 (panel b) lines, the observed (non corrected for instrumental profile) velocity dispersion of the gas σgas, obs (panel c) and stars σstar, obs (panel d), the coordinates in the BPT diagram XBPT = log([N II]λ6584/Hα) (panel e), and YBPT = log([O III]λ5007/Hβ) (panel f), as a function of the galactocentric distance. The BPT type of the spectra is color-coded. The spaxels classified as intermediate-type in the disc and in the circumnuclear region (center) are shown by different colors.
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	[image: thumbnail]	Fig. 4.
Determination of the radii of the zones of the enhanced gas and stellar velocity dispersions. Panel a: observed (non corrected for the instrumental profile) gas velocity dispersion σgas, obs as a function of radius for individual spaxels (blue points) and median values of σgas, obs with the mean deviations (red points and bars) for intervals corresponding to the width of 1 spaxel. The broken line is the fit to the median values of σgas, obs. Panel b: same as panel a but for the observed stellar velocity dispersion σstar, obs.
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	[image: thumbnail]	Fig. 5.
Histograms of the numbers of the AGN-like spectra NAGN (panel a) and AGN-like+intermediate spectra NAGN + INT (panel b) in the circumnuclear regions in galaxies with the circumnuclear regions of the AGN types. Panel c: NAGN (circles) and NAGN + INT (plus signs) as a function of total number of spectra measured in the galaxy.
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	[image: thumbnail]	Fig. 6.
Comparison between the radii of different zones for MaNGA galaxies with an AGN-type circumnuclear regions. The panels show the radius of the zone of the enhanced stellar velocity dispersion Rσstar (panel a), the radius of the zone where the dominant contribution is AGN-type radiation RAGN (panel b), and the radius of the zone with AGN influence on the radiation RINT (panel c) as a function of the radius with an enhanced gas velocity dispersion Rσgas. In each panel, the circles denote individual galaxies. The dashed line represents the one-to-one relation.

In the text



	[image: thumbnail]	Fig. 7.
Relations between the luminosity of the circumnuclear region of the AGN type and central gas velocity dispersion. Panel a: Hα line luminosity for the region where the dominant contribution to the radiation is an AGN, LAGN, Hα, as a function of the central gas velocity dispersion σgas, c. Panel b: Hα line luminosity of the zone of influence of the AGN, LINT, Hα, as a function of central gas velocity dispersion. Panels c and d: same as panels a and b but for the luminosity in the [O III]λλ4959,5007 emission lines.
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	[image: thumbnail]	Fig. 8.
Relations between the radius and other parameters of the circumnuclear region of the AGN-type. Panels a, b, and e: radius of the zone of dominant contribution of the AGN to the radiation, RAGN, as a function of the luminosity of this zone in the Hα emission line (panel a), in the [O III]λλ4959,5007 emission lines (panel b), and as a function of the central gas velocity dispersion (panel e). Panel c, d, and f: same as panels a, b, e (respectively) but for the radius of the zone of the AGN influence on the radiation, RINT. The points in each panel denote individual galaxies. The line is the best linear fit to those data (see Table 3).
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	[image: thumbnail]	Fig. 9.
Example of galaxies with the circumnuclear region classified as INT type. Panel a: locations of the spaxels with the H II-region-like and intermediate spectra on the image of the MaNGA galaxy M-8137-12703. The BPT types of the spaxels spectra are color-coded. The spaxels with the intermediate spectra in the circumnuclear region (center) and in the disc are shown by different colors. The circles marks the kinematic center of the galaxy. Panels b–e: variations with radius of the surface brightness in the Hα line (panel b), the observed (non corrected for the instrumental profile) gas velocity dispersion (panel c), the XBPT = log([N II]λ6584/Hα) (panel d), and the YBPT = log([O III]λ5007/Hβ) (panel e). In each panel, 1 pixel corresponds to 0.385 kpc.
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	[image: thumbnail]	Fig. 10.
Comparison of properties of the circumnuclear regions of the AGN (blue symbols) and INT (red symbols) types. Panel a: RINT–Rσgas diagram. The line is the perfect agreement. Panel b: LINT, Hα–σgas, c diagram. The line is the LINT, Hα–σgas, c relation for galaxies with the circumnuclear region of the AGN type. Panel c: LINT, OIII–σgas, c diagram. The line is the LINT, OIII–σgas, c relation for galaxies with the circumnuclear region of the AGN type.
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	[image: thumbnail]	Fig. 11.
Example of a galaxy with a weak circumnuclear region of the INT type. Panel a: location of spaxels with different BPT classifications for the MaNGA galaxy M-9506-09102. The spaxels with H II-region-like spectra are denoted by blue symbols, the spaxels with intermediate spectra in the circumnuclear region are marked by red symbols, and those in the disc by orange symbols. The circle is the kinematic center of the galaxy. Panel b: BPT diagram for the spectra of the individual spaxels. The colors correspond to the same classification as in panel a. Solid and short-dashed curves mark the demarcation line between AGNs and H II regions defined by Kauffmann et al. (2003) and Kewley et al. (2001), respectively. Panel c: variation with radius of the observed (non corrected for the instrumental profile) gas velocity dispersion. Panels a and c: 1 pixel = 0.275 kpc.
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	[image: thumbnail]	Fig. 12.
Gas velocity dispersion σgas as a function of radius for two galaxies with the circumnuclear regions of the SF-type. The spaxels of the SF-like spectra are denoted by blue symbols, the spaxels with intermediate spectra are shown by orange symbols.
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	[image: thumbnail]	Fig. 13.
Galaxy with a ring of the INT type radiation. Panel a: distribution of the spaxels with the SF-like (blue squares), intermediate spectra in the ring (red squares), and in the*1pt disc (orange squares), for the galaxy M-8249-12703. The circle marks the kinematical center of the galaxy. Panels b–e: variation with radius of the Hα line surface brightness ΣHα (panel b), the observed (non corrected fro the instrumental profile) gas velocity dispersionσgas, obs (panel c), XBPT = log([N II]λ6584/Hα) (panel d), and YBPT = log([O III]λ5007/Hβ) (panel e). In each panel, 1 pixel corresponds to 0.276 kpc.
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	[image: thumbnail]	Fig. 14.
Central gas velocity dispersion σgas, c as a function of stellar mass of the galaxy Msp (panel a), central surface brightness in the Hα line ΣHα, C (panel b), and central surface brightness in the [O III]λλ4959,5007 emission lines ΣOIII, C (panel c). Galaxies with the circumnuclear regions of the AGN-type are denoted by red crosses, INT-type by green plus symbols, and SF-type by blue circles. The line in panels b and c is the demarcation line between the location of galaxies with the circumnuclear regions of the AGN and SF-types.
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Relations between the luminosity of the circumnuclear region of the AGN type and central gas velocity dispersion. Panel a: Hα line luminosity for the region where the dominant contribution to the radiation is an AGN, LAGN, Hα, as a function of the central gas velocity dispersion σgas, c. Panel b: Hα line luminosity of the zone of influence of the AGN, LINT, Hα, as a function of central gas velocity dispersion. Panels c and d: same as panels a and b but for the luminosity in the [O III]λλ4959,5007 emission lines.
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Comparison of properties of the circumnuclear regions of the AGN (blue symbols) and INT (red symbols) types. Panel a: RINT–Rσgas diagram. The line is the perfect agreement. Panel b: LINT, Hα–σgas, c diagram. The line is the LINT, Hα–σgas, c relation for galaxies with the circumnuclear region of the AGN type. Panel c: LINT, OIII–σgas, c diagram. The line is the LINT, OIII–σgas, c relation for galaxies with the circumnuclear region of the AGN type.
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Example of a galaxy with a weak circumnuclear region of the INT type. Panel a: location of spaxels with different BPT classifications for the MaNGA galaxy M-9506-09102. The spaxels with H II-region-like spectra are denoted by blue symbols, the spaxels with intermediate spectra in the circumnuclear region are marked by red symbols, and those in the disc by orange symbols. The circle is the kinematic center of the galaxy. Panel b: BPT diagram for the spectra of the individual spaxels. The colors correspond to the same classification as in panel a. Solid and short-dashed curves mark the demarcation line between AGNs and H II regions defined by Kauffmann et al. (2003) and Kewley et al. (2001), respectively. Panel c: variation with radius of the observed (non corrected for the instrumental profile) gas velocity dispersion. Panels a and c: 1 pixel = 0.275 kpc.
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Galaxy with a ring of the INT type radiation. Panel a: distribution of the spaxels with the SF-like (blue squares), intermediate spectra in the ring (red squares), and in the*1pt disc (orange squares), for the galaxy M-8249-12703. The circle marks the kinematical center of the galaxy. Panels b–e: variation with radius of the Hα line surface brightness ΣHα (panel b), the observed (non corrected fro the instrumental profile) gas velocity dispersionσgas, obs (panel c), XBPT = log([N II]λ6584/Hα) (panel d), and YBPT = log([O III]λ5007/Hβ) (panel e). In each panel, 1 pixel corresponds to 0.276 kpc.
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Central gas velocity dispersion σgas, c as a function of stellar mass of the galaxy Msp (panel a), central surface brightness in the Hα line ΣHα, C (panel b), and central surface brightness in the [O III]λλ4959,5007 emission lines ΣOIII, C (panel c). Galaxies with the circumnuclear regions of the AGN-type are denoted by red crosses, INT-type by green plus symbols, and SF-type by blue circles. The line in panels b and c is the demarcation line between the location of galaxies with the circumnuclear regions of the AGN and SF-types.
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