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Abstract

        Context. The ratio of C- and M-type asymptotic giant branch (AGB) stars is commonly used to estimate the metallicity of extragalactic populations. Sources in the AGB population must therefore be accurately classified as either C- or M-type. Spectroscopic data are presented for candidate C- and M-type AGB stars, previously classified using JHK photometry, in the Local Group dwarf galaxy NGC 6822.

        Aims. This paper aims to evaluate the success of the JHK classification criteria used in order to determine the level of error associated with this method, and to refine the criteria for future studies. The success rate of a second independent method of source classification, the CN–TiO method, is also examined. We also review the validity of the 4 kpc radial limit imposed in our previous work.

        Methods. Spectra of 323 sources, distributed across an area of 2 deg2, were taken using the AAOmega multi-fibre spectrograph on the Anglo-Australian Telescope and have been classified using an automated classification system and spectral standards from the literature. Nearly half (135) of these sources were selected in common with a photometric catalogue that relied on the CN–TiO method.

        Results. Within this sample we were able to classify 158 sources, including 82 C-type giants and one anomalous M-type giant, all members of NGC 6822, and 75 foreground K- and M-type dwarf sources. All but three of the giant sources are located within 3 kpc of the galactic centre. Using this spectroscopic sample, new JHK photometric criteria for the isolation and classification of C- and M-type AGB stars have been derived. The error rate in the CN–TiO method, arising from stars incorrectly classified as C-type, has been estimated to be ~7%.

        Conclusions. Based on the new JHK classification criteria, revised estimates of the global C/M ratio, 0.95 ± 0.04, and iron abundance, −1.38 ± 0.06 dex, are presented for NGC 6822.
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⋆ Tables 1, and 10–13 are available in electronic form at http://www.aanda.org



1. Introduction
1.1. Aims of this paper
As tracers of the old- and intermediate-age population (≳1 Gyr) and producers of dust and heavy elements including carbon, oxygen, nitrogen and s-process elements, asymptotic giant branch (AGB) stars are a crucial part of understanding the chemical evolution of a galaxy. Furthermore, AGB stars move through several evolutionary phases and make a substantial contribution to the integrated light of a galaxy (Renzini & Buzzoni 1986). 
During the AGB phase, mixing mechanisms dredge up triple-α processed material from the He-burning shell. This can cause the stellar atmosphere to evolve from being oxygen-rich (C/O < 1, M-type stars) through a stage where the relative amounts of oxygen and carbon are approximately equal (C/O ~ 1, S-type stars) to being carbon-rich (C/O > 1, C-type stars). At lower metallicities the transformation from an initially O-rich atmosphere to a C-rich one is easier, as fewer dredge-up events are required (Scalo & Miller 1981; Iben & Renzini 1983). Therefore, the number ratio of C-type to M-type stars in a population, C/M, can be used as an indirect measure of the metallicity of the local environment at the time those stars formed (Blanco et al. 1978; Cioni & Habing 2005; Sohn et al. 2006). 
As AGB stars are bright in the near-infrared (NIR), where the effects of dust obscuration are greatly reduced compared to optical observations, they will become increasingly important for the study of distant galaxies with forthcoming IR-optimised telescopes, where classical optical metallicity indicators will be too faint. Asymptotic giant branch stars as a population, and the C/M ratio as a method of studying them, are important tools in advancing our understanding. In order to fully exploit the C/M ratio as a metallicity indicator, there are two issues that need to be resolved. First, a better understanding of the many evolutionary mechanisms of the AGB phase, including third dredge-up, hot bottom burning, convective overshoot, etc. and how these relate to the creation of C-type stars is required. Second, a reliable method requiring only moderate amounts of telescope time is needed for selecting C- and M-type AGB stars in distant and crowded extragalactic fields. The first of these points is being steadily advanced by observational and theoretical groups (Izzard & Poelarends 2006; Stancliffe 2010; Karakas et al. 2012; García-Hernández et al. 2013), while the second is the primary aim of this article. We aim, by improving the accuracy with which AGB stars can be selected and classified using NIR photometry, and by better quantifying the error associated with this technique, to pave the way for the wider application of this method. 
The Local Group irregular dwarf galaxy (dIrr) NGC 6822 is similar to the Small Magellanic Cloud. Located at a distance of ~490 kpc ((m − M)0 = 23.45 ± 0.15 mag) from the Milky Way (MW; Mateo 1998; Lee et al. 1993), NGC 6822 is the closest undisturbed dIrr galaxy beyond the Magellanic Clouds. The galaxy appears to have experienced a relatively steady rate of star formation over the last ~11 Gyr, although there are signs of a recent increase (Clementini et al. 2003; Komiyama et al. 2003; Gallart et al. 1996), and it has a large and well studied AGB population. NGC 6822 has been the subject of multiple studies to estimate its iron abundance (Venn et al. 2001; Tolstoy et al. 2001; Davidge 2003b; Clementini et al. 2003; Kang et al. 2006). 
Sibbons et al. (2012; hereafter Paper I) estimated the global iron abundance of the AGB population of the galaxy from the calculated C/M ratio; using JHK photometry of a ~3 deg2 area centred on NGC 6822 (α(2000.0) = 19h44m56s,δ(2000.0) = −14°48′06′′). Candidate C- and M-type AGB stars were classified on the basis of their magnitudes and NIR colours to obtain the C/M ratio. However, a comparison of the classifications in Paper I with those in the work of Letarte et al. (2002), who relied on the CN–TiO method to classify sources, suggested that up to ~20% of the C-type star population may have been misclassified as M-type stars by the derived JHK criteria. A review of the estimated error in source classification in Paper I and the level of misclassification in the catalogue of Letarte et al. (2002), which was previously assumed to be 100% accurate, are therefore the secondary and tertiary aims of this work. Using spectra of a sample of candidate C- and M-type AGB stars common to the catalogues of Paper I and Letarte et al. (2002), the present work is the first to use spectra to examine sources that have been classified using both JHK photometry and CN–TiO data, with the object of quantifying the level of error associated with each technique. We examine the levels of misclassification (a C-type star classified as an M-type for example) and also the level of foreground contamination. For each technique we also examine the impact of any classification errors on the calculated C/M ratio and the iron abundance derived from it. 
The remainder of the paper is arranged as follows: first we summarise the CN–TiO method as a means of identifying C-type AGB stars. Section 2 summarises the target selection, the data and the reduction process. In Sects. 3 and 4 we analyse the data and report the results, followed by a discussion and our main conclusions in Sects. 5 and 6. 
1.2.  CN–TiO method
The CN–TiO method (Palmer & Wing 1982; Richer et al. 1984; Cook et al. 1986) uses two broadband filters, commonly R and I (or V and I), and two narrow-band filters, CN and TiO, to classify C- and M-type sources. The TiO and CN filters typically have a central wavelengths of ~7750 and ~8100 Å respectively, and widths of Δλ140−300 Å. Temperature information is derived from the broadband filter colours (R − I) while the two narrow-band filters (CN–TiO) provide low resolution spectral information. When placed on a C-type star the CN filter is on a strong band of CN and the TiO filter is on pseudo-continuum (the density of spectral features means there is no true continuum in these stars). While for an M-type star the TiO filter is on a strong band of TiO and it is the CN filter that sits on pseudo-continuum (Brewer et al. 1995, 2000; Letarte et al. 2002). This leads to a clear separation between the C- and M-type sources in (R − I, CN–TiO) space. 
The efficiency of the CN–TiO method in selecting AGB candidates has been examined in the past by Brewer et al. (1996), who analysed spectra of C- and M-type stars in M 31 classified using the CN–TiO method and found that the spectral classifications agreed very well. However, despite its previous success, the CN–TiO method does not distinguish hotter C-type stars from the general population very well, and contamination from foreground M-type dwarfs and background galaxies can be high (Groenewegen 2006; Demers et al. 2006; Letarte et al. 2002). In addition, Brewer et al. (1995) and Groenewegen et al. (2009) have noted that as the environment around an AGB star becomes increasingly polluted by dust, the redder colours of the star mean it can go undetected at optical wavelengths. This can be a problem for C-type stars in particular, and can lead to higher levels of incompleteness and a bias towards the detection of M-type stars, affecting the C/M ratio. Furthermore, CN and TiO filters are unavailable at many observatories and as many new facilities are optimised for NIR measurements, with JHK as standard, it is important to clearly establish criteria for and estimates of the expected level of error when selecting C- and M-type AGB stars at these wavelengths. 
2. Observations and data reduction
2.1. Target selection
Target sources have been selected from potential AGB candidates that were identified using JHK photometry in Paper I of this series. Our photometric data were collected using the Wide Field Camera (WFCAM) on the United Kingdom Infrared Telescope (UKIRT) and were reduced using the WFCAM pipeline at the Institute of Astronomy in Cambridge. A more detailed discussion of the observations and the reduction processes is presented in Paper I and will not be repeated here. However, we note the following: (1) the Schlegel et al. (1998) extinction maps were used to correct for foreground reddening in the direction of NGC 6822, which is estimated to be E(B − V) = 0.26 mag (Massey et al. 1995) (no correction was applied to account for reddening variations internal to the galaxy); and (2) although astrometric and photometric calibrations of the UKIRT data were performed using the 2MASS point source catalogue (Hodgkin et al. 2009; Irwin et al. 2004) the photometric measures were not transformed into the 2MASS system. Therefore the colours and magnitudes that are quoted here refer to the WFCAM instrumental system; should they be required Hodgkin et al. (2009) can be consulted for the relevant transformation equations. 
Applying the following colour and magnitude criteria to our photometric data nearly 3800 potential C- and M-type AGB sources were identified in NGC 6822; K0 ≤ 17.41 mag, (J − K)0 ≥ 0.74 mag and (J − H)0 ≥ 0.72 mag. The colour boundary between the C- and M-type sources was set at (J − K)0 = 1.20 mag. An examination of the stellar density profiles of the AGB and red giant branch (RGB) candidate sources led us to conclude that the strongest AGB candidates lay within 4 kpc of the galactic centre. Beyond that limit it was inferred that the density of the NGC 6822 sources had dropped to a level that made it impossible to reliably disentangle them from the remaining MW foreground contamination. Therefore the candidate AGB sources were split into two groups: (1) those within 4 kpc of the galactic centre (2368 sources); and (2) those beyond 4 kpc (1387 sources). We will discuss the sources selected for follow up spectroscopy in the context of these two groups. As the spectral data were collected using a multi-object fibre-fed spectrograph (see Sect. 2.2), we were able to target ~400 sources. 
The 2368 candidate AGB stars in the inner region were cross-matched with the catalogue of Letarte et al. (2002) who had previously classified 904 C-type AGB stars in a small field lying fully within the 4 kpc radial limit, using the CN–TiO method; 635 sources were found to be common to both catalogues. From this sample of 635 stars, 68 sources within 3 kpc (all classified as M-type in Paper I) were selected for spectroscopic follow up. A further 67 sources also within 3 kpc (46 C-type, 15 M-type and six unclassified according to Paper I) were selected from the JHK photometric counterparts for another 235 sources belonging to the catalogue of Letarte et al. (2002). These sources were included in our target list as although they were astrometrically matched with sources in the catalogue of Letarte et al. (2002) they were excluded from our analysis in Paper I, by the stringent quality control criterion applied, which resulted in the removal of some genuine AGB stars from the sample. The six sources that were unclassified in Paper I were without a magnitude measurement in at least one of the three photometric bands. A total of 135 sources were selected for spectroscopic follow up in the inner region, all of which had been classified as C-type stars by Letarte et al. (2002). 
The majority of sources in the outer region were expected to be foreground interlopers; 188 sources, all at a radial distance of ≥5 kpc were selected. The vast majority of candidate AGB sources in the outer region were classified as M-type; this is reflected in the photometric classifications of the 188 sources targeted in this region (178 M-type and 10 C-type). 
Our reasoning for only selecting target sources at ≤3 kpc or ≥5 kpc is explained below. The right ascension (RA) and declination (Dec) positions quoted for our spectroscopic targets are taken directly from the catalogues of Paper I. 
2.2. AAOmega data
Observations were carried out in service mode on the nights beginning 30 and 31 August 2011 using the AAOmega multi-fibre spectrograph at the 3.9 m Anglo-Australian Telescope (AAT). AAOmega has 400 fibres, up to 392 of which can be assigned to science targets or sky at one time. Each fibre has a diameter of 2.1”. This instrument was ideal for our purposes as its two degree field of view allowed us to target sources across all of NGC 6822, both inside and outside the 4 kpc radial boundary. 
AAOmega is a dual-beam spectrograph, splitting the light into red and blue components. During our observations, the 5700 Å dichroic was used. In the blue arm we used the 580V grating which has a wavelength range of 3700–5800 Å and dispersion of 1.0 Å pix-1. In the red arm we used the 385R grating which has a wavelength range of 5600–8800 Å and a dispersion of 1.6 Å pix-1. Both configurations have a resolving power of λ/ Δλ ~ 1300. The majority of useful features for the classification of C- and M-type sources (i.e. the CN and TiO absorption bands) are contained in the red spectrum. The blue arm data have been useful for the study of some of our sources (Sect. 4.1.2), but the low signal-to-noise ratio (S/N) in this part of the spectrum means that for the majority of our sources the useful wavelength range is restricted to λ> 5600 Å. 
As the density of high priority sources in the inner region was very high, no sources between 3–5 kpc were selected for spectroscopic follow up to make the placement of fibres on the spectrograph easier. Of the available fibres, 30 were allocated as sky fibres, six were placed on guide stars, 37 fibres could not be placed, and the remainder were placed on targets of interest. Included in our main target list were three star clusters (C2, C3 and C4) from the work of Hwang et al. (2005), the analysis of which will be the subject of another paper. Five science frames were taken in total, two on the 30 August and three on the 31 August, each with an exposure time of 1500 s. The wavelength calibration frames were taken at the beginning of each night using a He + CuAr + FeAr + CuNe lamp. Flat fields were taken at the beginning and end of each night. 
The data reduction was done using version 5 of the 2dfdr pipeline (Saunders et al. 2004; Smith et al. 2004) to subtract the bias, divide by the flat-field, extract the spectra and wavelength-calibrate each spectrum. Emission from the night sky was removed using a median sky spectrum created from the spectra collected by the dedicated sky-fibres, although as is common with fibre spectra the sky subtraction in the region of bright sky lines was imperfect and some erroneous or false, non-stellar features may have been left in or introduced to some spectra. This is particularly noticeable around the atmospheric [O I] 5577 and 6300 Å lines and the Na I 5890 and 5896 Å lines. No telluric correction was applied, and so the O2A- and B-bands (7594, 6867 Å) and the H2O (7186, 8227 Å) features are visible in all of our spectra. The five individual spectra for each source were then combined and the red and blue parts of the spectrum were spliced together at 5700 Å. There are recurring errors in the spectra at ~4584, 4740, 4764, 4772, 4890, 4911, 4990, 5000, 5354–5376 (peak ~5370), 5390, 7630, 7649, 7658, 7684, 8009, 8020, 8030, 8040, 8060 and 8069 Å due to defective pixels in the charge couple device (CCD). The same faulty pixels do not affect every spectrum, but where spurious features are present they are marked by an X in the following figures and should be ignored. 
2.3. Data quality
The region between 7530–7580 Å was assumed to be representative of the red continuum, as neither C- nor M-type stars have strong features in this region, and was used to measure the S/N for each spectrum. Owing to the short exposure time and low flux levels, a number of our spectra exhibited very low S/N (<5 per pixel) and were not considered to be of sufficient quality to use in our analysis. It was also noted that a number of sources with low S/N had negative flux values at the shortest wavelengths which we attribute to poor sky subtraction. The median S/N of our 323 spectra was ~10 per pixel, and it was decided that for the majority of our analysis we would use only those sources with S/N ≥ 10. This reduced our usable spectroscopic sample to 162 sources: 85 sources in the inner region (≤3 kpc) and 77 sources in the outer region (≥5 kpc). 
The spatial distribution of all the sources that were classified in Paper I as being AGB candidates using the JHK photometric classification criteria are shown in Fig. 1, with all the sources for which spectroscopic data were obtained highlighted. In Fig. 2 we show the distribution of the same sources in a colour–magnitude diagram (CMD) and a colour–colour diagram. 

          
          	[image: thumbnail]	Fig. 1
              Spatial distribution of all the candidate AGB sources from Paper I (black crosses). Sources for which spectroscopic data were obtained but which have S/N< 10 (red squares). Sources for which the spectroscopic data have S/N ≥ 10 (green triangles). The black circle marks the position of the 4 kpc limit inferred in Paper I.

            



        
          
          	[image: thumbnail]	Fig. 2
              Top: CMD of the same sources as in Fig. 1. The horizontal and vertical lines mark the position of the tip of the red giant branch and the (J − K)0 colour criteria used in Paper I. Bottom: colour–colour diagram of the same sources. The horizontal line marks the (J − H)0 colour cut used in Paper I to remove contaminating foreground sources. The diagonal lines represent the (J − K)0 colour boundaries used to select C- and the M-type sources.

            



        3. Analysis
3.1. Spectral classification
The classification of C- and M-type AGB stars is dependent on the identification of particular molecular features in the spectrum of the star. The spectra of M-type stars contain O-rich molecular species like titanium oxide (TiO) and vanadium oxide (VO), while C-type spectra contain carbonaceous molecules like C2 and cyanide (CN). The bandheads of the main molecular features and other lines used for the classification of our spectra are listed in Table 1. We also include in Table 1 some of the features used to classify S-type stars – mainly zirconium oxide (ZrO) and VO – although none were detected in our sample. 
The spectra presented here have been classified in two ways. First, each was classified using our spectral matching program (Sect. 3.1.1). Second, each spectrum was classified by eye. 

          
          	[image: thumbnail]	Fig. 3
              Three spectra that have been normalised and had their slopes realigned for comparison. In the middle is the spectrum for one of our sources, ID: 211898 (black line). Top is the spectrum from Danks & Dennefeld (1994) (green line) and bottom is the spectrum from Kacharov et al. (2012) (blue line) that were selected as being the best match for our spectrum by the χ2 matching program – both are C-type stars. The vertical lines mark the boundaries of regions 1, 2 and 3 as discussed in the text (Sect. 3.1.1).

            



        3.1.1. Automated spectral classification
To ensure that our spectra were classified in a consistent and objective fashion, it was decided to attempt to automate the classification process. This was done by comparing 2–3 regions in each of our spectra with the same regions in spectra of known type taken from standard libraries in the literature. The goodness of the match between the two spectra was assessed using a χ2 test. 
The regions selected for comparison were 1) 5820−6750 Å; 2) 6900–7500 Å; and 3) 8170–8210 Å (Fig. 3). The wavelength ranges of regions 1 and 2 were chosen to include the strong molecular features of TiO and CN, and to exclude the atmospheric O2 bands. Certain luminosity indicating features are also present in regions 1 and 2, but region 3 was chosen specifically for this purpose and includes the Na I (8183, 8195 Å) doublet. All three regions were compared with the chosen library spectra where possible. The standard spectra used for comparison were selected from the libraries of Danks & Dennefeld (1994) and Kacharov et al. (2012), both of which can be obtained through the VizieR database. 
The spectral library of Kacharov et al. (2012), which contains spectra of 546 sources at a resolution of 12–13 Å in the wavelength range of 5000–10 000 Å was particularly useful, as it is the largest spectral library of AGB sources in NGC 6822. It includes M-type giants of subclass M, M0, M0.5, M1, M2, M3, M4, M5, M6 and M6.5, S-type giants of subclass S0 and S4, and C-type giants of subclass C, C3.2, C5.5, C6.5 and C8.2; as well as foreground K-type (dK, dK7) and M-type (dM, dM0, dM1, dM1.5, dM2, dM3, dM3.5, dM4, dM4.5, dM5, dM6) dwarf stars in the direction of NGC 6822. Unfortunately, owing to the effects of severe fringing at redder wavelengths, Kacharov et al. (2012) suggest that the useful wavelength range of their spectra is limited to 5000–7800 Å. We did not rely on their data beyond ~7500 Å. This meant that we were only able to compare features in regions 1 and 2 when matching our spectra to those of Kacharov et al. (2012). 
The assessment of features in region 3 of our spectra relies on comparisons with the spectral standards of Danks & Dennefeld (1994). Danks & Dennefeld presented a catalogue of spectra for 126 sources, but only included one S-type star and two C-type stars, with no subclass given. The Danks & Dennefeld (1994) spectra cover the wavelength range 5800–10 200 Å with a dispersion of 4.3 Å pix-1 from which we assumed a resolution of ~9 Å. 
In order to compare our spectra with those in the spectral libraries, each of our spectra was first normalised to the median flux value between 7530–7578 Å and then smoothed to the same resolution and interpolated on to the same wavelength scale as the comparison spectrum. The spectrum being used for comparison was also normalised, and both spectra were then truncated to the wavelength range 5800–8250 Å. The upper wavelength limit was reduced when the comparison spectrum did not extend far enough into the red. 
To ensure that only the molecular or line features, and not the slope (which may be affected by the metallicity of the star, reddening variations in the foreground, different instrumentation and the data reduction processes used) would be used to determine how well the two spectra matched, the slope in the continuum level of our spectrum was realigned to match that of the comparison spectrum. This was done by dividing the unclassified spectrum by the standard, and then making a linear fit through regions 1,2 and 3. Then by dividing our spectrum by the fit we were able to realign it with the standard. This was important, as the slope of stars of the same spectral classification in the libraries of Danks & Dennefeld (1994) and Kacharov et al. (2012) were sometimes very different. 
Regions 1,2 and 3 (where possible) in the unclassified spectrum were then individually compared to the same regions in the standard spectrum using a χ2 test. The flux error values obtained during the reduction process, were used in the calculation of χ2 for each region. The χ2 value for each region was then summed to provide a total χ2 value which was used to assess the goodness of the match between the unclassified and the standard spectra. This process was repeated so that each of our spectra were compared with every spectrum in the libraries of Danks & Dennefeld (1994) and Kacharov et al. (2012). Once every potential match to the unclassified spectra had been assessed, the best match (i.e. the match with the lowest χ2), from each library of standards was identified. Figure 3 shows one of our spectra (ID: 211898) and the spectra from the spectral libraries of Kacharov et al. (2012) and Danks & Dennefeld (1994) that were assigned as being the best match. We have not attempted to attach significance levels to our derived χ2 values, as because of the multiple manipulations of our spectra, the errors associated with each point are no longer independent and the distribution is unlikely to be Gaussian. 
Although the χ2 test may present us with the best match for our spectrum from the list of spectral standards provided, we are aware this may not necessarily be the right classification. Therefore, each classification was checked by eye against the suggested best matches, Fig. 3, and also against the spectral standards given in the “Atlas of digital spectra of cool stars” by Turnshek et al. (1985). The visual inspection also allowed us to identify any noteworthy features present in the spectrum, such as emission lines which are present in about a quarter of our spectra (see Sects. 4.1.2 and 4.2.2). 
The spectral classifications assigned by the matching program were confirmed by eye in the majority of cases. In the outer region the automated classification was confirmed in 81% of cases when using the spectral library of Danks & Dennefeld (1994) and in 95% of cases when using the spectral standards of Kacharov et al. (2012). In the inner region, the situation was more complex: overall when using the library of Danks & Dennefeld (1994) our visual inspection agreed with that of the matching program for 49% of the spectra and for the Kacharov et al. (2012) library the agreement level was 65%. The lower success rate of the matching program in the inner region was traced back to a subset of the stars that were classified as K-type dwarf stars when using the Kacharov et al. (2012) library and primarily as K-type giants when using the Danks & Dennefeld (1994) library. Upon visual inspection of these sources, weak CN features were detected and 26 sources were reclassified as C-type giants. The consistency with which these sources were classified as K-type stars in comparison to the successful classification of several more C-type sources suggests that these sources do form a distinct group, as we discuss in Sect. 3.1.4. If these sources are excluded when comparing the automated and by eye classifications of sources in the inner region, the agreement increases to 72% when using the Danks & Dennefeld (1994) and 93% when using the Kacharov et al. (2012) library. 
3.1.2. Luminosity classification
While the molecular bands of CN and TiO provide robust criteria for the classification of a source as either a C- or M-type, the distinction between luminosity types is more difficult. In other studies, the radial velocities or proper motions of individual stars have been used to differentiate between extragalactic giants and foreground dwarfs. However, the relatively low resolution of our spectra and the small difference between the radial velocities of NGC 6822 and the MW (~44 km s-1; Battinelli et al. 2006) meant we could not use radial velocity to distinguish between foreground (MW) dwarfs and distant (NGC 6822) giants at a star by star level. The situation for proper motion is the same, where PPMXL (Roeser et al. 2010) has insufficient accuracy to distinguish between Galactic and extragalactic stars in this direction. However, because of the large number of stars in our spectral sample it has been possible to determine the mean radial velocities of those stars in the inner (i.e. less than 3 kpc from the galactic centre) and the outer (i.e. more than 5 kpc from the galactic centre) regions quite well. Radial velocities were determined separately for each night for stars with S/N ≥ 10, using IRAFs fxcor cross-correlation technique using two templates: a C-like star and an M-like star with higher than average counts. As the spectrograph had been configured primarily for deriving spectral types from broad molecular bands over a wide wavelength range, the spectra were not optimised for accurate radial velocity measurements, but nevertheless the narrower, Ca I infrared triplet lines were found to give a tolerable cross-correlation signal. The stars in the inner region were found to have a mean heliocentric radial velocity of −40.4 ± 4.2 km s-1; the uncertainty quoted is the standard error in the mean. The stars in the outer region, which we expect to be predominantly MW foreground stars, were found to have a mean heliocentric radial velocity of −1.1 ± 8.8 km s-1. The difference between the two subsamples is therefore −39.3 ± 9.8 km s-1, i.e. significant at the 4.0σ level. 
This result may be subject to some revision in follow up work which is currently in progress and will be presented in a subsequent paper. However, it still provides kinematic evidence in support of the findings we presented in Paper I, that the stars more than 4 kpc from the centre of NGC 6822 mostly belong to the foreground. Although, it cannot be used to identify individual foreground stars in our sample. For that purpose we have relied on the presence of spectral features and comparison with spectral standards to confirm the luminosity class assigned to our spectral sources by the automated matching program. For example, in M-type stars the presence and strength of some spectral features can be used to discriminate between dwarf and giant stars, like the Na D lines which are greatly enhanced in M-type dwarf stars in comparison to M-type giants. Hydride features (e.g. CaH, MgH) are also stronger in dwarf stars due to their higher surface gravity. The wavelength range of region 3 was chosen specifically to target the Na I doublet at 8183 and 8195 Å. However, we have also relied on the presence and strength of the following features; the Ca I line at 6162 Å, the Na I doublet blend at 5890 and 5896 Å and the MgH bandhead at 5211 Å during our automated and by eye classifications. These identifiers were selected as the MgH bandhead is a strong feature in the spectra of late K- and M-type dwarf stars, and while both the Na I doublets are seen in the spectra of giant stars they are stronger in dwarf sources. However, as the Na I D-line is also seen in the spectrum of the night sky it must be treated with caution. The Ca I line is also enhanced in dwarf stars in comparison to giants. All four features are present and marked on the average dM0 spectrum (see Sect. 3.1.4) presented in Fig. 4. 
Although the increasing levels of noise at bluer wavelengths and poor sky subtraction in our spectra mean that it has not always been possible to identify all of these features in every spectrum, the presence of at least 2–3 has provided the basis for the classification of dwarf stars in our spectroscopic sample. While the classification of some of the sources as dwarf stars is not as robust as we would wish, we are confident, based on our automated and by eye classifications, that our classifications are correct. 

            
            	[image: thumbnail]	Fig. 4
                Average spectrum (see Sect. 3.1.4) for the sources classified as dM0 is shown (top). The molecular bandheads and line features used to identify the dwarf sources in our spectroscopic sample are marked. For comparison we show (bottom) the spectrum of a M0 III star from Kacharov et al. (2012). R1 and R2 refer to classification regions 1 and 2.

              



          3.1.3. Colour ratios
As an independent check on the luminosity classification of our sources, we applied the colour ratios of Kirkpatrick et al. (1991). Kirkpatrick et al. presented spectra of 77 dwarf stars (K5–M9) and 14 giant and super-giant sources (K5–M5) at a resolution of 18 Å in the wavelength range 6900–9000 Å. As part of their analysis they used colour ratios to distinguish between luminosity classes. Colour ratios are calculated using the ratio of the summed flux in two regions of the spectrum, one containing a feature of interest that can be used as a luminosity indicator and a second relatively featureless region that is used as proxy for the continuum. Kirkpatrick et al. (1991) defined four such ratios, A to D, which we list in Table 2. 
When applying these ratios to our own data ratio C and two ratios of ratios, B/C and D/C, showed a distinct separation between those sources we classified as giants and those we classified as dwarf stars. The calculated ratios for each source are plotted against its (J − K)0 colour, which we have used as representative of spectral subclass of the two luminosity types, in the three panels of Fig. 5. In each plot we have also shown the line which we have judged, by eye, best separates the dwarf and giant sources with the minimum of cross contamination. 
Ratio C, shown in the top panel, shows the cleanest separation between the two luminosity types. The position of the one potential M-type giant in our sample has been marked on the plots shown in Fig. 5. However, as this is the only such source in our sample and because of anomalies in its spectrum (see Sect. 4.1.4), we cannot draw any conclusions about the ratio C distribution of M-type giants; although we speculate that apart from bluer (J − K)0 colours the ratio C distribution of the M-type giant population would not be too dissimilar from that of the C-type stars which have values between 0.70 and 1.01. The K- and M-type dwarf sources in our spectral sample show a narrower distribution than the giants, between 0.98−1.20 (the majority of which have ratio C> 1.06). The distribution of ratio C values for the two types of dwarf are very similar. 

            Table 2

                Summary of the four colour ratios defined by Kirkpatrick et al. (1991).

              

          
            
            	[image: thumbnail]	Fig. 5
                Top: ratio C vs. (J − K)0 for our spectroscopically classified sample. Symbols are as follows: red squares – C-type giants, blue triangles – M-type dwarfs, cyan crosses – K-type dwarfs and green hexagon – M-type giant (see Sect. 4.1). Middle: ratio B/ratio C vs. (J − K)0. Bottom: ratio D/ratio C vs. (J − K)0. In the top left corner of each plot we show the typical error bars associated with the (J − K)0 colour and measured ratio of each point. In each panel the diagonal dashed line marks the estimated separation between the two luminosity types.

              



          Kirkpatrick et al. (1991) noted that for the individual ratios A and C, both of which rely on features which are stronger in dwarf stars than in giants, that the giant sources lay below the dwarf sources when the ratio was plotted against spectral type. For ratios B and D, which rely on features which are stronger in giant stars, the situation was reversed. They therefore sought to enhance the separation between the two luminosity types by using ratios of the individual colour ratios. We have applied these ratios of ratios and found them useful, but note that they work less well for early type spectral sources as the individual ratio values for the different luminosity types are quite similar – especially for ratio A. We present the two ratios of ratios that we found best separated the giant and dwarf sources in our sample, B/C and D/C, in the middle and bottom panels of Fig. 5. 

            
            	[image: thumbnail]	Fig. 6
                Top: six of the seven spectra classified as dM3.5 by the automated matching program are presented with a dM3.5 standard spectrum from Kacharov et al. (2012) (thick black line). The seventh source (ID: 128222) classified as dM3.5 was excluded because of excessive noise in the blue which obscured the plot. Bottom: the average (thick solid line) of all seven spectra classified as dM3.5 including source ID:128222, and the same dM3.5 spectrum from Kacharov et al. (2012) (thin solid line). Our spectra have been smoothed to the same resolution as the Kacharov et al. (2012) data (in both panels) for comparison purposes.

              



          The colour ratio’s of Kirkpatrick et al. provide a useful confirmation of the luminosity classifications we assign to our spectral sample. More generally however, the use of these ratios as a tool to discriminate between different sources types in large photometric surveys is limited by the availability of the required narrow band filters and the throughput of those filters. 
3.1.4. Average spectra
Once the automated classifications were checked by eye, sources which had been assigned to the same spectral subclass when using the library of Kacharov et al. (2012) were compared to ensure they were consistent. The top panel of Fig. 6 shows an example of this for sources classified as dM3.5; each spectrum has been normalised and then plotted with a slight offset, in order to compare all of the dM3.5 spectra with each other and with a dM3.5 spectrum from Kacharov et al. (2012). Once satisfied that all the sources classified as a particular spectral type were consistent with one another, an average spectrum was created for each type in order to reduce the random noise in the spectrum. For those sources classified as dM3.5, the average and a standard spectra can be seen in the bottom panel of Fig. 6. For the purposes of comparison, the average spectrum has been smoothed to the same resolution as the standard spectrum; this has the additional benefit of increasing the S/N per resolution element. However, the average dM3.5 spectrum, and other average spectra presented are still affected by dead pixels on the CCD and poor sky subtraction around some telluric emission lines. As can be seen in Fig. 6, the agreement between the average spectrum for the sources classified as dM3.5 and the dM3.5 standard spectrum is good. The presence of key molecular TiO bandheads (~6159, 6569, 7054 Å) can be clearly seen in the average spectrum, as can the CaH band (6386 Å). Also seen in the average spectrum, though less obvious in the standard spectrum due to fringing, is the widening and deepening redward of the O2 A-band due to strengthening TiO bands in that  region. 
The same procedure was repeated for all of our spectra. In Fig. 7 we present the average spectrum for each of the different spectral subclasses found in our sample for the C-type giants and the M- and K-type dwarfs. Identifying spectral features have been marked in each panel. However, we note that the spectral subclasses assigned to the spectra in our sample by the matching program should be treated with caution for two reasons; first as the spectra in the library of Kacharov et al. (2012) were classified based on comparisons with MW sources (Jacoby et al. 1984; Turnshek et al. 1985), which have a higher average metallicity than those in NGC 6822, it may have resulted in too late a subclass being assigned to some of their spectra, a concern which they note themselves. If this is the case this error would propagate to our own classifications. Second, the matching of one of our spectra to one in the library of Kacharov et al. (2012) (or Danks & Dennefeld 1994), is dependent on the types of spectra present in that library. As the Kacharov et al. (2012) library does not contain a full set of M- and K-dwarfs or C-type stars of every subclass and luminosity class, we cannot assume that a source classified as C3.2 truly belongs to that subclass but rather that the spectrum of that source is more similar to that of a C3.2 star than a C5.5 star. For these reasons although the initial classification of our spectra by our matching program has been very successful, we do not necessarily assume that the subclass is correct. However, these subclasses are probably indicative of the differing spectral subclasses of these sources. 

            
            	[image: thumbnail]	Fig. 7
                Top: average spectra of the different subclasses of M-type dwarf identified in our spectral sample. Middle: average spectra of the most common types of C-type giants identified in our sample. Bottom: average spectrum of the genuine dK7 sources in our sample and the average spectrum of those sources classified as K-type dwarf stars by the matching program but which were reclassified as early C-type stars (bold line) following a visual inspection. The C3.2 average spectrum is plotted again for comparison.

              



          In the top panel of Fig. 7 the average spectrum for the different subclasses of M-type dwarf in our spectral sample are shown. The increasing strength of the TiO bands between dM0 and dM4.5 suggests that the division of the sources used to build the average spectra was accurate. The middle panel shows the average spectrum for each of the most common types of C-type star detected in our sample, C3.2, C5.5 and the more general C-type. The average spectrum labelled as C-type has been created using sources that were matched with the C spectrum in the library Kacharov et al. (2012). Although Kacharov et al. (2012) gives no information about the subclass of this spectrum, from the strength of the CN features we suggest that this spectrum is consistent with an early to mid C-type star, similar to a C3.2. Interestingly all of these sources classified as simply C-type show emission lines; these lines are enhanced in the average spectrum where we identify Hα and the [S II] doublet (see Sects. 4.1.2 and 4.2.2 for further details). The [O I] (6300 Å) line is also visible but this is probably the result of poor sky subtraction rather than a real feature. Comparing the average spectra for the C3.2 and C5.5 sources, we again see the strengthening of distinguishing molecular features, in this case the CN bands. An average spectrum for those sources classified as C8.2e is not shown here as there are only two such sources in our sample, an insufficient number to build up a useful average spectrum. 

            Table 3

                Summary of the classifications assigned in this work, and in Paper I, to the 85 (S/N ≥ 10) sources in our spectral sample for the inner region. 

              

          In the bottom panel of Fig. 7 we present an average spectrum for those sources classified as dK7 by the matching program and that were confirmed to be K-type dwarf stars following our visual inspection. While we cannot compare the dK7 average spectrum to other dwarf K-type spectra of a different subclass, the average is consistent with the spectra of K-type dwarfs in the spectral catalogues mentioned above. We do not show an average spectrum for those sources classified as dK, as their number was insufficient to create a useful average spectrum. In the same panel we also show the average spectrum for those sources which were initially classified as dK7 or dK by the matching program but which we later reclassified as C-type stars (26 sources, all located in the inner region). The average spectrum for these sources shows, like the individual spectra, that while the CN bandheads at 7876 and 8026 Å are present, and those at 6925, 7088, 7259 Å and possibly 7437 Å are emerging, they are weak compared to those in the C3.2 average spectrum. This may be because these stars are of an earlier subclass. We note that the average dK7 spectrum can be distinguished by the presence of a distinct Ca I (6162 Å) absorption line which is not seen in the average spectrum of those stars which were reclassified. The average spectrum of the reclassified C-type giant stars on the other hand shows the C2 (5636 Å) bandhead, which is seen in the C3.2 average but not in the dK7 average. 
As to why these sources were classified as dK or dK7 by the matching program, we suggest that their weak CN features may have resulted in poor χ2 values being derived when comparing them with the C-type spectra in the library of Kacharov et al. (2012), the earliest of which is C3.2. An attempted match with the M-type spectral standards in that library would also have resulted in poor χ2 values. As a result it is possible that the relatively featureless spectra of the dK and dK7 standards provided the best χ2 value with the result that these early C-type sources were misclassified as late K-type stars. 
In Table 10 we present the final spectral and luminosity classification for all the sources in the inner region, along with some photometric data. The data are presented as follows, in Col. 1 the unique ID number of the source is given, Cols. 2 and 3 list the RA and Dec (J2000), Cols. 4–6 list the reddening corrected magnitude of the source in J,H and K magnitude, Cols. 7 and 8 list the photometric classification of the source and its distance from the galactic centre (according to Paper I). Columns 9–11 list the source’s final spectral classification and the spectral classifications (including subclass) assigned by the matching program when using the spectral libraries of Kacharov et al. (2012) and Danks & Dennefeld (1994) respectively. In Cols. 12–14 we list the ID number for the source in the catalogue of Letarte et al. (2002) and the values they give for (R − I) and (CN–TiO). Lastly in Col. 15 we list the S/N for each spectrum. With the exception of the data from Letarte et al. (2002) the same information is listed in Table 11 for the outer region sources. 
3.2. Poor quality data
As stated in Sect. 2.3, we retained for analysis only those spectra with S/N ≥ 10. However, of the 161 spectra collected with S/N below this threshold, a small number displayed features that were sufficiently strong at wavelengths λ> 6000 Å that we were able to make a tentative classification. Using the techniques discussed above we have classified a further 43 sources (32 in the inner region and 11 in the outer region) with S/N ~ 7–10. Data for these sources are presented in Table 12 in the same format as in Table 10. The remaining 118 sources in our original spectroscopic sample were too noisy and the important spectral features could not be distinguished, as a result these sources could not be classified. 
4. Results
We now assess the success with the which the colour and magnitude criteria determined in Paper I (Sect. 2.1) correctly categorised the sources in our spectroscopic sample. By reviewing the colour and magnitude distributions of sources with confirmed spectral type, we can improve the criteria for the selection of C- and M-type AGB stars when using NIR photometry, and provide an estimate of the error associated with this method and our original criteria. As many of our targets were selected in common with the catalogue of Letarte et al. (2002) we are also in a position to assess the success of the CN–TiO method and make the first estimate of the associated error. 
4.1. Inner region sources
For the 85 sources in the inner region for which we collected sufficiently high quality data, we have been able to classify 83 of the spectra. We identified 79 C-type giants, one potential M-type giant, one M-type dwarf and two K-type dwarf stars; we were unable to classify two sources. A summary of these spectral classifications compared to the photometric classifications assigned to these sources in Paper I is shown in Table 3. 

          
          	[image: thumbnail]	Fig. 8
              Spectrum of source ID: 197590 (bold line), ID: 788 in the catalogue of Letarte et al. (2002). This star has been spectroscopically classified as an M-type giant, but also shows CN features. Above is plotted the spectrum of an M1 III star, from the catalogue of Kacharov et al. (2012) for comparison. Below is plotted the average C3.2 spectrum. The TiO and CN bandheads, and other molecular and atomic features, have been marked.

            



        The only oxygen-rich giant source in our spectroscopic sample is described as a potential M-type giant due to anomalies in its spectrum (Fig. 8). The spectral regions labelled R1 and R2 contain strong absorption bands resembling the TiO 6159 and 7054 Å bandheads, seen in the M-type stars. However, the TiO 6569 Å bandhead is unclear or absent. More unusually, at λ> 7500 Å where the CN and TiO filters discriminate, the spectrum appears to show the CN 7876 Å and 8026 Å bands. Furthermore, the telluric O2A-band shows little sign of the red extension associated with TiO 7628 Å. Because of the unusual nature of this spectrum and the crowding issues near the centre of the galaxy we considered the possibility that light from a source other than the intended target had been captured in this spectrum. Within our own catalogues the closest neighbouring source was ~2′′ away. As this is nearly double the radius of the instrument fibres we concluded that even the closest of the neighbouring sources was unlikely to have contaminated the spectrum of our apparent M-type giant. However, there may be one or more other sources, of which we are unaware, either in NGC 6822 or along the line of sight, that may have contaminated the spectrum. On the other hand, if this unusual spectrum does originate from a single source, the anomalous features we observe indicate why Letarte et al. classified the source as a C-type star and why we hesitate to classify it as an M-type giant. The true nature of this star remains a mystery, but for the remainder of this work we shall regard it as an M-type giant (the only one in our sample), however it is clearly not representative of that population. 
4.1.1. JHK photometric colours
In the left hand panels of Fig. 9 we present a CMD and a colour–colour diagram of all the spectroscopically confirmed sources in the inner region. In the CMD we can see that the C-type giant population extends significantly blueward of the (J − K)0 = 1.20 mag colour boundary imposed in Paper I. On the other hand the one potential M-type giant we have identified sits redward of the (J − K)0 colour separation with a colour of (J − K)0 = 1.41 mag. This confirms that there is a significant overlap between the (J − K)0 colours of C- and the M-type AGB sources in NGC 6822. The C-type population covers a colour range of 
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              Spatial distribution of all the candidate AGB sources from Paper I (black crosses). Sources for which spectroscopic data were obtained but which have S/N< 10 (red squares). Sources for which the spectroscopic data have S/N ≥ 10 (green triangles). The black circle marks the position of the 4 kpc limit inferred in Paper I.
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              Top: CMD of the same sources as in Fig. 1. The horizontal and vertical lines mark the position of the tip of the red giant branch and the (J − K)0 colour criteria used in Paper I. Bottom: colour–colour diagram of the same sources. The horizontal line marks the (J − H)0 colour cut used in Paper I to remove contaminating foreground sources. The diagonal lines represent the (J − K)0 colour boundaries used to select C- and the M-type sources.
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                Average spectrum (see Sect. 3.1.4) for the sources classified as dM0 is shown (top). The molecular bandheads and line features used to identify the dwarf sources in our spectroscopic sample are marked. For comparison we show (bottom) the spectrum of a M0 III star from Kacharov et al. (2012). R1 and R2 refer to classification regions 1 and 2.
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    Table 2 

                Summary of the four colour ratios defined by Kirkpatrick et al. (1991).

              
                
                  	 Ratio
                  	Feature measured
                  	Numerator
                  	Denominator
                

                
                  	
                    

                  
                

                
                  	
                    
                      A
                    
                  
                  	CaH (6975 Å)
                  	7020–7050 Å
                  	6960–6990 Å
                

                
                  	
                    
                      B
                    
                  
                  	Ti (7358 Å)
                  	7375–7385 Å
                  	7353–7363 Å
                

                
                  	
                    
                      C
                    
                  
                  	Na I (8183,8195 Å)
                  	8100–8300 Å
                  	8174–8204 Å
                

                
                  	
                    
                      D
                    
                  
                  	Ca II (8542 Å)
                  	8567–8577 Å
                  	8537–8547 Å
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                Top: six of the seven spectra classified as dM3.5 by the automated matching program are presented with a dM3.5 standard spectrum from Kacharov et al. (2012) (thick black line). The seventh source (ID: 128222) classified as dM3.5 was excluded because of excessive noise in the blue which obscured the plot. Bottom: the average (thick solid line) of all seven spectra classified as dM3.5 including source ID:128222, and the same dM3.5 spectrum from Kacharov et al. (2012) (thin solid line). Our spectra have been smoothed to the same resolution as the Kacharov et al. (2012) data (in both panels) for comparison purposes.
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                Top: average spectra of the different subclasses of M-type dwarf identified in our spectral sample. Middle: average spectra of the most common types of C-type giants identified in our sample. Bottom: average spectrum of the genuine dK7 sources in our sample and the average spectrum of those sources classified as K-type dwarf stars by the matching program but which were reclassified as early C-type stars (bold line) following a visual inspection. The C3.2 average spectrum is plotted again for comparison.
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    Table 3 

                Summary of the classifications assigned in this work, and in Paper I, to the 85 (S/N ≥ 10) sources in our spectral sample for the inner region. 

              
                
                  	
                

                
                  	Spec. type
                  	Phot. type (Paper I)
                

                
                  	
                  	
                    

                  
                

                
                  	
                  	M-type giant
                  	C-type giant
                  	RGB
                  	Foreground
                  	Excluded
                

                
                  	
                    

                  
                

                
                  	M-type giant
                  	
                    0
                  
                  	
                    1
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                

                
                  	C-type giant
                  	
                    54
                  
                  	
                    24
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    1
                  
                

                
                  	M-type dwarf
                  	
                    1
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                

                
                  	K-type dwarf
                  	
                    2
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                

                
                  	Unclassified
                  	
                    1
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    1
                  
                

              


                Notes. The column headed as excluded refers to those sources that were excluded in Paper I due to the quality flag criterion used.
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              Spectrum of source ID: 197590 (bold line), ID: 788 in the catalogue of Letarte et al. (2002). This star has been spectroscopically classified as an M-type giant, but also shows CN features. Above is plotted the spectrum of an M1 III star, from the catalogue of Kacharov et al. (2012) for comparison. Below is plotted the average C3.2 spectrum. The TiO and CN bandheads, and other molecular and atomic features, have been marked.
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      Fig. 9 

      
        [image: thumbnail]
      

      
                Top: CMDs of all the spectroscopically identified sources (S/N ≥ 10) overlayed on the AGB candidate sources classified in Paper I. On the left are sources from the inner region (≤3 kpc) and on the right are sources from the outer region (≥5 kpc). The symbols used are the same as in Fig. 5. The solid horizontal and vertical lines mark the selection criteria used in Paper I. Bottom: colour–colour diagrams of the same sources. The solid diagonal and horizontal lines mark the selection criteria used in Paper I. The dashed horizontal line marks an alternate colour criterion at (J − H)0 = 0.80 mag discussed in the text. The long dash diagonal line and the dash-dot diagonal line represent the blue limits used by Kacharov et al. (2012) and Bessell & Brett (1988) respectively to try to eliminate foreground sources.
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    Table 4 

                  11 inner region (top) and 4 (bottom) outer region sources that show the high excitation emission lines of [O III].

                
                  
                    	 ID
                    	RA (2000.0)
                    	Dec (2000.0)
                    	
                      
                        J
                      
                    
                    	
                      
                        H
                      
                    
                    	
                      
                        K
                      
                    
                    	Phot. type
                    	Dist.
                    	Spec. type
                    	Kmatch
                    	Dmatch
                    	Letarte ID
                    	
                      R − I
                    
                    	CN–TiO
                    	
                      
                        S
                        /
                        N
                      
                    
                  

                  
                    	
                    	
                      (deg)
                    
                    	
                      (deg)
                    
                    	
                      (mag)
                    
                    	
                      (mag)
                    
                    	
                      (mag)
                    
                    	
                    	(kpc)
                    	
                    	
                    	
                    	
                    	
                      (mag)
                    
                    	
                      (mag)
                    
                    	
                  

                  
                    	
                      

                    
                  

                  
                    	 173834
                    	296.22287
                    	–14.71018
                    	17.60
                    	16.76
                    	16.37
                    	C*
                    	0.80
                    	Ce
                    	C
                    	C
                    	390.0
                    	1.338
                    	0.503
                    	12
                  

                  
                    	 176619
                    	296.22888
                    	–14.72012
                    	17.50
                    	16.56
                    	16.30
                    	M
                    	0.71
                    	Ce
                    	C3.2
                    	C
                    	431.0
                    	1.316
                    	0.405
                    	14
                  

                  
                    	 179746
                    	296.22033
                    	–14.72841
                    	18.26
                    	17.25
                    	17.15
                    	M
                    	0.65
                    	Ce
                    	C3.2
                    	S
                    	370.0
                    	1.265
                    	0.404
                    	11
                  

                  
                    	 181364
                    	296.12738
                    	–14.73369
                    	17.56
                    	16.81
                    	16.41
                    	M
                    	1.09
                    	Ce
                    	C8.2e
                    	C
                    	96.0
                    	1.171
                    	0.311
                    	12
                  

                  
                    	 182253
                    	296.31088
                    	–14.73645
                    	17.18
                    	16.31
                    	15.91
                    	C*
                    	0.83
                    	Ce
                    	C
                    	C
                    	769.0
                    	1.226
                    	0.661
                    	11
                  

                  
                    	 183545
                    	296.28564
                    	–14.74075
                    	16.67
                    	15.62
                    	15.09
                    	C*
                    	0.67
                    	Ce:
                    	C5.5
                    	C
                    	701.0
                    	1.577
                    	0.509
                    	12
                  

                  
                    	 194386
                    	296.18609
                    	–14.77870
                    	16.72
                    	15.90
                    	15.54
                    	M
                    	0.47
                    	Ce
                    	C
                    	C
                    	228.0
                    	1.337
                    	0.472
                    	19
                  

                  
                    	 196632
                    	296.24578
                    	–14.78650
                    	17.58
                    	16.73
                    	16.46
                    	M
                    	0.16
                    	Ce:
                    	dK7
                    	K0III
                    	513.0
                    	1.179
                    	0.399
                    	23
                  

                  
                    	 199930
                    	296.23651
                    	–14.79789
                    	17.25
                    	16.52
                    	16.22
                    	M
                    	0.05
                    	Ce
                    	dK7
                    	K0III
                    	474.0
                    	1.148
                    	0.475
                    	31
                  

                  
                    	 219171
                    	296.22512
                    	–14.86821
                    	17.31
                    	16.58
                    	16.32
                    	M
                    	0.57
                    	Ce
                    	C8.2e
                    	K0III
                    	407.0
                    	1.122
                    	0.403
                    	11
                  

                  
                    	 220391
                    	296.21267
                    	–14.87307
                    	17.66
                    	16.80
                    	16.47
                    	M
                    	0.63
                    	Ce
                    	C
                    	C
                    	328.0
                    	1.156
                    	0.59
                    	13
                  

                  
                    	
                      

                    
                  

                  
                    	 22972
                    	295.98809
                    	–13.95111
                    	18.11
                    	17.36
                    	17.12
                    	M
                    	7.57
                    	dMe:
                    	dM0
                    	M0V
                    	–
                    	–
                    	–
                    	10
                  

                  
                    	 30076
                    	295.96771
                    	–13.98843
                    	17.87
                    	17.09
                    	16.91
                    	M
                    	7.32
                    	dMe
                    	dM0
                    	M0V
                    	–
                    	–
                    	–
                    	14
                  

                  
                    	 76159
                    	295.95544
                    	–14.21816
                    	18.09
                    	17.36
                    	17.22
                    	M
                    	5.52
                    	dMe:
                    	dM1.5
                    	M0V
                    	–
                    	–
                    	–
                    	11
                  

                  
                    	 87125
                    	295.95578
                    	–14.27512
                    	18.01
                    	17.29
                    	17.19
                    	M
                    	5.08
                    	Uncl
                    	dK7
                    	K3III
                    	–
                    	–
                    	–
                    	12
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                  Top: high (solid shapes) and low ionisation (open shapes) sources from the inner (red triangles) and outer (blue squares) regions are plotted on a CMD of the AGB sources from Paper I. The horizontal and vertical lines mark the selection criteria used in that paper. The green pentagon marks the position of NGC 6822 SySt 1 (Kniazev et al. 2009). Bottom: same sources plotted on a (H − K, J − H)0 colour–colour diagram. The horizontal and diagonal lines mark the selection criteria used in Paper I.
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    Table 5 

                  Estimates of Ne and Te for the same sources as in Table 4 are shown in the top and middle sections. 

                
                  
                    	 ID
                    	
                      
                        N
                        e
                      
                    
                    	
                      
                        T
                        e
                      
                    
                  

                  
                    	
                    	(cm-3)
                    	(K)
                  

                  
                    	
                      

                    
                  

                  
                    	 173 834
                    	189
                    	>70 000
                  

                  
                    	 176 619
                    	442
                    	<66 800
                  

                  
                    	 179 746
                    	357
                    	<69 800
                  

                  
                    	 181 364
                    	475
                    	>70 000
                  

                  
                    	 182 253
                    	205
                    	>70 000
                  

                  
                    	 183 545
                    	298
                    	<27 400
                  

                  
                    	 194 386
                    	486
                    	>70 000
                  

                  
                    	 196 632
                    	874
                    	>70 000
                  

                  
                    	 199 930
                    	364
                    	>70 000
                  

                  
                    	 219 171
                    	410
                    	>70 000
                  

                  
                    	 220 391
                    	–
                    	–
                  

                  
                    	
                      

                    
                  

                  
                    	 22 972
                    	528
                    	–
                  

                  
                    	 30 076
                    	1320
                    	–
                  

                  
                    	 76 159
                    	2290
                    	<64 600
                  

                  
                    	 87 125
                    	315
                    	–
                  

                  
                    	
                      

                    
                  

                  
                    	 NGC 6822 SySt-1
                    	
                      
                        <
                      
                      109
                    
                    	–
                  

                  
                    	 IC 10 SySt-1
                    	
                      400 ± 200
                    
                    	<17 000
                  

                  
                    	 H V
                    	90–190
                    	11 900–15 500
                  

                  
                    	 H X
                    	30–100
                    	12 000–13 300
                  

                


                  Notes. In the bottom section we have listed the electron density and temperature measurements for two symbiotic stars and two H II regions for comparison.
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      Fig. 12 

      
        [image: thumbnail]
      

      
                Spectra of the two unclassified sources in the inner region (solid black lines). At the bottom we have plotted the average C3.2 spectrum and at the top we have plotted the average dK7 spectrum (solid red lines) for comparison. The crosses mark the positions of spurious features (Sect. 2.2).
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      Fig. 13 

      
        [image: thumbnail]
      

      
                Spectrum of source ID: 173114 (bold line), ID: 799 in the catalogue of Letarte et al. (2002). This star was classified as C-type using the CN–TiO method but has been spectroscopically classified as an M-type dwarf in this work. Below is plotted the average dM0 spectrum for comparison. The TiO bandheads and other molecular and atomic features have been marked.
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      Fig. 15 

      
        [image: thumbnail]
      

      
                Top: the four high ionisation emission line spectra in the outer region. The spectra are plotted from bottom to top in order of ascending ID number (see Table 4). Bottom: spectrum of one of the above sources, showing the [O III] and Hβ features. Important emission line features have been marked.
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      Fig. 17 

      
        [image: thumbnail]
      

      
                Distribution of all the candidate AGB sources (black dots) identified in Paper I. Overlayed are sources from our spectroscopic sample. Symbols have the same meaning as in Fig. 5. The circle (solid line) marks the position of the 4 kpc limit inferred in Paper I. The ellipse of Battinelli et al. (2006, dashed line) is shown and has a semi-major axis of 34′ at the assumed distance modulus assumed in Paper I, (m − M)0 = 23.45 ± 0.05.
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    Table 7 

                Number of sources from the photometric catalogues of Paper I that were matched with sources in the catalogues produced by the authors listed in the left hand column. 

              
                
                  	 Reference
                  	AGB (≤4 kpc)
                  	AGB (>4 kpc)
                  	RGB
                  	Foreground
                  	Excluded
                

                
                  	
                    

                  
                

                
                  	 Letarte et al. (2002)
                  	
                    635
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    235
                  
                

                
                  	 Kang et al. (2006)
                  	
                    294
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    63
                  
                  	
                    266
                  
                

                
                  	 Demers et al. (2006)
                  	
                    78
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    0
                  
                  	
                    51
                  
                

                
                  	 Battinelli & Demers (2011)
                  	12 (17)
                  	0 (0)
                  	0 (0)
                  	3 (1)
                  	14 (9)
                

                
                  	 Kacharov et al. (2012)
                  	
                    273
                  
                  	
                    13
                  
                  	
                    1
                  
                  	
                    219
                  
                  	
                    34
                  
                

                
                  	 Whitelock et al. (2013)
                  	26 (60)
                  	
                    0
                  
                  	
                    0
                  
                  	5 (5)
                  	21 (20)
                

              


                Notes. The classification assigned to these sources in Paper I is given in the column headers. Those listed as excluded were rejected from the photometric sample due to the three band flag criterion of Paper I. For Battinelli & Demers (2011) the numbers given in brackets refer to the number of matches with the semi-regular or irregular LPVs, those not in brackets are the number of matches with their regular LPV sources. For Whitelock et al. (2013) we give the number of sources matched with their small or large amplitude variables with no determined period in brackets, numbers not in brackets refer to sources matched with their list of C- or M-type Mira.
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      Fig. 19 

      
        [image: thumbnail]
      

      
                (J − K)0 colour histograms in 0.05 mag bins. Top: the distributions of the LP1 (red) and LP2 (black) samples. Middle: colour histograms for the spectroscopic sample presented here. The K- and M-type dwarf sources (black) and the C-type sources (red). A colour histogram (purple) for the spectroscopically confirmed M-type giants of Kacharov et al. (2012) is also shown. Bottom: as above for the sources classified as M-type (black) and the sources classified as C-type (red) in Catalogue 1 of Paper I. The dashed vertical line at (J − K)0 = 1.20 mag marks the position of the colour boundary used in Paper I.
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      Fig. 20 

      
        [image: thumbnail]
      

      
                Top: CMD of our spectroscopically confirmed dwarf (blue squares) and C-type giant (green triangles) sources, the M-type giant (purple circles) sources of Kacharov et al. (2012) and the photometric C-type giants (red triangles) of the LP1 sample. The solid horizontal and vertical lines mark the TRGB and (J − K)0 criterion at 0.74 and 1.20 mag used in Paper I. The two dashed lines mark the new (J − K)0 cuts at 0.93 mag and 1.17 mag (see Sect. 5.4.2). Bottom: colour–colour diagram of the same sources. The solid horizontal and diagonal lines mark the (J − H)0 = 0.72 mag and (J − K)0 = 0.74 and =1.20 mag criteria used in Paper I. The horizontal dashed line marks the new cut at (J − H)0 = 0.76 and the two diagonal dashed lines mark the new cuts at (J − K)0 = 0.93 mag and 1.17 mag.
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    Table 8 

                Percentage of spectroscopically confirmed sources retained when various blue limit (J − K)0 cuts are applied in addition to a colour cut at (J − H)0 = 0.76 mag. 

              
                
                  	 (J − K)0
                  	C-type giants
                  	M-type giants
                  	Dwarf sources
                

                
                  	
                    

                  
                

                
                  	 0.90
                  	87%
                  	85%
                  	30%
                

                
                  	 0.92
                  	87%
                  	84%
                  	25%
                

                
                  	 0.94
                  	84%
                  	81%
                  	23%
                

                
                  	 0.96
                  	83%
                  	80%
                  	19%
                

                
                  	 0.98
                  	83%
                  	72%
                  	17%
                

                
                  	 1.00
                  	82%
                  	67%
                  	13%
                

              


                Notes. These percentages relate to the spectroscopically confirmed dwarf and C-type giant samples (Tables 10 and 11) and M-type giant sample of Kacharov et al. (2012).
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    Table 10 

                74 candidate AGB sources in the inner region (≤3 kpc) for which spectra with S/N ≥ 10 were obtained. 

              
                
                  	 ID
                  	RA (2000.0)
                  	Dec (2000.0)
                  	
                    
                      J
                    
                  
                  	
                    
                      H
                    
                  
                  	
                    
                      K
                    
                  
                  	Phot. type
                  	Dist.
                  	Spec. type
                  	Kmatch
                  	Dmatch
                  	Letarte ID
                  	
                    R − I
                  
                  	CN–TiO
                  	
                    
                      S
                      /
                      N
                    
                  
                

                
                  	
                  	
                    (deg)
                  
                  	
                    (deg)
                  
                  	
                    (mag)
                  
                  	
                    (mag)
                  
                  	
                    (mag)
                  
                  	
                  	(kpc)
                  	
                  	
                  	
                  	
                  	
                    (mag)
                  
                  	
                    (mag)
                  
                  	
                

                
                  	
                    

                  
                

                
                  	 157078
                  	296.117004
                  	–14.632751
                  	16.46
                  	15.59
                  	15.26
                  	M
                  	1.77
                  	C:
                  	C5.5
                  	C
                  	87
                  	1.177
                  	0.371
                  	21
                

                
                  	 165127
                  	296.233887
                  	–14.671288
                  	17.14
                  	16.26
                  	16.01
                  	M
                  	1.13
                  	C
                  	C3.2
                  	C
                  	459
                  	1.102
                  	0.356
                  	12
                

                
                  	 167638
                  	295.968842
                  	–14.682981
                  	16.82
                  	16.02
                  	15.68
                  	M*
                  	2.45
                  	C
                  	C5.5
                  	C
                  	3
                  	1.214
                  	0.469
                  	12
                

                
                  	 167938
                  	296.259827
                  	–14.684196
                  	17.31
                  	16.47
                  	16.21
                  	M*
                  	1.03
                  	C
                  	C5.5
                  	C
                  	586
                  	1.14
                  	0.318
                  	14
                

                
                  	 168284
                  	296.411377
                  	–14.685686
                  	17.47
                  	16.58
                  	16.11
                  	C*
                  	1.75
                  	C:
                  	C3.2
                  	C
                  	867
                  	1.174
                  	0.395
                  	11
                

                
                  	 168690
                  	296.156006
                  	–14.687428
                  	17.31
                  	16.25
                  	15.68
                  	C*
                  	1.20
                  	Ce:
                  	M1III
                  	K4III
                  	137
                  	1.506
                  	0.426
                  	10
                

                
                  	 1688264
                  	296.179413
                  	–14.688039
                  	17.24
                  	16.35
                  	16.08
                  	M
                  	1.10
                  	C
                  	C3.2
                  	S
                  	206
                  	1.142
                  	0.366
                  	10
                

                
                  	 169202
                  	296.248596
                  	–14.689795
                  	17.26
                  	16.43
                  	16.11
                  	M
                  	0.97
                  	C
                  	C3.2
                  	S
                  	531
                  	1.295
                  	0.364
                  	13
                

                
                  	 170279
                  	295.969452
                  	–14.694445
                  	17.32
                  	16.40
                  	16.13
                  	M
                  	2.40
                  	C
                  	C3.2
                  	S
                  	4
                  	1.147
                  	0.424
                  	14
                

                
                  	 170941
                  	296.286774
                  	–14.697333
                  	17.18
                  	16.40
                  	16.17
                  	M*
                  	0.99
                  	dK
                  	dK7
                  	K4III
                  	704
                  	1.11
                  	0.334
                  	24
                

                
                  	 173114
                  	296.33078
                  	–14.707144
                  	15.97
                  	15.27
                  	14.94
                  	M*
                  	1.13
                  	dM:
                  	dM0
                  	M0V
                  	799
                  	1.276
                  	0.418
                  	28
                

                
                  	 176863
                  	296.350922
                  	–14.720666
                  	17.05
                  	16.13
                  	15.75
                  	C*
                  	1.17
                  	C
                  	C6.5
                  	S
                  	827
                  	1.518
                  	0.385
                  	14
                

                
                  	 180514
                  	296.375854
                  	–14.73088
                  	16.15
                  	15.33
                  	15.03
                  	M
                  	1.30
                  	C
                  	C3.2
                  	C
                  	847
                  	1.175
                  	0.41
                  	22
                

                
                  	 184448
                  	296.436554
                  	–14.743853
                  	17.45
                  	16.68
                  	16.56
                  	M*
                  	1.72
                  	C
                  	C5.5
                  	C
                  	877
                  	1.137
                  	0.332
                  	11
                

                
                  	 186430
                  	296.234741
                  	–14.750431
                  	17.23
                  	16.46
                  	16.24
                  	M
                  	0.45
                  	Uncl
                  	dK7
                  	K0III
                  	464
                  	1.132
                  	0.329
                  	34
                

                
                  	 1882464
                  	296.485382
                  	–14.756809
                  	16.74
                  	15.93
                  	15.63
                  	M
                  	2.09
                  	C:
                  	C3.2
                  	C
                  	893
                  	1.106
                  	0.37
                  	20
                

                
                  	 1889742
                  	296.131714
                  	–14.759347
                  	17.37
                  	16.47
                  	16.18
                  	M
                  	0.95
                  	Ce
                  	C
                  	C
                  	100
                  	1.159
                  	0.352
                  	10
                

                
                  	 193714
                  	296.112915
                  	–14.776258
                  	17.35
                  	16.46
                  	15.92
                  	C*
                  	1.06
                  	C
                  	C5.5
                  	C
                  	84
                  	1.394
                  	0.537
                  	14
                

                
                  	 197170
                  	296.152313
                  	–14.788395
                  	17.14
                  	16.30
                  	15.98
                  	M
                  	0.72
                  	Ce
                  	C3.2
                  	C
                  	128
                  	1.194
                  	0.372
                  	16
                

                
                  	 197464
                  	296.283356
                  	–14.789384
                  	17.47
                  	16.75
                  	16.45
                  	M
                  	0.40
                  	C
                  	C5.5
                  	K0III
                  	693
                  	1.3
                  	0.43
                  	12
                

                
                  	 197590
                  	296.319458
                  	–14.789786
                  	16.99
                  	16.07
                  	15.58
                  	C*
                  	0.69
                  	M:
                  	M1III
                  	M0III
                  	788
                  	1.48
                  	0.609
                  	19
                

                
                  	 199974
                  	296.374786
                  	–14.798067
                  	17.73
                  	16.79
                  	16.55
                  	M
                  	1.14
                  	C
                  	C3.2
                  	C
                  	846
                  	1.118
                  	0.411
                  	13
                

                
                  	 200182
                  	296.170349
                  	–14.798781
                  	17.40
                  	16.44
                  	15.76
                  	C*
                  	0.56
                  	Ce
                  	C5.5
                  	C
                  	178
                  	1.327
                  	0.491
                  	17
                

                
                  	 201043
                  	296.073059
                  	–14.801702
                  	17.62
                  	16.74
                  	16.46
                  	M
                  	1.36
                  	C
                  	C3.2
                  	C
                  	40
                  	1.109
                  	0.45
                  	10
                

                
                  	 201131
                  	296.160095
                  	–14.802064
                  	17.38
                  	16.61
                  	16.35
                  	M
                  	0.64
                  	C
                  	C3.2
                  	K3III
                  	149
                  	1.173
                  	0.314
                  	18
                

                
                  	 203106
                  	296.338257
                  	–14.808908
                  	17.41
                  	16.50
                  	16.05
                  	C*
                  	0.83
                  	C:
                  	C5.5
                  	C
                  	810
                  	1.215
                  	0.359
                  	10
                

                
                  	 2061291
                  	296.238953
                  	–14.8196
                  	17.84
                  	17.06
                  	16.83
                  	M
                  	0.14
                  	dKe:
                  	dK7
                  	K0III
                  	486
                  	1.252
                  	0.454
                  	21
                

                
                  	 208620
                  	296.100708
                  	–14.828527
                  	16.72
                  	15.96
                  	15.64
                  	M
                  	1.15
                  	C
                  	C3.2
                  	C
                  	66
                  	1.143
                  	0.403
                  	18
                

                
                  	 2096502
                  	296.129822
                  	–14.832311
                  	17.56
                  	16.74
                  	16.49
                  	M
                  	0.92
                  	C
                  	C3.2
                  	C
                  	99
                  	1.169
                  	0.427
                  	12
                

                
                  	 2096522
                  	296.084503
                  	–14.832314
                  	17.50
                  	16.60
                  	16.15
                  	C*
                  	1.29
                  	C:
                  	C5.5
                  	S
                  	50
                  	1.39
                  	0.472
                  	11
                

                
                  	 210316
                  	296.434357
                  	–14.834667
                  	17.48
                  	16.72
                  	16.32
                  	M
                  	1.65
                  	C:
                  	C5.5
                  	C
                  	875
                  	1.109
                  	0.421
                  	14
                

                
                  	 211898
                  	296.30838
                  	–14.840508
                  	17.25
                  	16.46
                  	16.08
                  	M
                  	0.67
                  	C
                  	C3.2
                  	C
                  	764
                  	1.104
                  	0.422
                  	17
                

                
                  	 215861
                  	296.173828
                  	–14.855554
                  	17.84
                  	16.97
                  	16.65
                  	M
                  	0.69
                  	Ce
                  	C
                  	C
                  	189
                  	1.173
                  	0.344
                  	11
                

                
                  	 216688
                  	296.080383
                  	–14.858717
                  	16.31
                  	15.70
                  	15.29
                  	M*
                  	1.38
                  	C:
                  	K7III
                  	M0III
                  	46
                  	1.247
                  	0.518
                  	28
                

                
                  	 219351
                  	296.28244
                  	–14.868937
                  	17.48
                  	16.72
                  	16.55
                  	M
                  	0.67
                  	Ce
                  	C3.2
                  	C
                  	690
                  	1.168
                  	0.43
                  	13
                

                
                  	 220153
                  	296.236908
                  	–14.87212
                  	18.02
                  	17.07
                  	16.82
                  	M
                  	0.59
                  	Ce
                  	C3.2
                  	C
                  	477
                  	1.148
                  	0.434
                  	12
                

                
                  	 222468
                  	296.096558
                  	–14.8814
                  	17.98
                  	17.19
                  	17.03
                  	M
                  	1.34
                  	C
                  	C5.5
                  	C
                  	63
                  	1.201
                  	0.428
                  	12
                

                
                  	 223056
                  	296.261414
                  	–14.883708
                  	17.94
                  	17.07
                  	16.79
                  	M
                  	0.72
                  	Ce
                  	C3.2
                  	C
                  	598
                  	1.137
                  	0.424
                  	12
                

                
                  	 224407
                  	296.431213
                  	–14.889406
                  	17.33
                  	16.48
                  	16.18
                  	M
                  	1.76
                  	C:
                  	C5.5
                  	C
                  	873
                  	1.243
                  	0.486
                  	10
                

                
                  	 2256484
                  	296.163086
                  	–14.894488
                  	16.75
                  	15.88
                  	15.44
                  	C*
                  	0.99
                  	C
                  	C5.5
                  	C
                  	158
                  	1.373
                  	0.559
                  	22
                

                
                  	 2266034
                  	296.118591
                  	–14.89873
                  	16.89
                  	16.03
                  	15.73
                  	M
                  	1.28
                  	C
                  	C5.5
                  	C
                  	88
                  	1.203
                  	0.383
                  	14
                

                
                  	 2283064
                  	296.251007
                  	–14.9064
                  	17.96
                  	17.09
                  	16.77
                  	M
                  	0.89
                  	Ce
                  	C
                  	C
                  	542
                  	1.204
                  	0.484
                  	16
                

                
                  	 229643
                  	296.35376
                  	–14.912353
                  	17.22
                  	16.35
                  	15.96
                  	C*
                  	1.34
                  	C
                  	C3.2
                  	C
                  	830
                  	1.194
                  	0.405
                  	11
                

                
                  	 231793
                  	296.223907
                  	–14.922441
                  	17.22
                  	16.33
                  	15.81
                  	C*
                  	1.03
                  	C
                  	C5.5
                  	C
                  	396
                  	1.261
                  	0.446
                  	17
                

                
                  	 233186
                  	296.157745
                  	–14.929084
                  	0.00
                  	16.62
                  	16.12
                  	Uncl*
                  	1.26
                  	Uncl
                  	dK7
                  	K0III
                  	140
                  	1.23
                  	0.305
                  	32
                

                
                  	 239630
                  	296.332458
                  	–14.951111
                  	17.76
                  	16.91
                  	16.48
                  	C*
                  	1.49
                  	C:
                  	C5.5
                  	C
                  	800
                  	1.237
                  	0.408
                  	11
                

                
                  	 239687
                  	296.034485
                  	–14.951339
                  	17.57
                  	16.71
                  	16.39
                  	M*
                  	2.10
                  	C
                  	C3.2
                  	K0IV
                  	22
                  	1.162
                  	0.44
                  	11
                

                
                  	 2420304
                  	296.345795
                  	–14.960103
                  	16.91
                  	16.07
                  	15.72
                  	M
                  	1.61
                  	C:
                  	C5.5
                  	C
                  	819
                  	1.181
                  	0.423
                  	21
                

                
                  	 248633
                  	296.33786
                  	–14.988564
                  	16.73
                  	15.73
                  	15.19
                  	C*
                  	1.79
                  	C:
                  	C3.2
                  	S
                  	809
                  	1.443
                  	0.402
                  	11
                

                
                  	 2486514
                  	296.281311
                  	–14.988667
                  	17.16
                  	16.35
                  	16.07
                  	M
                  	1.63
                  	C
                  	C5.5
                  	C
                  	682
                  	1.147
                  	0.426
                  	14
                

                
                  	
                    

                  
                

                
                  	 165760
                  	296.204498
                  	–14.674287
                  	18.32
                  	17.55
                  	17.28
                  	M
                  	1.14
                  	C
                  	dK7
                  	K0III
                  	292
                  	1.117
                  	0.553
                  	10
                

                
                  	 177839
                  	296.247101
                  	–14.722958
                  	18.13
                  	17.27
                  	17.03
                  	M
                  	0.69
                  	C
                  	dK7
                  	K4III
                  	526
                  	1.192
                  	0.446
                  	12
                

                
                  	 1876491,4
                  	296.244446
                  	–14.75467
                  	17.25
                  	16.49
                  	16.22
                  	M
                  	0.42
                  	C:
                  	dK7
                  	K0IV
                  	503
                  	1.141
                  	0.313
                  	18
                

                
                  	 188333
                  	296.350891
                  	–14.757086
                  	16.98
                  	16.22
                  	15.85
                  	M*
                  	1.02
                  	C:
                  	dK7
                  	K0III
                  	826
                  	1.171
                  	0.414
                  	29
                

                
                  	 1913181
                  	296.234558
                  	–14.767653
                  	16.96
                  	16.04
                  	15.62
                  	C*
                  	0.30
                  	C
                  	dK7
                  	K3III
                  	461
                  	1.342
                  	0.574
                  	19
                

                
                  	 193220
                  	296.290405
                  	–14.774523
                  	17.63
                  	16.84
                  	16.69
                  	M
                  	0.50
                  	Ce:
                  	dK7
                  	K0III
                  	718
                  	1.139
                  	0.385
                  	11
                

                
                  	 1947773
                  	296.278412
                  	–14.780069
                  	17.65
                  	16.54
                  	15.76
                  	C*
                  	0.39
                  	Ce:
                  	dK7
                  	K0IV
                  	668
                  	1.691
                  	0.565
                  	14
                

                
                  	 194949
                  	296.352264
                  	–14.780713
                  	17.09
                  	16.30
                  	15.76
                  	C*
                  	0.97
                  	C:
                  	dK7
                  	K0III
                  	828
                  	1.325
                  	0.518
                  	22
                

                
                  	 1951331
                  	296.229034
                  	–14.781347
                  	17.61
                  	16.51
                  	15.94
                  	C*
                  	0.20
                  	Ce:
                  	dK7
                  	K0III
                  	435
                  	1.39
                  	0.532
                  	22
                

                
                  	 1958841
                  	296.213776
                  	–14.783867
                  	17.89
                  	17.08
                  	16.72
                  	M
                  	0.26
                  	C
                  	dK7
                  	K0IV
                  	333
                  	1.247
                  	0.443
                  	22
                

                
                  	 1985951
                  	296.257843
                  	–14.793209
                  	17.91
                  	17.14
                  	16.88
                  	M
                  	0.19
                  	Ce:
                  	dK7
                  	K0III
                  	575
                  	1.218
                  	0.334
                  	19
                

                
                  	 1997541
                  	296.208191
                  	–14.797331
                  	17.67
                  	16.91
                  	16.45
                  	C*
                  	0.25
                  	Ce
                  	dK7
                  	K0III
                  	309
                  	1.138
                  	0.338
                  	16
                

                
                  	 200300
                  	296.184326
                  	–14.799191
                  	17.83
                  	17.03
                  	16.78
                  	M
                  	0.44
                  	Ce:
                  	dK7
                  	K4III
                  	224
                  	1.104
                  	0.369
                  	15
                

                
                  	 200573
                  	296.274109
                  	–14.800164
                  	17.57
                  	16.75
                  	16.40
                  	M
                  	0.30
                  	Ce
                  	dK
                  	K0III
                  	653
                  	1.2
                  	0.41
                  	13
                

                
                  	 2014541
                  	296.251343
                  	–14.803117
                  	17.41
                  	16.50
                  	16.15
                  	C*
                  	0.11
                  	Ce:
                  	dK7
                  	K0III
                  	544
                  	1.41
                  	0.512
                  	27
                

                
                  	 204144
                  	296.404907
                  	–14.812469
                  	0.00
                  	16.54
                  	16.16
                  	Uncl*
                  	1.39
                  	C
                  	dK7
                  	K4III
                  	863
                  	1.16
                  	0.406
                  	16
                

                
                  	 205865
                  	296.191315
                  	–14.818703
                  	16.95
                  	16.05
                  	15.64
                  	C*
                  	0.41
                  	Ce
                  	dK7
                  	K4III
                  	244
                  	1.275
                  	0.528
                  	15
                

                
                  	 2075861
                  	296.212616
                  	–14.82485
                  	17.39
                  	16.56
                  	16.25
                  	M
                  	0.28
                  	C
                  	dK7
                  	K0IV
                  	327
                  	1.119
                  	0.419
                  	17
                

                
                  	 208714
                  	296.182983
                  	–14.828946
                  	17.60
                  	16.81
                  	16.58
                  	M
                  	0.50
                  	Ce
                  	dK7
                  	K0III
                  	219
                  	1.118
                  	0.383
                  	18
                

                
                  	 2092161
                  	296.233093
                  	–14.830748
                  	17.39
                  	16.60
                  	16.31
                  	M
                  	0.24
                  	Ce
                  	dK7
                  	K0III
                  	458
                  	1.118
                  	0.397
                  	18
                

                
                  	 2133793
                  	296.241516
                  	–14.846167
                  	18.41
                  	17.30
                  	16.36
                  	C*
                  	0.37
                  	Ce:
                  	dK7
                  	K0III
                  	489
                  	1.215
                  	0.365
                  	11
                

                
                  	 217716
                  	296.234772
                  	–14.862573
                  	17.71
                  	16.99
                  	16.68
                  	M
                  	0.51
                  	Ce:
                  	dK
                  	K0V
                  	466
                  	1.221
                  	0.404
                  	12
                

                
                  	 223739
                  	296.153625
                  	–14.886689
                  	18.00
                  	17.21
                  	16.92
                  	M
                  	1.00
                  	C
                  	dK7
                  	K0III
                  	131
                  	1.161
                  	0.393
                  	10
                

                
                  	 242563
                  	296.183685
                  	–14.962144
                  	18.24
                  	17.33
                  	16.82
                  	C*
                  	1.43
                  	C
                  	dK
                  	K0IV
                  	222
                  	1.21
                  	0.478
                  	12
                

              


                Notes. In Col. 1 those sources with a superscript reference number are in common with the catalogues of    and . In Col. 7 sources marked with a * were rejected from the photometric sample in Paper I as they did not meet their strict quality control criterion but nevertheless could be classified by them. In Col. 9, source classifications preceded by a “d” denote dwarf stars, “e” indicates the presence of Hα in emission – many also show [S II] and [N II] (see Sect. 4.1.2) – and a colon “:” indicates a tentative classification. The horizontal line separates those C-type sources misclassified as dK or dK7 by the matching program from the rest of the sample. A further 11 sources which showed high energy emission lines are listed in Table 4.

                (1) Kang et al. (2006),


                (2) Demers et al. (2006),


                (3) 
                    Whitelock et al. (2013)
                  


                (4) Kacharov et al. (2012, see Table 13)
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    Table 11 

                73 candidate AGB sources in the outer region (≥ 5 kpc) for which spectra have been obtained. 

              
                
                  	 ID
                  	RA (2000.0)
                  	Dec (2000.0)
                  	
                    
                      J
                    
                  
                  	
                    
                      H
                    
                  
                  	
                    
                      K
                    
                  
                  	Phot. type
                  	Dist.
                  	Spec. type
                  	Kmatch
                  	Dmatch
                  	
                    
                      S
                      /
                      N
                    
                  
                

                
                  	
                  	
                    (deg)
                  
                  	
                    (deg)
                  
                  	
                    (mag)
                  
                  	
                    (mag)
                  
                  	
                    (mag)
                  
                  	
                  	(kpc)
                  	
                  	
                  	
                  	
                

                
                  	
                    

                  
                

                
                  	 12243
                  	296.358276
                  	–13.897025
                  	17.58
                  	16.84
                  	16.62
                  	M
                  	7.81
                  	dM:
                  	dM3.5
                  	M1.5V
                  	13
                

                
                  	 20479
                  	296.329987
                  	–13.938492
                  	17.49
                  	16.72
                  	16.70
                  	M
                  	7.43
                  	dK
                  	dK7
                  	K0III
                  	20
                

                
                  	 27278
                  	296.079315
                  	–13.973788
                  	17.74
                  	16.98
                  	16.90
                  	M
                  	7.21
                  	dM:
                  	dM3
                  	M3V
                  	16
                

                
                  	 29959
                  	296.396942
                  	–13.987878
                  	17.15
                  	16.41
                  	16.30
                  	M
                  	7.10
                  	dM:
                  	dM0
                  	M0V
                  	13
                

                
                  	 35137
                  	296.6521
                  	–14.015325
                  	18.33
                  	17.57
                  	17.32
                  	M
                  	7.56
                  	dK:
                  	dK7
                  	K4III
                  	11
                

                
                  	 38421
                  	296.7117
                  	–14.03266
                  	18.29
                  	17.56
                  	17.35
                  	M
                  	7.67
                  	dK:
                  	dK7
                  	K2V
                  	14
                

                
                  	 63349
                  	296.484314
                  	–14.154216
                  	18.15
                  	17.16
                  	16.43
                  	C
                  	5.91
                  	dK
                  	dK
                  	K0V
                  	11
                

                
                  	 64581
                  	295.60434
                  	–14.160067
                  	17.65
                  	16.92
                  	16.73
                  	M
                  	7.60
                  	dM:
                  	dM1.5
                  	M0V
                  	13
                

                
                  	 67487
                  	296.492676
                  	–14.174297
                  	17.46
                  	16.71
                  	16.57
                  	M
                  	5.78
                  	dM:
                  	dM2
                  	M1.5V
                  	11
                

                
                  	 78272
                  	296.068665
                  	–14.228847
                  	17.94
                  	17.21
                  	17.00
                  	M
                  	5.11
                  	dM:
                  	K7III
                  	M0V
                  	11
                

                
                  	 78560
                  	295.52533
                  	–14.230219
                  	17.56
                  	16.80
                  	16.77
                  	M
                  	7.67
                  	dK
                  	dK7
                  	K2V
                  	19
                

                
                  	 81011
                  	296.979736
                  	–14.242464
                  	17.83
                  	17.11
                  	16.91
                  	M
                  	7.80
                  	dM
                  	dM3.5
                  	M3V
                  	10
                

                
                  	 83584
                  	296.461334
                  	–14.256592
                  	17.03
                  	16.29
                  	16.12
                  	M
                  	5.03
                  	dM:
                  	dM1.5
                  	M1.5V
                  	16
                

                
                  	 86214
                  	295.588501
                  	–14.270535
                  	17.46
                  	16.72
                  	16.56
                  	M
                  	7.04
                  	dM
                  	dM0
                  	M0V
                  	17
                

                
                  	 88989
                  	295.462524
                  	–14.283733
                  	17.55
                  	16.81
                  	16.63
                  	M
                  	7.80
                  	dM
                  	dM1.5
                  	M0V
                  	12
                

                
                  	 89016
                  	295.571045
                  	–14.283828
                  	17.75
                  	16.98
                  	16.86
                  	M
                  	7.08
                  	dM:
                  	dM1.5
                  	M3V
                  	11
                

                
                  	 107892
                  	295.808746
                  	–14.380803
                  	17.90
                  	17.17
                  	17.08
                  	M
                  	5.06
                  	dK
                  	dK7
                  	K0III
                  	13
                

                
                  	 112177
                  	296.821106
                  	–14.404108
                  	17.67
                  	16.93
                  	16.79
                  	M
                  	5.91
                  	dM:
                  	dM1.5
                  	M1.5V
                  	13
                

                
                  	 117401
                  	297.100342
                  	–14.432428
                  	18.51
                  	17.75
                  	17.34
                  	M
                  	7.81
                  	dK:
                  	dK
                  	K0V
                  	14
                

                
                  	 127636
                  	296.787109
                  	–14.488456
                  	17.80
                  	16.99
                  	16.77
                  	M
                  	5.28
                  	dK:
                  	dK7
                  	K2V
                  	11
                

                
                  	 128222
                  	297.023987
                  	–14.491783
                  	17.85
                  	17.05
                  	17.02
                  	M
                  	7.03
                  	dM:
                  	dM3.5
                  	M3V
                  	11
                

                
                  	 140011
                  	296.800354
                  	–14.549609
                  	17.48
                  	16.73
                  	16.57
                  	M
                  	5.14
                  	dM:
                  	dM3.5
                  	M3V
                  	12
                

                
                  	 143954
                  	295.40918
                  	–14.567859
                  	18.05
                  	17.24
                  	17.14
                  	M
                  	7.14
                  	dM
                  	dM0
                  	M0V
                  	11
                

                
                  	 146932
                  	297.072693
                  	–14.582489
                  	17.77
                  	17.04
                  	16.86
                  	M
                  	7.16
                  	dM:
                  	dM0
                  	M0V
                  	13
                

                
                  	 148616
                  	296.853027
                  	–14.590661
                  	18.26
                  	17.49
                  	17.34
                  	M
                  	5.41
                  	dK:
                  	dK7
                  	K0III
                  	13
                

                
                  	 152918
                  	296.812988
                  	–14.611956
                  	18.19
                  	17.45
                  	17.19
                  	M
                  	5.03
                  	C:
                  	C3.2
                  	C
                  	11
                

                
                  	 155389
                  	297.11145
                  	–14.624125
                  	17.25
                  	16.50
                  	16.37
                  	M
                  	7.39
                  	dM:
                  	dM1.5
                  	M0V
                  	21
                

                
                  	 157802
                  	296.911255
                  	–14.636194
                  	17.79
                  	17.06
                  	16.91
                  	M
                  	5.75
                  	dK:
                  	dK7
                  	K0III
                  	16
                

                
                  	 165107
                  	297.148376
                  	–14.671167
                  	17.74
                  	17.01
                  	16.82
                  	M
                  	7.62
                  	dM:
                  	dM1.5
                  	M1.5V
                  	11
                

                
                  	 184165
                  	295.609711
                  	–14.742889
                  	17.68
                  	16.96
                  	16.69
                  	M
                  	5.22
                  	dM:
                  	dM3.5
                  	M3V
                  	12
                

                
                  	 185402
                  	295.516144
                  	–14.746992
                  	16.85
                  	16.11
                  	15.87
                  	M
                  	5.99
                  	dMe
                  	dM1.5
                  	M3V
                  	32
                

                
                  	 200928
                  	295.559082
                  	–14.801364
                  	17.60
                  	16.82
                  	16.65
                  	M
                  	5.61
                  	dMe:
                  	dM0
                  	M0V
                  	19
                

                
                  	 201578
                  	295.527863
                  	–14.803578
                  	17.05
                  	16.29
                  	16.12
                  	M
                  	5.87
                  	dMe:
                  	dM1.5
                  	M3V
                  	25
                

                
                  	 201803
                  	295.621918
                  	–14.804337
                  	17.94
                  	17.17
                  	16.95
                  	M
                  	5.09
                  	dM:
                  	dM1.5
                  	M3V
                  	11
                

                
                  	 208174
                  	295.512543
                  	–14.826831
                  	17.85
                  	17.13
                  	17.01
                  	M
                  	6.00
                  	dMe
                  	dM1.5
                  	M0V
                  	16
                

                
                  	 215764
                  	295.524353
                  	–14.855192
                  	18.01
                  	17.16
                  	17.11
                  	M
                  	5.91
                  	dMe:
                  	dM1.5
                  	M0V
                  	10
                

                
                  	 220386
                  	295.535919
                  	–14.873045
                  	17.77
                  	17.04
                  	16.99
                  	M
                  	5.83
                  	dK
                  	dK7
                  	K0IV
                  	19
                

                
                  	 223551
                  	295.621216
                  	–14.885853
                  	18.13
                  	17.32
                  	17.13
                  	M
                  	5.14
                  	dK
                  	dK7
                  	K0III
                  	13
                

                
                  	 223794
                  	295.547546
                  	–14.886919
                  	17.05
                  	16.32
                  	16.13
                  	M
                  	5.75
                  	dM
                  	dM3.5
                  	M3V
                  	20
                

                
                  	 234263
                  	295.540558
                  	–14.933914
                  	17.48
                  	16.74
                  	16.64
                  	M
                  	5.87
                  	dM:
                  	dM1.5
                  	M0V
                  	17
                

                
                  	 246831
                  	295.639313
                  	–14.980222
                  	17.65
                  	16.92
                  	16.77
                  	M
                  	5.17
                  	dK:
                  	dK7
                  	M0V
                  	11
                

                
                  	 254251
                  	295.404724
                  	–15.01522
                  	16.36
                  	15.60
                  	15.48
                  	M
                  	7.12
                  	dK
                  	dK7
                  	K2V
                  	31
                

                
                  	 276398
                  	295.72052
                  	–15.125569
                  	17.63
                  	16.68
                  	16.07
                  	C
                  	5.08
                  	C:
                  	C6.5
                  	C
                  	13
                

                
                  	 277183
                  	295.640228
                  	–15.129666
                  	16.22
                  	15.48
                  	15.26
                  	M
                  	5.67
                  	dM
                  	dM1.5
                  	M3V
                  	23
                

                
                  	 286135
                  	295.417267
                  	–15.171911
                  	17.02
                  	16.30
                  	16.09
                  	M
                  	7.48
                  	dM
                  	dM0
                  	M0V
                  	12
                

                
                  	 289833
                  	295.405945
                  	–15.189603
                  	16.94
                  	16.17
                  	16.03
                  	M
                  	7.62
                  	dK
                  	dK7
                  	K0IV
                  	30
                

                
                  	 292760
                  	296.767883
                  	–15.204441
                  	15.14
                  	14.40
                  	14.22
                  	M
                  	5.57
                  	dM
                  	dM2
                  	M1.5V
                  	70
                

                
                  	 297583
                  	295.799805
                  	–15.229388
                  	17.06
                  	16.31
                  	16.16
                  	M
                  	5.14
                  	dM
                  	dM0
                  	M0V
                  	39
                

                
                  	 298121
                  	295.47818
                  	–15.232033
                  	17.00
                  	16.27
                  	16.15
                  	M
                  	7.27
                  	dM:
                  	dM1.5
                  	M3V
                  	14
                

                
                  	 299996
                  	295.776978
                  	–15.241439
                  	18.24
                  	17.41
                  	17.25
                  	M
                  	5.34
                  	C:
                  	C3.2
                  	S
                  	10
                

                
                  	 303122
                  	295.743439
                  	–15.257809
                  	18.33
                  	17.57
                  	17.29
                  	M
                  	5.64
                  	dM
                  	dM0
                  	M0V
                  	12
                

                
                  	 305736
                  	295.49173
                  	–15.271272
                  	17.58
                  	16.83
                  	16.68
                  	M
                  	7.35
                  	dK
                  	dK7
                  	K0IV
                  	13
                

                
                  	 309370
                  	295.872925
                  	–15.289667
                  	17.27
                  	16.44
                  	16.29
                  	M
                  	5.14
                  	dM
                  	dM1.5
                  	M3V
                  	18
                

                
                  	 312062
                  	295.534882
                  	–15.303519
                  	17.08
                  	16.33
                  	16.18
                  	M
                  	7.21
                  	dM:
                  	dM1.5
                  	M3V
                  	17
                

                
                  	 312215
                  	295.499207
                  	–15.304358
                  	17.58
                  	16.76
                  	16.75
                  	M
                  	7.45
                  	dK
                  	dK7
                  	K0IV
                  	14
                

                
                  	 313097
                  	295.87912
                  	–15.309017
                  	17.90
                  	17.11
                  	16.88
                  	M
                  	5.24
                  	dK
                  	dK7
                  	K2V
                  	15
                

                
                  	 317557
                  	295.794037
                  	–15.329094
                  	17.83
                  	17.03
                  	16.78
                  	M
                  	5.80
                  	dK:
                  	dK7
                  	K0IV
                  	14
                

                
                  	 317678
                  	295.949036
                  	–15.329528
                  	18.11
                  	17.33
                  	17.07
                  	M
                  	5.09
                  	dM:
                  	dM0
                  	M0V
                  	11
                

                
                  	 318572
                  	295.576233
                  	–15.333383
                  	16.93
                  	16.21
                  	16.05
                  	M
                  	7.10
                  	dK
                  	dK7
                  	M0V
                  	23
                

                
                  	 319631
                  	295.897827
                  	–15.337833
                  	17.39
                  	16.57
                  	16.39
                  	M
                  	5.37
                  	dM:
                  	dM3.5
                  	M3V
                  	26
                

                
                  	 324005
                  	295.537048
                  	–15.357962
                  	17.10
                  	16.37
                  	16.11
                  	M
                  	7.48
                  	dM:
                  	dM4.5
                  	M3V
                  	11
                

                
                  	 324064
                  	295.966644
                  	–15.358248
                  	18.35
                  	17.40
                  	17.07
                  	C
                  	5.25
                  	dM:
                  	dM2
                  	M1.5V
                  	11
                

                
                  	 327377
                  	296.011719
                  	–15.374639
                  	17.91
                  	17.10
                  	17.16
                  	M
                  	5.23
                  	dK
                  	dK7
                  	K2V
                  	14
                

                
                  	 329347
                  	295.516876
                  	–15.380892
                  	17.16
                  	16.36
                  	16.24
                  	M
                  	7.74
                  	dM:
                  	dM1.5
                  	M0V
                  	15
                

                
                  	 330842
                  	296.342438
                  	–15.386158
                  	18.09
                  	17.26
                  	17.22
                  	M
                  	5.06
                  	dM
                  	dM1.5
                  	M3V
                  	12
                

                
                  	 332677
                  	295.648956
                  	–15.39533
                  	17.62
                  	16.89
                  	16.70
                  	M
                  	7.02
                  	dM:
                  	dM1.5
                  	M0V
                  	14
                

                
                  	 344297
                  	296.123199
                  	–15.455264
                  	17.35
                  	16.60
                  	16.47
                  	M
                  	5.66
                  	dM
                  	dM1.5
                  	M1.5V
                  	12
                

                
                  	 344467
                  	296.182312
                  	–15.456194
                  	17.68
                  	16.95
                  	16.80
                  	M
                  	5.60
                  	dK
                  	dK7
                  	K0V
                  	23
                

                
                  	 346806
                  	296.019073
                  	–15.468775
                  	18.21
                  	17.31
                  	16.65
                  	C
                  	5.97
                  	Uncl
                  	dK7
                  	K0IV
                  	11
                

                
                  	 350411
                  	295.58786
                  	–15.487622
                  	17.33
                  	16.58
                  	16.51
                  	M
                  	7.94
                  	dK
                  	dK7
                  	K3III
                  	15
                

                
                  	 355390
                  	295.772949
                  	–15.513988
                  	17.73
                  	17.01
                  	16.74
                  	M
                  	7.19
                  	dM:
                  	dM3
                  	M1.5III
                  	14
                

                
                  	 366911
                  	296.781189
                  	–15.567519
                  	17.99
                  	17.20
                  	17.12
                  	M
                  	7.93
                  	dM
                  	dM0
                  	M0V
                  	10
                

                
                  	 368750
                  	296.538513
                  	–15.576294
                  	17.82
                  	17.06
                  	16.87
                  	M
                  	7.06
                  	dM:
                  	dM1.5
                  	M1.5V
                  	12
                

              


                Notes. In Col. 9 the use of “d”, “e” and “:” have the same meaning as in Table 10. A further four sources which showed high energy emission lines are listed in Table 4.

              


  

  
    
    Astro
    

  
  
    Table 13 

                Spectral source counterpart IDs.

              
                
                  	ID
                  	Kang et al. (2006)
                  	Demers et al. (2006)
                  	Kacharov et al. (2012)
                  	Whitelock et al. (2013) 
                

                
                  	
                    

                  
                

                
                  	167 230
                  	–
                  	–
                  	77 470
                  	–
                

                
                  	168 826
                  	–
                  	–
                  	78 095
                  	–
                

                
                  	184 858
                  	–
                  	–
                  	83 752
                  	–
                

                
                  	187 649
                  	338
                  	–
                  	84 882
                  	–
                

                
                  	188 246
                  	–
                  	–
                  	85 162
                  	–
                

                
                  	188 974
                  	–
                  	1087
                  	–
                  	–
                

                
                  	191 318
                  	591
                  	–
                  	–
                  	–
                

                
                  	194 777
                  	–
                  	–
                  	–
                  	11 271
                

                
                  	195 133
                  	581
                  	–
                  	–
                  	–
                

                
                  	195 884
                  	79
                  	–
                  	–
                  	–
                

                
                  	198 595
                  	474
                  	–
                  	–
                  	–
                

                
                  	199 754
                  	39
                  	–
                  	–
                  	–
                

                
                  	201 454
                  	409
                  	–
                  	–
                  	–
                

                
                  	206 129
                  	298
                  	–
                  	–
                  	–
                

                
                  	207 586
                  	70
                  	–
                  	–
                  	–
                

                
                  	209 216
                  	248
                  	–
                  	–
                  	–
                

                
                  	209 650
                  	–
                  	1084
                  	–
                  	–
                

                
                  	209 652
                  	–
                  	1056
                  	–
                  	–
                

                
                  	213 379
                  	–
                  	–
                  	–
                  	11 764
                

                
                  	225 648
                  	–
                  	–
                  	102 136
                  	–
                

                
                  	226 097
                  	–
                  	–
                  	102 365
                  	–
                

                
                  	226 603
                  	–
                  	–
                  	102 622
                  	–
                

                
                  	228 306
                  	–
                  	–
                  	103 500
                  	–
                

                
                  	242 030
                  	–
                  	–
                  	108 813
                  	–
                

                
                  	245 610
                  	–
                  	1020
                  	–
                  	–
                

                
                  	248 651
                  	–
                  	–
                  	111 423
                  	–
                

              


                Notes. For those sources in Tables 10 and 12 which we have matched with a source elsewhere in the literature, we now provide the identification number for the corresponding source in the catalogues of Kang et al. (2006); Demers et al. (2006); Kacharov et al. (2012); and Whitelock et al. (2013).
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