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ABSTRACT

Context. Spectroscopic data are presented for 162 candidate C- and M-typest®ES previously classified usididHK pho-
tometry, in the Local Group dwarf galaxy NGC 6822.

Aims. This paper aims to evaluate the success of dH& classification criteria used in order to determine the level of error
associated with this method and to refine the criteria for future studies. Uduess rate of a second independent method of
source classification, theN — TiO method, is also examined. We also review the validity of the 4 kpc radial limiogag in

our previous work.

Methods. Spectra of 323 sources, distributed across an area of22 wege taken using the AAOmega multi-fiore spectrograph
on the Anglo-Australian Telescope and have been classified using arianaded classification system and spectral standards
from the literature. 135 of these sources were selected in common witlhdienpetric catalogue of Letarte et al. (2002) which
relied on theCN — TiO method.

Results. Within this sample we were able to classify 162 sources, including 82 C-tigmtésgand 1 anomalous M-type giant,
all members of NGC 6822, and a further 75 foreground K- and M-tiyparf sources. All but 3 of the giant sources are located
within 3 kpc of the galactic centre. Using this spectroscopic sample Jiy photometric criteria for the isolation and classi-
fication of C- and M-type AGB stars have been derived. The errorimatege CN — TiO method, arising from stars incorrectly
classified as C-type, has been estimated te F&6.

Conclusions. Based on the newHK classification criteria, revised estimates of the glob& Catio, 0.95 + 0.04, and iron
abundance;1.38 + 0.06 dex, are presented for NGC 6822.

Key words. techniques: photometric - stars: AGB and post-AGB - stars: carbolaxiga: irregular - galaxies: dwarf

1. Introduction in a population, @, can be used as an indirect measure of
) ) the metallicity of the local environment at the time those st
1.1. Aims of this paper formed (Blanco et al. 1978; Cioni & Habing 2005; Sohn et al.
2006).

As tracers of the old- and intermediate age populatiorl(
Gyr) and producers of dust and heavy elements including car- aq AGB stars are bright in the near-infrared (NIR), where
bon, oxygen, nitrogen and s-process elements asymptetic @ grects of dust obscuration are greatly reduced compared
ant branch (AGB) stars are a crucial part of understandiRg ynrical observations, they will become increasingly amp
the chemical evolution of a galaxy. Furthermore, AGB statgnt for the study of distant galaxies with forthcoming IR-
evolve through several evolutionary phases and make a Syfimized telescopes, where classical optical metalicidi-
stantial co_ntrlbutlon to the integrated light of a galaxg(Rini  ~5t0rs will be too faint. AGB stars as a population, and the
& Buzzoni 1986). o _ C/M ratio as a method of studying them, are important tools
~ During the AGB phase, mixing mechanisms dredge YR advancing our understanding. In order to fully exploié th
triple-a processed material from the He-burning shell. Thig/m ratio as a metallicity indicator, there are two issues that
can cause the stellar atmosphere to evolve from being oxygg@ed to be resolved. Firstly, a better understanding of trgm
rich (GO < 1, M-type stars) through a stage where the relativg,olutionary mechanisms of the AGB phase, including third
amounts of oxygen and carbon are approximately equ@ (Cdredge-up, hot bottom burning, convective overshoot, acl
~ 1, S-type stars) to being carbon-ricl/@C> 1, C-type stars). how these relate to the creation of C-type stars is required.
At lower metallicities the t_ransformanon _from an initialO- Secondly, a reliable method requiring only moderate anmunt
rich atmosphere to a C-rich one is easier, as fewer dredgg+telescope time is needed for selecting C- and M-type AGB
up events are required (Scalo & Miller 1981; Iben & Renzinitars in distant and crowded extra-galactic fields. The difst
1983). Therefore, the number ratio of C-type to M-type staffiese points is being steadily advanced by observatiorsal an
theoretical groups (Izzard & Poelarends 2006; Sté#ieci010;
Send offprint requests to: L.Sibbons1@herts.ac.uk Karakas et al. 2012; GaazHerrandez et al. 2013), while the
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second is the primary aim of this article. By improving the adnformation is derived from the broadband filter coloursH
curacy with which AGB stars can be selected and classifiedwhile the two narrow-band filtersCN — TiO) provide low
using NIR photometry, and by better quantifying the errer asesolution spectral information. When placed on a C-type sta
sociated with this technique, it is hoped that th®&iCatio can the CN filter is on a strong band of CN and the TiO filter is
be more widely applied. on pseudo-continuum (the density of spectral features sean
The Local Group irregular dwarf galaxy (dlrr) NGC 6822here is no true continuum in these stars). While for an M-type
is similar to the Small Magellanic Cloud. Located at a distan star the TiO filter is on a strong band of TiO and it is the CN
of ~ 490 kpc ((n— M) = 23.45+ 0.15 mag) from the Milky filter that sits on pseudo-continuum (Brewer et al. 19950200
Way (MW) (Mateo 1998; Lee et al. 1993), NGC 6822 is théetarte et al. 2002). This leads to a clear separation beiwee
closest undisturbed dirr galaxy beyond the Magellanic @$ou the C- and M-type sources iR |, CN — TiO) space.
The galaxy appears to have experienced a relatively stegely r  The dficiency of theCN — TiO method in selecting AGB
of star formation over the last 11 Gyr, although there are candidates has been examined in the past by Brewer et al.
signs of a recent increase (Clementini et al. 2003; Komiyanid996), who analysed spectra of C- and M-type stars in M31
et al. 2003; Gallart et al. 1996), and it has a large and wellassified using th€N — TiO method and found that the spec-
studied AGB population. NGC 6822 has been the subject wél classifications agreed very well. However, despit@its
multiple studies to estimate its iron abundance (Venn et &lous success, th€N — TiO method does not distinguish
2001; Tolstoy et al. 2001; Davidge 2003b; Clementini et afiotter C-type stars from the general population very well,
2003; Kang et al. 2006). and contamination from foreground M-type dwarfs and back-
Sibbons et al. (2012) (hereafter Paper ) estimated tBgound galaxies can be high (Groenewegen 2006; Demers
global iron abundance of the AGB population of the galax§t al. 2006; Letarte et al. 2002). Also, Brewer et al. (1995)
from the calculated M ratio; using JHK photometry of and Groenewegen et al. (2009) have noted that as the envi-
a ~ 3 ded area centered on NGC 6822(R00Q0) = ronmentaround an AGB star becomes increasing polluted by
19'44m56°, 5(200Q0) = —14°4806") candidate C- and M- dust, the redder colours of the star mean it can go undetected
type AGB stars were classified on the basis of their magréit optical wavelengths. This can be a problem for C-typesstar
tudes and NIR colours to obtain thg\C ratio. However, a in particular, and can lead to higher levels of incomplessne
comparison of the classifications in Paper | with those in ti#d a bias towards the detection of M-type stafigciing the
work of Letarte et al. (2002), who relied on ti@&N — TiO C/M ratio. Furthermore, CN and TiO filters are unavailable at
method to classify sources, suggested that up 20% of the many observatories and as many new facilities are optimised
C-type star population may have been misclassified as M-tyisé NIR measurements, withHK as standard, it is important
stars by theJHK criteria used. A review of the estimated errofo clearly establish criteria for and estimates of the etqukc
in source classification in Paper | and the level of miscfassilevel of error when selecting C- and M-type AGB stars at these
cation in the catalogue of Letarte et al. (2002), which was agavelengths.
sumed to be 100% accurate in all cases in Paper |, are therefor
the secondary and tertiary aims of this work. Using spedtra® opservations and data reduction
a sample of candidate C- and M-type AGB stars common to
the catalogues of Paper | and Letarte et al. (2002), the pres@ 1. Target selection
work is the first to use spectra to examine sources that h

geten clilrs],stirf]ied l;J_sintg ]E)otlﬂ-i f p_hot?rr]neltry "’|‘an ~TIO  andidates that were identified usingJHK photometry in
ata, with the object of quantifying the level of error assocp, o |'of this series. Our photometric data were collected
ated with each technique. We examine the levels of mlselasgjsing the Wide Field Camera (WFCAM) on the United

fication (a C-type star classified as an M-type for examplé) aRingdom Infrared Telescope (UKIRT) and were reduced

also the level of foreground contamination. For each tal@i |\« 'the WECAM pipeline at the Institute of Astronomy
we also examine the impact of any classification errors on tﬁ'neCambridge A more detailed discussion of the observa-

calculated (ZM ratio and the iron' abundance derived from it tions and the reduction processes is presented in Paper |
The remainder of the paper is arranged as follows: First ey \yiil not be repeated here. However, for the reader's
summarise th€N — TiO method as a means of identifying C-

AGB S 5 : h lecti information we note the following: (1) the Schlegel et al.
type stars. Sect. 2 summarises the target selection, f8ggy extinction maps were used to correct for foreground
data and the reduction process. In Sect. 3 & 4 we analyse

; : fdening in the direction of NGC 6822, which is estimated
datfa and report th_e results, followed by a discussion and QH'be EB- V) = 0.26mag and E@ - V) 0.26 mag (Massey
main conclusions in Sect. 5 & 6. et al. 1995) (no correction was applied to account for red-

dening variations internal to the galaxy), and (2) although
1.2. CN = TiO method astrometric and photometric calibrations of the UKIRT

data were performed using the 2MASS point source cat-
TheCN-TiO method (e.g. Palmer & Wing 1982; Richer et alalogue (Hodgkin et al. 2009; Irwin et al. 2004) the pho-
1984; Cook et al. 1986) uses two broadband filters, commonbmetric measures were not transformed into the 2MASS
R and I (or V and 1), and two narrow-band filters, CN andystem. Therefore the colours and magnitudes that are
TiO, to classify C- and M-type sources. The TiO and CN filterguoted here refer to the WFCAM instrumental system;
typically have a central wavelengths of 7750 and~ 8100 should they be required the reader should see Hodgkin
A respectively, and widths aA1140 - 300 A. Temperature et al. (2009) for the relevant transformation equations.

aT“’:frget sources have been selected from potential AGB
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Applying the following colour and magnitude criteria  strument was ideal for our purposes as its two degree field of
to our photometric data nearly 3800potential C- and M-  view allowed us to target sources across all of NGC 6822, both
type AGB sources were identified in NGC 6822;K, < inside and outside the 4 kpc radial boundary.
17.41mag, @-K)o > 0.74mag and J—H)p > 0.72mag. The
colour boundary between the C- and M-type sources was  AAOmega is a dual-beam spectrograph, splitting the light
set at J — K)o = 1.20 mag. An examination of the stellar into red and blue components. During our observations, the
density profiles of the AGB and red giant branch (RGB) 5700 A dichroic was used. In the blue arm we used the 580V
candidate sources led us to conclude that the strongestgrating which has a wavelength range of 3208800 A and

AGBBcand(ijdar:esl_lay within _4fkpc dofhthehga(ljactiq ce?-h dispersion of 10 A pix~L. In the red arm we used the 385R
tre. Beyond that limit it was inferred that the density of t rating which has a wavelength range of 5608800 A and a
NGC 6822 sources had dropped to alevel that _m_ade it Impo%Is_pergsion of 16 A pix ! Bothgconfigt?rations have aresolving
ble to reliably dl_sen_tangle them from the remaining MW fore- wer ofA/Al ~ 1300 ;Fhe maiority of the useful data for the
ground contamination. Therefore the candidate AGB sour : Jority

were split into two groups: (1) those within 4 kpc of the gal

ac assification of C- and M-type sources (i.e. the CN and TiO
tic center (2368 sources), and (2) those beyond 4 kpc (1

3%Qsorption bands) is contained in the red spectrum. The blue
sources). We will discuss the sources selected for follow G data have been useful for the study of some of our sources
spectroscopy in the context of these two groups. As the sp

ect. 4.1.2), but the low signal-to-nois¢N$ in this part of

tral data were collected using a multiobject fibre-fed sqect € spectrum means thaF for thg majority of our sources the
graph (see Sect. 2.2), we were able to targd00 sources.  useful wavelength range is restrictedito 5600 A.

The 2368 candidate AGB stars in the inner region were . ) o ) ) .
cross-matched with the catalogue of Letarte et al. (2002) wh As the density of high priority sources in the inner region
had previously classified 904 C-type AGB stars in a small fielfas very high, no sources between 3 kpc were selected for
lying fully within the 4 kpc radial limit, using th€N — TiO  spectroscopic follow up to make the placement of fibres on the
method; 635 sources were found to be common to both cagfectrograph easier. Of the available fibres, 30 were addca
logues. From this sample of 635 stars, 68 sources within 3 kpe Sky fibres, six were placed on guide stars, 37 fibres could
(all classified as M-type in Paper I) were selected for spectrot be placed, and the remainder were placed on targets of
scopic follow up. A further 67 sources also within 3 kpc (4é1terest. Included in our main target list were three stastelrs
C-type, 15 M-type and six unclassified according to Paper(§2, C3 and C4) from the work of Hwang et al. (2005), the
were selected from th@HK photometric counterparts for an-analysis of which will be the subject of another paper. Five
other 235 sources belonging to the catalogue of Letarte et$gience frames were taken in total, two on the 30 August and
(2002). These sources were included in our target list as #)ree on the 31 August, each with an exposure time of 1500
though they were astrometrically matched with sourcesén theconds. The wavelength calibration frames were takereat th
catalogue of Letarte et al. (2002) they were excluded from ofeginning of each night using a HeCuAr + FeAr + CuNe
analysis in Paper I, by the stringent quality control citter Iqmp. Flat fields were taken at the beginning and end of each
applied, which resulted in the removal of some genuine AGEght.
stars from the sample. The six sources that were unclassified
in Paper | were without a magnitude measurement in at least The data reduction was done using version 5 of ih&d?
one of the three photometric bands. A total of 135 sourcefpeline (Saunders et al. 2004; Smith et al. 2004) to sub-
were selected for spectroscopic follow up in the inner negiotract the bias, divide by the flat-field, extract the spectrd a
all of which had been classified as C-type stars by Letarte etwavelength-calibrate each spectrum. Emission from thbtnig
(2002). sky was removed using a median sky spectrum created from

The majority of sources in the outer region were expectéde spectra collected by the dedicated sky-fibres, althasgh
to be foreground interlopers; 188 sources all at a radial dis common with fibre spectra the sky subtraction in the re-
tance of> 5 kpc were selected. The vast majority of candidagion of bright sky lines was imperfeeind some erroneous
AGB sources in the outer region were classified as M-typer false non-stellar features may have been left in or intro-
this is reflected in the photometric classifications of thige duced to some spectraThis is particularly noticeable around
outer 188 sources (178 M-type and 10 C-type). the atmospheric [O 1] 5577 and 6300 A lines and the Na |

Our reasoning for only selecting target sources 8tkpc 5890 and 5896 A lines. No telluric correction was applied,
or > 5 kpc is explained below. The RA and Dec positionand so the @ A- and B-bands (7594867 A) and the KO
quoted for our spectroscopic targets are taken directiynfroq7186 8227 A) features are visible in all of our spectra. The
the catalogues of Paper I. five individual spectra for each source were then combined
and the red and blue parts of the spectrum were spliced to-
gether at 5700 A. There are recurring errors in the spectra at
2.2 AAOmega data 4584 4740 4764 4772 4890 4911 4990 5000 5354 — 5376
Observations were carried out in service mode on the nigfpeak ~ 5370), 5390763Q 7649 7658 7684 8009 8020,
beginning 30 and 31 August 2011 using the AAOmega mul803Q 804Q 8060 and 8069 A due to defective pixels in the
fibre spectrograph at the. 8n Anglo-Australian Telescope CCD. The same faulty pixels do naoffact every spectrum but
(AAT). Each fibre has a diameter of12. Up to 392 fibres where spurious features are present they are marked by an ‘X’
can be assigned to science targets or sky at one time. Thisimthe following figures and should be ignored.
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RA T —T T T T — T,

Fig. 1. Spatial distribution of all the candidate AGB sources from L
Paper | (black crosses). Sources for which spectroscopic dag wer
obtained but which have/S < 10 (red squares). Sources for which . <0
the spectroscopic data havgNS> 10 (green triangles). The circle 15k * T |
marks the position of the 4 kpc limit inferred in Paper I. . "

(I-H)y

2.3. Data quality

The region between 75307580 A was assumed to be repre-
sentative of the red continuum, as neither C- nor M-typesstar ! ‘ ! . L ‘ L
have strong features in this region, and was used to measul 0 N ! 15
the SN for each spectrum. Due to the short exposure time anc ’

low flux levels, a number of our spectra exhibited very Iov’\é_ ) N ,

SN (< 5 per pixel) and were not considered to be dfisient /9 2- Top: CMD of the same sources as in Fig. 1. Horizontal and
ality to use in our analvsis. It was also noted that a numh: tical Ilnes_me_\rk the position of the tip of the red giant br_anch and

quality ; y . t{ﬁ colour criteria used in Paper I. Bottom: Colour-colour diagram of

of sources with low 8\ had negative flux values at the shortye same sources. The horizontal and diagonal lines markJthe (

est wavelengths which we attribute to poor sky subtractiony; and ¢ - K), colours used in Paper I to remove contaminating

The median BN of our 323 spectra was 10 per pixel, and foreground sources. The diagonal lines representtheK), colour

it was decided that for the majority of our analysis we wouldoundaries used to select C- and the M-type sources.

use only those sources witliNs> 10. This reduced our usable

spectroscopic sample to 162 sources: 85 sources in the inner

region 3 kpc) and 77 sources in the outer regienkpc). 3 Analysis

The spatial distribution of all the sources that were clas
fied in Paper | as being AGB candidates usingthk photo-
metric classification criteria are shown in the top paneligf F The classification of C- and M-type AGB stars is dependent
1, with all the sources for which spectroscopic data were obn the identification of particular molecular features i th
tained highlighted. In Fig. 2 we show the distribution of thepectrum of the star. The spectra of M-type stars contain O-
same sources in a colour-magnitude diagram (CMD) andriah molecular species like titanium oxide (TiO) and vana-
colour-colour diagram. dium oxide (VO), while C-type spectra contain carbonaceous

St 1. Spectral classification
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molecules like G and cyanide (CN). The bandheads of thdian flux value between 7530 7578 A and then smoothed
main molecular features and other lines used for the clasti-the same resolution and interpolated on to the same wave-
fication of our spectra are listed in Table 1. We also includength scale as the comparison spectrum. The spectrum be-
in Table 1 some of the features used to classify S-type stalisg used for comparison were also normalised over the range
mainly zirconium oxide (ZrO) and VO - although none werg530- 7578 A, and both spectra were then truncated to the
detected in our sample. wavelength range 58008250 A. The upper wavelength limit
The spectra presented here have been classified in twgs reduced when the comparison spectra did not extend far
ways. Firstly, each was classified using our spectral magchienough into the red.
program (Sect. 3.1.1). Secondly, each spectrum was cesifi  To ensure that only the molecular or line features, and not
by eye. the slope (which may befacted by the metallicity of the star,
reddening variations in the foregroundffdrent instrumenta-
tion and the data reduction processes used) would be used to
determine how well the two spectra matched the slope in the
To ensure that our spectra were classified in a consistent @eitinuum level of our spectrum was realigned to match that
objective fashion, it was decided to attempt to automate théthe comparison spectrum. This was done by dividing the un-
classification process. This was done by comparing®re- classified spectrum by the standard, and then making a linear
gions in each of our spectra with the same regions in spettrdibthrough regions 12 and 3. Then by dividing our spectrum
known type taken from standard libraries in the literatdie by the fit we were able to realign it with the standard. This
goodness of the match between the two spectra was asse@gglimportant, as the slope of stars of apparently of the same
using ay? test. spectral type in the libraries of Danks & Dennefeld (1994) an
The regions selected for comparison were 1) 5820 Kacharov etal. (2012) were veryftérent.
6750 A, 2) 6900- 7500 A and 3) 8170- 8210 A (Fig. 3). Regions 12 and_3 (vyhere possible) in the unclassififed
The wavelength ranges of regions 1 and 2 were chosen to $iectrum were then individually compared to the same region
clude the strong molecular features of TiO and CN, and 8 the standard spectrum usingatest. The flux error values
avoid the atmospheric £{bands. Certain luminosity indicat- Obtained during the reduction process, were used in the cal-
ing features are also present in regions 1 and 2, but regio§@ation ofy? for each region. Thg? value for each region
was chosen specifically for this purpose and includes the N##s then summed to provide a tog&l value which was used
(81838195 A) doublet. All three regions were compared withP 8ssess the goodness of the match between the unclassified
the chosen library spectra where possible. The standard sg#!d the standard spectra. This process was repeated so that
tra used for comparison were selected from the libraries ®Rch of our spectra were compared with every spectrum in the
Danks & Dennefeld (1994) and Kacharov et al. (2012), boffpraries of Danks & Dennefeld (1994) and Kacharov et al.
of which can be obtained through the VizieR database. ~ (2012). Once every potentlallmatt’:h to the unclassified spec-
The spectral library of Kacharov et al. (2012), which corf@ had been assessed, the “best’ match (i.e. the match with
tains spectra of 546 sources at a resolution of-123 A in the lowesty<), from each library of standards was identified.

the wavelength range of 500010,000 A was particularly Figure 3 shows one of our spectra (ID:211898) and the spec-

" ; tra from the spectral libraries of Kacharov et al. (2012) and
useful, as it is the largest spectral library of AGB SOUrC&S,nks & Dennefeld (1994) that were assigned as being the

in NGC 6822. It includes M-type giants of subclass M, M P ;
MO.5, M1, M2, M3. M4, M5, M6 and M6.5. S-type giantsobeSt match. We have not attempted to attach significance lev

; Is to our derived/? values, as due to the multiple manipu-
gf;gbélgsss S% aé:n8d2§4 and ”C-ty?e glants gflf“bCIaschaﬁ%%ons of our spectra, the errors of each point are no longer
5, C6.5 and C8.2; as well as foreground K-type (dK, dependent and the distribution is unlikely to be Gaussian

and M-type (dM, dMO, dM1, dM1.5, dM2, dM3, dM3.5, dM4,

: S Although they? test may present us with the ‘best’ match
dM4.5, dMS, dM6) dwarf stars in the direction of NGC 6822f0r our spectrum from the list of spectral standards pra¥jde

Unfortunately, due to thefiects of severe fringing at redder, are aware this may not necessarily be the ‘right’ clagsific

wavelengths, Kacharov et al. (2012) suggest that the use} e .
wavelength range of their spectra is limited to 5600800 A. lon. Therefore, each classification was checked by eyaagai

: ) ; the suggested best matches, Fig. 3, and also against the spec
We did not rely on their data beyond 7500 A. This meant 4| standards given in the ‘Atlas of digital spectra of cstalrs’
that we were only able to compare features in regions 1 angh¢ Tyrnshek et al. (1985). The visual inspection also altbwe
when matching our spectra to those of Kacharov et al. (2012} 1o identify any noteworthy features present in the spegtr
_The assessment of features in region 3 of our specHgch as emission lines which are present in about a quarter of
relies on comparisons with the spectral standards of Dankgr spectra (see Sect. 4.1.2 & 4.2.2).
& Dennefeld (1994). Danks & Dennefeld presented a cata- The spectral classifications assigned by the matching pro-
logue of spectra for 126 sources, but only includes one gam were confirmed by eye in the majority of cases. In the
type star and two C-type stars, with no subclass given. TBgier region the automated classification was confirmed in
Danks & Dennefeld (1994) spectra cover the wavelength ranggos, of cases when using the spectral library of Danks &
5800- 10, 200 A with a dispersion of 8 A pix~* from which  pennefeld (1994) and in 95% of cases when using the spectral
we assumed a resolution ef9 A. standards of Kacharov et al. (2012). In the inner region, the
In order to compare our spectra with those in the spectisituation was more complex: overall when using the librdry o
libraries, each of our spectra was first normalised to the meanks & Dennefeld (1994) our by eye classification agreed

3.1.1. Automated spectral classification
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A1(A) Feature Comment

4861 H3F-line Fraunhofer F-line. Seen in emission in some of our stars.

4959 [0l Forbidden emission line of doubly ionized oxygen]/3 strength of the 5007 A line. Seen in some of our stars.

5007 [O1] Forbidden emission line of doubly ionized oxygen. Seeroime of our stars.

5165 G Degrades blueward from band head.

5167 Mgl Visible in all G, K,and M-type stars until M4 11l or M6.5 V; greatinhanced in dwarfs.

5173 Mgl See comments for Mg 1 5167 A.

5184 Mgl See comments for Mg 1 5167 A.

5211 MgH Broad absorption feature in M-dwarfs; degrades towardithet.

5298 zZrO Several ZrO bands beginning at 5298 A. Visible in mid S-types.

5577 [O1] Telluric oxygen emission line.

5636 G Degrading blueward.

5730 CN

5810 TiO Visible at M2 to M3.

5862 TiO Visible at MO to M1.

5890 NalD-line Visiblein all G-, K- and early M-type stars. Greatly enlehion dwarfs; overwhelmed in M-giants by M2.

5896 NalD-line Asabove.

6005 G Molecular carbon feature degrading blueward.

6059 G Molecular carbon feature degrading blueward.

6132 ZrO Several ZrO bands beginning at 6132 A. Increasing ingttramith later spectral type.

6159 TiO Bandhead degrades redward.

6162 Cal Enhanced in M-dwarfs.

6206 CN

6300 [O1] Telluric oxygen line.

6332 CN

6363 [O1] Telluric oxygen emission line.

6385 CaH Band used as an M-dwarf indicator.

6478 CN

6532 VO Seen in S-type stars.

6548 [N1I] Forbidden emission line of singly ionized nitrogen]/3 strength of the 6583 A line. Seen in some of our stars.

6563 Hy C-line Fraunhofer C-line. Seen in emission or absorption in some oftarg. s

6569 TiO Several TiO bands beginning at 6569 A that are marginally vigigarly M-types.

6583 [N1I] Forbidden emission line of singly ionized nitrogen. Seen inesofrour stars.

6631 CN

6716 [SI] Forbidden emission line of singly ionized sulphur. Seen inesofiour stars.

6731 [SI] As above.

6867 Q B-band Fraunhofer B-line. A telluric absorption feature.

6908 CaH Discussed with CaH (6946 A) below.

6925 CN

6933 ZrO Seen in s-type stars. Clearly visible by mid-S.

6946 CaH Strongest in early M-dwarfs. Bands of CaH serve to widdraapen the TiO bands in this region.
Blended with the @B-band.

6988 ZrO Seen in s-type stars. Clearly visible by mid-S.

7054 TiO Clearly visible at K5; bandhead degrading redward.

7088 CN

7186 HO Telluric band. Degrading redward.

7198 TiO Distinct from M1.

7219 TiO Distinct from M1.

7259 CN

7269 TiO Distinct from M1. Combined with TiO bands at 7198 and 7219 Aterea distinctive triple dip feature.

7334 VO Several bands of VO beginning at 7334 A and increasing ingttrdérom late M-type stars.

7437 CN

7590 TiO Blended into the £A-band.

7594 Q A-band  Fraunhofer A-line. A telluric absorption feature.

7628 TiO Several TiO bands follow on from 7666 A, creating a wide degioa in the region immediately following the telluric.
O, feature. Seen in M-type stars of all luminosities. First seen around l@nhieg very pronounced by mid-M.

7861 TiO

7876 CN Several CN bands follow on from 7876 A. Obvious in supetgjaveaker in giants; not seen in dwarfs.

8026 CN Several CN bands follow on from 8026 A. Obvious in supetgjaveaker in giants; not seen in dwarfs.

8183 Nal Strong in dwarf stars.

8195 Nal As above.

8227 HO Weak telluric feature. Degraded to the red.

8498 Call Strongest in late K-type through mid M-type stars; strongegaints and super giants; weaker in dwarfs.

8542 Call As above.

8662 Call As above.

6

Table 1. The atomic and molecular features used to classify C, M- and S-type Ftarsvavelengths of some of the major telluric features
seen in our spectra are also listed. The most important of these fehawedeen marked on the spectra. Comments are included, where
relevant, from the work of Turnshek et al. (1985), Kirkpatrick et 4891) and our own observations. Also included are the wavelengths of
some important emission lines seen in some of the spectra.
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MW (~ 44 kms™; 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 indficient ac-
curacy to distinguish between Galactic and extra-galactic
stars in this direction. However, because of the large num-
ber of stars in our spectral sample it has been possible to

L i determine the mean radial velocities of those stars in the
L 1 inner region, i.e. less than4 kpc from the galactic cen-

centre, quite well. Radial velocities were determined sepa
rately 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

W counts. As the spectrograph had been configured primar-
ily for deriving spectral types from broad molecular bands

over a wide wavelength range, the spectra were not opti-

mised for accurate radial velocity measurements, but nev-
ol o ertheless the narrower, Ca | infra-red triplet lines were
5000 6500 7000 7500 8000 found to give a tolerable cross-correlation signal. The sta

Wavelength (4) in the inner region were found to have a mean heliocen-
tric radial velocity of —40.4 + 4.2 km s71; the uncertainty

Fig. 3. Three spectra that have been normalised and had their slopgemted is the standard error in the mean. The stars in the
realigned for comparison. In the middle is the spectrum for one of oguter region, which we expect to be predominantly MW

sources, ID: 211898 (bIaCk ||ne) TOp is the SpeCtrum from Danlféreground StarS, were found to have a mean he“ocentnc

& Dennefeld (1994) (green line) and bottom is the spectrum fromy dial velocity of —~1.1+8.8km s The difference between
Kacharov et al. (2012) (blue line) tha'g were selected as being the two subsamples is therefore-39.3 + 9.8 km slie sig-
match for our spectrum by th& matching program - both are C-typenificant at the 4.0v level.

stars.
This important result provides further, kinematic evi-

dence of the result we presented in Paper I, that the stars
with that of the matching program for 49% of the spectra andore than 4 kpc from the centre of NGC 6822 mostly be-
for the Kacharov et al. (2012) library the agreement leved wéong to the foreground. However, it cannot be used to iden-
65%. The lower success rate of the matching program in ttify individual foreground stars in our sample, for that pur -
inner region was traced back to a subset of the stars that wpose we haveelied on the presence of spectral features and
classified as K-type dwarf stars when using the Kacharov etebmparison with spectral standards to confirm the luminos-
(2012) library and primarily as K-type giants when using thiey class assigned to our spectral sources by the automated
Danks & Dennefeld (1994) library. Upon visual inspection ofnatching program. For example, in M-type stars the presence
these sources, weak CN features were detected and 26 souaoels strength of some spectral features can be used to dis-
were reclassified as C-type giants. The consistency witbtwhicriminate between dwarf and giant stars, like the Na D lines
these sources were classified as K-type stars in comparisdnich are greatly enhanced in M-type dwarf stars in compar-
to the successful classification of several more C-typecgsur ison to M-type giants. Hydride features (e.g. CaH, MgH) are
suggests that these sources do form a distinct group, asswe dlso stronger in dwarf stars due to their higher surfaceigrav
cussin Sect. 3.1.4. If these sources are excluded when comhe wavelength range of region 3 used in the automated clas-
ing the automated and by eye classifications of sources in 8ification program was chosen specifically to target the Na |
inner region, the agreement increases to 72% when using #iblet at 8183 and 8195 A. However, we have also relied on
Danks & Dennefeld (1994) and 93% when using the Kacharg@ve presence and strength of the following features; the Ca |
etal. (2012) library. line at 6162 A, the Na | doublet blend at 5890 and 5896 A and
the MgH bandhead at 5211 A during our automated and by
eye classifications. These identifiers were selected as ¢t M
band head is a strong feature in the spectra of late K- and M-
While the molecular bands of CN and TiO provide robust crtype dwarf stars, and while both the Na | doublets are seen in
teria for the classification of a source as either a C- or Metypthe spectra of giant stars they are stronger in dwarf sources
the distinction between luminosity types is moréfidult. In  However, as the Na | D-line is also seen in the spectrum of
other studies, the radial velocity or proper motion of indi- the night sky it must be treated with caution. The Ca | line is
vidual stars have been used to dferentiate between extra- also enhanced in dwarf stars in comparison to giants. All fou
galactic giants and foreground dwarfs. However, the rel- features are present and marked on the average dMO spectrum
atively low resolution of our spectra and the small dffer- (see Sect. 3.1.4) presented in Fig. 4. Although the inangasi
ence between the radial velocities of NGC 6822 and thelevels of noise at bluer wavelengths and poor sky subtnactio

Normalised Flux

% tre, and the outer, i.e. more than4 kpc from the galactic

0.5

3.1.2. Luminosity classification
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Ratio Feature Measured Numerator Denominator
FETh . A CaH (6975 A) 7020- 7050 A 6960- 6990 A
2L 4 B Ti (7358 A) 7375- 7385 A 7353- 7363 A
C Nal(81838195A) 8100-8300A 8174-8204 A
. D Call (8542 A) 85678577 A 8537-8547 A

al ‘ TiO Tio MNa | ) i ) .
MgH F Ca IOI ‘ ‘ Table 2. Summary of the four colour ratios defined by Kirkpatrick
- f ! etal. (1991).
" WM

representative of spectral subclass of the two luminogpgg,
in the three panels of Fig. 5. In each plot we have also shown
1 theline which we have judged, by eye, best separates thd dwar
0 and giant sources with the minimum of cross contamination.
Ratio C, shown in the top panel, shows the cleanest sepa-
ration 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 due to anomalies in its spectrum (see
Sect. 4.1.4), we cannot draw any conclusions about theCatio
distribution of M-type giants; although we speculate thatra
from bluer @ — K)o colours the ratio C distribution of the M-
type giant population would not be too dissimilar from that
Fig. 4. The average spectrum (see Sect. 3.1.4) for the sources clas$ithe C-type stars which have values betweét®@nd 101.
fied as dMO is.shown ('[Op). The moIepuIar bandhead anq line featurﬁ$e K-and M-type dwarf sources in our Spectra| Samp|e show
used to identify the dwarf sources in our spectroscopic sample g6 grrower distribution than the giants, betweed80- 1.20
marked. For comparison we show (bottom) the spectrum of a MO {{iye majority of which have ratio G 1.06). The distribution
féari(;rrlzni aKr?é:hzarov et al. (2012). R1 and R2 refer fo classificati ratio C values for the two types of dwarf are very similar.
g ' Kirkpatrick et al. (1991) noted that for the individual @i
A and C, both of which rely on features which are stronger in
in our spectra mean that it has not always been possibledwarf stars than in giants, that the giant sources lay bethew t
identify all of these features in every spectrum, the presendwarf sources when the ratio was plotted against specpal ty
of at least 2- 3 has provided the basis for the classification dfor ratios B and D, which rely on features which are stronger
dwarf stars in our spectroscopic sample. While the classifioa giant stars, the situation was reversed. They theretargfst
tion of some of the sources in our spectral sample as dwal®senhance the separation between the two luminosity types b
is not as robust as we would wish, we are confident, basedging ratios of the individual colour ratios. We have applie
our automated and by eye classifications, that our classifiteese ratios of ratios and found them useful, but note ttegt th
tions are correct. work less well for early type spectral sources as the indizid
ratio values for the dierent luminosity types are quite similar
- especially for ratio A. We present the two ratios of ratioatt
we found best separated the giant and dwarf sources in our

As an independent check on the luminosity classification §&mple, BC and DC, in the middle and bottom panels of Fig.

our sources, we applied the ‘colour ratios’ of Kirkpatridkaé

(1991). Kirkpatrick et al. presented spectra of 77 dwarfssta  The colour ratio’s of Kirkpatrick et al. provide a useful

(K5 - M9) and 14 giant and super-giant sources (K5 - M5) gonfirmation of the luminosity classification of our spettra

a resolution of 18 A in the wavelength range 6300000 A. sample. _More _generally howev_er, the use of these ratios as a

As part of their analysis they used colour ratios to distisgu 00! to discriminate between flierent sources types in large

between luminosity classes. Colour ratios are calculasgghu Photometric surveys is limited by the availability of the re

the ratio of the summed flux in two regions of the spectrun‘i,u'red narrow band filters and the throughput of those filters

one containing a feature of interest that can be used as a lumi

nosity indicator and a second relatively featureless retliat

is used as proxy for the continuum. Kirkpatrick et al. (1991

defined four such ratios, A to D, which we list in Table 2. Once the automated classifications were checked by eye,
When applying these ratios to our own data ratio C arsburces which had been assigned to the same spectral subclas

two ratios of ratios, BC and DC, showed a distinct separationwhen using the library of Kacharov et al. (2012) were com-

between those sources we classified as giants and thosepased to ensure they were consistent. The top panel of Fig.

classified as dwarf stars. The calculated ratios for eaciceou6 shows an example of this for sources classified as dM3.5;

are plotted against its)(— K)o colour, which we have used aseach spectrum has been normalised and then plotted with a

Normalised flux

1 | L | | 1 L L | |
6000 7000 8000
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-1 L
5000

3.1.3. Colour ratios

.1.4. Average spectra
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— —T
Ratio C = 0.0764(J-K) + 0.9318

T — — T
Ratio D/C = -0.1875(J-K) + 1.3625

slight ofset, 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 a
particular spectral type were consistent with one another,
average spectrum was created for each type in order to reduce
the random noise in the spectrum. For those sources classifie
as dM3.5, the average and the 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 reso-
lution as the standard spectrum; this has the additional ben
efit of increasing the Bl per resolution element. However,
the average dM3.5 spectrum, and other average spectra pre-
sented are still fected 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 spec-
trum for the sources classified as dM3.5 and the dM3.5 stan-
dard spectrum is good. The presence of key molecular TiO
bandheads~ 6159 6569 7054 A) can be clearly seen in the
average spectrum, as can the CaH band (6386 A). Also seen
in the average spectrum, though less obvious in the standard
spectrum due to fringing, is the widening and deepening red-
ward of the Q 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 dif-
ferent spectral subclasses found in our sample for the €-typ
giants and the M- and K-type dwarfs. Identifying spectral-fe
tures have been marked in each panel. However, we note that
the spectral subclasses assigned to the spectra in ouresampl
by the matching program should be treated with caution for
two reasons; firstly 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 hav
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 themselvesidf th
is the case this error would propagate to our own classifica-
tions. Secondly, 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 li
brary. As the Kacharov et al. (2012) library does not congain
full set of M- and K-dwarfs or C-type stars of every subclass
and luminosity class, we cannot assume that a source classi-
fied 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 initidifitas
cation of our spectra by our matching program has been very
successful, we do not necessarily assume that the subslass i
correct. However, these subclasses are probably indicafiv
the difering spectral subclasses of these sources.

In the top panel the average spectrum for theedént sub-
classes of M-type dwarf in our spectral sample are shown. The

Fig. 5. Top: Ratio C vs. J — K)o for our spectroscopically classified sample.increasing strength of the TiO bands between dM0 and dM4.5
Symbols are as follows: red squares - C-type giants, bluegiés - M-type  suggests that the division of the sources used to build the av
dwarfs, cyan crosses - K-type dwarfs and green hexagon fldgjent (see erage spectra was accurate. The middle panel shows the av-

Sect. 4.1). Middle: Ratio RRatio C vs. § — K)p. Bottom: Ratio DRatio C
vs. (J — K)o. In the top left corner of each plot we show the typical errarsb

erage spectrum for each of the most common types of C-type

associated with the)(— K)o colour and measured ratio of each point. In eacfftar detected in our sample, C3.2, C5.5 and the more general

panel the diagonal dashed line marks the estimated sepatmtaen the C-type. The average spectrum labeled as C-type has been cre-
two luminosity types.

ated using sources that were matched with the ‘C’ spectrum in
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in the average spectrum where we identify Eind the [S II]
‘FO‘“ Pl x % ] doublet (see Sect. 4.1.2 and 4.2.2 for further details).[Ohg
(6300 A) line is also visible but this is probably the resuilt o
i | poor sky subtraction rather than a real feature. Compahag t
U M average spectra for the C3.2 and C5.5 sources, we again see
the strengthening of distinguishing molecular featuneshis
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 iffgtient number to build up
a useful average spectrum.

In the bottom panel of Fig. 7 we present an average spec-
trum for those sources classified as dK7 by the matching pro-
gram and that were confirmed to be K-type dwarf stars fol-
lowing our visual inspection. While we cannot compare the
dK7 average spectrum to other dwarf K-type spectra of a dif-
ferent subclass, the average is consistent with the spefdtra
type dwarfs in the spectral catalogues mentioned above dWVe d
not show an average spectrum for those sources classified as
dK, as their number was infiicient to create a useful average
spectrum. In the same panel we also show the average spec-
trum for those sources which were initially classified as @K7
dK by the matching program but which we later reclassified by
eye as C-type stars (26 sources, all located in the inneomegi
of NGC 6822). The average spectrum for these sources shows,
like the individual spectra, that while the CN bandheads at
7876 and 8026 A are present, and those at 68288 7259 A
and possibly 7437 A 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 aver-
age dK7 spectrum can be distinguished by the presence of a
distinct Ca | (6162 A) absorption line which is not seen in
the average spectrum of those stars which were reclassified.
The reclassified C-type giant average spectrum shows the C
(5636 A) band head 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

Normalised flux

P

P R A L v L
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R2 ] may have resulted in pogf values being derived when com-

B IR L paring them with the C-type spectra in the library of Kackaro

s so00 e300 2000 7500 2000 etal. (2012), the earliest of which is C3.2. An attemptedamat
Wavelength (£) with the M-type spectral standards in that library wouldals

have resulted in pogy? values. As a result it is possible that
Fig. 6. Top: Six of the seven spectra classified as dM3.5 by the autie relatively featureless spectra of the dK and dK7 staisdar
mated matching program are presented with a dM3.5 standard spe®vided the bes;gz value with the result that these early C-
trum from Kacharov et aI_._(2012) (thick black line). The seventtype sources were misclassified as late K-type stars.
source _(ID:_12tﬁ22§|) C'asﬁ.'f'ﬁd ‘ti)s dMsaiﬁ"aS Ie)t(cgdtetd d“%tlo eXCeS- |In Table 10 we present the final spectral and luminosity
sive noise in the blue which obscured the plot. Bottom: The av P ; : : :
age (thick solid line) of all seven spectra classified as dM3.5 inclu [aSSIflcatlon for all the sources in the inner region, afaiith

ing source 1D:128222, and the same dM3.5 spectrum from KacharoyM€ photo_metrlc data. The data are pregen}ed as follows, in
| 1 the unique ID number of the source is given, cols 2 & 3

et al. (2012) (thin solid line). Our spectra have been smoothed to ﬂ?@ . _ s
same resolution as the Kacharov et al. (2012) data (in both panél§2 the Right Ascension and Declination (J2000), cols 4, 5 &
for comparison purposes. 6 list the reddening corrected magnitude of the sourcg lh

andK magnitude, cols 7 & 8 list the photometric classification

of the source and its distance from the galactic centre (deco
the library Kacharov et al. (2012). Although Kacharov et alng to Paper I). Cols 9, 10 & 11 list the source’s final spectral
(2012) gives no information about the subclass of this spedassification and the spectral classifications (including-
trum, from the strength of the CN features we suggest that tlilass) assigned by the matching program when using the spec-
spectrum is consistent with an early to mid C-type star, sirtral libraries of Kacharov et al. (2012) and Danks & Denngfel
ilar to a C3.2. Interestingly all of these sources classiéied (1994) respectively. In cols 12, 13 & 14 we list the ID number
simply C-type show emission lines; these lines are enhanded the source in the catalogue of Letarte et al. (2002) aed th
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values they give forR— 1) and CN - TiO). Lastly in col 15
we list the 3N for each spectrum. With the exception of the
data from Letarte et al. (2002) the same information isdiste
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 3N > 10. However, of the 161 spectra collected
with §/N below this threshold, a small number displayed fea-
tures that were dfciently strong at wavelengths> 6000 A

that we were able to make a tentative classification. Usiag th
techniques discussed above we have classified a further 43
sources (32 in the inner region and 11 in the outer regior) wit
S/N~ 7 - 10. Data for these sources are presented in Table 12
in the same format as in Table 10. The remaining 117 sources
in our original spectroscopic sample were too noisy and the
important spectral features could not be distinguished,ras

sult these sources could not be classified.

4. Results

We now assess the success with the which the colour and mag-
nitude criteria determined in Paper | (Sect. 2.1) correcite-
gorised the sources in our spectroscopic sample. By rengewi
the colour and magnitude distributions of sources with con-
firmed spectral type, we can improve the criteria for thecsele
tion of C- and M-type AGB stars when using NIR photome-
try, and provide an estimate of the error associated with thi
method and our 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 ottie 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
suficiently 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 iflass
cations assigned to these sources in Paper | is shown in Table
3.

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 la-
beled R1 and R2 contain strong absorption bands resembling
the TiO 6159 and 7054 A bandheads, seen in the M-type stars
in Fig. 7. However, the TiO 6569 A bandhead is unclear or
absent. More unusually, at > 7500 A where the CN and

F|g 7. Top Average spectra of the ftkrent subclasses of M_type T|O f||ters dISCFImII’late, the Spectrum appears to ShOW the CN
dwarf identified in our spectral sample. Middle: Average spectra @76 A and 8026 A bands. Furthermore, the telluric &
the most common types of C-type giants identified in our sampleand shows little sign of the red extension associated with

Bottom: Average spectrum of the genuine dK7 sources in our sampigy 7628 A. Due to the unusual nature of this spectrum
and the average spectrum of those sources classified as K-type d Wéi
stars by the matching program but which were later reclassified
eye as early C-type stars (bold line). The C3.2 average spectru
plotted again for comparison.

the crowding issues near the centre of the galaxy we
nsidered the possibility that light from a source other
han other intended target had been captured in this spec-
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Spec. Type Phot. Type (Paper I)
M-type giant C-type giant RGB Foreground Other
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

Table 3. A summary of the classifications assigned in this work, and in Paper I, 85H&N > 10) sources in our spectral sample for the
inner region. The column headed as ‘other’ refers to those souratwéhe excluded in Paper | due to the quality flag criterion used.

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 conéin
sources in the inner region. In the CMD we can see that the
C-type giant population extends significantly bluewardref t
(J = K)o = 1.20 mag colour boundary imposed in Paper |. On
the other hand the one potential M-type giant we have identi-
fied sits redward of J — K)g colour separation with a colour
of (J - K)o = 1.41 mag. This confirms that there is a sig-
nificant overlap between thel & K)g colours of C- and the
M-type AGB sources in NGC 6822. The C-type population
covers a colour range of&0 < (J — K)o < 2.05 mag with the
peak of the colour distribution falling betweeri@-1.20 mag.
Approximately 70% of the 79 spectroscopically confirmed C-
type stars havel(— K)q colours bluer than.20 mag, although
only 9% of sources havel - K)q colours of less than.Q mag
(we remind the reader that we preferentially targeted staws
4 : ing (J—K)o < 1.20 mag but that were classified by Letarte et al.
NI B I TR L as C-type stars, so this colour distribution is not unbiased
6009 6500 Wavelezg’g o 7500 8000 It can be clearly seen in Fig. 9 that the C-type giant sources
form a diagonal branch toward redder colours from around

_ _ _ (J-K)o ~ 1.0 mag, with a general trend toward brighter mag-
Fig. 8. Spectrum of source ID: 197590 (bold line), ID: 788 in the catpjtdes at redder colours.

alogue of Letarte et al. (2002). This star has been spectroscopically

classified as an M-type giant, but also shows CN features. Above is The bottom left hand panel of Fig. 9 showd(K, J-H)o
plotted the spectrum of gn M1 1l star_, from the catalogue of Kachar@p|our-colour diagram of the spectroscopic 5amp|e in theiin
etal. (2012).for comparison. Below is plotted the average C3.2 SPg6gion. With two exceptions, all of the C-type sources in the
trum. The TiO and CN bandheads and other molecular and atorgitsiy spectroscopic sample have{ H)o colours redder than
features have been marked. 0.72 mag. This is a reflection of the colour criterion applied to
the photometric sample from which our spectroscopic target
were selected; however we do note thaf0% of the C-type
sources have)(— H)p > 0.8 mag. The first of the exceptions
(ID: 216688) was astrometrically matched with a source @ th
catalogue of Letarte et al. (2002) and so was included in our

CN CN CN C

Normalised flux

5

R1 R2

trum. Within our own catalogues the closest neighbouring

source was~ 2 away. As this is nearly double the radius of g ciroscopic sample although it was originally rejectechf

the instrument fibres we concluded that even the closest of i photometric catalogues of Paper | due to its quality flag
the neighbouring sources was unlikely to contaminate the ¢ |agsifications. The second exception (ID: 204144) was also
spectrum of our apparent M-type giant. However, one or raiacted in Paper | due to the quality of its photometry and

more other sources either in NGC 6822 or along the line of 55 143 hand magnitude has been recorded for this source we
sight that we are unaware of may still have contaminated .onnot derive a value 0B H)o.

the spectrum. On the other hand, if this unusual spectrum
does originate from a single source, the anomalous features  The three spectrally confirmed dwarf sources detected
we observeindicate why Letarte et al. classified the source agithin the inner region display a much narrower rangdldkK

a C-type star and why we hesitate to classify it as an M-typelours and magnitudes. Collectively the M- and K-type dwar
giant. The true nature of the star remains a mystery, buhfor tstars have aJ - K)q colour range of D1 - 1.13 mag and a
remainder of this work we shall regard it as an M-type giarftl— H)o colour range of ¥0—-0.78 mag. The number of dwarf
(the only one in our sample), however it is clearly not represources in the inner region is too small to place any strong co
sentative of that population. straints on the colours of the foreground population bufilit w
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Fig. 9. Top: CMDs of all the spectroscopically identified source8N(S 10) overlayed on the AGB candidate sources classified in Paper |.
On the left are sources from the inner regign3kpc) and on the right are sources from the outer regioh kpc). The symbols used are the
same as in Fig. 5. The solid horizontal and vertical lines mark the seleciteria used in Paper |. Bottom: Colour-colour diagrams of the
same sources as above. The solid diagonal and horizontal lines readdéttion criteria used in Paper I. The dashed horizontal line marks an
alternate colour criterion atl(— H) = 0.80 mag discussed in the text. The long dashed diagonal line and the alzdiagbnal line represent

the blue limits used by Kacharov et al. (2012) and Bessell & Brett (183&)ectively to try to eliminate foreground sources.

make an interesting comparison with the colours of the targha in emission. In addition to H, 25 stars (20 in the inner
dwarf population in the outer region (Sect. 4.2.1). region and 5 in the outer region) showed forbidden emission
lines (e.g. [S 1],[N 11]) in their spectra. These sources de-
noted by an ‘e’ in their classification in Table 10. A furthér 1
sources (11 in the inner region and 4 in the outer region, see

During our by eye examination of the spectra it was noted thEble 4) also showed [O 11]] and#Hin the bluer part of the
about a quarter of our main sample of 162 sources showsRECtrum between 48005050 A. The presence of forbidden

4.1.2. Emission line stars
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lines was unexpected as they suggest low density, high gnewge therefore conclude that these two stars are moving t@vard
environments around these stars which are not consistémt vithe terminal phase of their evolution on the AGB track and the
those expected around AGB or dwarf stars. We have been emission lines we see in their spectra are probably thetrelsul
able to categorically classify these emission line soyroes shock excitation of material lost from their envelopes.hWiit

we outline our thoughts here, beginning with those sountesfurther study to determine the variability of the other low e
the inner region. citation sources we cannot confirm if they are also Mira-like
stars, but we suggest that this may be the case for the nyajorit
of them. However, contamination of the spectra from the H II

Low ionization sources : ;
All but one (ID: 206129) of the emission line sources in the irﬁi%&?sglgtgﬁéfﬁ\lzﬁ]%ﬂgﬁo&e ruled out for those sources

ner region were classified as C-type, meaning that theylglear
showed the molecular features of CN angasS well as emis-
sion lines. Source ID: 206129 was classified as a K-type dwafigh ionization sources
star and hence a foreground contaminant in our sample -theFeven of the emission line sources identified in our sample
fore we will not consider it further in this section but willshow lines of [O I1I] in addition to the molecular featureseds
discuss it with the other dwarf emission line sources in Segb identify them as C-type giants. The presence of [O ],
4.2.2. We considered two possible explanations for thep@-tywhich has a second ionizing potential (IP) of BB eV, in the
sources which show idand the low ionization linésof [S 1] spectra of these sources suggests that they are high epsrgy s
and sometimes [N II]: firstly that the spectra of these saairceems.
are the result of a chance alignment between a normal C-type | the top panel of Fig. 10 we present the spectra for these
giant and one of the many H Il regions in NGC 6822, or segjgh jonization sources. All of the spectra also clearlyvgho
ondly, that these sources are Mira variables. ~ Ha and the [S Il] doublet (the doublet appearing as a single
Spectral observations of some of the H Il regions igeak at this resolution). [N I1] (6584 A), although presemt i
NGC 6822 have shown the Balmer lines and a number of fQligh; of the sources, is weak in comparison with. Fihe scale
bidden lines (Peimbert et al. 2005). However, had our sp&gihe piot and of the H line also make the relatively shallow
tra been contaminated by an H Il region along our line QEN features between 70007500 A dificult to see but the
sight we would expect the lines of [N 1I] (6548584 A) 1o eqder features<( 8000 A) are still visible. The spectra have
be much stronger. The [N 1I] 6584 A line is generally weak iheen smoothed in order to be consistent with previous figures
our low excitation emission line sources and the 6548 A lingue to the increasing levels of noise at bluer wavelengths it
which is typically about a third of the strength of the 6584 Avas decided not to plot all the spectra over the full wavetleng
line, is only visible in five cases (ID: 197170, 199754, 20018 range, in the stacked plot, as in some cases the scale of the
205865, 215861). If our low ionization emission line sosrcenoise features obscured the features of interest. Forahgon
are plotted on an image of theaHemission in NGC 6822 we plot the spectrum of only one of the high excitation sosirce
we see that they are centrally located (withi@kpc of the across the full wavelength range in the second panel of Big. 1
galactic centre) and although many of them coincide with di§o all the main emission features can be seen.
fuse H Il regions, so do a number of sources which do not a|| the spectra show the [O 111} 5007 A line and 10 of them
show any emission lines. __show [O 111] 4595 A, however the (4363 A) line has not been
Miras represent the terminal phase of the AGB evolutiojeected at all although this may be due to the weakness of the
ary track and the presence of Balmer emission lines is oftgRa and the low &\ in that part of the spectrum, rather than

cited as one their their spectroscopic identifiers (Brewatl.e o absence of the line.4vas also detected in 9 of the hiah
1996; Richer et al. 1979). The forbidden lines of [S II] an&nization Sources. At g

[N 1] have also been detected in the spectra of some Miras
(Cohen 1980) and are attributed to the shocking of receng&
ejected material as it encounters the circumstellar epeel

The presence of [O Ill] requires a hot ionizing source in
cess of 3300 K (Gongalves et al. 2008). These tempera-
. ures are more like those of a main sequence O-type star than
(Crowe 1983; Garrison 1997) as such cool stars would not gig, " o g4 gets, however we would ngt expect toyspee molec-
expected to ionize even low ionization atoms. Photomdlyica |, ot 1 res in the spectra of such hot objects. Conselguent
Mira variables can be recognised by their varying magnuu%e conclude that our spectra are a composite of at least two

?ﬁggg?gﬁ,@aﬁe&g{fgﬂ &(gshsggvf\lﬁgﬁrg gcg&%gg:'sc S\Zt?] objects or systems. We consider two options. Firstly, wénaga
: Wnsider the possibility of H Il regions in close proximity t

therefore cross-matched our sources with a catalogue bf vl

X : o ur AGB sourcesAll of our high excitation sources are cen-
ables stars in NGC 6822 published by Battinelli & Demert?]a"y located, lying within a 0.15 dec? region in the cen-

(2011) and with those sources listed in the recent work .
: e of the galaxy, and three of them (ID: 173834, 176619,
Whitelock et al. (2013). We were unable to match any c3%79746) lie very close to one of the brightest H Il regions

our low excitation sources with the cyclic, semi- or irregyul ; - : o
. Y ’ V) in NGC 6822. However, another eight high excitation
variables of Battinelli & Demers (2011), but we were able t%ources lie in regions with only weakaHemission or in close

match two sources (ID:194777, 213379) with the small amp roximity to sources which show only low ionization or no

tude variables listed by Whitelock etal. (2013) in their Eabl emission at all. Furthermore, the 6584 A [N 1] line is weak in

! S has first and second ionization energies o8@@nd 2333 eV, all of our high excitation sources and we are able to measure
N has first and second ionization energies ab34and 29560 eV. the 6548 A line in only one of the 11 sources. We therefore
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consider the alternative possibility that some of thesecssu
are symbiotic stars.

Symbiotic stars are interacting systems, containing a
compact source which is accreting material from a cool red ¢
ant. In some cases the giant can be a yellow G- or K-type s
(yellow symbiotics). Symbiotic systems are subdivided &t
and D-type systems depending on the evolutionary phase
the giant star. Systems that contain a first ascent gianghwh
is about 80% of systems based on Galactic observations,
classified as S-type, while those sources that contain a M
variable are referred to as dusty or D-type due to their e MMMW
hanced mass loss (Belazski et al. 2000; Phillips 2007). The MMMMWW
classification of a system as S- or D-type is usually madetbas MWWWW
on its near-infrared colours, as the presence of a Mira va L L L ‘
able and emission from dust in the circumstellar shell teésul 6000 6500
much redder colours for D-type systems (Whitelock & Munal C DN g XD
1992; Corradi et al. 2011). D-type symbiotics are also ofte b o
associated with an extended ionized nebula formed from :‘Hﬁo””
terial that is not accreted by the hot companion (Corradi.et i
1999, 2011).

Spectrally and physically, symbiotic systems are simdar 1
planetary nebulae (PNe); although they are now treated a 5000 6000 7000 8000
separate class of object due to the presence of molecular 1 Wavelength (4)
tures and a continuum in their spectra. Broadly speaking; sy
biotic stars are recognised by the presence of both molecufép. 10. Top: In the larger panel a stack of the 11 inner region high
absorption features and high excitation emission linebéirt excitation emission line spectra. The spectra are stacked from bot-

spectra. More specific criteria for the identification of $m tSom to top ip orde; Ok]: ascending 'E ”‘_meﬁr ([Soeﬁl]Tatﬂmfee?- Bottom:
ics wer Beloski et al. (2 requiring th _Spectrum of one of the sources, showing the anffentures.
otics were set by Belczyski et al. (2000), requiring the spec Important molecular and line features have been marked.

trum to show: 1) The absorption features of a late type giint,
strong emission lines of H | and He | and either emission lines
of ions with an ionization potential of at least 35 eV or an A

Ft i ith additi | ab o i d also account for the non-detection of He II. Neither of these
or F-type continuum with additional absorption lines, @Md ¢oo4res are detected in the spectrum of the only known sym-

3) the 6825 A emission feature even if no features of the cogyic in IC 10, IC10 SySt-1 (Goncalves et al. 2008).
star are seen. The broad feature at 6825 A and a second atrpe spectra of the three sources that lie close to region V

7082 A which result from the Raman scattering of O VI ph?g?uld be the result of a chance alignment or they may be sym-
tons by neutral hydrogen (Schmid 1989), have until recentlyqiic in nature. Of the eight high ionization sources that d
only been seen in the spectra of symbiotic stars, and are cqip |ie near a bright H Il region, if they are symbiotics stars
monly used as conclusive evidence of the symbiotic nature i \veakness of the [N I1] lines suggests that these sourees a
a system. However, Leddtly et al. (2004) note that half of theS-type, as [N 1] emission is typically much stronger in Opéy
symbiotic stars in the catalogue of Belémki et al. (2000) do gymbjotics (Corradi et al. 2010, 1999). This preliminargss|
not show this feature. Therefore, although the presendeeof &ification is supported by the position of these sourcesén th
Raman features are a strong indicator that a star is syropiofiy _ K, J — H)o colour-colour diagram in the bottom panel
their absence does not exclude the possibility. The preseig Fig. 11, when compared with the same diagram of S- and
of ionization conditions that are ficient to produce lines of D-type symbiotics presented by Whitelock & Munari (1992).
He Il (4686 A) is another commonly used criterion, attrilsliteThe majority of our high ionization sources haue ¢ K)o
to Allen (1984). colours that are slightly redder than the locus of S-type-sym
The presence of molecular features and emission lineshitics but they lie close to NGC 6822 SySt-1 - the only pre-
the spectrum of our high ionization sources agrees well withiously known symbiotic star in NGC 6822 (Kniazev et al.
the broad spectral description of symbiotic stars. Howetier 2009) - which is also shown in Fig. 11 and was classified as an
absence of the Raman features (which we would expect to $2@/pe system using the same diagram. Kniazev et al. (2009)
in ~ 50% of our suspect symbiotics) and the high ionizatiogttribute the redder colours of NGC 6822 SySt-1 to the pres-
He Il line? at 4686 A might suggest otherwise. On the othegnce of a carbon giant in the system, which is also consistent
hand non-detection of the Raman features is not conclusivath our sources.
and the relative weakness of the features, as seen in otiner sy The identification of one known and eight potential sym-
biotics (Kniazev et al. 2009; Gongalves et al. 2008), méfaais biotic stars all containing C-type stars is surprising givieat
if present they may have been lost in the noise of the spectrurarbon rich symbiotics are rare in the MW (Corradi et al.
The problem of noise worsens at bluer wavelengths and n2§11). This is probably a reflection of the lower metallicity
and higher fraction of C-type stars in NGC 6822. However,
2 He has a first ionizing potential of 2B eV this is where the similarities between our potential syrtibso
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and NGC 6822 SySt-1 end. Unlike our sources, the spectrun
of NGC 6822 SySt-1 shows the 6825 A Raman feature and ex I
citation lines of He | and He Il but does not show the molecular 1z 7
features of the giant. The absence of the molecular feaisires
not unknown in the spectra of symbiotic stars which have a
lot of cool dust emission (Phillips 2007); but Kniazev et al.
(2009) attribute the lack of these features to the low le¥el o
signal in the continuum. Comparing the spectra of our saurce :
with other known symbiotic stars in the Local Group, we find Hr . 7
the greatest similarity, aside from the strength of the [N Il ‘ ‘
lines, with the spectrum of the suspected D-type symbiotic BT
IC10 SySt-1 (Gongalves et al. 2008). T . Ja
In order to try to establish a clearer classification for our ’ ‘ S
high ionization sources, emission line fluxes were measure(
to estimate the relative strengths of the lines and pernhit ca
culations of the electron densitieNd) and temperatures{).
Using IRAF a Gaussian profile was fitted to the visible Balmer,
[N 1], [S lI] and [O 1l1] lines to measure the flux. The sts-
das routine ‘temden’ (Shaw & Dufour 1994) was then used
to estimatd\, and to constraiffe in the environments around
the individual sources using the ratios [S I(B717)1(6732)
and [O 1] 1(5007 + 4959)1(4363) respectively (Osterbrock
1988). The values derived ft\, andT, are presented in Table
5. Where possible these values have then been compared
those for the two brightest H Il regions, NGC 6822 SySt -1
and the IC10 SySt-1 to establish any similarities betweesdh
environments and those around our high excitation sources.
For our high excitation sources we deridg values of 18 : i
~ 10% cm3, excluding source ID:220391 for which we were o
unable to derive a value M. Higher densities are expected
for the regions around S-type symbiotics and Kniazev et al.
(2009) estimate a maximum value of’1@m™2 for NGC 6822
SySt -1 given the absence of forbidden line emission. Kwr
values are more consistent with the value derived for IC 10
SySt-1 by Gongalves et al. (2008), who estimate a value of
400+ 200 cnt2 using the [S I1] ratio. Given the low density,
Goncalves et al. (2008) suggested that these lines may ori¢
inate in an extended nebula which would be consistent with
the suspected D-type nature of this object. However, sitpila
low Ne values of 16— 10? cm2 are derived by Peimbert et al. :
(2005) for the two large H Il regions, V and X, in NGC 6822. (H-K,
The similar densities in the two types of system mean that we
cannot diferentiate between them based on our derived valugg. 11. Top: The high (solid shapes) and low ionization (open
of Ne. shapes) sources from the inner (red triangles) and outer (blueesjuar
As the [O 111] 4363 A line is not visible in our spectra weare plotted on a CMD of the AGB sources from Paper I. The hori-
were not able to measure its flux directly in order to make &@ntal and vertical lines mark the selection criteria used in that paper.
estimate ofT.. We have therefore derived a maximum valuéhe green pentagon marks the position of NGC 6822 SySt 1 (Kniazev
for this line based on the assumption that it is present but§k- 2009). Bottom: The same sources plotted dr & {, J — H)o
not visible above the level of the noise in that part of thecspegce):ggtri‘gr? Igﬁéﬂ:‘g;aeg'iggi horizontal and diagonal lines mark the
- o perl.
trum?®. This has enabled us to put an upper limit on the electron
temperature, however, our estimated values and theretore o
derived ratios are stronglyffacted by the low S at wave-

(J-H),

lengths< 4800 A. Although higher electron temperatures may
3 This maximum value has been calculated as three times the type expected in NGC 6822, compared to the MW for example,
cal noise level ) in the blue part of the spectrum, wheréhas been due to its lower metallicity, the values we derive are signifi
calculated as,/2NgxX. Ny is the FWHM in pixels of the weakest cantly higher than th&, estimates made for the two brightest
line we were able to measure (usually)kand X is the estimated H Il regions in NGC 6822 and that derived for IC 10 SySt-1
level of the continuum at 4363 A divided by th@\Bbetween 4430 (~ 17,000 K). Given that we deriv8l, values similar to those
and 4570 A. of IC10 SySt-1 we would have expected similar value3 of
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ID Ne Te 4.1.3. Unidentified sources
(cm®) (K)
Of the 85 sources in the inner region for which we have
173834 189 > 70,000 obtained spectra we have been unable to classify two (ID:
176619 442 < 66,800 186430 and ID: 233186). In Paper | the first of these was clas-
179746 357 < 69,800 sified as an M-type giant while the second was excluded from
181364 475 > 70,000

the main sample due to its flag classifications and was not clas

iggéig ggg > 70,000 sified. Both sources were classified as C-type by Letarte et al
< 27,400
194386 486 > 70,000 (2002) and as K-type dwarfs (dK7) by the automated match-
196632 874 > 70,000 ing program used here. The spectra of these two sources are
199930 364 > 70,000 shown in Fig. 12. It can be seen clearly that both sources show
219171 410 > 70,000 very shallow absorption features redward~of7800 A that
220391 - - are similar to those of the CN bands at 7879 A and 8026 A
in C-type stars. The presence of these features probably re-
ggg;é 1532280 ) sulted in their being_ present in the catalogue of Letartd._et a
76159 2290 < 64.600 (2002) however, neither source shows the more recognisable
87125 315 . CN features at 6925088 7259 and 7437 A. Both spectra are
relatively featureless in regions 1 and 2 and are not dissimi
NGC 6822 SySt-1 < 10° - lar to the average dK7 spectrum, however the very weak Na
IC 10 SySt-1 40@:- 200 < 17,000 D lines and the lack of any other recognisable features mean
HV 90-190 11900- 15,500 that we are not confident in classifying these sources apK-ty
H X 30-100 12000- 13300 dwarfs.

Table 5. Estimates oiN and T for the same sources as in Table 4 An examination of theHK colours of source I1D: 186430,
are shown in the top and middle sections. In the bottom section & — K)o = 0.99 mag, § — H)p 0.77 mag anK = 16.24 mag,
have listed the electron density and temperature measurementssteow that in the CMDs and colour-colour diagrams of Fig. 9
two symbiotic stars and two H Il regions for comparison. it sits in the transition region between the spectroscdigica
confirmed dwarf and C-type giant sources and so cannot be
classified reliably using photometric colours. Using the de
rived colour ratios (Sect. 3.1.3) for this source it is cifisd
as a foreground dwarf, but for all three ratios (see Fig. B) th
The diference in the derived values suggests that our [O IBpurce sits very close to the boundaries we impose between
ratio can only be used as a very rough guide to the electrthe giant and dwarf sources.
temperature and therefore we will not attempt to draw any fur  With regards to source ID: 233186, as dpand magni-
ther conclusions about our emission line sources based on ftide for this source was recorded we are unable to draw any

We have speculated about two possible causes for the pr@&?clusions about its nature based on eithed#& photom-
ence of the high energy forbidden lines in the spectra of 11 @ffy or its derived colour ratios. However, we note that the
our inner region sources, however we are cautious in assigfiesence of of b in absorption suggests that this star is hotter
ing a definite cause. While contaminating emission from H fhan we would expect for a K-type dwarf source.
regions in NGC 6822 may be the most plausible explanation We have been unable to classify these sources and so have
for our high excitation sources, the high temperaturesiredu listed them as unidentified in Table 10. As they have not been
to produce emission lines of [O 111] suggest that these negjioidentified as C-type stars they will not be considered among
would have to contain hot, bright O-type stars and should ee candidates successfully classified by Letarte et abZp0
clearly visible in the vicinity of our targets, however tisgshe When we consider the success of € — TiO method.
case for only three of our high ionization sources. On theioth
hand while the emission line and molecular features seen j ;
the spectra of these sources are compatible with the idéa tﬁgﬁ" JHK vs. CN - TiO method
they are symbiotic stars, the detection of such a large numiye now compare the photometric classifications assigned to
of these unusual objects would need to be explained. Furthgir spectral sources using tlN — TiO method andJHK
observations are clearly necessary before any of theseesuphotometry, to assess which method was most successful.
can be classified with certainty. However, the lack of M-type giants in our spectroscopic sam-
While these sources, high and low ionization, have prgle and the lack of M-type candidates in the catalogue of
vided an interesting diversion from our main sample, they aketarte et al. (2002) means that we limit this discussiomeo t
not the main focus of this work and their emission line chaidentification of C-type AGB stars.
acteristics will not be discussed further. They will howete All of the 85 spectroscopic targets in the inner region were
included in the statistics we present in later sectionsggard- classified as C-type giants by Letarte et al. (2002) and the ma
less of the emission lines seen in their spectra, they ayp€-t jority (78 sources or 93%) have been confirmed as such. On
giant stars and are therefore relevant to the discussioowf hthe other hand, for classifications assigned usinglthk cri-
well such stars are selected using optical dhK photome- teria developed in Paper | the success rate is much lower)(28%
try. as can be seenin Table 3. For the 58 cases wherdHHKecri-
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ID RA (2000.0) Dec (2000.0) J H K Phot. type Dist. Spec. type Kmatch Dmatch Letarte IDR— | CN-TiO SN
(deg) (deg) (mag) (mag) (mag) (kpc) (mag)  (mag)
173834 296.22287 -14.710189 17.60 16.76 16.37 C* 0.80 Ce C C 0.039 1.338 0.503 12
176619  296.228882 -14.720121 17.50 16.56 16.30 M 0.71 Ce c32cC 431.0 1.316  0.405 14
179746  296.220337 -14.728414 18.26 17.25 17.15 M 0.65 Ce C3.2S 370.0 1.265 0.404 11
181364 296.12738 -14.733693 17.56 16.81 16.41 M 1.09 Ce C8.2eC 96.0 1.171 0.311 12
182253  296.310883 -14.73645 17.18 16.31 15.91 c* 0.83 Ce C C 9.076 1.226  0.661 11
183545  296.285645 -14.740753 16.67 15.62 15.09 c* 0.67 Ce: 5C5 C 701.0 1577 0.509 12
194386  296.186096 -14.778706 16.72 15.90 15.54 M 0.47 Ce C C 8.022 1.337  0.472 19
196632 296.245789 -14.786506 17.58 16.73 16.46 M 0.16 Ce: dK7 Olll K 513.0 1.179 0.399 23
199930 296.236511 -14.79789 17.25 16.52 16.22 M 0.05 Ce dK7 111 KO 474.0 1.148 0.475 31
219171 296.225128 -14.868216 17.31 16.58 16.32 M 0.57 Ce eC8.2 Kolll 407.0 1.122 0.403 11
220391  296.212677 -14.873075 17.66 16.80 16.47 M 0.63 Ce C C 8.032 1.156  0.59 13
22972 295.988098 -13.951114 18.11 17.36 17.12 M 7.57 dMe: dM0 OVM - 0.0 0.0 10
30076 295.967712 -13.988434 17.87 17.09 16.91 M 7.32 dMe dMO OV M - 00 0.0 14
76159 295.955444 -14.218166 18.09 17.36 17.22 M 5.52 dMe: 5M1. MOV - 0.0 0.0 11
87125 295.95578 -14.275125 18.01 17.29 17.19 M 5.08 Unid dK7 3K - 0.0 0.0 12

Table 4. List of the 11 inner region (top) and 4 (bottom) outer region sourcesstiaw the high excitation emission lines of [O III].

The success of thEN — TiO method within our sample
T is consistent with previous work (Battinelli & Demers 2005;
1 Groenewegen 2006) and is not too surprising given the use of
narrow band photometry. However, the presence of eight non
C-type sources (four dK, one dM, one M-type giant and two
. | unclassified) among this subset of 117 Letarte et al. (2002)
| F ID:233186 | sources, if the lower quality sample is included, showstthet
CN - TiO method is still susceptible to contamination at the
~ 7% level.

The presence of an M-type dwarf (ID: 173114, see Fig.
13) among the contaminants is most puzzling as the narrow
band filters should have excluded it due to the strength of its
TiO bands. We considered the possibility that the spectra we
obtained were not of our intended target, but the closeghrei
bour to the dM source is 2.7, while the fibres of the spec-
trograph have radius of only.d5”. It is unlikely that a fibre

- 1 placed on our chosen target would detect light from this ob-
0 WW W 7 ject. The presence of an M-type giant in this subset of Letart
1 etal. (2002) sources is attributed to the anomalous CN bands
seen in the spectrum of this particular source (Sect. 4.1).
AT T P R ] Assuming then that the spectra we have obtained are
6080 6500 7000 7500 2000 those of our intended targets, we examine tRe-(l) and
Wavelength () (CN=TiO) colours of these misclassified sources. The M-type
giant source (ID: 197590) has aR € 1) colour of 148 mag,
Fig. 12. Spectra of the two unidentified sources in the inner regigghich is consistent with both C- and M-type stars accord-
(solid black lines). At the bottom we have plotted the average C?ﬁﬁg to Letarte et al. (2002) but it€N — TiO) = 0.61 mag
spectrum and at the top we have plotted the average dK7 spectiyle places it well within the C-type star box of Letartelet a
(solid red lines) for comparison. The crosses mark the posmonsﬁ(}éz)_ The dM source ha&( 1) and CN — TiO) colours
spurious features (Sect. 2.2). of 1.28 and 042 mag respectively, similar to those of the dK
sources in the inner region, which have colours in the range
(R-1)=111-1.25and CN-TiO) = 0.33-0.45. This places
all the dwarf sources of the inner region in the bottom left-
hand corner of the C-type selection box outlined by Letarte
@l. (2002). The localised distribution of these sourcesr n

1D: 186430

Normalised flux

teria of Paper | and th€N — TiO criteria of Letarte et al.
gave diferent classifications theN — TiO classification pre-
vailed in 54 cases. If the 32 low/I$ sources at Kk 3 kpc
are examined (Table 12), we see again that Letarte et al. h - -
again classified 93% of the sources correctly compared §o ofi€ €dge of the selection area suggests that the seleciien cr
37% when using thaHK criteria. Half of the 30 C-type stars 110N Of Letarte et al. (2002) needs to be tightened.

in this lower quality sample were misclassified as M-type gi-

ants using theJHK clafssif_ications. The_se comparis_ons makg'z. Outer region sources

it clear that theJHK criteria presented in Paper | misclassify

a fraction of genuine C-type stars as M-type stars and tleat tf the 77 sources in the outer region for which we collected
CN - TiO method has overall been shown to be the more refitfficiently high quality spectral data, 75 have been classified.
able method. The majority of these sources have been classified as fore-
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Fig. 13. Spectrum of source ID: 173114 (bold line), ID: 799 in the
catalogue of Letarte et al. (2002). This star was classified as C-ty5g. 14. Spectra of the three C-type stars identified in the outer region
using theCN — TiO method but has been spectroscopically Cbssmﬁ;ick black lines). For comparison we have plotted the average C3.2

as an M-type dwarf |n this work. _Be|OW is p|0tted the average dM ectrum at the bottom respective|y (th|n black |ine)_
spectrum for comparison. The TiO bandheads and other molecular

and atomic features have been marked.

tions lie at § — H)g < 0.80 mag; the M-type dwarf sources
ground dwarf stars (49 M-type and 23 K-type), a further threzover a range ofJ - H)o = 0.72 to Q95 mag, with a peak in
have been classified as C-type giant stars, and two more déstribution around 04 mag, while the K-type dwarfs have
main unclassified. A summary of these spectral classifieatio (J — H)o colours between.@2 and 099 mag and the distribu-
as well as the photometric classifications assigned to thdis# peaks around.06 mag.
sources in Paper 1, is shown in Table 6. The number of dwarf sources in our spectroscopic sam-
ple lying between 02 < (J — H)p < 0.80 mag clearly has
: implications for theJHK selection criteria derived in Paper |
4.2.1. JHK photometric colours and will be discussed further in Sect. 5.1.3. Importantig t

In the two right hand panels of Fig. 9 we present a Cmplustering of these K- and M-type dwarf stars at values of
and a colour-colour diagram of the spectroscopically ¢las§J — H)o < 0.80 mag, where foreground dwarfs are expected
fied sources in the outer region. Three are C-type stars, {l§g€ extensive discussion df< H)o in Paper ) provides pho-
spectra of which can be seen in Fig. 14, while the remaind&metric confirmation that the spectroscopic classificatid
are foreground dwarf stars. The dwarf sources exhibit a mulgse stars as K- and M-type dwarfs, is correct.
narrower range ofJ — K)g and  — H)g colours compared to
the C-type giant population. Thd ¢ K)o colours of the three , 5 5 Erission line stars
C-type sources in the outer region fall in the middle of the
colour range for sources of the same type in the inner regioiline sources in the outer region were found to show ikl
The M-type dwarf sources occupy a colour range betweemission. Five of these sources also showed the forbidden
(J — K)o = 0.83 - 1.04 mag, with a peak in the colour dis-lines of the [S II] and in some cases [N Il] (6584 A), while
tribution between J — K)o = 0.9 — 1.0 mag. These findings four showed both of these lines, the 5007 A line of [O IlI]
are broadly consistent with those of Kacharov et al. (2012nhd in some casesgdAll of the outer region emission line
who found that the majority of M-type dwarf sources in theisources were classified as M-type dwarfs, with the exception
sample lay between](- K)o = 0.7 — 1.0 mag, peaking at of source ID: 87125 which is unclassified but which we be-
slightly bluer colours, J - K)o = 0.80 mag. The K-type dwarf lieve to be a dwarf star (see Sect. 4.2.3). Those sourcehwhic
population, excluding one very red outlier (ID: 63349)slieshow the low excitation emission lines are denoted by am‘e’ i
in the range J — K)o = 0.75 - 1.17 mag, and peaks aroundtheir classification in Table 11, while those sources thatsh
(J - K)o = 0.80- 0.90 mag. the higher excitation [O Il1] line emission are listed segtaty
We now consider theJ(— H)o colours of the dwarf popu- in the lower part of Table 4. We include source ID: 206129
lation. The majority of both the K- and M-type dwarf populain our discussion of the outer region low excitation soul@es
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Spec. Type Phot. Type (Paper I)
M-type giant C-type giant RGB Foreground Other
M-type giant 0 0 0 0 0
C-type giant 2 1 0 0 0
M-type dwarf 48 1 0 0 0
K-type dwarf 22 1 0 0 0
Unclassified 1 1 0 0 0

Table 6. A summary of the classifications assigned in this work, and in Paper I, tbitseurces in our spectral sample for the outer region.
The column headed as ‘other’ refers to those sources that werederdlu Paper | due to the quality flag criterion used.

(Gurzadyan 1977). Based on work by Corradi et al. (2008), we
T T 17173 considered the possibility that these sources are T-Ttans.s

5 fie 1 As part of their ongoing study to characterise the colours of
Nal e Ml 1 symbiotic stars in the IPHAS and 2MASS catalogues, Corradi
af I et al. (2008) plotted aH — K, J — H)q colour-colour diagram

showing the positions of common symbiotic mimics. From
that plot it is clear that T-Tauri stars follow a track which i
parallel to that of C-type AGB and S-type symbiotic stars.
- 1 Itis therefore plausible based on the colour selection irsed
2 [ ! 4 Paper | that such sources may be among the foreground inter-
1 lopersincluded in the photometric AGB catalogue. Spedtra o
these pre-main sequence objects show both molecular ésatur
and the forbidden lines, including [O l1l1], that we see in our
spectra (Looper et al. 2010; Joergens et al. 2012). Theilvisib
ity of the [N 11] 6548 A line in the spectra of our outer region
sources is suggestive of a more nebulous environment which
would also be appropriate. Both the high and low excitation
sources in the outer region as well as sources ID: 206129 are
presented on the CMD and colour-colour diagram presented in
Fig. 11. However, as our line of sight to NGC 6822 does not
pass through any star forming regions that we are aware of,
5000 6000 7000 8000 it would be very unusual for such a large number of Galactic
Wevelength (4) T-Tauri stars to be included in our observations. Altenedyi
perhaps our observations of these sources have been contam-
Fig. 15.Top: A stack of the four high ionization emission line spectrinated by emission from the ISM in NGC 6822, although this
in the outer region. The spectra are stacked from bottom to topwould be beyond the 4 kpc radial limit, or from the Galactic
order of ascending ID numb_er (see Table 5). Bottom: Spectrum of ofgm along the line of sight.
of the above sources, showing the [O Ill] and f¢atures. Important  \\e are unable at this time to draw any conclusions about
emission line features have been marked. the exact nature of the emission line sources in the outer re-
gion. However, given the consistent presence of the [S Wi} do

although it was detected among our inner region sources it ki€t in all of the high excitation sources we have calcul®gd
been classified as a K-type dwarf and is therefore thoughta8d using the same technique as above we have estimated the
be a foreground contaminant like the outer region sources. maximum strength of the [O 111] 4363 A for those sources that
In the top panel of Fig. 15 we present the spectra of tf&owed the 4959 A line, in order to provide a maximum for
four high excitation sources in the outer region. As in Rig.1T.. These values are presented in the lower part of Table 5.
we have restricted the wavelength range in the top paneldue t
increasing noise at bluer wavelengths and present therspect4 5 3. Unclassified sources
of only one of the high excitation sources (ID: 22972) over th™ ="
wider wavelength range of 486300 A in order to show the Of the 77 sources in the outer region for which we have ob-
presence of the forbidden lines of [O I11] anggH tained spectra we have been unable to classify two of them
Balmer emission lines have previously been detected (iD: 87125, 346806). In Paper | the first of these sources was
late K-type dwarfs with enhanced chomospheric activity ardassified as an M-type giant star and the second was classi-
their presence becomes increasingly common with later-spéied as a C-type giant star, while both were classified as dK7
tral type through to late-M (Hawley et al. 1996). We considdry the automated matching program. Neither spectrum shows
the possibility that the dwarf emission line sources weaieté any obvious molecular features which we can use to classify
are flare stars, also called active red dwarfs. Howevegath them, however both show other unusual elements.
the high excitation emission lines of He Il have also been The H Balmer and forbidden emission lines seen in
detected in such stars, forbidden lines are not typicalgnsesource ID: 87125 have already been discussed in Sect. 4.2.2.
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The spectrum of this source also shows the presence of an
absorption feature at 7245A that we have been unable to
identify. However, as strong absorption features at the ap-
proximate location of the 6300 and 6363 A ([O 1]) lines
are also seen in this spectrum, probably resulting from
an over subtraction of night sky emission lines, the fea-
ture at 7245A may be an artifact resulting from imper-
fect sky subtraction. TheJHK colours and magnitudes for
this source are as follows J — K)o = 0.81 mag, 0 — H)o =
0.72mag andK = 17.19mag and place it among the dwarf
sources in the CMD in Fig. 9 as do the derived colour ra-
tios (Sect. 3.1.3) for this source. A dwarf classification is

LM

Unid

W

1D: 87125

Normalised flux

also supported by the strong Na D line we see in its spec-
trum which is presented in Fig. 16, but again, this may be
affected by an over subtraction of night sky emission lines.

The JHK photometry for source ID: 346806 places it L Tio Tio
with the C-type giant sources and tentative support is pro- r | \
vided for a giant classification by two of the three de- or
rived colour ratios, although the source does sit close to i
the transition region between the dwarf and giant sources I s
in all cases (Fig. 5). The presence of &lin absorption sug- P
gests that the source is hotter than we would expect for a Boce 6500
dwarf star. Finally, we note the presence of an unidenti-

fied emission line at7713A which is not seen in any of our _. - . .

. Fig. 16. Spectra of the two unclassified sources in the outer region
other spectra. However, the clearly visible6300and 6363A  (soiid black lines). At the bottom we have plotted the average dM2
(O 1) emission lines show that the removal of night sky spectrum and at the top we have plotted the average dK7 spectrum
features from the spectrum is incomplete and the feature (solid red lines). Important molecular and line features have been
at 7713A maybe a relic of that imperfect process. marked.

We have been unable to provide a spectral type for these
sources and have therefore listed them as unidentified iie Ta
11. We present the spectra of these two objects in Fig. 16
for comparison we also show the average dM2 and dK7 sp
tra.

7000
Wavelength (&)

8000

far the elliptical structure extends, but Battinelliadt

006) find that a non-negligible number of C-type stars are

etected up to a distance of'48 5.5 kpc). Based on the den-
sity profile analysis in Paper | and the low number of spectro-
scopically confirmed AGB sources detected beyond 5 kpc, we
suggest that the number of genuine NGC 6822 AGB sources
) o declines rapidly in the outer portions of the galaxy and 4@at
In Paper | it was concluded that the majority of the AGBnay pe an upper limit for the semi-major axis of the spheroid.
sources in NGC 6822 lay within a radial distance of 4 kpc froRpis echos the findings of Kacharov et al. (2012) who, de-
the galactic centre and that beyond this limit AGB sourceg)ite having a larger spectroscopic sample than ourseldes d
could not be reliably disentangled from the contaminatingy; detect any AGB sources beyond the elliptical structdire o
MW foreground. _ _ Battinelli et al. (2006).

The distribution of spectral types in the inner and outer of the 77 sources in the outer region for which we have
regions is in good agreement with this conclusion. suficiently high quality spectra, 72 have been classified as
K- or M-type dwarfs, i.e. foreground objects, which seems to
strongly support conclusions drawn about source density in
Paper I.

An examination of the spatial distribution (Fig. 17) of our The selection of targets (Sect. 2.1) in the outer region
spectroscopically confirmed C-type star population shéwvas t included 178 M-type and 10 C-type giant stars, according
of the 82 C-type stars we identify, all but three lie withirto their photometric classification. A bias towards the cele
the 3 kpc. Of the C-type stars identified in the outer regiotipn of M-type sources for spectroscopic follow-up in the
none lies further thar 5.5 kpc from the galactic centre (seeouter region was a minor concern. However, given that the
Table 11), on the periphery of the elliptical outer struetof (J — K)g colour distribution (Sect. 4.1.1) of the confirmed
NGC 6822 described by Battinelli et al. (2006) (sometimes-type sources extends significantly blueward of the colour
referred to as the spheroid) which extends to a distance bafundary applied in Paper I, many of the sources photometri-
~ 5.0 kpc along its semi-major axis. This structure is outlinedally classified as M-type giants could in principle haverbee
in Fig. 17. Given the alignment of the C-type sources with theé-type stars, resulting in many more than 10 C-type stars be-
long axis of the spheroid we believe they are probably part imfg included in the spectral sample. The fact that only three
this structure. From our limited sample we cannot determiseich stars are identified is then even more significant. We con

4.3. The structure of NGC 6822

4.3.1. The extent of the galaxy
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actually be C-type stars. Kacharov et al. (2012) also found,
] based on the same photometric data and their own selection
L s . -] criteria, that the highest number of probable galactic sesir
P . oa a0 oo 1 outside the elliptical structure of Battinelli et al. (2QGgas in

‘ ’ R .07 the SW and that the majority of these were classified as M-
type giants.

In Paper | we queried whether the SW overdensity was the
result of excess leakage of foreground sources into the AGB
candidate sample. This interpretation is now more strongly
supported as our spectroscopic work does not detect any M-
type AGBs and only two C-type stars, in the vicinity of the
overdensity. It therefore seems likely that the SW overitigns
is not a real feature, but the result of excess foreground con
tamination in this region. Arguments are presented in Phper
as to why such an overdensity due to foreground is seen only
in the SW, and we refer the reader to that paper.

a5 [ AT

Dec

5. Discussion

5.1. Revisiting the Paper | selection criteria

297 2965 206 295.5 5.1.1. The JHK methOd
RA

We established in Sect. 4.1.4 that based on our spectrascopi
, o , sample, the&€CN — TiO method has been the more reliable for
.Fd'g' tlf7 Igu_struli)utlonlogall tlhe C(;"”d'date AGstources (blactk dotsihe selection of C-type AGB stars. We now examine the com-
ldentried In Paper I. Overlayea are sources from our spectroscopl . : [
sample. SymboFI)s have the sgme meaning as in Fig. 5. Th% circle (Sgé{atlvely low success rate O.f th.K r_nethpd and if t.h.'s IS
line) marks the position of the 4 kpc limit inferred in PapeiThe olely the result Qf poor selection criteria or if the way ihioh
ellipse of Battinelli et al. (2006) (dashed line) is shown and has a the spectroscopic targets were chosen has had an adverse af-
semi-major axis of34’ at the assumed distance modulus assumed fect on our results.
in Paper I, (m— M), = 2345+ 0.05. All of the photometric candidates in the inner region for
which spectra were obtained were selected to be in common
with the catalogue of C-type stars presented by Letarte. et al
clude that the paucity of C-type AGB sources beyond 5 kg2002); this was done to allow us to estimate the level ofagre
is real and declines between 3 and 5 kpc. The lack of M-typeent between thédHK andCN —TiO methods. Unfortunately
giant sources is equally significant, as we would expect thdtralso means that the stars for which we have gathered spectr
to be more numerous than the C-type stars. We therefore care not representative of tlié1K selection criteria alone, and
clude that although the radial limit at 4 kpc imposed in Pdpehence we cannot infer an unbiased misclassification rate for
was conservative, it was reasonable. Had the limit been eke JHK method from these statistics. In particular by select-
tended to between®- 5.5 kpc, it would have resulted in sig- ing sources with opposing classifications to those we asdign
nificantly higher levels of foreground contamination folare in Paper | we havefiectively selected a subsample of theéK
tively little return. Based on thel- K)o colour distributions of  classified population with the highest probability of esor
the K- and M-type dwarfs in our spectroscopic sample (Sect. In the outer region, where targets were selected without
4.2.1) itis also likely that the majority of the foregroumder- reference to any other data, but two of the three sources spec
lopers would have been classified photometrically as M-typescopically classified as C-type giants were photomaityic
sources and would have skewed both th& Catio and the classified as M-type stars. This suggests that rates of asisiel
iron abundance derived from it. fication among the photometric M-type sources may be high.
We are unable to comment on the number of M-type giants

4.3.2. The SW overdensity that are likely to be misclassified as C-type sources.

Surche density plots for the C- and M-type AGB and RG .1.2. Photometric flag criterion
candidates and the foreground sources were presented ‘in
Paper | (their Fig. 11). The M-type AGB sources showed Bo ensure that only the best quality photometry was used for
clear overdensity in the South-West (SW) that was not seentire determination of thdHK selection criteria, strict qual-
the other plots and it was noted that if the overdensity in thiy control criteria were applied in Paper |. From the raw
SW was a real feature it appeared to be populated almost dhtK photometric catalogue of 375 000 sources, only those
tirely by M-type AGB stars. However, given the bludr{K), flagged as stellar or probably-stellar in all three bandsewer
colour distribution of our spectroscopically confirmedy@é¢ considered, reducing the sample~td.50, 000 sources which
sample (Sect. 4.1.1), if the sources in the SW are genuine A@Rre then classified as AGB, RGB or foreground. However,
stars belonging to NGC 6822 then a significant number magter cross matching our catalogues with those of Kang et al.
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(2006) and Letarte et al. (2002), on the basis of their astroffia cut was made here, 82% of the spectroscopic dwarf sample
etry, it was found that a significant number of the matchesould be excluded. However, a8 ¢ H), cut at 080 mag was
sources (see Table 7) were found among those sources te@cted in Paper I, as it was concluded that it would dramati
had been rejected due to the lower quality of their photoynetcally skew the derived M ratio; it was thought that it would
This pattern was repeated when further cross-matching wasluce the number of M-type AGB sources by 63% while the
undertaken using the recently published catalogues (&#diiti number of C-type sources was reduced by only 7% (without
& Demers 2011; Kacharov et al. 2012; Whitelock et al. 2013any statistical adjustment). However, we have now now con-
this suggests that the quality control measures applied firmed that a non-negligible number of C-type stars lie blue-
Paper | were too stringent. In order to investigate thisdssu ward of the Paper | colour boundary dt€ K)o = 1.20 mag,
number of the originally excluded sources that were matchadd as a consequence approximately 30% of these sources also
with a source in the catalogue of Letarte et al. (2002) wehave colours bluer thanl(- H)o = 0.80 mag (Fig. 11). Due
included in our list of spectroscopic targets for the inreer rto the lack of M-type giants in our spectroscopic sample, we
gion; 56 such sources were observed, 35 with § 10 and cannot say what percentage of genuine M-type giants would
21 with §N < 10. These sources are marked by a “*' in thée removed.

sixth column of Tables 10 and 12.

Of these 56 sources, we have been able to classify 50 as og, with one exception, all of our dwarf sources were clas-
C-type giants, four are classified as K- or M-type dwarfs, ongfied photometrically as M-type giants, it may seem reason-
is an M-type giant and one is unclassified. This confirms that@|e to conclude that the photometric M-type population is
number of genuine AGB sources were removed from the ph@pre heavily contaminated by foreground interlopers than t
tometric sample presented in Catalogue 1 of Paper |. HoweVgltype population. However, it must be remembered that the
60% of the 51 AGB sources were retained in Catalogue 3 ghrces in the inner region were chosen to be in the catalogue
the same paper, which contains sources classed as stellagQretarte et al. (2002). As these stars had already been clas
probably-stellar in two or three photometric bands. sified using the€N — TiO data, they were unlikely to be fore-

Given these findings, we re-evaluate our original photground dwarf sources. Therefore the foreground contamina-
metric data and apply the selection criteria determined #fn in the inner region of the spectroscopic sample does not
Paper | to all the sources of Catalogue 3 i.e. those classifiedyive a true indication of the level of foreground sources agno
stellar or probably-stellar in two or three photometric #&n the photometric C-type sample. While the spectroscopic tar-
This results in 6278 candidate C- and M-type AGB sourcgfets in the outer region were selected only on the baslsiéf
across the full photometric observing area2500 more than photometry, the number of genuine AGB sources is expected
were found in the same area using the flag criterion in Papetd.decline rapidly. The apparently high numbers of foregrbu
Within the 4 kpc limit, the increase in the number of photomterlopers in the outer region may therefore be a refleafon
metric AGB sources is not quite as dramatic, but the greai@e low density of genuine sources, rather than an indicator
number of these sources are C-type stars. that a redderJ — H), cut is needed.

5.1.3. Foreground contamination

The low galactic latitude of NGC 6822 (= 25°.34,b = 5.1.4. The blue limit

—18°.39) meant that our photometric observationsfened

from heavy foreground contamination. Based on the work of ] ] ]

Bessell & Brett (1988) and on the distribution of the source§-Pand magnitude and (- K)o colour were the primary cri-

in (H — K, J — H)o space, a colour cut al - H)o = 0.72 was teria by which sources in Paper | were classified. As a result

used to remove foreground dwarfs (and K-type giants) froRHl SPectroscopic targets have magnitules 17.41 mag -

the photometric catalogue in PaperThis colour cut was the magnitude of the tip of the red giant branch (TRGB) deter-

consistent with the intrinsic colour range Bessell & Brett Mined in Paper | - and we cannot comment on the distribution

(1988) found for M-type dwarfs ((J — H) < 0.69 mag) and ©f AGB stars fainter than this limit. However, we briefly ex-

giants ((J — H) > 0.83 mag), but will also have included @mine the impact of the alternative colour and magnituds cut

the K4 and K5 giants ((J — H) > 0.73mag) in our sample. discussed in Paper I.

Using our spectroscopic sample we now assess how successful

our (J — H) colour criterion was at separating the foreground In Sect. 4.1.1 and Sect. 4.2.1 we presented the colour and

and extra-galactic populations. magnitude distributions of our spectroscopic sample. We no
Of the 158 sources that we have been able to classifydonsider what #ect the diferent § — K)o, K- andJ-band cri-

our main spectroscopic sample, 75 have been classifiedt@son considered in Paper | would have on this sample. In

foreground dK and dM contaminants. The majority (72) dPaper | a blue limit of § — K)o = 0.74 was used to exclude

these sources are in the outer region. This illustratestiieat late K-type stars and other interlopers from the AGB sample.

(J-H)o = 0.72 mag cut does not fully remove the foregroundlhe lack of K-type giant stars in our sample could be because

confirming what we had inferred from the radial density dighis criterion has been successful, but is more likely toHese t

tributions in Paper I. The colour-colour diagram in the botesult of the C-type bias in the target selection (Sect1}.1.

tom right panel of Fig. 9 shows that the majority of the dwatacharov et al. (2012) find three K-type giants in their spec-

sources in our spectroscopic sample haeH )y < 0.80 mag. troscopic sample, all of which have colouk« K)q > 0.96.
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Reference AGB£ 4kpc) AGB (4kpc) 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)

Table 7. The number of sources from the photometric catalogues of Paperwératmatched with sources in the catalogues produced by
the authors listed in the left hand column. The classification assigned tosth@ses in Paper | is given in the column headers. Those listed
as ‘excluded’ were rejected from the photometric sample due to the tarebflag criterion of Paper I. For Battinelli & Demers (2011) the
numbers given in brackets refer to the number of matches with the sguiiar or irregular LPVs, those not in brackets are the number of
matches with their regular LPV sources. For the Whitelock et al. (2013)iveethe number of sources matched with their small or large
amplitude variables with no determined period in brackets, numbers noadhkdds refer to sources matched with their list of C- or M-type
Mira.

5.2. Carbon stars in NGC 6822 and the Letarte et al. Catalogue 1 and the catalogue of Letarte et al. (2002) and a
(2002) study further 97 common to Letarte et al. (2002) and the Catalogue

_ ) o 3 in Paper |, which contains a high number of sources that we

5.2.1. Estimated misclassification error excluded in Paper |. For ease of reference we shall refer to

tthese photometric samples as LP1 (635 sources) and LP2 (97

In Paper | we cross matched our photometric catalogues w . : "
e urces) respectively. These common sources were identifie
the CN - TiO) catalogue of Letarte et al. (2002) (see Seci the basis of their photometry, where only sources within
2.1). We found 870 sources common to both samples aj

; i T’ (or less) of each other were considered a match. Based
were able to classify 852 of them (717 C-type and 134 M-typet', ' o ccass of th@N — TiO method, we are confident that
sources). An estimate of the potential level of misclassifan

. : . these sources have a high probability $8%) of being gen-
in our photometric sample was then made. It was determln&(ﬁe C-type stars. Using our photometric data we can now ex-

. ; 0 .
that in the worst case scenario up-020% of the genuine . .o vhe colour and magnitude distributions-6700 C-type
C-type stars in our photometric catalogue may have been mis

o . d ars, providing an important insight into the NIR chardste
classified as M-type stars. However, this estimate was MRt the wider C-tvpe star pobulation

by adjusting our sample to in_clude all of the sources thaewer The colour andyr[r)1a nitu[()jeprestrict{ons anolied to the C-
matched with counter parts in the catalogue of Letarte et ?I. e sources in LP1 dc? not aoply to the Lngsam le. Their
(200-2) regardiess of the reliability of their photpmetrfywle ypotometric characteristics arg F?lse/vertheless uite agrmn
consider only those sources that we matched with Letarte et%“ g

(2002) and that have been flagged as stellar or probablgiste catilzg thalt neither is §e;}i803uslygt;i§sed photodmetricélltlye
in at least two bands (Sect. 5.1.2) then the estimated ldvel‘d Jo colour range is — o.f5 mag SO does not ap-

; PO i ; proach the imposed blue limit ofl(~ K)o = 0.74 mag. Few
irglrs:éiizgiitfg(’/t’orthe C-giantstars in Catalogue 1 okPap sources haveJ(— K)o > 2.0 mag, and the colour distribu-

tion peaks between.10 — 1.60 mag with more than 80% of

The error estimates were made based on the assugp; C-type stars havingl(- K)o > 1.20 mag (Fig. 19). The
tion that the spectral classifications assigned by Letdrs. e C-type stars extend from M%o 1728 mag just.abO\./e the

(2002) were correct in all cases. We have now shown that thgre, 1 TRGB. while theX— H | itribUti ;
is an error of~ 7% in the catalogue of Letarte et al. (2002 ré thén rzgr]wgeJ(G— H;/; ;%tme;_( 1.9%onc;ggouerx?:llitéli?]gt[[woc\?evry

(Sect. 4.1.4). Moreover, classification errors are moreraom blue outliers at-0.91 and 005 mag. the maiority<4 90%
at bluer colours. We therefore revise our estimate of tkmer%ave 0-H)o> o.éo mag. 9 jority < )

associated with our count of the C-type giant population in
NGC 6822 down to 8%. The associatedMCand [Fe¢H] val-
ues for the inner 4 kpc become&r@+0.03 and-1.32+0.06 dex 5.3. Comparison with Kacharov et al. (2012)
as a result, including the statistical foreground cormectirhe ) o

quoted values are for comparison with Paper | and are based1- Selection criteria

on the quality control and classification criteria used iatth Targeting stars whick < 17.45 mag andd—K)o > 0.74 mag,
paper. Kacharov et al. (2012) collected spectra~0540 sources in
the direction of NGC 6822, which had previously been clas-
5.2.2. Enlarged C-type giant sample sified as C- and M-type AGB stars gsir.ﬂglﬁK photometry.
Following analysis their spectroscopic sample was found to
Using our spectroscopic data, we have been able to verify tt@ntain 151 C-type and 123 M-type giants, while the remain-
selection method for C-type stars using @ — TiO method. ing spectra were those of foreground dwarf stars and a few
Now, using the catalogue of Letarte et al. (2002), we are alifetype giants.
to significantly increase the sample of C-type stars WK Kacharov et al. (2012) noted that the M-type giants typi-
photometry. We have identified 635 sources common to ocally had colours bluer thad ¢ K)o = 1.20 mag with the max-
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imum number of sources falling betwee® * 1.10 mag, and
a significant number falling betweerf0 and 10 mag. C-type
stars were seen on either side of this colour boundary wéh th
bluest sources having & K)o colours of 086 mag, although 1z | G~ 1 Criteria | .
the majority (79%) hadl-K)q > 1.20 mag. Foreground dwarf
sources in their sample were found generally to have colour:
between § — K)g = 0.73— 1.05 mag, with the majority having
colours between) - K)o = 0.80- 0.90 mag. These findings
are in good agreement with our own. 14 _ -
Based on their spectroscopic sample and previous work by . | ‘
Sibbons et al. (2011), Kacharov et al. (2012) classifiedcsur Lowars 0 C giants
having colours J — H)p > 0.73 mag and{ — K)o > 0.90 mag : o s
andK < 17.45 mag as AGB star candidates. They then pro-
posed two dferent selection criteria for the classification of 16
C- and M-type stars using cuts id € K, K)o. The suggested
criteria are shown in Fig. 18, applied now to our spectrosrop
sample. Kacharov et al. (2012) found that both selection cri
teria cleanly selected C- and M-type stars but that critéria
(bottom panel Fig. 18) was particularly successful. Appdyi T —
both criteria |1 and Il to our spectroscopic sample we agree ' T -,
with Kacharov et al. (2012) that the second set of criteria is
the better one for the selection of C-type stars. However, we
find that both criteria classify 85% of the 732 C-type stars in
LP1 and LP2 correctly and that for both sets of criteria a sig-
nificant number of dwarf sources fall within the M-type giant 12 Supergiants (excluded) Criteria I
selection boxes.

5.3.2. M-type giants

The M-type giant sources of Kacharov et al. have-(K)q “r
colours in the range.81 — 1.31 mag, with the majority ly- 2o
ing between M0 - 1.10 mag. The colour distribution of this | Dwarts
sample of M-type giants relative to those of our spectrogcop
C-type and dwarf sources, as well as those sources in san
ples LP1 and LP2, can be seen in Fig. 19. The middle pane |
of this figure clearly shows the expected overlap between the r
confirmed C- and M-type giant sources (as well as that be-
tween the M-type giant and dwarf sources noted by Kacharo\
et al. (2012)). In combination with the top panel of that fig-
ure it can also be seen that a cut betwegn- (K)o = 1.10 - P EE— e
and 120 mag would provide the cleanest separation betweer (1K),
the two spectral types. The M-type sources presented by
Kacharov et al. (2012) havel - H)q colours in the range Fig. 18. Top: CMD of our spectroscopic sources overlayed on the
= 0.63 - 1.07 mag, and like our spectral and photometric Gsources from Catalogue 1 of Paper |. Red squares are C-type stars,
type (LP1 and LP2) samples a significant proportion (75%)jue triangles are M- and K-type dwarf stars and the green hexagon
have 0 — H)o > 0.8 mag. is the only M-type giant in our sample. The solid lines represent cri-
teria | proposed by Kacharov et al. (2012). Bottom: The same CMD
as above but the solid lines now represent criteria Il proposed by
5.4. New JHK criteria Kacharov et al. (2012). Regions in both CMDs have been labeled
in accordance with the CMDs of Kacharov et al. (2012).

C giants

5.4.1. The foreground

The majority of the dwarf sources in our spectroscopic sampl  Applying first the 0 — H)o cut, we find that 80% of the 75
have J — K)o < 1.0 mag and J — H) < 0.80 mag, while the dwarf sources in our spectroscopic sample are removed and a
majority of the C-type giants in our spectral and photorgetrfurther 13% (10 sources) are removed when the K) cut
samples and the M-type giants of Kacharov et al. (2012) haigeapplied. However, we find that 31 (25%) M-type sources
(J—H)o > 0.8 mag andJ—-K)q > 0.9-1.0 mag. We therefore and 26 (32%) C-type sources are removed by this H) cut
consider colour cuts atl(- H)p = 0.80 mag and{ — K)o = and these numbers increase to 49 and 27 respectively when
1.0 mag, in an #ort to reduce the number of foreground starthe (J — K) cut is applied. The loss of so many genuine AGB

in our sample. sources is unacceptable. In order to establish an optirhaf se
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Fig. 19.(J — K)o colour histograms in .05 mag bins. Top: The dis- L -
tributions of the LP1 (red) and LP2 (black) samples. Middle: Colour
histograms for the spectroscopic sample presented here. The K- ar
M-type dwarf sources (black) and the C-type sources (red). Acolou ;L o |
histogram (purple) for the spectroscopically confirmed M-type gi- . . .

ants of Kacharov et al. (2012) is also shown. Bottom: As above for I .

the sources classified as M-type (black) and the sources classified ¢
C-type (red) in Catalogue 1 of Paper |. The dashed vertical line at
(J = K)o = 1.20 mag marks the position of the colour boundary used
in Paper I.

(I-H)y

(J-K)oo 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% \ P
1.00 82% 67% 13% 1 15

Table 8. The percentage of spectroscopically confirmed sources r,glg 20. Top: CMD of our spectroscopically confirmed dwarf (blue

tained when various blue limitJ(— K) cuts are applied in addition E}uares) and C-type giant (green triangles) sources, the M-type gian

to a colour cut atJ — H)o = 0.76 mag. These percentages relate th . !
: ! _ ; rple circles) sources of Kacharov et al. (2012) and the photametr
spectroscopically confirmed dwarf and C-type giant samples (Tab -étjype giants (red triangles) of the LP1 sample. The solid horizontal

10and 11) and M-type giant sample of Kacharov etal. (2012). and vertical lines mark the TRGB and £ K), criterion at 074 and
1.20 mag used in Paper |. The dashed line marks the new cit-at (
K)o = 0.93 mag. Bottom: Colour-colour diagram of the same sources.

. ) . The solid horizontal and diagonal lines mark tde-H)o = 0.72 mag
cuts, we reviewed the impact cuts ih{ H)o between 12— and g - K), = 0.74 and= 1.20 mag criteria used in Paper I. The

0.80 mag at M2 mag intervals, in conjunction with cuts indashed lines mark the new cuts at<{ H)o = 0.76 and ( — K)o =

(J = K)o between ® and 10 mag, also at.02 mag intervals. 0.93 mag.

The impact of one set of these cuts on the retention of dwarf

and giant sources is shown in Table 8. In total over thidty (

H) and @ — K) colour cut combinations were considered and The overlap between the giant and dwarf sources in the
it was established that the best results for the selectigieot (J — K, K)o CMD and the H - K, J — H)q colour-colour dia-
sources were obtained using cutsat-(H)o > 0.76 mag and gram (Fig. 20) demonstrates that there is no single colour cu
(J = K)o = 0.93 mag in partnership with the magnitude cut an either @ — H)o or (J — K)o that will completely separate

K = 1741 mag. the two populations. From Table 8 we see tha25% of the
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(J-K)o Spec.C-type Phot.C-type  M-type spectroscopically confirmed C-type stars that have K)o <
mag g|a0nts m.osc. glzints TISC- gloants nglsc- 1.20 mag (i.e those C-type sources that were misclassified in
1.10 33% (44%) 3% (5%) 21% (18%) Paper I), 2) the C-type sources in samples LP1 and LP2 and

1.11 35% (46%) 4% (6%) 18% (15%) : . ) . )
112 37% (47%) 4% (6%) 18% (13%) 3) the spectroscopically confirmed set of M-type giants pub

1.13 43% (53%) 4% (7%)  15% (11%) lished by Kacharov et al. (2012). The percentages of each of
1.14 50% (58%) 5% (7%) 13% (9%) these populations misclassified at each colour boundary hav
1.15 50% (60%) 5% (8%) 10% (9%) been calculated and are presented in Table 9. We have exam-
1.16 61% (68%) 6% (8%) 10% (9%) ined both the spectroscopic and photometric C-type stafs sa
1.17 67% (74%) 7% (9%) 10% (7%) ples, as while the spectroscopic sample is highly reliatsle i
1.18 78% (82%) 8% (11%) 8% (7%) colour distribution is biased for the reasons we have disulis
1.19 89% (91%) 9% (12%) 8% (4%) and the sample is small in size, on the other hand the photo-
120  100% (100%) 11% (14%) 5% (4%) metric sample is larger and unbiased but is less reliable.

Table 9. For each of the three samples discussed in text (Sect. 5.4.2) Each proposed colour boundary shown in Table 9 has also

we have listed the percentage of sources misclassified at each offieen applied, in conjunction with our other newly proposed

colour boundaries listed in the first column. These percentages h@ygeria (Sect. 5.1.2 & Sect. 5.4.1), to the original pho&tm

been calculated after the application of the néw f1) and blue limit ¢ catalogue used in Paper | to establish the distributibn o

(J - K) cuts outlined in Sect. 5.4.1 and the TRGB magpnitude cut eaf/M ratios resulting from the dlierent boundaries. Calculating

K <1741 mag. In brackets we show the percentage of misclassificg- ; e

tions if only the 0 — K)q cut in the first column and no other criterig &1 @verage o1 rath (~ 0.94) from this dlstrlbutl_on we have

are applied. then been able to interpret the |mpact_of varying t_he colour
boundary and the resulting rates of misclassification on the
C/M ratio and have concluded that a colour boundary between
(J - K)o = 1.16 and 118 mag would be most suitable.

dwarfs sources in our (biased) spectral data set are rdtaine Based on a mean/M ratio of ~ 0.94 and the J - K)

using the proposed colour cuts. While this may appear to Belour distributions shown in Fig. 19, we have determined th

a significant proportion, it must be remembered that this-fraa colour boundary between the C- and M-type AGB stars is

tion is artificially exaggerated by our limited sample and bhest placed at)- K)o ~ 1.17 mag. While we cannot avoid all

the bias in our source selection; in reality these sourqa®efe Cross-contamination between the C- and M-type populations

sent a very small fraction of the whole dwarf population, they placing the boundary here we do hope to ensure, as far as

majority of which was removed by the  H), > 0.72 mag possible, that on average approximately equal numbersof ea

cut in Paper |. type of star are misclassified and therefore minimise thar err
The dfectiveness of these colour criteria can also be esiitthe calculated @4 ratio.

mated by establishing what percentage of the sources eetain

as NGC 6822 giants th_at are actually foreground dwarf sta§4.3. Catalogue 1 revisited

Using our spectroscopic sample and that of Kacharov et al.

(2012) for the M-type giants, this fraction is estimated & bOur new photometric selection criteria have been applied to

~ 9%. the original JHK photometry used in Paper I. Using the two

band quality flag criteria, while still requiring the sousc®

have magnitude measurements in all three photometric bands

we reduced the original catalogue-of375 000 sources by

The C-type giants in the spectroscopic catalogue of Kachar®0%. From this reduced catalogue we sele@05% candidate

et al. (2012) and the photometric LP1 and LP2 samples shéB stars across the full observed area (3%eging colour

that the majority of C-type stars lie redward of { K)o = cuts at § — H)o > 0.76 mag andJ - K)o > 0.93 mag and a

1.20 mag. Nevertheless we re-examine the K) colour dis- magnitude cut at the TRGB magnitude established in Paper |

tribution of our spectroscopically confirmed C-type stamd a (K < 17.41 mag). We then separate this sample int69D

of the M-type giants of Kacharov et al. (2012), as well all-type stars with § - K)o < 1.17 mag and 1315 C-type stars

the photometric C-type star sample to try to establish a b&tith (J — K)o > 1.17 mag.

ter colour boundary between the two spectral types. As in Paper |, we apply the 4 kpc radial limit, reducing
In the second panel of Fig. 19 we see that the numbertbe number of C- and M-type stars to0#9 and 1149, re-

M-type giant sources declines sharply &t(K)o > 1.10 mag, spectively. Without any statistical correction for the sm

while the number of C-type sources increases suddenlyirg foreground contaminants we then derive MQatio of

(J-K)o = 1.15 mag. Placing the colour boundary &+K)o = 0.91+ 0.04 and an iron abundance €1.37 + 0.06 dex.

1.15 mag therefore seems appropriate from an empirical per- As some Foreground contaminants are still expected to be

spective. present in this sample, a statistical adjustment is madeeo t
In order to better establish the position of the colounumber of C- and M-type as was done in Paper I. It was found

boundary we have examined the impact of placing the bourttiat there were 3 foreground ‘M-type’ stars per kp@and~ 2

ary at diferent positions betweed{K), = 1.10 and 120 mag foreground ‘C-type stars’ per kpcWith the implementation

at 001 mag intervals. Specifically we have looked at the nunof these statistical adjustments, thé&ratio inside the 4 kpc

ber of sources misclassified (e.g. a C-type star as an M-tylpait increases to @5+ 0.04 and the derived [FE] value be-

star or vice versa) in each of the following data sets; 1) tltemmes—1.38 + 0.06 dex , 009 dex lower than the value we

5.4.2. C- and M-type giant selection
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derived in Paper I. This value has been derived using fMe C 3. We have also been able to test the validity of the 4 kpc

vs. [FgH] relation of Cioni (2009), but for comparison we
note that when using the relations of Cioni & Habing (2003),
Cioni & Habing (2005) and Battinelli & Demers (2005) the
calculated values for the iron abundance lie betwe®f and
—1.31 dex in the central 4 kpc of the galaxy.

The values we derive for the/M ratio and [F¢H] are

appreciably dierent from those presented in Paper I. The
iron abundance we derive here is more consistent with previ-

ous estimates of the metallicity of the RGB population which
ranges betweenl.0 (Tolstoy et al. 2001; Davidge 2003a) and

—1.50 dex (Gallart et al. 1996). Above all the values we derive

here emphasise the sensitivity of théMZatio to the selection
criteria when using thdHK photometry and the fliculties

of selecting an uncontaminated sample of sources that is rep
4. The revisedJHK selection criteria have been applied to

resentative of the population.

6. Conclusions

Spectra of 162 sources previously classified as AGB candi-

dates, using eithetHK photometry or th&€€N — TiO method,

radial limit imposed in Paper Measurements of the ra-
dial velocity have show a diference 0f-39.3+9.8km st
between the mean heliocentric velocity of those sources
within 3 kpc of the galactic centre and those sources in
the outer region. Furthermore, from the spectra of in-
dividual stars, only three of the 75 sources at a distance
of > 5 kpc from the centre of the galaxy were identi-
fied as giant stars. The lack of giant stars in the outer
region echos the findings of Kacharov et al. (2012), and
supports our conclusion in Paper | that the decline in
the stellar density betwee—5 kpc is not the beginning
of an extended halo of RGB starsWe therefore conclude
that although a radial limit of 4 kpc may be conservative it
is appropriate.

the same photometric data used in Paper | and a new value
of 0.95+ 0.04 has been calculated for thé\Cratio within

4 kpc of the centre of NGC 6822. Using théMCvs. [FeH]
relation of Cioni (2009) a new estimate of the global iron
abundance has also been madejHife- —1.38+0.06 dex.

This is Q09 dex more metal poor than the estimate we

have been presented. Based on this sample and others in thepresented in Paper | but is still, within errors, in agree-

literature we have reviewed théfectivenessJHK selection
criteria derived in Paper | of this series and tested theligli

of the 4 kpc radial limitimposed in the same paper. From there
we have derived new selection criteria and calculated néw va

ues for the global @ ratio and iron abundance in NGC 6822.
In addition we have also provided the first estimate of thellev

of error in the catalogue of C-type stars presented by lestart

et al. (2002).
Our main conclusions are as follows:

1. Ofthe 160 sources in our spectroscopic sample previously

classified as AGB giants of spectral type C or M, 75 (

47%) were identified as foreground interlopers. We there-
fore re-evaluated the colour criterion used to exclude COp,

taminants from the initial photometric were sample. Bas
on the §—H) and J—K) colour distributions of the sources
in our own spectroscopic sample and that of Kachar

et al. (2012), as well as the colour distributions of a Iargﬁ,l
reliable photometric sample of C-type stars, we now malg?

cuts at § — H)p = 0.76 mag (0 — H)2mass = 0.79 mag)

and @ — K)o > 0.93 mag (0 — Ks)amass = 0.98 mag). 3

These cuts are made in conjunction with a magnitude a4

at the TRGB K = 17.41 mag), the position of which was
established in Paper I, in order to isolate the AGB popul
tion.

2. The position of theJ — K) colour boundary used to clas-
sify AGB sources as either C- or M-type was also re-

evaluated as our spectroscopic sample has revealed aﬁgﬁ

of C-type giants extending up to.2mag blueward of
the @ — K)o = 1.20 mag colour boundary imposed in

Paper I. Based on the - K) colour distributions of the n

different populations examined here and our analysis fol
the misclassifications rates in these populations when us

ment with previous metallicity estimates of the old- and
intermediate-age population of NGC 6822.

By including in our spectroscopic sample 85 sources pre-
viously classified as C-type giants by Letarte et al. (2002)
using theCN-TiO method, we have been able to compare
theCN - TiO andJHK methods. Th&€N — TiO method

was found to have the higher success rate, correctly clas-
sifying 93% of candidates. However, while ti®& — TiO
method has been confirmed to be highly reliable for the
classification of C-type AGB stars it is not infallible and
we are able to present a first estimate of the error associ-
ated with that method~(7%).

The C/M ratio in conjunction with JHK photometry

uld be very useful for examining the mean metallicity of

AGB population. However, further improvements are

required if this method is to exploited to its full potential
the astronomical community. Firstly, it is dependent on
e reliable classification of sources as either C- or M-type
rs. We have shown that for the selection of C-type stars
at least, that theCN — TiO method is more reliable than
HK photometry. Therefore, if we wish to make the best
e of the many forthcoming NIR optimised instruments
we must continue to refine the criteria for the selection of
AGB sources in the NIR. Secondly, we have shown that a
relatively large change in the QM ratio (~ 50%) results
in only a minor change (~ 0.1 dex) in the calculated iron

ndance for the galaxy using the @M vs. [Fe/H] rela-
of Cioni (2009). The situation is not improved when

other relationships available in the literature are applied.
Clearly, a tighter relation is between these two variablesd
(?eded is the @M ratio is to be used for anything other
an to gain a very broad overview of galactic metallicity.
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Table 10. List of the 74 candidate AGB sources within 4 kpc of the galactic
center for which spectra witlyS > 10 were obtained. In column 1 those sources
with a superscript reference number are in common with the catalofjli&saag

et al. (2006)2 Demers et al. (2006¥, Whitelock et al. (2013) and Kacharov

et al. (2012) (see Table 13). In column 6 sources marked with a * vegeeted
from the photometric sample by S12 as they did not meet their strict quality
control criterion but nevertheless could be classified by them. In co8ymsource
classifications preceded by a ‘d’ denote dwarf stars, ‘e’ indicatesrdsepce of
Ha in emission - many also show [S Il] and [N II] (see Sect. 4.1.2) - andlan

‘" indicates a tentative classification. The horizontal line separates thagpeC
sources misclassified as dK or dK7 by the matching program from thefrése

sample.
ID RA (2000.0) Dec (2000.0) J H K Phot. type Dist. Spec.type Kmatch Dmatch Letarte IIR- 1| CN-TIO SN
(deg) (deg) (mag) (mag) (mag) (kpc) (mag) (mag)
157078 296.117004 -14.632751 16.46 1559 1526 M 1.77 C: 5C5. C 87 1.177 0.371 21
165127 296.233887 -14.671288 17.14 16.26 16.01 M 113 C C3.2C 459 1.102 0.356 12
167638 295.968842 -14.682981 16.82 16.02 15.68 M* 245 C 5C5. C 3 1.214 0.469 12
167938 296.259827 -14.684196 17.31 16.47 16.21 M* 1.03 C 5C5. C 586 1.14 0.318 14
168284 296.411377 -14.685686 17.47 16,58 16.11 C* 1.75 C: 2C3 C 867 1.174 0.395 11
168690 296.156006 -14.687428 17.31 16.25 15.68 C* 1.20 Ce: 1M KAalll 137 1.506 0.426 10
168826 296.179413 -14.688039 17.24 16.35 16.08 M 1.10 C C3.2 S 204421. 0.366 10
169202 296.248596  -14.689795 17.26 16.43 16.11 M 097 C C3.2S 531 1.295 0.364 13
170279 295.969452  -14.694445 17.32 16.40 16.13 M 240 C C3.2S 4 1.147 0424 14
170941 296.286774  -14.697333 17.18 16.40 16.17 M* 0.99 dK 7 dK K4l 704 1.11 0.334 24
173114 296.33078 -14.707144 15.97 15.27 1494 M* 1.13 dMm: 0odM MOV 799 1.276 0.418 28
176863 296.350922 -14.720666 17.05 16.13 1575 C* 1.17 C 5C6. S 827 1518 0.385 14
180514 296.375854  -14.73088 16.15 15.33 15.03 M 1.30 C C3.2 (o} 847 1.175 041 22
184448 296.436554  -14.743853 1745 16.68 16.56 M* 1.72 C 5C5. C 877 1.137 0.332 11
186430 296.234741  -14.750431 17.23 16.46 1624 M 0.45  Unid 7 dK Kol 464 1.132 0.329 34
188246 296.485382  -14.756809 16.74 1593 1563 M 209 C: C3.2 C 8931061 0.37 20
188974 296.131714  -14.759347 17.37 16.47 16.18 M 0.95 Ce C C 100 91.18.352 10
193714 296.112915 -14.776258 17.35 16.46 1592 C* 1.06 C 5C5. C 84 1.394 0.537 14
197170 296.152313  -14.788395 1714 16.30 1598 M 0.72 Ce 2C3. C 128 1.194 0.372 16
197464 296.283356  -14.789384 17.47 16.75 1645 M 040 C C5.5Kolll 693 1.3 0.43 12
197590 296.319458 -14.789786 16.99 16.07 1558 C* 0.69 M: 1M1 MOl 788 1.48 0.609 19
199974 296.374786  -14.798067 17.73 16.79 1655 M 1.14 C Cc3.2C 846 1.118 0.411 13
200182 296.170349  -14.798781 17.40 16.44 15.76 C* 056 Ce 5C5 C 178 1.327 0.491 17
201043 296.073059 -14.801702 17.62 16.74 16.46 M 1.36 C C3.2C 40 1.109 0.45 10
201131 296.160095 -14.802064 1738 16.61 1635 M 064 C C3.2K3lll 149 1.173 0.314 18
203106 296.338257 -14.808908 17.41 1650 16.05 C* 0.83 C: 5C5 C 810 1.215 0.359 10
206129 296.238953 -14.8196 17.84 17.06 16.83 M 0.14 dKe: dK7 Kolll 864 1.252 0.454 21
208620 296.100708  -14.828527 16.72 1596 1564 M 1.15 C C3.2C 66 1.143 0.403 18
209656 296.129822  -14.832311 1756 16.74 1649 M 092 C C3.2 C 99 691.10.427 12
209652 296.084503  -14.832314 1750 16.60 16.15 C* 1.29 C: C55 S 589 1 0.472 11
210316 296.434357 -14.834667 17.48 16.72 1632 M 165 C: 5C5. C 875 1.109 0.421 14
211898 296.30838 -14.840508 17.25 16.46 16.08 M 067 C C3.2 C 764 1.104 0.422 17
215861 296.173828  -14.855554 17.84 1697 16.65 M 0.69 Ce C C 89 11.173 0.344 11
216688 296.080383  -14.858717 16.31 15.70 1529 M* 1.38 C: INK7 MOl 46 1.247 0.518 28
219351 296.28244 -14.868937 17.48 16.72 1655 M 0.67 Ce C3.2C 690 1.168 0.43 13
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ID RA Dec J H K Phot. type Dist. Spec.type Kmatch Dmatch LetartellR-1 CN-TiO SN
(deg) (deg) (mag) (mag) (mag) (kpc) (mag) (mag)

220153 296.236908  -14.87212 18.02 17.07 1682 M 0.59 Ce Cc3.2C 477 1.148 0.434 12
222468 296.096558 -14.8814 17.98 17.19 17.03 M 1.34 C C5.5 C 3 6201 0.428 12
223056 296.261414  -14.883708 1794 17.07 1679 M 0.72 Ce 2C3. C 598 1.137 0.424 12
224407 296.431213  -14.889406 17.33 1648 16.18 M 1.76 C: 5C5. C 873 1.243 0.486 10
225648  296.163086  -14.894488 16.75 1588 1544 C* 099 C C5.5 C 158731 0.559 22
226603 296.118591  -14.89873 16.89 16.03 1573 M 1.28 C C5.5 C 88 31.20.383 14

228306  296.251007  -14.9064 1796 17.09 16.77 M 0.89 Ce C C 542  1.204840 16

229643 296.35376 -14.912353 1722 16.35 1596 C* 1.34 C c3.2C 830 1.194 0.405 11
231793 296.223907  -14.922441 1722 16.33 1581 C* 103 C 5C5. C 396 1.261 0.446 17
233186 296.157745  -14.929084 0.00 16.62 16.12 Unid* 1.26 Unid dK7 KOlll 140 1.23 0.305 32
239630 296.332458  -14.951111 17.76 1691 16.48 C* 149 C: 5C5 C 800 1.237 0.408 11
239687 296.034485  -14.951339 1757 16.71 16.39 M* 2.10 C 2 C3. KOIv 22 1162 0.44 11
242030 296.345795  -14.960103 1691 16.07 1572 M 1.61 C: C5.5 C 8191811 0.423 21
248633 296.33786 -14.988564 16.73 1573 15.19 C* 179 C: 2C3. S 809 1.443 0.402 11
2486571 296.281311  -14.988667 1716 16.35 16.07 M 1.63 C C5.5 C 682471. 0.426 14

165760 296.204498  -14.674287 1832 1755 1728 M 1.14 C dK7 Ol K 292 1.117 0.553 10
177839 296.247101  -14.722958 18.13 17.27 17.03 M 0.69 C dK7 4lllK 526 1.192 0.446 12
187649* 296.244446  -14.75467 17.25 1649 1622 M 0.42 C: dK7 KOIvV 508141 0.313 18
188333 296.350891  -14.757086 16.98 16.22 1585 M* 1.02 C: 7 dK KOl 826 1.171 0.414 29
191318 296.234558  -14.767653 16.96 16.04 1562 C* 0.30 C dK7 K3l 614 1.342 0.574 19
193220 296.290405  -14.774523 1763 16.84 1669 M 0.50 Ce: 7 dK Kol 718 1.139 0.385 11
194777 296.278412  -14.780069 1765 1654 1576 C* 0.39 Ce: dK7 KOV 668 1.691 0.565 14
194949 296.352264  -14.780713 17.09 16.30 15.76 C* 0.97 C: 7 dK KOlll 828 1.325 0.518 22
195133 296.229034  -14.781347 1761 16,51 1594 C* 0.20 Ce: dK7 IKOII 435 1.39 0.532 22
195884  296.213776  -14.783867 17.89 17.08 16.72 M 026 C dK7 KOIV 338247 0.443 22
198595 296.257843  -14.793209 1791 1714 1688 M 0.19 Ce: dK7 KOl 575 1.218 0.334 19
199754 296.208191  -14.797331 17.67 1691 1645 C* 0.25 Ce dK7 KOl 309 1.138 0.338 16
200300 296.184326 -14.799191 1783 17.03 16.78 M 0.44 Ce: 7 dK K4l 224 1.104 0.369 15
200573 296.274109  -14.800164 1757 16.75 1640 M 0.30 Ce dKk Ol K 653 1.2 0.41 13

201454 296.251343  -14.803117 1741 1650 16.15 C* 0.11 Ce: dK7 IKOII 544 141 0.512 27
204144 296.404907  -14.812469 0.00 16.54 16.16 Unid* 1.39 C 7 dK K4l 863 1.16 0.406 16
205865 296.191315 -14.818703 16.95 16.05 15.64 C* 0.41 Ce 7 dK K4l 244 1.275 0.528 15
207586 296.212616  -14.82485 1739 1656 1625 M 0.28 C dK7 KOV 327119 0.419 17

208714 296.182983  -14.828946 1760 16.81 1658 M 0.50 Ce dK7 KOlll 219 1.118 0.383 18
209216  296.233093  -14.830748 1739 16.60 16.31 M 0.24 Ce dK7 Kol 58 4 1.118 0.397 18
213379 296.241516  -14.846167 1841 1730 16.36 C* 0.37 Ce: dK7 IKOII 489 1.215 0.365 11
217716 296.234772  -14.862573 1771 16.99 1668 M 0.51 Ce: dK KOV 466 1.221 0.404 12
223739 296.153625  -14.886689 18.00 17.21 1692 M 1.00 C dK7 Ol K 131 1.161 0.393 10
242563 296.183685 -14.962144 18.24 17.33 16.82 C* 1.43 C dK 0IVK 222 1.21 0.478 12
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Table 11. List of the 73 candidate AGB sources in the outer region for which

spectra have been obtained. In column 8 the use of ‘d’, ‘e’ and “:ehhe same

meaning as in Table 10. For a discussion of the emission line sourcegsee S

4.2.2.
ID RA (2000.0) Dec (2000.0) J H K Phot. type Dist.  Spec.type Kmatch Dmatch /NS
(deg) (deg) (mag) (mag) (mag) (kpc)
12243  296.358276  -13.897025 1758 16.84 16.62 M 781 dMm: .BM3 M15V 13
20479  296.329987  -13.938492 1749 16.72 1670 M 7.43 dK dK7 OllIK 20
27278  296.079315 -13.973788 17.74 1698 1690 M 721 dMm: dM3 M3V 16
29959  296.396942  -13.987878 17.15 1641 1630 M 7.10 dMm: dM0 MOV 13
35137  296.6521 -14.015325 1833 1757 1732 M 756 dK: dK7 MmK4 11
38421  296.7117 -14.03266 1829 1756 1735 M 7.67 dK: dK7 K2V 14
63349  296.484314  -14.154216 18.15 17.16 1643 C 591 dK dK V KO 11
64581  295.60434 -14.160067 1765 1692 16.73 M 7.60 dMm: aM1. MoV 13
67487  296.492676  -14.174297 17.46 16.71 1657 M 578 dM: dM2 M1.5v 11
78272  296.068665  -14.228847 1794 1721 1700 M 511 dMm: K71 MOV 11
78560  295.52533 -14.230219 1756 16.80 16.77 M 7.67 dK dk7 VK2 19
81011 296.979736  -14.242464 1783 1711 1691 M 7.80 dM 8M3. M3V 10
83584  296.461334  -14.256592 17.03 16.29 16.12 M 5.03 dM: .BM1 M15V 16
86214 295588501  -14.270535 1746 16.72 1656 M 7.04 dM dM0 OovM 17
88989  295.462524  -14.283733 1755 1681 16.63 M 780 dM 8M1. MoV 12
89016  295.571045 -14.283828 1775 1698 1686 M 7.08 dM: .AM1 M3V 11
107892 295.808746  -14.380803 1790 17.17 17.08 M 5.06 dK dK7 Kolll 13
112177 296.821106  -14.404108 17.67 1693 16.79 M 5.91 dM: 1.8M M15V 13
117401 297.100342  -14.432428 1851 1775 1734 M 781 dK: dK Kov 14
127636 296.787109  -14.488456 1780 16.99 16.77 M 5.28 dK: 7 dK K2V 11
128222 297.023987  -14.491783 1785 17.05 17.02 M 7.03 dM: 3.6M M3V 11
140011 296.800354  -14.549609 1748 16.73 1657 M 5.14  dMm: 3.8M M3V 12
143954 295.40918 -14.567859 18.05 1724 1714 M 7.14 dM dMo OovM 11
146932 297.072693  -14.582489 17.77 1704 1686 M 7.16 dM: 0dM MOV 13
148616 296.853027 -14.590661 1826 1749 1734 M 541 dK: 7 dK Kol 13
152918 296.812988  -14.611956 1819 1745 1719 M 5.03 C: 2C3. C 11
155389 297.11145 -14.624125 1725 1650 16.37 M 739 dMm: .BM1 MOV 21
157802 296.911255 -14.636194 17.79 1706 1691 M 575 dK: 7 dK Kol 16
165107 297.148376 -14.671167 17.74 1701 1682 M 7.62 dM: 1.8M M15v 11
184165 295.609711  -14.742889 1768 16.96 16.69 M 522 dMm: 3.6M M3V 12
185402 295.516144  -14.746992 16.85 16.11 1587 M 5,99 dMe 1.5M M3V 32
200928 295.559082 -14.801364 1760 16.82 16.65 M 561 dMe: MOd MOV 19
201578 295.527863 -14.803578 17.05 16.29 16.12 M 587 dMe: M1® M3V 25
201803 295.621918  -14.804337 1794 1717 1695 M 5.09 dMm: 1.8M M3V 11
208174 295.512543  -14.826831 1785 17.13 17.01 M 6.00 dMe 1.5M MoV 16
215764 295.524353  -14.855192 18.01 1716 17.11 M 591 dMe: M1® MOV 10
220386 295.535919  -14.873045 17.77 17.04 1699 M 583 dK dK7 KoIV 19
223551 295.621216  -14.885853 18.13 1732 17.13 M 514 dK dK7 Kolll 13
223794 295547546  -14.886919 17.05 16.32 16.13 M 575 dM .BM3 M3V 20
234263 295540558  -14.933914 17.48 16.74 16.64 M 587 dM: 1.8M MOV 17
246831 295.639313  -14.980222 1765 1692 16.77 M 517 dK: 7 dK MOV 11
254251 295.404724  -15.01522 16.36 1560 1548 M 712 dK dk7 2VvK 31
276398 295.72052 -15.125569 17.63 16.68 16.07 C 508 C: C6.5C 13
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ID RA Dec J H K Phot. type Dist. Spec.type Kmatch Dmatch /NS
(deg) (deg) (mag) (mag) (mag) (kpc)
277183 295.640228  -15.129666 16.22 1548 1526 M 5.67 dM AM1 M3V 23
286135 295.417267 -15.171911 17.02 16.30 16.09 M 7.48 dM dM0 MOV 12
289833 295.405945  -15.189603 1694 16.17 16.03 M 7.62 dK dK7 KOIV 30
292760 296.767883 -15.204441 15.14 1440 1422 M 5.57 dM dM2 M1.5V 70
297583 295.799805  -15.229388 17.06 16.31 16.16 M 5.14 dM dM0 MOV 39
298121 295.47818 -15.232033 17.00 16.27 16.15 M 7.27 dM: .AM1 M3V 14
299996 295.776978  -15.241439 18.24 1741 1725 M 5.34 C: 2C3. S 10
303122 295.743439  -15.257809 18.33 1757 1729 M 5.64 dM dMO0 MoV 12
305736 295.49173 -15.271272 1758 16.83 16.68 M 7.35 dK dK7 OIVK 13
309370 295.872925  -15.289667 17.27 1644 1629 M 5.14 dM BM1 M3V 18
312062 295.534882  -15.303519 17.08 16.33 16.18 M 7.21 dM: 1.8M M3V 17
312215 295.499207  -15.304358 1758 16.76 16.75 M 7.45 dK dK7 KOIvV 14
313097 295.87912 -15.309017 1790 17.11 1688 M 5.24 dK dk7 2vK 15
317557 295.794037  -15.329094 1783 1703 16.78 M 5.80 dK: 7 dK KOOIV 14
317678 295.949036  -15.329528 18.11 17.33 17.07 M 5.09 dM: 0dM MOV 11
318572 295576233  -15.333383 16.93 16.21 16.05 M 7.10 dK dK7 MoV 23
319631 295.897827  -15.337833 1739 1657 16.39 M 5.37 dM: 3.6M M3V 26
324005 295.537048  -15.357962 17.10 16.37 16.11 M 7.48 dM: 4.8M M3V 11
324064 295.966644  -15.358248 18.35 17.40 17.07 C 5.25 dM: 2dM M15v 11
327377 296.011719  -15.374639 1791 1710 1716 M 5.23 dK dK7 K2V 14
329347 295.516876  -15.380892 17.16 16.36 16.24 M 7.74  dM: 1.8M MOV 15
330842 296.342438  -15.386158 18.09 17.26 1722 M 5.06 dM BM1 M3V 12
332677 295.648956  -15.39533 1762 16.89 1670 M 7.02  dMm: .BM1 MoV 14
344297 296.123199  -15.455264 17.35 16.60 1647 M 5.66 dM AM1 M15v 12
344467 296.182312  -15.456194 1768 16.95 16.80 M 5.60 dK dK7 Kov 23
346806 296.019073  -15.468775 18.21 1731 1665 C 5.97 Unid 7 dK KOIV 11
350411 295.58786 -15.487622 17.33 1658 1651 M 7.94 dK dk7 3llIK 15
355390 295.772949  -15.513988 17.73 1701 16.74 M 7.19 dM: 3dM M15I1 14
366911 296.781189 -15.567519 1799 1720 1712 M 7.93 dM dM0 MoV 10
368750 296.538513 -15.576294 1782 17.06 16.87 M 7.06 dM: 1.8M M15vV 12

2289 O9N Ul uoiieindod 9oV :[e 19 suoqais



Ve

Table 12.List of the 43 candidate AGB sources in the inner (top) and outer (bot-

tom) regions for which we are able tdfer a tentative classification despite the

low SN of the spectra obtained. The columns are the same as those in Table 10.

In column 1 those sources with a superscript are in common with the caéslog

of 2 Demers et al. (2006) arfcKacharov et al. (2012) (see Table 13). In column 9

the use of ‘d’ has the same meaning as in Table 10. In col 12 for the r@gien
sources there is no ID number given for the catalogue of Letarte &0412].

ID RA (2000.0) Dec (2000.0) J H K Phot. type Dist. Spec.type Kmatch Dmatch LetartellR-1 CN-TIO SN
(deg) (deg) (mag) (mag) (mag) (kpc) (mag) (mag)

158986 296.190338  -14.641755 1759 16.78 1640 M 1.43 C C5.5C 239 1.196 0.366 8
164010  296.32608 -14.666169 1758 16.80 1651 M 138 C C5.5 C 792 1.116 0.339 9
16723¢ 296.335388  -14.681108 18.39 1751 17.10 C* 132 C C5.5 C 804761 0.402 10
170004  296.110596  -14.693192 0.0 16.87 0.0 Unid* 141 C dK7 IVKO 80 1.426 0.67 9
172060 296.196411  -14.702325 17.75 16.37 15.10 C* 0.93 dK 7 dK KOIV 258 1.848 0.507 9
172656 296.539612  -14.704988 1759 16.48 1573 C* 2.64 C 5C5. C 900 1.594 0.531 7
173378 296.099152  -14.708244 17.48 16.63 16.27 C* 1.40 C 5C5. C 64 1171 0.454 10
174035 296.374054  -14.711063 1755 16.85 1652 WM* 1.38 C C C 45 81.12 0.414 7
174226 296.075775  -14.711885 18.14 1739 17.10 M 1.55 C C C 24258 0.373 8
174472 296.341431  -14.712852 17.32 16.39 1585 C* 1.16 C 5C5. C 814 1.355 0.558 10
178893 296.110779  -14.725801 17.15 16.18 1545 C* 1.24 C 5C6. C 82 148 0.456 9
179183 295.977081 -14.726664 1758 16.77 16.22 C* 2.25 C 5C5. C 7 1255 0.423 8
183391 296.08786 -14.740214 17.23 18.14 1590 C* 135 C C6.5C 53 1.266 0.37 10
184858 296.171387  -14.745203 18.02 1723 1697 M 0.74 C dK7 KA4lll 1181.121 0.375 8
186954 296.469086  -14.752255 0.0 17.74 16.28 Unid* 1.96 dK dK K2V 887 1931 0.415 10
190283 296.342804  -14.764064 18.20 1741 17.02 M 0.93 C C5.5C 815 1.222 0.354 7
191195 296.106384  -14.767224 1762 16.80 1658 M 1.13 C C5.5S 72 1183 0.425 8
191382 296.304626  -14.767883 17.76 17.03 16.59 WM* 0.63 C C 111 KO 759 1.124 0.455 8
192177  296.333038  -14.770712 1824 1751 1725 M 084 C C3.2C 803 1.194 0.392 8
207096 296.162018  -14.82305 1745 16.64 16.28 M 0.65 C C55 C 154 1.176 0.544 9
212351 296.167816  -14.842195 17.72 1699 16.60 M 067 C C Il KOI 169 1.122 0.438 10
212970 296.066071  -14.844581 1744 16.78 16.30 M* 1.46 C 5C5. C 34 1.151 0.446 10
218420 296.364624  -14.865284 17.45 16,57 16.19 C* 118 C 2C3. C 836 1.155 0.478 9
219598 296.297241  -14.869897 1749 16.70 16.21 C* 0.76 C 5C5. C 747 1129 0.375 10
226097 296.207458  -14.896397 1739 16.58 16.20 M 0.84 C C5.5 C 308791. 0.564 10
229856  296.368011  -14.913227 16.96 15.87 1515 C* 143 C 5C5. S 839 1.701 0.356 7
237395 296.070709  -14.94352 0.0 18.45 0.0 Unid* 1.83 C dK IKOII 37 1349 0.441 6
237999  296.08905 -14.945495 18.64 0.0 1590 C* 173 C C5.5 C 4 5588 0.303 7
240673 296.06134 -14.955141 18.23 17.20 17.10 WM* 1.95 C C55C 31 1.263 0.442 8
245616 295.969788  -14.97507 1769 1693 1660 M 266 C C5.5 C 5 1.16142 8
250173 296.215485  -14.99597 0.0 18.06 16.76  Unid* 1.66 C C5.5 KOV 342 1.305 0.445 7
253239 296.090485 -15.010141 18.20 16.77 16.74 C* 2.15 C 5C5. C 56 1.199 0.37 9
21034 296.250183  -13.941045 1811 1739 1726 M 737 dK dK7 O0VK - 00 0.0 8
32087 296.552612  -13.999165 1752 16.76 16.61 M 736 dK dM0 O0OVM - 00 0.0 8
62395 296.365326  -14.149378 17.16 16.39 1628 M 5.69 dm 8M1. M1.5V - 0.0 0.0 9
98241 296.653442  -14.330378 1762 16.87 16.78 M 5.31 dMm dM2  1.5M - 00 0.0 9
101637 295.688538  -14.347858 1814 1741 1714 M 5.98 dM IK71 MOl - 00 0.0 8
222762 295.594513  -14.882525 1785 17.06 16.80 M 5.36 dMm .BM3 M3V - 00 0.0 10
302586 297.015076  -15.255167 1822 1749 1735 M 7.50 dM dM2 M1.5V - 0.0 0.0 7
303607 295.81015 -15.260356 18.27 1755 1734 M 5.27 dMm IK711 K411l - 00 0.0 7
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ID RA Dec J H K Phot. type Dist. Spec.type Kmatch Dmatch LetartellR-1 CN-TiO SN
(deg) (deg) (mag) (mag) (mag) (kpc) (mag) (mag)

334393 296.061401  -15.403897 1771 1695 16.74 M 5.34 dM .BM3 M3V - 0.0 0.0 8

337831 295.923065  -15.421967 1842 1767 1739 M 5.90 dK dK7 KOIV - 00 0.0 10

372253 295.796112  -15.593744 18.17 17.44 1729 M 7.68 dK dK7 KOIV - 0.0 0.0 8
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Table 13. 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 cata-
logues of Kang et al. (2006); Demers et al. (2006); Kacharov et al.
(2012) and Whitelock et al. (2013).

ID Kang et al. (2006) Demers et al. (2006) Kacharov et al. (2012) hit¥lbck et al. (2013)
167230 - - 77470 -

168826 - - 78095 -

184858 - - 83752 -

187649 338 - 84882 -

188246 - - 85162 -

188974 - 1087 - -

191318 591 - -

194777 -
195133 581 - - -
195884 79 - - -
198595 474 - - -
199754 39 - - -
201454 409 - - -
206129 298 - - -
207586 70 - - -
209216 248 -
209650 - 1084 - -
209652 - 1056 -
213379 - - -
225648 - - 102136 -
226097 - - 102365 -
226603 - - 102622 -
228306 - - 103500 -
242030 - - 108813 -
245610 - 1020 -
248651 - - 111423 -
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