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ABSTRACT

Context. NGC 6822 is an irregular dwarf galaxy and part of the Localprdts close proximity and apparent isolation provide a
unique opportunity to study galactic evolution without aifyvious strong external influences.

Aims. This paper aims to study the spatial distribution of the gstyitiic giant branch (AGB) population and metallicity in NG822.
Methods. Using deep, high qualityHK photometry, taken with WFCAM on UKIRT, carbon- and oxygérhrAGB stars have been
isolated. The ratio between their number, th®Catio, has then been used to derive the/H{jeabundance across the galaxy.
Results. The tip of the red giant branch is locatedkat= 17.41 + 0.11 mag and the colour separation between carbon- and oxygen-
rich AGB stars is atd — K)o = 1.20+ 0.03 mag (i.e. § — K)auwass ~ 1.28 mag). A @M ratio of 0.62 + 0.03 has been derived in the
inner 4 kpc of the galaxy, which translates into an iron alaunce of [FéH] = —1.29 + 0.07 dex. Variations of these parameters were
investigated as a function of distance from the galaxy eesid azimuthal angle.

Conclusions. The AGB population of NGC 6822 has been detected out to asaxfid kpc giving a diameter of 56 arcmin. It is
metal-poor, but there is no obvious gradient in metalliaitth either radial distance from the centre or azimuthalerighe detected
spread in the TRGB magnitude is consistent with that of axyatarrounded by a halo of old stars. Th&\ratio has the potential
to be a very useful tool for the determination of metalligityesolved galaxies but a better calibration of th®¥@s. [FgH] relation
and a better understanding of the sensitivities of tiid @tio to stellar selection criteria is first requir&t!.
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1. Introduction

Forming part of the Local Group, NGC 6822 is an irregu R
lar dwarf galaxy (dIrr) similar to the Small Magellanic Clbu
(SMC). At a distance of 490 kpc,h— M)g = 2345+ 0.15
mag, (Mateo 1998; Lee etlal. 1993) it is the closest ‘indepe
dent’ dirr galaxy beyond the Magellanic Clouds. Its closexpr
imity and apparent isolation have made NGC 6822 a popu
candidate for studies of galactic evolution, without theoisty
gravitational influences of other systerns (Battinelli e28106).
The morphology of the galaxy can be broadly divided intoehre
structural components (Fig.1); firstly, a central bar whicim-
tains much of the young stellar population is clearly visibt
optical wavelengths and is orientated almost in a northksdd
rection (Hodge et al. 1991; Karampelas et al. 2009). Thiddar —
embedded in a large envelope of neutral hydrogen oriented b e e WO

a roughly SE-NW direction. Although this kind of HI struc- Right Ascension

ture is not unique in the Local Group — IC 1613 and IC 1o

have similar structures (Weldrake etlal. 2003; Roberts 1972 Fjqg 1. Schematic diagram showing the relative scale and ori-
NGC 6822 is unusual in that the HI envelope is so much mogtation of the three main structural components of NGC 6822
extended than the main optical component. A third, hale-likrhe bar of the galaxy (blu€) (Hodge et(al. 1991), the HI erpelo
structure made up of old- and intermediate age stars has bggien)[(de Blok & Waltér 20003; Battinelli et/al. 2006) ahe t
detected by Letarte etial. (2002) and is approximately de- spheroid (red) (Battinelli et &1. 2006)

Declination

—14°48'11"
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** Tables. 2, 3 and 4 are only available in electronic form at tHeositioned orthogonally to and is dynamically decouplemfr

CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.795)28r via the HI envelopel(Demers etlal. 2006; de Blok & Walter 2006;

http;/cdsweb.u-strasbg/fgi-biryqcat?JA+A/ Battinelli et al. 2006).
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The detection of RR Lyrae stars in NGC 6822Zontent of Local Group galaxies in the Northern Hemisphere
(Baldacci et al.| 2004, Clementini etlal. 2003) indicates th@! Irwin). WFCAM comprises four non-contiguous Rockwell-
presence of an old stellar populatien 11 Gyr old whereas Hawaii-1l infrared detector arrays (HgCdTe 2048048) that
the many HIl and OB associations confirm that star formatiaran be utilised to observe an area of®ded (a tile) on the
is still ongoing. NGC 6822 has been the focus of humerosky with a scale of @ per pixel. A mosaic of four tiles was
investigations of its stellar content (e.g. de Blok & Walteobtained in three broad-band filterd, H and K) covering a
2006; [ Komiyama et al. 2003; Gallart et al. 1996) and severmdntiguous area of 3 dégentred on the optical coordinates of
estimates have been made of its iron abundance. Using bptN&C 6822 ¢ = 19'44™56% 6 = -14°4806"). We refer the
photometry, Gallart et al. (1996) obtained [Hg= —-1.50+ 0.3 reader to_Casali et al. (2001) for a more detailed descripiio
dex from the slope of the red giant branch (RGB). Furthéhe WFCAM instrument. The exposure time of each tile in the
analysis of the RGB population by Tolstoy et al. (2001) yéeld J band was 150 sec, from the co-addition of 3 exposures of 10
a value of [FgH] = —1.0 = 0.3 dex from the strength of Call sec each taken in a dithered pattern of 5 positions. IrHtfzend
absorption lines, in agreement with the result of David@®® K bands the exposure time was 270 sec from the co-addition of
who derived the same [Ad] value from the slope of the RGB single 10 sec exposures, in &3 micro-stepping following a
in the near-infrared (NIR). Studies of the AGB population bgithered pattern of 3 positions. The total exposure timeppei
Cioni & Habing (2005) and Kang et al. (2006) using the ratiover the two runs was then 300 sedliand 540 sec it andK.
of C- to M-type stars, the M ratio, have detected a spread Reduction of the data, including all the standard steps for
in the metallicity of the population oA[Fe/H]= 1.56 dex and instrumental signature removal —flat fielding, crosstaky-s
A[Fe/H]= 0.07- 0.09 dex (between.03+ 0.03 and 102+ 0.03 correction and systematic noise— was completed using the
dex), respectively. The flerence between the two values iSWFCAM pipeline at the Institute of Astronomy in Cambridge.
attributed to diferences in the size and location of the observeSburces extracted using the pipeline were given a morpho-
area.| Clementini et al.| (2003) obtained a value of/liffe logical classification from which assorted quality contnua-
= -1.92 + 0.35 dex from the average period of old RR Lyragures are computed. Astrometric and photometric califmati
variables. Looking at the younger stellar population, Vehal. were performed based on the 2MASS point source catalogue
(2001) derived an average value of [A¢= —-0.49+ 0.22 dex (Hodgkin et al! 2009; Irwin et al. 2004). The photometric mea
from the optical spectroscopy of A-type supergiants. Theseares are based on aperture photometry, witopoints cal-
results suggest, as expected, that the chemical enrictohtite  ibrated against 2MASS although they anet transformed
interstellar medium in NGC 6822 has been a continual procéat the 2MASS systemn_(Hodgkin et/al. 2009). In other words
due to multiple stellar generations, since star formategam. the magnitudes and colours we quote are on the WFCAM

Cool AGB stars trace the old- and intermediate-age popiustrumental system; transformation equations are given i
lation in galaxies, and as they are among the brightest tbjellodgkin et al.|(2009, eq. 4 8).
they are detected well in the NIR, providing a sample thaglisr  Duplicated sources were removed using the photometric er-
atively unobscured by dust along the line of sight. The pseporor and the morphological classification to select a ‘besijue
of this paper is to study the distribution of AGB stars and thentry per object, to produce a final catalogue containing
metallicity (iron abundance) across the galaxy. DuringA8 375 000 sources. Most of which are, as we show in Sect. 3.1,
phase, mixing mechanisms dredge up triplerocessed mate- Milky Way (MW) foreground sources. With the exception of one
rial from the He-burning shell and can cause the dominanaimepointing in the NE that siered from technical diculties in the
abundance in the stellar atmosphere to change from oxygeridam of jittering causing oblong images in one set of the Kxdba
carbon. Oxygen-rich stars have an excess of oxygen atomsiservations, the typical seeing across the two observing r
their atmosphere relative to carbon, which leads to the&tion  was between- 0.9 — 1.1”. Figure[2 shows error vs magnitude
of O-rich molecular species (i.e. TiO, VO,,8). Carbon-rich for each source in all three bands. Théeet of the technical
stars have a higher abundance of carbon atoms relative to ofgult on theK-band observations can be seen in the top panel,
gen, leading to the formation of carbonaceous molecules@, sources from that tile have a higher error for a given magieitu
CN, SiC). These two types of stars are known as MO& 1) Total reddening values across NGC 6822 have been found to
and C-type (@O > 1). Stars in which the number of carbonavary widely from E(B-V)= 0.24 in the outer regions to E(B-
ceous molecules equals the number of oxygen rich moleculgs= 0.45-0.54 in the centre_(Hernandez-Martinez &t al. 2009;
(i.e. M ~ 1) are S-type stars. At lower metallicities the trandMassey et &l 1995). Here, no corrections were made for in-
formation from an initially O-rich atmosphere to a C-richeonternal reddening. Corrections for the foreground componen
is easier as fewer dredge-up events are required (Iben &iflenzvere made using the extinction maplof Schlegel et al. (1998).
1983;/Blanco et al. 1978), therefore the ratio between sthrsAll magnitudes and colours are presented in their extimetio
spectral type C and M should provide an indirect measureeof thorrected (dereddened) form, denoted by the subscript ‘0.
local metallicity at the time those stars formed. The maximum depth reached in each photometric band was

The paper is organised as follows: Sett. 2 presents the-obsgy61, 20.00 and 191 mag inJ, H andK respectively. The com-
vations and the data reduction process, $éct. 3 analyseatfie pleteness limit for each band has been inferred froniFig.i8hvh
and defines the sample of C- and M-type AGB stars, results a&ffows the logarithmic distribution of the magnitudes inteac
presented in Sedfl 4, followed by a discussion and conalgsidhand for our sample and the magnitude distribution of a syn-
in Sect[ and Sedil 6, respectively. thetic MW foreground generated using the population sysithe
code TRILEGALLGirardi et al.[(2005). The shape of the sample
distribution will be slightly diterent to that of the MW distribu-
tion due to the presence of NGC 6822 sources but the distribu-
Observations were obtained using the Wide Field Camdians do show some similar features. Both continue to irsgea
(WFCAM) on the 38m United Kingdom Infrared Telescopealong a similar line until they reach a peak and then stareto d
(UKIRT) in Hawaii during two runs, in April 2005 and cline. Whilst in the synthetically generated populatios ik due
November 2006, as part of a large project to survey the AGB some change in the population, in the sample distribwtien

2. Observations and data reduction
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believe the rollover, which occurs at brighter magnitudeshe
effect of decreasing completeness in the sample after the pe
Therefore, the data are assumed to be complete up to the pee g
the distribution and we estimate the completeness at faimdg- J02E
nitudes by normalising to the observed star counts at the@ea o1 ¢
each band. In thd-band we are 100% complete to a depth ¢ E ‘
17.9 mag, falling to a completeness of 50% betweer3199.5 12 14
mag. In theH-band we are 100% complete to a depth of917
mag, falling to the 50% level between.¥8 189 mag and in the F
K-band (including the poorer quality data) we are 100% cor 03 £
plete to a depth of 13 mag, declining to 50% complete betweel ¢ F
185-18.7 mag. For comparison, the completeness levels for t E
K-band in the NE only are 100% down to.Bnag falling to the g
50% level between 18.5— 187 mag. AGB sources at the dis- 0
tance of NGC 6822 are expected to have an apparent magnit
brighter tharky = 17.5 mag, therefore we are confident that ou _
sample is stiiciently complete for the purposes of this study. 03 £
Sources in the photometric catalogue are flagged as stel  , £
probably stellar, compact but non-stellar, noise likeussed, g
a poor-match with the astrometric data or non-stellar, ichea g
band. This source classification is based on the flux curve- 0 =———1
growth for a series of apertures; a similar method has beed u: 12 1
in the IPHAS survey and is discussed in Gonzalez-Solaraks et
(2008). Considering only those sources with the same flalj in a, _ )
three bands, no compact non-stellar or poorly-matchectssurFig- 2. Magnitude vs. error for each photometric band. The
remained; 469 saturated objecté & 12.75), 1703 noise-like Pranch that splits away from the main body of sources a6
sources, 21400 non-stellar, 449 probably-stellar and@8gl- Magin theK-band shows the mcr_eased error associated Wlt_h the
lar sources were left. To ensure a reliable data set for the s§ubset of data from the NE region that was collected during a
sequent analysis only sources consistently detected thra technical fault.
photometric bands and classified as stellar or probabliaste
cach band e Lsed, % el nagniude dagran (CHD) ixure of Galaci G- k- and W-ype darts as welas RGE
hand panel of Fid.l4. Some of the sources listed as non+saeda nd early-AGB stars belonging to NGC 6822.
probably in fact stellar; comparing the first two panels af.H,
many of the non-stellar sources with £ K)o < 1.20 mag oc-
cupy the same region of the CMD diagram as the stellar sources
However, due to the problems of crowding or their being clos
to the detection limit of the data, it was not possible to heso 5
them adequately into individual stars and so they wereifileds
as non-stellar and removed from the sample. TR

03 e ]

01

01 |

The foreground contamination was substantially removed
using colour-selection criterion based on the work of

3. Analysis
3.1. The foreground

As NGC 6822 [ = 25°.34,b = -18.39) is close to the
Galactic plane of the Milky Way observationgtar from heavy
foreground contamination. The extent of this contamimat&
clearly seenin the left-hand panel of Higj. 4. Three verfioglers
at colours § — K)g ~ 0.35, 060 and 080 mag, have been associ-
ated with the following features following Nikolaev & Weiakyj
(2000): the bluest finger is due to blue supergiants of NGQ68
and Galactic F-K dwarfs; the second is due to Galactic for
ground stars including K-type dwarfs and giants as well asgo
supergiants of NGC 6822; the third results from Galacticyidet
dwarfs and K-, M-type giants, as well as K- and M-type giant
of NGC 6822. This feature merges with a less distinct velrtic
sequence, relating to the M-type AGB population of NGC 682
up to about § — K)o ~ 1.20 mag. At § — K)o > 1.20 mag and agnitucle

brighter tharK, = 17 mag, the C-type AGB stars of NGC 6822

occupy a diagonal sequence on the right of the CMD - these féag. 3. Log number vs. linear magnitude distribution of sources
tures are more clearly seen in the right-hand panel oflfFigt 4. in each photometric band in 0.2 mag bins. The completeness
magnitudes fainter thay ~ 17 mag where the distinction be-level of each band has been inferred and is discussed inxhe te
tween the vertical sequences becomes blurred, the sourcas a Sect[2.

log{Number)
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Fig. 4. Left: CMD of all the stellar and probably-stellar sourcex;luding Milky Way foreground and genuine NGC 6822 stars.
Middle: CMD of the non-stellar sources from the original pdraetric catalogue in the direction of NGC 6822. Right: CMD o
the stellar and probably-stellar sources from the centthebbserved area - MW foreground contamination is stilkeng but the
CMD is dominated by sources belonging to NGC 6822. The pekingang to the M-type stars and the diagonal branch gengtrate
by the C-type stars are more easily distinguished here.

Bessell & Breft [(1988). The appropriate colour selectioiteer
rion was determined as follows; the full observed area whs st T ' ' T ' "
divided into a grid of 100 regions, each with dimensions ¢ L i o o
~ 10 x 10 (Fig.[H). Sources from the grid region with the high- _,4
est number density of sources - i.e. containing the majafity L
NGC 6822 - were plotted on a colour-colour diagraid ¢ K)o, L
(J = H)o). Sources from a region at the periphery of the ot L
served area (bottom left corner) that was assumed to be do L
nated by MW foreground stars were then plotted on the sar_;4 5 ||
colour-colour diagram in a fierent colour (Fig[J6). This pro- "
cess was repeated for each of the peripheral regions toeenss |
that a suitable average colour-selection criterion waptetb 0
In Fig.[8 a distinct separation in the colour distributiontbé & L
sources from the centre and those from the outer region can 5 ||
seen atJ — H)o = 0.72 mag. This is typical of all the peripheral L
regions. Assuming that foreground stars are evenly digiib L
across field, the stars witld ¢ H)o > 0.72 mag are likely mem- LB
bers of NGC 6822. This technique relies on the separation L
dwarfs and giants il — H to separate the foreground dwarfs_ 5 5 |-
from NGC 6822 giants (Bessell & Brett 1988, Fig. A3). The pc L
sition of this colour separation was confirmed using a cohisH -
togram of sources from the central and outer region (Bigthe); =97 <565 296 =95.5
sharp decline in the number of sources from the outer regi RA (deg)
at J — H)o > 0.72 mag, confirms the colour selection crite- o ] )
rion.This method will also have removed some genuine NGg. 5. The division of the observed area into a grid of 100 re-
6822 sources bluer thad ¢ H)o = 0.72 (mostly RGB stars) gions, each of dimensions 2010, prior to foreground removal.
from our sample. However, as we are primarily interestetién t The sources shown have been defined as stellar or probably-
detection and identification of AGB, rather than RGB, sthis t Stellar in all three photometric bands, no other selectiiteria
colour selection technique is verffective (left-hand panel of have been applied. Some of the patchiness seen here istite res
Fig.[8) and quite suitable for our purposes. Foregroundtgia®f varying limiting magnitudes in the observations - partaly
are extremely bright and are expected to have been removednd§e NE footprint.
saturated source&§ < 1275 mag) during the data selection.
Gullieuszik et al.[(2008) also used this technique to renfiore
ground contamination and to select C- and M-type stars abayplication of aK-band magnitude criterion (see Séctl3.2). At
the tip of the red giant branch (TRGB). most 14% of the AGB stars retained in the central field will be-
Some MW contamination of our sample is likely to refong to the foreground, though this fraction will increasehe
main. The presence of a few sources in the outer quadrant wathter fields. Both alternatives are discussed further in. BeE2.
(J - H)o > 0.72 mag suggests either a small leakage of for@he right-hand panel of Fig] 8 presents a CMD of all the sairce
ground stars into the NGC 6822 sample or a small NGC 68##at remain after the application of tie- H criterion and which
component out to large radii. If they are contaminating eesir are therefore are believed to be predominantly genuine reesnb
many of them are later removed from the AGB sample by tled NGC 6822. Although we are unable to absolutely identify

eg
T
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Fig. 6. Colour-colour diagram of sources selected from two grigig. 7. Colour histograms with bin size 0.1 mag, of the same
regions in Figlh. Sources in black are assumed to be refieesesources as in Fid.] 6. The dotted-line histogram corresptamds
tive of genuine NGC 6822 and MW foreground, whilst sourcdabe central region of the galaxy and the solid-line histagra
in red are assumed to be representative of MW sources onlycasresponds to the outer region. The dashed vertical lirs is
described in the text. The horizontal line dH)o = 0.72 mag (J - H)o = 0.72 mag.

has been used to separate the galaxy and the foregrourad stell

population. The upper diagonal line dt-{ K)o = 1.20 mag rep-

resents the colour boundary between C- and M-type AGB stjgnciple the removal of some genuine RGB sources as dieduss
applied to the sample (see Scil3.3). The second diagoealtli i, gect[ 3] may haveffected our determination of the TRGB,
(J-K)o =_O.80 mag relates to an alternative foreground removghwever the general position of the TRGBKg ~ 17 — 17.5
method discussed in Sect. 514.3. mag still detectable in the left-hand panel of Kify. 8 and iseno
obvious in the right-hand panel of the same figure.
o ) . The exact position of the TRGB discontinuity was identified
individual sources in the CMD as MW contaminants, we nofgom the magnitude distribution of sources within a centeal
that the brightest sources extending ugto~ 12.8 mag - sig- gion of 17 x 17 using the Sobel edge detection algorithm
nificantly above the C-type star branch - may be residuakfor@ ee et al[ 1993). This area was chosen as it contains a large
ground contamination. We base this on the colour and maditihortion of the galaxy and therefore minimises tHeeets of
distribution of a simulated foreground in the direction 06N any residual MW contamination and is ufected by the poorer
6822 generated using TRILEGAL (Girardi ef al. 2005). Usinguality data collected in the outer NE field. The Sobel aliponi
the maximum magnitude of the C-type star branch as a guideigl first derivative operator that computes the rate of chang
sources with a magnitude &% < 14.75 mag have been isolated(gradient) across an edge, producing a peak where therégs a s
gnd theirJ—H colour distribution examined. Approxmately halfnificant change of slope. Due to the large discontinuity Kigfea
lie near the § - H)o = 0.72 mag boundary and seem likely to ben sjope) in the magnitude distribution at the TRGB, the étg
foreground contamination, whilst the remainder lie sigaifity peak corresponds to the position of the TRGB. As initiallgdis
above this. After the application of the-band magnitude crite- py [| ee et al.[(1993), the Sobel filter had the disadvantage tha
rion discussed below, these potential contaminants makessp the position of the resulting peak iected by both the bin siz-
than 08% of our sample. As we do not have conclusive evidenggy and the position of the hins in the magnitude distribtio
on which to reject these sources and due to their small numhegwever, the improved analysisiof Sakai €t al. (1996) applie
it was decided not to use a bright magnitude limit or a more sgdge detection filter to a smoothed magnitude distributibiziy
vereJ — H selection to remove them from our sample. Howeveis constructed by replacing each discretely distributedlast
the dfect on our final results of using both of these methods faagnitude with a Gaussian curve of unit integrated area and

eliminate potential contaminants is discussed in $éct. 5. standard deviation- equaling the magnitude error. This avoids
the problems of binning the data and is the technique applied
3.2. The tip of the RGB here.

After the Sobel filter was applied, a Gaussian was fitted to the
The TRGB is one of the most prominent features in the magsitrongest peak. The mean and dispersion of the fitted Gaussia
tude distribution of old- and intermediate-age populatias it were taken as the TRGB magnitude and associated errofjFig. 9
causes a large discontinuity between the RGB and AGB poplhe following points should be noted: firsily, Cioni et al0(®a)
lations and is commonly used to identify AGB stars in galaxidound the Sobel filter to be systematically biased towaridda
outside the MW (e.g. Kang etlal. 2006; Mouhcine et al. 20056). magnitudes, due to thefects of smoothing the data. Magnitude
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{I-K}, (I1-K),

Fig.8. Left: CMD of the sources shown in black in Fd. 6. Sources shawblack are believed to be genuine NGC 6822 sources
whilst those sources shown in red hade-(H)o < 0.72 mag and have therefore been removed from our sample as Mgréund
contamination. Right: CMD of the sources with<{ H)o > 0.72 mag i.e. mostly belonging to NGC 6822, across the full nkesk
area. The vertical and diagonal sequences relating to thendl-C-type AGB stars, above the TRGBKagt ~ 17— 17.5 mag, are
clearly visible. The horizontal and vertical lines mark gasition of the determined TRGB and the colour selectioteda (Sect.
33).

corrections were supplied by the same authors and have peeroaerlap in the CMD between C- and M-type AGB stars, espe-
plied here. Secondly, in order to ensure a credible deteetith cially at fainter magnitudes, it is fiicult to identify a precise
the Sobel filter, there must be at least 100 sources in theeramglour separation between the two spectral types.
extending one magnitude fainter than the TRGB, according Tthe adopted position of the separation has been judged by eye
Madore & Freedman (1995) and Bellazzini et al. (2002). As tHeom the discontinuity in thel — K colour histogram (Fid.]9) of
TRGB is estimated by eye to lie betwekkn ~ 17-17.5 mag and the AGB sources in the same’2/17 region used to determine
the magnitude distribution contains in excess of 1300 smuirt the position of the TRGB. The highest peak in Figl. 10 relades t
the range 16 < Kp < 185 mag, the criteria regarding the reli-M-type stars, followed at redder colours by a significanpdrnd
able use of the Sobel filter have been met. then a tail containing the C-type stars (Cioni & Habing 2005)
A TRGB magnitude oK = 17.41+ 0.11 mag was found The colour separation was found to lie a{K)o = 1.20+ 0.05
(Fig.[@) and has been used for the purposes of isolating AGmBag. For § — H)o ~ 1.0 mag and J — K)o ~ 1.0 mag,
stars in our photometric sample. A discussion of the vamieif (J — Ks)amass ~ (J — K)o + 0.08 (Hodgkin et all 2009, eq. 6
the TRGB magnitude across the surface of NGC 6822 follows8), so the colour separatiord (- K)o = 1.20 corresponds to
in Sect[Z.ZD. (J — Ks)amass ~ 1.28.
This value has been used for the purposes of identifying C-
and M-type stars in the AGB sample. The application of such
3.3. C- and M-type AGB stars a sharp colour selection criterion suggests a strict tiiansbe-
tween these two types of AGB stars; in reality this is unlkel
and the colour separation depends strongly on the metgplti€i

AGB stars of spectral type C or M are easily identified on #e observed population (Battinelli et al. 2007). The idfesat-
CMD (Fig.[8, right panel). M-type stars follow a vertical setion and quantification of bias in our colour selection cita
quence above the TRGB with a large range of magnitudesvét! be the subject of a future paper using spectroscopieebs
nearly constant colour, whilst C-type stars display a senallvations, butour selected value is strongly supported byetbent
range of magnitudes but a wider range of systematically rediork ofiKacharov et ali(2012).

der colours, resulting in a ‘red tail' extending diagonalig-

wards and away from the M-type stars. The redder cqlogrs :9,5,2, A blue limit

C-type stars are due to the increasing molecular opacithién t

stellar atmosphere as more carbon is brought to the surfathe selected AGB sample spans a colour range .48 O<
leading to a marked cooling and a larger temperature gradi¢d — K)o < 4.08 mag. In accordance with the findings of
across the population as stars develop from M-type to C-tyBessell & Brett |(1988) and Battinelli etlal. (2007), it was-de
(Marigo et all 2003). An estimate from the CMD places this-sepided to apply a ‘blue limit’ to the selection of M-type stans
aration at § — K)o ~ 1.10-1.20 mag. However, as there is som@rder to exclude late K-type stars. An empirical blue limiit o

3.3.1. J-K colour selection
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(J - K)o = 0.74 + 0.05 mag was used based on the colour his-
300 T T T tograms. In Fig_10,J- K)o ~ 0.80-0.90 mag marks the begin-
ning of significant numbers of M-type AGB stars. To allow for
i some fluctuation in the position of this onset and tieas of
binning the data, a slightly bluer limit has been selecteprts
i | serve genuine sources. The use of a more severe (redddr) limi
r may underestimate the number of M-type stars; this is desalis
- further in Sect 5.312.
L AN | The final criteria applied for the selection of M-type AGB
S stars was 04 < (J — K)o < 1.20 andKy < 17.41 mag. The
i upper colour limit is bluer than the limit applied in a study o
K \ 1 the AGB population of NGC 6822 hy Kang et al. (2006) €
‘ ! i K)o = 1.40 mag) but it is in good agreement with the findings
! l i of ICioni & Habing (2005) (§ — Ks)amass = 1.24 mag). This
) ! ' limit also agrees well with the analysis of Battinelli et @007),
o \ A who in reviewing the colour limits applied in various stusligf
:n ”H/ ' ] the AGB population in several Local Group galaxies, conetiid
l{

200

Number

100

[
|
| : i Nl | | that the C- and M-type star boundary is ill defined but suggest
' i i | that  — K)o = 1.20 mag is an appropriate limit for NGC 6822.
i ﬂ ﬂ / ‘”} \I‘l I N /\ A, An upper colour limit was not applied to the selection of @y
) I E— 1 A AT b stars. We would expect the intrinsic colours of C-rich AG&rst
12 1 K 18 *®  toreach { — K)o ~ 2.5 mag; sources redder than this may still

be AGB stars that are heavily dust enshrouded, which are more
, ) o _ likely to be C-type than M-type (Zijlstra et al. 2006).
Fig.9. A smoothedK-band magnitude distribution(dashed line)
for region of size 17x 17. The Sobel filter (solid black line)
has been applied and a Gaussian curve (solid red line) has bgeresylits
fitted to the strongest peak to locate the TRGB magnitude and
error. The TRGB lies &g = 17.41+0.11 mag. The distribution 4.1. The structure of NGC 6822

is a generalised histogram and the vertical scale is itra e
9 9 anp 4.1.1. Spatial distributions

After the removal of much of the MW foreground and isola-
tion of the C- and M-type AGB stars, source density plots were
constructed to examine the distribution of these starsCive
ratio and the stellar population below the TRGB (RGB sources
across the surface of NGC 6822 (Higl] 11). The distribution of
the removed MW foreground is also shown in this section (Fig.
[I2). The low resolution density maps have been construgted b
counting the number of sources of various types in ax4400
grid, where a single bin corresponds to58 x 2'.55, and then
applying a box-car smoothing function of size 2. These maps
were used to examine the large scale structure of the galary.
same procedure was then repeated to produce a high resolutio
map of the central 35< 35 of the galaxy in order to examine
any finer structure that was present.

The distribution of C-type stars in both the low and high res-
olution maps are shown in the top panels of Eig. 11. The highes
concentration of C-type stars is in the area of the bar, atiho
the concentration is circular rather than following thengjated
bar structure. The C-type stars do not appear to trace the-Hl e
velope in any significant way.

200

150

Number
-
<
S

50

05 i s P 25 5 The M-type AGB population (Fid._11) is distributed simi-
' ' (1K), ' larly, though the bar-like elongation is clearer and thesitgn

of M-type stars is higher than for C-type stars. There is arcle
: . . o under-density of M-type stars in the SE that is most obvious i
Fig. 10. Colour histogram with a bin size of 0.05 mag, of thg, gy, reso?lution myail)p and also in Tah[@. 1 which shows the
AGB sources in the ¥x17 region l.Jsed to determine t_h_e TRGB,mper counts of RGB, C-and M-type stars in the North-West,
magnitude. The vertical dashed lines mark the positionsi®f t

- South-West, South-East and North-East of the observed area

blue limit at ( — K)o > 0.74 mag (Sec{.3.3.2) and the coloukrpere js 4 clear decline in the number of M-type AGB stars

separation between the C- and M-type starslat K)o = 1.20 j, the SE. This under-density may be due to a structure simi-

mag. lar to the super giant shell, a large hole in the HI disk, dbscr
bylde Blok & Walter (2000b), which does not contain any AGB
stars. The high number of sources in the NW is attributed to
the slightly better completeness levels in this region. Rieing
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Fig. 11. From top to bottom, density distribution of: carbon-richrst oxygen-rich stars, the/l@ ratio and RGB stars. Each row
shows, on the left a map of the full observed area using 16@¥0drid on the right a map of the central 884 also using 1600 bins.
Contours are at:.Q, 0.5, 2, 10 and 15 for carbon-rich stars in low resolution map@bgd2, 5 and 8 in the high resolution map. For
oxygen-rich stars contours are at: 1, 2, 5, 10, 25 and 50 itotheesolution map and.B, 1, 5 and 10 in the high resolution map.
For the GM ratio the contours are at:D, 04, 0.6, 0.8 and 1 in the low resolution and1) 0.4 and 08 in the high resolution map.
For the RGB stars contours are at: 1, 2, 5, 10, 20 and 50 in thedsolution map and at 1, 3, 6, 11 and 15 in the high resolution
map. At a distance of 490 kpc, the full field is.54 14.5 kpc, whilst the high resolution field is & 5 kpc.
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Type NW_SW SE NE in two larger, more evenly distributed regions with lowegMC
giglg%f:](((f\z) 625125 1217257 igg é;g ratio’s. Under traditional assumptions this clumpy diition
would suggest areas of lower metallicity in the galacticteen
RGB 2688 2378 2415 2280 surrounded by regions with a higher metal content. Whilst th
patchy distribution of the @1 ratio may be a real feature, the
Table 1. RGB, C-and M-type star number counts. metalllicity distribution, associated with the traditidmaterpre-
tation of the @M ratio, would be unusual as the central regions
of a galaxy are typically expected to show a concentration of
more metal-rich stars. It seems more probable that thelilaeg
MW foreground contamination would alsdfect M-type star clumps in the @M ratio are not the result of metallicityfiects
and RGB counts in this region, the C-type star counts woutd ralone and other population parameters may also be important
be dfected as C-type stars are not seen in the MW foregrouridhe lower panels of Fi§l. 11 show the source density plotslfor a
This is discussed further at the in the context of foregrowmad those sources belonging to NGC 6822 that are below the TRGB
moval at the end of this section. There is also a clear oveiten (Ko > 17.41 mag) and therefore were not identified as AGB
in the SW of the galaxy which we will return to in Sect.J5.1.  stars. These sources will mostly be RGB stars. They are dis-
Figure[T1 also shows the surface distribution of tiM@a- tributed more smoothly across the face of the galaxy and at a
tio across NGC 6822, where dark regions indicate a higher figher density than the AGB population. This makes the under
tio. Variations in the @M ratio are frequently assumed to reflectiensities due to the poor sensitivity in the NE more obvious,
variations in the metallicity of the region, however, impee however the under-density in the SE seen in the M-type AGB
ments in our understanding of stellar evolution and thieats density plots is less apparent in the low resolution RGB. ptot
of population age on the/® ratio means that this traditional the low resolution RGB density plot there is also for the first
interpretation is no longer so straightforward. Th&ds not time a noticeable contour in the NW-SE direction that may be
simply a function of metallicity, it is also dependent on tige  tracing the HI envelope. This contour extends slightly ®8wW
of the population(Feast etlal. 2010; Mouhcine & Langon 3003s well, but a stellar overdensity in this region is not olrgio
Held et al. (2010) suggest that the ratio may be much more sen- The source density plots in Fig.J12 show the distribution of
sitive to the age variations in the population then previpusthe sources removed from our data set as MW foreground stars
thought. During their study of Leol dSph, Held et al. (201@)€ (Sect[3.1). Foreground stars are expected to be distdbuie
cluded that the number of C-type stars is much more dependertigeneously across the observed area. However, thereere ov
on age than the number of M-type stars. A conclusion whigfensities in the centre and in the NW. This indicates that the
is supported by the earlier work of Gullieuszik et al. (2008) foreground removal in the centre at least has been slighdy t
Leo Il and by the work of Cioni et all (2006). Gullieuszik ef alsevere and some genuine NGC 6822 stars have also been re-
(2008) and Held et al._(2010) both show plots of the productianoved, however, a CMD (Fif_13) of the sources in the central
of C- and M-type stars as a function of age, with the C-typsverdensity indicates that few genuine M- and C-type stave h
star count peaking in the first 2 Gyrs and falling & to almost been removed. Although 640 sources fall within the region
nothing at~ 7 — 8 Gyrs, both of which would ffiect the inter- occupied by the M-type AGB stars ard15 sources fall in the
pretation of the @M ratio as a metallicity indicator in the con-region occupied by the C-type stars, these objects do net con
ventional sense. A similar plot is shown by _Cioni et al. (200Gorm to the same CMD as the NGC 6822 AGB sources in Fig.
for the LMC with the useful addition of another plot showingg (right panel) - there is no M-sequence &t(K)o = 0.9- 1.0
how this dfects the @M ratio. It is clear from this plot that the and no diagonal C-branch. These sources are probably genuin
C/M ratio is dependent on the age of the underlying populatioRtW stars correctly subtracted. The greater number of ssurce
This age dependence is consistent with our current unaerstain Fig.[I3 are below the TRGB. Therefore of the genuine NGC
ing of how carbon-rich AGB stars evolve. C-type stars arg/onb822 sources that have been wrongly removed the majority wil
expected to form over a certain mass, and therefore ageg rabg (K-type) RGB, rather than AGB, stars. These genuine RGB
due to their dependence on thii@ency and fects of the third sources will fall primarily in the left-hand branch (i.euielr than
dredge-up (TDU), Hot Bottom Burning (HBB), mass loss o(H — K)q ~ 0.15) of the invertedJ, shown in the colour-colour
the AGB and molecular opacity (Starffi et al. 2005; Marigo plot (Fig.[I4) of the same region - among genuine foreground
2007; Ventura & Marigo_2010; Karakas 2011). Karakas (2008purces. It is these RGB sources that we believe are regpensi
suggests that only AGB stars more massive thanll5M; un-  for the overdensity seen in the centre of the plots in [Eif A2.
dergo TDU and hence could become C-type stars. At presentR@B sources are not our primary interest and as discusskd in t
do not have sfiicient data to investigate the mass and age dist@ect[ 3.2 we do not believe their loss will impact on our deter
bution of our candidate AGB stars. This work is been based atination of important variables, like the TRGB, it was dexid
the classical interpretation of thg@ ratio as the calibration of to continue with the current foreground removal techniduree
Cionl (2009), like previous calibrations, derives the imsun- overdensity seen in the NW of Fig.]12 corresponds roughly to
dance solely from the M ratio without detailed considerationa WFCAM tile and suggests better observing conditions is thi
of other population variables such as age (or AGB star massirection resulted in more faint stars and hence more foraupt
However, we draw the readers attention to the age dependepisfects being catalogued there. A version of the low regmiut
of the M ratio as an aid to any future interpretation of our replot using only those sources with a magnitude<gf < 17.3
sults when such data has been obtained. shows a much smoother distribution of sources with no olssiou
Returning to Figl_Il, regions with the highegMCratio are overdensity in the NW. Figurés 2 ahd 3 were also produced sep-
located in and around the centre of the galaxy, althougtetharately for the NW and compared with the average for the total
is no clear enhancement defining the position of the bar.dn faobserved area. Observations in the NW have lower photomnetri
the highest contour levels are slightlffget from the centre. The errors and retain a 100% completeness level to a greatehn dept
high resolution map, especially, demonstrates the clunmgy &Ko ~ 17.7 mag). These figures have not been included here due
slightly elliptical distribution of the @M ratio in the centre, set to space restrictions, but seem to confirm the NW overdeirsity
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Fig.13. CMD of the MW sources located in the over-density ifFig. 14. Colour-colour diagram of the same sources as[Eij. 13.
the centre of Fid.12. The horizontal and vertical lines espnt As these sources have been removed as foreground they all hav
the position of the TRGB and the colour selection criteriafie a colour of 0 — H)o < 0.72 mag - marked by the horizontal.
selection of C- and M-type AGB stars, respectively, as in[Big The turn over due mainly to the MW dwarf population is clearly
visible. The diagonal line shows the position of the{(K)y =
1.20 mag colour cut.

Fig.[12 to be primarily an observationdfect.
We acknowledge that the shalp- H colour separation applied
between the MW foreground and the M-type AGB stars of NGfhe poorer quality data we received from the NE quadrarg, thi
6822 (Fig.[6) may result in some genuine AGB sources beijgdiscussed further below.
lost. The number of M-type sources counted and therefore the \we consider two possible interpretations for the obsereed d
C/M ratio is dfected by the imperfect nature of the colour selegjine and leveling out of the source density profiles-at kpc.
tion criteria. This will be discussed further in Séct. 513.1 The first is that the leveling out at a more constant stellar- de
sity is the result of remaining MW foreground sources becami
dominantin the sample at this distance, as foreshadowegkin S
3. The second alternative is that the stars beyond 4 kpc con
In order to further investigate théfectiveness of the foregroundstitute an extended halo around NGC 6822 populated predom-
subtraction and the distribution of the NGC 6822 populatiomantly by RGB and some M-type AGB stars, with few C-type
stellar density profiles of the AGB and the RGB (referringlto astars. Under the former scenario the decline in the C- angpé-t
those sources below the TRGB) populations of NGC 6822 hastar density profiles at similar radial distances would tregre-
been constructed. Using the position angle (PA) of the baxPAsent the decreasing stellar density of NGC 6822, whereasrund
10°+£3° (Hodge 1977) and its inclinatian= 0° (Cioni & Habing the second scenario it would represent the transition ssfdim
2005), the distance in kpc from the galactic centre and afeanthe central region to the halo.
¢ in the plane of the galaxy, measured anticlockwise from the Figure[1Y also illustrates the declining number of AGB stars
major axis of the bar were calculated for the central coaigia especially of C-type stars, with radial distance from tha-ce
of each region in a multi-resolution grid (FIg.]15). The PAedo tre. It shows a CMD of all the sources (in black) remaining
not efect the calculated distances in this case (a$°), it does after the removal of the foreground with those sources which
give the zero-point of the angle The PA and of the bar were are outside the small grid - Fig. 115, i.e.2 — 3 kpc from the
used as it was the most prominent feature in the surfacetglengjalactic centre - shown in red. The sources in black show the
plot of the AGB population. peak belonging to the M-type AGBs and the diagonal branch
Fig.[18 shows the number density of C- and M-type AGBelonging to the C-type AGBs clearly. In comparison, sosirce
stars and RGB stars per unit area in each region of [Ely. ¥bore than 2— 3 kpc from the centre (red) do not generate
plotted against distance from the galactic centre. Theitjeols the strong diagonal sequence. There are outer (red) soarces
C-type stars show a fairly steep decline from the centre ef thJ — K)o > 1.20 mag but most seem to have merged upwards
galaxy out to about .8 kpc before leveling out. A similar patternfrom below the TRGB and do not look as though they belong
is repeated in the density profile of the M-type stars, lexptiut to the C-star branch. Sources from the outer parts of thexgala
closer to 35 kpc. The density profile of the RGB stars showbetween 074 < (J — K)o < 1.20 mag, also do not follow the
similar behaviour - a steep decline is seen outtd.5 kpc af- strong peak belonging to the M-type AGB stars quite as well.
ter which the source density is almost constant out &0 kpc. If the outermost stars are part of the MW foreground, then the
We note the slight downturn at-8 10 kpc and attribute this to clearest indication of where the stellar component of NGE2268

4.1.2. Stellar density profiles

10
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Fig. 12. Density distribution of foreground sources removed fromdata set as described in the text. On the left using 1600 bins
across the full observed area contours are at 50, 75, 1005hdDh the right is the high resolution plot, contours are(atlb and
25.
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Fig. 15. Multi-resolution grid overlaid on NGC 6822 sourcesFig. 16. Stellar density profiles of the C-type (triangles) and M-
used for the construction of the stellar density profileg (EB). type (squares) AGB and RGB sources (stars) sources in each
Each region of the small (green), medium (red) and coarse)bl region in the multi-resolution grid (Fig_1L5). The stellarity
grids have dimensions8x 8.5, 17 x 17 and 17 x 34 respec- has been normalised to account for the varying area of eaeth gr
tively. At a distance of 490 kpc,.I* subtends ® kpc. region. The horizontal lines at@6 and 048 represent the level
of the remaining foreground contamination in the M- and @ety
samples respectively. The vertical line at 4 kpc marks timét li

ends is given by the stellar density profile of the C-typesstar Of the detectable stellar component of NGC 6822.

they are not present in the MW foreground. This interpretati

is also consistent with the much lower density and more even

distribution of sources outside the centre of the galaxyig F tion is measured between-410 kpc a scale length of.B kpc

11 is calculated. If the source density measurements from the N
We have discounted the second scenario, an extended hgla@drant, which are responsible for the apparent furtheirge

as although extended stellar halo’s of this type have been dedensity at 8- 10 kpc, are removed the scale length of the pro-

tected in other galaxies, NGC 300 (Bland-Hawthorn &t al5300posed extended halo increases to 20 kpc. Thus althoughehe id

and M31 [(Irwin et all 2005) for example, in both cases the hatid an extended halo cannot be absolutely ruled out, we leetiev

was discernible over several scale lengths. In the case @& N@ a dangerous inference to make based on a measurement over

6822, if the slope in the stellar density profile of RGB popula- 1 scale length or less. Therefore we adopt the first interpre-

11
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are as follows; -1: stellar, -2: probably-stellar, -3: caopnon-
stellar, -8: poor astrometry match, -9: saturated, O: nlkssand
1: non-stellar.

Catalogue 1 contains 2368 AGB stars, of which 769 are C-
type stars and 1599 are M-type stars. Applying our selection
criteria to Catalogue 2 we find 3755 candidate AGB sources of
which 854 are C-type stars and 2901 are M-type stars. However
it should be noted based on our findings in Sect. #.1.2, that we
would expect both samples to contain foreground contarmoimat

4.3. The C/M ratio
4.3.1. Catalogue 1

Conventionally the @M ratio is used as an indirect indicator of
the metallicity of the environment in which AGB stars formed
(Mouhcine & Lancon 2003). A higher ratio is assumed to im-
ply a lower metallicity, because in low metallicity enviroents
fewer dredge up events are required to create a carbon#rich a
mosphere. The M ratio is also &ected by the shift in the AGB
evolutionary track to higher temperatures at lower mettiis,

20 I S T N ST T SO A TSN N S

0 1 2 3 | T which reduces the number of M-type AGB stars and increases
=Ky the number of K-type stars (Marigo et al. 1999; Iben & Renzini
1983).

Fig.17. CMD of all the remaining sources after the removal of The metallicity calibration of Battinelli & Demers (200%)s

the foreground (black) and only those sources belongingédo trefined by Cionil(2009) gives;

medium and coarse grid regions (red) in [Eig. 15. The horaont

line represents the position of the TRGB<at= 17.41 mag. The [Fe/H] = -1.39+ 0.06 - (0.47+ 0.10)log(CG/M) (1)

vertical lines represent the colour selection criterialat K)o =

0.74 and 120 mag. The diagonal lines d§ = 1861 and 18 Within 4 kpc of the centre of NGC 6822 gI@ ratio of 0.48+

mag represent alternative selection criteria (see Be£8)5. 0.02 is derived. Using Ef] 1 this yields an overall iron aburcdan
of [Fe/H] = —1.24+0.07 dex. For the full observed area th&\C
ratio is 029 + 0.01, which yields an iron abundance of [A§

tation, that beyond 4 kpc our sample is dominated by the My —1.14+ 0.08 dex but the foreground contamination of the M-

foreground and that although genuine NGC 6822 AGB or RGIEPe star population is not negligible (FIg.117). To obtaiore

sources may still be present at low densities beyond this, linfeliable values for @M and [Fe¢H] further foreground removal

we are unable to reliably disentangle them from the foregdouis undertaken in Sedt. 4.3.2. ] _

with this data. The error in the count of C- and M-type stars in each region

has been calculated using Poisson statisticgN). This is ap-

propriate as the determination of the number of C- and M-type

4.2. AGB catalogue stars is a counting exercise. Although we expect some i@miat

As aresult of the analysis in SECEL4]1.2, three catalogessra- in the number of stars of each type we would expect the number
sented. The first, hereafter Catalogue 1, presesnididate C- per unit area to be around some definite average NjeThe

and M-type AGB sources identified within 4 kpc of the centrérror associated with the/R ratio and [F¢H] has been calcu-

of NGC 6822. In order that our results may be verified we aldated using the general formula of error propagation whieee t
present a second catalogue, Catalogue 2, containing attesu error associated with the count of C- and M-type stars haea be
that met our reliability criterion (i.e. they have been sified as treated as random and independent.

stellar or probably-stellar in all three photometric bgratsoss
the full observed area - no other selection criteria have lage 4
plied to these sources. A third catalogue, Catalogue 3,8s pr
sented based on our findings during a comparative study of dhilst the removal of foreground contaminationdy H colour
work with the literature in Secf. 3.4 (we refer the readerh@tt is a very useful technique, itis imperfebitdividual sources with
section for further details) and contains sources idedtdgestel- (J — H)o < 0.72 mag were removed as MW foreground (Sect.
lar or probably-stellar in only two photometric bands. Gagae [3.1) but based on our findings in Sdci. 41.1.2 it was decided tha
3 also covers the full observed area. Table. 2 shows the fiest ffurther statistical foreground removal was required. Using only
lines of Catalogue 1, columns 1 & 2 list the Right Ascensiothose sources beyond the central 4 kpc, i.e. those domibgted
and Declination in degrees for the equinox J2000, columns 3MW foreground, the average number density of C- and M-type
4 list the dereddened magnitude and associated photometristars that remained after the initial foreground remova wal-
error, columns 5 & 6 and 7 & 8 contain the same information faulated. It was found that there wete46 M-type stars and 3
theH andK bands respectively and column 9 classifies the st@rtype stars remaining pet@ ded (or ~ 8 M-type stars and

as either C- or M-type based on its colour. Talgles Bl & 4 which 0.5 C-type stars per kg The count of AGB stars of each
contain similar data for Catalogues 2 and 3 but without tleesp type inside a radius of 4 kpc was then reduced accordingly. Th
tral type classifications and with the addition of three ocohs effect of this statistical adjustment on théMCratio inside 4 kpc
giving the flag reference for each photometric band. The flagsthat it increases t0.62+0.03, giving an [F¢gH] of —1.29+0.07

.3.2. Statistical foreground removal

12
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RA Dec J J—error H H-error K K—error  Type
(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
296.284058 -14.350628 18.69 0.09 17.94 0.06 17.12 0.04
296.081787 -14.363892 17.95 0.05 17.15 0.03 17.07 0.04
296.149323 -14.364606 18.50 0.07 17.74 0.05 17.39 0.05
296.248138 -14.369500 18.09 0.05 17.34 0.04 17.18 0.04
296.397949 -14.374426 18.23 0.07 17.50 0.05 17.28 0.05

<0

Table 2. The first five lines of Catalogue 1 - AGB sources belonging taO\N&822 within 4 kpc of the galactic centre.

RA Dec J J—error J-flag H H—error H-flag K K-error K-flag

(deg) (deg) (mag)  (mag) (mag)  (mag) (mag)  (mag)
296.377350 -13.832600 15.56 0.009 -1 15.19 0.008 -1 15.14 0100. -1
296.366150 -13.832656 14.84 0.006 -1 14.50 0.005 -1 14.45 0060. -1
296.564667 -13.832878 16.23 0.010 -1 15.86 0.010 -1 15.75 0400. -2
296.771759 -13.832906 17.28 0.030 -1 16.61 0.030 -1 16.39 0700. -1
296.739380 -13.832977 14.42 0.004 -1 14.10 0.004 -1 14.08 0100. -1

Table 3. The first five lines of Catalogue 2. See SEcf] 4.2 for inforaratin the table contents.

RA Dec J J—error J-flag H H—error H-flag K K-error K-flag
(deg) (deg) (mag)  (mag) (mag)  (mag) (mag)  (mag)
296.335815 -13.832008 0 0 0 16.34 0.02 -1 16.23 0.02 -1
296.630035 -13.832100 0 0 0 16.46 0.02 -1 16.43 0.07 -1
296.654297 -13.832395 18.28 0.07 -1 17.81 0.08 -1 17.45 017 1
296.562927 -13.832434 19.05 0.14 -1 18.28 0.11 -1 0 0 0

296.705200 -13.832597 18.56 0.09 -1 18.02 0.09 -1 0 0 0

Table 4. The first five lines of Catalogue 3. Columns are the same asaioleT3.

dex. A comparison with previous estimates of théMGatio
in NGC 6822 |(Kang et al. 2006; Cioni & Habing 2005) and th [ T tTT T T T
sensitivity of the ratio to the initial foreground selecticriterion kT, o EDA
will follow in Sect.[5. b

4.4. Gradients

Variations in the TRGB magnitude/Ka ratio and [F¢H] across
NGC 6822 are examined in this section as a function of digtar
from the galactic centre and azimuthal angle. The regioiéns |
4 kpc has been divided into annuli extending betweer2kpc &
and 2- 4 kpc. These annuli have then been further divided eve
60° (Fig.[18) leaving 12 regions that can be used to study a
variation in the TRGB magnitude,/® ratio and [F¢H] with i
angle. In order to study these parameters as a functiodisf |
tance from the galactic centre the area inside 4 kpc has be
separately divided into 4 annuli at a spacing of 1 kpc betwe
0 - 4 kpc and the TRGB magnitude/\@ ratio and [F¢H] mea-
suredcalculated for each annulus. Each region has been chec
to ensure the criteria for the reliable application of th&&dil-

ter has been met. 297 296.5 266 2955
RA

-145

-155 [

4.4.1. The metallicity gradient Fig. 18. To study variations in the TRGB magnitude/MCratio

Prior to the calculation of the /®1 ratio and [F¢H] value the and [F¢H] as a function of azimuthal angle the region inside 4

relevant statistically adjustments have been made to thetso KPC has been divided into 12 regions - 2 annuli between
of C- and M-type stars, as outlined in Séct. 4.3.2. The topsba%p? and 2- 4 kpc with each annuli further divided into 6 regions
of Fig.[19 shows the distribution of the/I@ ratio as a function &t intervals of 60.
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Fig. 19. Top: Distribution of the ¢M ratio in each region of Fig.20. Top: [F@H] abundance in each region of the inner
the inner (squares) and outer (triangles) annuli (Eig. 18)-p (squares) and outer (triangles) annuli (Figl 18) plottedirass

ted against azimuthal angle. Bottom: ThéMCratio in each of azimuthal angle. Bottom: [7d] plotted against distance from

4 consecutive annuli at a separation of 1 kpc betweert&pc the galaxy centre for the same annuli described in[Elg§. 19. An
plotted against distance from the galaxy centre. An erreigint  error-weight linear fit has been made to the data.

linear fit has been made to the data.

NGC 6822 may alsoftect the distribution of the [ ratio.

of angle for both the inner annuli (02 kpc) and the outer annuli The sensitivity of the @M vs. [Fe'H] relation to changes in the
(2 - 4 kpc) of Fig.[I8. In the bottom panel of the same figureelection criteria for C- and M-type stars, and the robusstroé
the GM ratio is plotted as a function of distance from the galaxthe GM ratio as an indicator of metallicity, will be discussed
centre. Similar plots for the [FF] abundance have also beerfurther in Secf 53.
made and are presented in Figl 20.

A spread of (69 has been detected in théMCratio out to -~
a radiug of 4 kpc, this translates into a spread of 0.18 detxein t4'4'2' TRGB variations
iron abundance between2l dex and B9 dex. For the inner Within a radius of 4 kpc (Fig_18) a variation &fK = 0.19
annuli there does not appear to be any obvious dependenceryy was found in the magnitude of the TRGB, with an average
angle in the distribution of the/® ratio (Fig.[19. For the outer and standard deviation ¢f, = 17.46 + 0.05 mag. When mea-
annuli there is a significant scatter in the ratio and a péssisurements made outside the 4 kpc limit are included the dprea
decline in the ratio with increasing angle, however the size of values in the position of the TRGB increases dramatidally
the associated error bars, due to the small number of squrgeie = 0.99 mag. The much greater spread in TRGB values de-
suggest that we can not draw any firm conclusions about te2ted outside the central 4 kpc is attributed to the dedtine
behaviour of the @M ratio with angle in the outer annuli. In the number of genuine NGC 6822 sources, hence we are not de-
the bottom panel of Fid. 19, the/K ratio has been plotted tecting a genuine TRGB here but simply a variation in the mag-
as a function of distance for the 4 annuli described above.rude distribution of the MW foreground. Figurel21 shows th
small negative gradient appears to be present in M 1Gtio  K-band magnitude distributions of stars within (left) angdred
(C/M = 0.63(x0.06) — 0.02(+0.04)xdistkpc), calculated using (right) 4 kpc. The AGB population is obvious in the inner sam-
a weighted least-squares fit but the size of the associated eple at 15< Ko < 17.5, but is inconspicuous in the outer subsam-
suggests this is not significant, again due to the declirtieitps ple, consistent with the galaxy being lost in the MW foregrdu
density and hence small number statistics. contamination beyond 4 kpc (Sect_411.2). Hence TRGB mea-

In the top panel of Fig.20 [FE] is plotted as a function of surements beyond 4 kpc are either poorly constrained aegnti
angle. Data points for both the inner and the outer annuli aspurious. The measurements arise only because the Sobel filt
presented but there is no obvious variation of/Hewith angle reports the position of the greatest change of slope in thge ma
in either case. In the bottom panel [R&is plotted as a function nitude distribution but if those stars are dominated by th&' M
of distance from the galactic centre. As with théMCratio a foreground and not the RGB populationin NGC 6822, then there
weighted fit of the data gives a slightly negative slope oflfife may not be an RGB termination.
= —1.29(x0.04) - 0.008(+0.023)xdistkpc, which again implies K-band measurements of the TRGB magnitude are sen-
no significant gradient. sitive to both the age and metallicity of the population

As we have selected the C- and M-type stars in each regi@@alaris & Girardi 2005). In a population of a single metalli
of the galaxy on the basis of colour, reddening variatiorteiwi ity, the TRGB in theK-band is fainter in the intermediate-age
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Fig.21. Left: SmoothedK-band magnitude distribution of sources that remain withicentral 4 kpc after the removal of fore-
ground contamination)(— H)q colour. Right: Same as left panel but for all sources thatiarautside the central 4 kpc.

stars than in the older population. Whilst in a population of An alternative possibility that the variation in the TRGB is
a single age the TRGB magnitude is brighter with increasimye to the inclination of the galaxy to our line of sight, haeb
metallicity. Fig[22 clearly demonstrates the individudikets of rejected as it would require NGC 6822 to have a depth db
these two variables. For a population of mixed age and metkpc. The &ects of reddening have been shown to vary across
licity the anti-correlation between these twibegtts makes it dif- NGC 6822, this may also account in part for the variation that
ficult to decipher the cause of any observed magnitude spréws been detected. The Schlegel et al. (1998) maps show an ex-
(Salaris & Girardi 2005; Gullieuszik et al. 2008). tinction range of EB — V) = 0.15 to Q39 in the direction of

In order to try and understand the metallicity and age disttNGC 6822 and a spread of3is found in the literature (Sect.
bution of the underlying AGB population and also the struetulZ). However, even the larger range of values is fiisient on its

of the galaxy, the distribution of the TRGB magnitude hasnbe@wn to account for the TRGB magnitude spread.
investigated as a function of distance from the galactidreen

and azimuthal angle. Negative values on the vertical axisere
sent a TRGB brighter_ th.aKO. = 1741 mag. The_ top panel of As all the TRGB values measured within 4 kpc of the galac-
Pg.@ shovys the variation in the_TRGB magnitude with angﬁac centre are within @ of the mean valueKp = 17.46 + 0.05
or both the inner and outer annuli (Fig.]18). The data shaws .
obvious trend with angle for either annuli. mag) the spread we observe may also simply be the result-of ran
. . , om statistical variations. The position of the TRGB is neira
In the bottom panel of Figl 23, a weighted fit 10 allyjq yaiue but a range due to the width of the RGB in a composite
the data ShO\.NS a negative sIopﬂTRGB - 0‘1.7(i0'03) .. population(Held et al. 2010). Thetect of the detected spread
0.06(x0.01)xdistkpc) in the TRGB magnitude with radial d|s-in metallicity (018 dex) on the TRGB magnitude for popula-
tance. This is an interesting result but may be the resulb-of itions of a single age has been considered but it isfiitient
creased distortion _in the magnitude distribution as reingin to account for the TRGB magnitude variation when considered
foreground contamination b?comes More Severe in the OHET Qe A stificiently large spread in the age of the population
3”“' Thereforel a wglghted fit Waf also made to :(h%ffrr(‘ﬂg‘éréthr‘éSuld account for the variation we detect, however, at ihigt
ata points only and a negative slope was again fo ; ' At
~0.16(£0.04) — 0.05(+0.02)xdistkpc). although the slope is we are unable to constrain the age of the AGB population.
reduced from 6 to a 250 detection. Such a slope could be con-
sistent with the presence of a halo of older stars around NGC
6822. Assuming an environment with relatively little vaiga The most likely scenario is that the TRGB magnitude spread
in metallicity (Fig.[20) and given that there seems to hawenbeis the cumulative result of a number of factors includingiest
little recent star formation in the outer galaxy (Battinelal. ing, age, metallicity, some distortion by remaining formgnd
2006; Stinson et al. 2009). A shift in the TRGB to brighter magcontamination and expected variations in the TRGB. Theagpre
nitudes could be indicative of the increasing age of the popdetected in thel- (AJ = 0.20) andH-bands AH = 0.21), in
lation (Salaris & Girardi 2005). Therefore, although we igdv conjunction withl- andV-band data that we have yet to anal-
caution due to the size of the associated errors in[Eily. 23, tyse, could be used to constrain the metallicity, age andebioin
shift to a brighter TRGB magnitude in the outer galaxy may beariations in NGC 6822 due to theffirent sensitivities of each
a genuine feature. waveband to these variables.
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Fig.22. CMD for four isochrones plotted using data from thé&ig. 23. Top: Distribution of TRGB magnitudes for each region
Padova evolutionary tracks. The stellar evolutionaryksaare of the inner (squares) and outer (triangles) annuli (Eid.plét-

as follows; 2Gyr (TRGBK = 17.86 mag) and 10Gyr (TRGB ted against azimuthal angle. Bottom: TRGB magnitude mea-
K = 1747 mag) at Z= 0.002 (~ NGC 6822; this work with sured in each of the 4 equally spaced annuli described previ-
an adjustment for the presumed abundance excesgl@ments ously plotted as a function of distance from the galactidmeen
based on the work of Ryan & Norris 1991), and foe=20.002 A weighted linear fit has been made to all the data pointsdsoli
(SMC;|Maeder et al. 1999) (TRGR = 17.52 mag) and Z= black line) and to only those points within 3 kpc of the centre
0.007 (LMC;|Maeder et al. 1999) (TRGR = 17.03 mag) at (dashed red line).

an age of 7Gyr. The crosses mark the position of the TRGB
for each isochrone and the horizontal line marks the posifo

the TRGB magnitude used in this study. The average of several
[Fe/H] measurements of the LMC and the SMC have been usgd
for convenience.

A radial limit of 4 kpc corresponds to an angular distance
~ 28 from the centre at a distance of 490 kpc (a diame-
ter of ~ 56') and is comparable to previous estimates of the
extent of the stellar component of the galaxylby Letarte et al
(2002), Demers et al. (2006) and Battinelli et al. (Z006)ings
R, I, CN and TiO filters| Letarte et al. (2002) surveyed C-type
stars in an area of 4% 28 in NGC 6822 and were the first to
propose the existence of a “halo” of old - and intermediak ag
The large area covered by the data gives a good overviewstdrs around NGC 6822, Letarte et al. (2002) suggestedHbat t
the structure of the galaxy. The primary result of SEEt. 4 wapheroid had a major-axis length ©f23 (i.e. a radius of 65
the placement of the 4 kpc limit on the stellar component ef tkkpc) at a distance ofnf — M), = 23.49 + 0.08 mag. This is
galaxy. This radial limit is supported by the source denglbts smaller than what we see in Figl16; given the smaller obsgrvi
(Fig.[13), the density profiles (Fig.1L6) and the magnitudtridi area of Letarte et al. (2002), though by having data sigmifiga
bution plots (Fig[21). further out (to a distance of 11 kpc) we are able to see the ex-
The source density plots in Sdcf. 4]1.1 show that the mgjortent of the structure more clearly and trace the AGB halo @ut t
of the AGB population is concentrated in and around the regia radius of 4 kpc. In a survey of ared 2 2° usingg’,r’ and
of the central bar but extends beyond this, with decreasiémg di’ filters, Battinelli et al.|(2006) traced the density enhanest
sity out to about 4 kpc. This is supported by FFigl 24 which shovef RGB sources, selected from their CMDs, from the centre of
a CMD of the sources contained within each of the 4 annuli usBi5C 6822 out to a semi-major axis distance of 36 4.9 kpc,
to examine the behaviour of various parameters with digtangssuming a distance of 470 kpc). Battinelli tlal. (2006) al®-
(Sect[4.1). The vertical sequence belonging to the M-tyaiess vide a surface density profile of the C-type stars identifiedf
and the diagonal branch generated by the C-type stars amtyclethe SDSS colours to supplement the findings _of Letartel et al.
visible in the top two panels especially but deterioratedwint (2002), although they admit that C-type stars cannot be unam
creasing distance from the galactic centre due to the deglinbiguously selected without appropriate corrections dueoto-
number of sources. There does appear to be some structureté@ination from background galaxies in the data. They calel
yond the 4 kpc limit in the SW, this is particularly apparemt ithat a non-negligible number of C-type stars are detectei up
the low resolution source density plot of the M-type AGB popu~ 40 (~ 5.5 kpc). The extent of the RGB population detected
lation (Fig.[11). The cause of this overdensity in the SW il by|Battinelli et al. [(2006) is comparable with what is seeFRiip
discussed below. Aside from the SW overdensity, we detect[@f, however, we do not claim to reliably detect C-type staits o
significant structure beyond the central 4 kpc. to such large distanceslas Battinelli et al. (2006). In afellp

5. Discussion
5.1. The structure of NGC 6822
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Fig.24. CMD of the sources contained in each of the 4 annufiig. 25. Colour distribution (bin size .05 mag) of sources from
described in Secdi.4.4. The horizontal line in each framekmarthe outer NE, NW, SE and SW quadrants of the observed area.
the position of the TRGB aKo = 17.41 mag. No statistical 8% of sources from the SW are redder thdr H)o = 0.72 mag
adjustments have been made so foreground contamination traarked by the solid vertical line whereas onl$% of stars in
remained after the application of tlle— H colour selection is the other quadrants exceed this cfit o
also present in the CMDs and is expected to become increasing
significant with increasing radial distance. The total nemdf
sources and the total number of AGB sources is 2683 and 134%ype star population in particular and of the extent of ghei-
respectively in the 6 1 kpc annuli, 1823 and 580 in the-12  |ar halo has been hampered by heavy foreground contaminatio
kpc annuli, 1052 and 230 in the-23 kpc annuli and 1115 and Our selection of thd — H criterion for the initial removal of the
233 in the 3- 4 kpc annuli. contaminating foreground will be discussed further in Best
and 5.3]1. However, we are confident that we have isolated
well the C- and M-type AGB population of NGC 6822 within
to the work of Battinelli et al. (2006), Demers et al. (2006} o 4 kpc of the galactic centre and for the first time provided NIR
served two regions of 38 x 34.8 in the J and K bands along observations across the whole of the AGB stellar component.
the major-axis of the spheroidal halo to further assessxtene
of the C-type population. They present a surface densitfilpro -
that is consistent with the work df Battinelli et al. (200&arly 5.2. The SW overdensity
showing the C-type population extends at least out to an-andihe overdensity seen in the SW of the low resolution M-type
lar distance of~ 30’ (4.3 kpc at 490 kpc), and possibly beyondAGB source density plot in Fig. 11 is not seen C-type or RGB
Kacharov et al.|(2012) also provides evidence for a radiaitli populations at any significant level. This would seem to ssgg
of ~ 4-5 kpc on the stellar componentof NGC 6822, they founithat the overdensity is either populated almost exclugibgl
that all their candidate M- and C-type AGB stars outside lhe éM-type stars or that it is the result of an excess MW foregtbun
liptical spheroid ot Battinelli et al. (2006) for which theyere with M-star-like NIR colours leaking into our sample. Thetfa
able to collect low-resolution spectra were in fact MW dwarthat the overdensity is not observed in the C-type star tensi
stars. plots is consistent with either proposition, as C-typessthr not
We have detected the AGB population out to a distane@pear in the MW foreground in any significant quantity. Fegu
of ~ 4 kpc. However,_Lee & Hwang (2005) presented prelin25 shows thel — H distribution of sources in a 30’ x 30 field
inary results reporting the discovery of a star cluster bglo at the edge of the observed area in the NE, NW, SE and SW
ing to NGC 6822 at a distance of 12 kpc from the galactiged). In the SW the distribution is clearly shifted to thd,rand
centre_ Hwang et al. (2011) expand on these findings with n@®6 of the total number of sources in that region are redder tha
star clusters associated with NGC 6822 spanning an area(df H)o = 0.72 mag, compared to an average &% in the
120 x 80, this is much larger than the area examined here MW, NE and SE quadrants. This indicates that the leakage of
by [Battinelli et al. [(2006). This suggests that the struetaf MW stars into the SW quadrant will be almost twice as high as
NGC 6822 is complex and cannot be traced by a single st&l-the other quadrants.
lar population. Such complex structure has also been @gtect The reason for the ffierence in colour is harder to discern
in other dwarf irregular galaxies like Leo A (Vansevicids€ but we suggest ffierential reddening. Our sample has been cor-
2004), the LMCI|(Minniti et al. 2003; Cioni et al. 2000b) and IGected for foreground reddening using the Schlegellet 8B&)1
10 (Demers et al. 2004). dust maps (Fid._26), however, the higher resolution of ota da
The reliable detection of the AGB population of NGC 6822, thmeans that this correction is imperfect and some redderirig v
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Jre— and can fect bias the derived/® ratio; this will be discussed
= further in Sect.5.3]1.

5.3. C/M ratio and [Fe/H]

Globally we find a [FgH] value of —1.29 + 0.07 dex (@M
= 0.62+ 0.03) for AGB stars within a 4 kpc radius of the centre.
This value is in good agreement with the findings of other au-
thors who have derived the iron abundance of NGC 6822 using
the QM ratio.
Using broad-Randl) and narrow-bandiN andTiO) filters
to identify the C-type population in the central 428 of NGC
6822/ Letarte et al. (2002) derived théMCratio to be 10 + 0.2.
The size of the M-type population in the work|of Letarte et al.
715036'3‘4@475 T S (2002) was estimated by subtracting the estimated stediar d
Right Ascension sity of the foreground, measured in two strips at the edgbef t
observed area that were assumed to contain a negligibleerumb
Fig.26. Contour plot of the foreground reddening (E(B-of genuine NGC 6822 sources, from the total observed sample.
V)) across the observed area taken from the extinblo iron abundance was given by Letarte etial. (2002) but using
tion maps of | Schlegeletal.| (1998). Contours are ahe relationof Cioni(2009), this corresponds to a valud-eftl]
0.20,0.23,0.25,0.30,0.35 mag. = —1.39 dex.
Using similar techniques to those employed hdrar{dKs-band
photometry) Cioni & Habingl (2005) estimated théMCratio in
ation will still be present in the sample. This may accountlie@ the central 20x 20 of NGC 6822 to be (B2, with an abso-
redder distribution of sources in the SW and the conseqaekt| lute variation of 6. This corresponds to [F§ = —1.11 dex and
age of more foreground sources into our sample in that regi@wariation in the iron abundance &fFe/H] = —1.56 dex using
However| Kacharov et al. (2012) find only a negligible vadat the GM vs. [Fe'H] relation given in the same paper. Again using
in the NIR extinction across the observed area and conchate tJHK photometric filters, Kang et al. (2006) surveyed the central
the overdensity in the SW (based on the same photometrie c&8a6 x 6'.4 of NGC 6822 and reported an overalNCratio of
logue) may be a genuine extension of NGC 6822 but that sp@c27+ 0.03, with variations betweenZ2+ 0.03 and 031+ 0.04
troscopic confirmation is required. in the north and south respectively. This translates inegHF
An examination of the CMD in the SW overdensity does net —0.99 dex globally, using the relations|of Battinelli & Demers
show any strong features to suggest that this structure demg2005) and _Cioni & Habing (2005) (Groenewegen 2006), with
up of genuine NGC 6822 AGB stars. Although there is a verticalvariation of 007 ~ 0.09 dex across the observed area. Using
feature extending to brightét-band magnitudes than in the SEthe more recent relation of Cioni (2009) we derive an average
it does not represent a strong M-star peak and is probabhethe[Fe/H] of —1.12 dex with a spread of.07 dex using the values
sult of the higher density of sources in the SW. Furthermibiee, of[Kang et al.|(2006).
magnitude distribution of the sources in the SW does not show More recently Kacharov et al. (2012) have presentedh C
a strong TRGB but a rather broad distribution similar to the o ratio of ~ 1.05 with a variation between.® and 18, based
seen in the right-hand panel of Fig.]21. Although, due to-foren their analysis of the original UKIRT catalogue used here
ground contamination of the sample outside the densesimegbut selection criteria determined from the analysis of ape
of the galaxy and the fliculty of identifying NGC 6822 stars scopic sample. This ratio yields a mean /Hebetween—0.90
with certainty from photometric data, we can not rule out thand —1.50 dex using the relations of Groenewegen (2006),
possibility that the SW overdensity does contain some tgly Battinelli & Demers (2005) and (Cighi 2009) with average-val
AGB stars. ues of~ —-1.20,~ —-1.30 and~ —1.30 dex respectively. These
In the context of reddening variations across the galaxyvalues are in good agreement with our own but the following
is also interesting to note the underdensity in the SE that waoints should be noted; firstly, some of the selection gater
seen in the source density plot of the M-type AGB stars (Figsed here, in particular the blue limit, are quitéetient from
[IT), but which is much less apparent in the other source deéhese used by Kacharov et al. (2012). Secondly, Kacharay et a
sity plots. Previously (Sedt.4.1.1) we suggested thatithder- (2012) themselves note that their spectroscopic samplé is b
density may coincide with the Super Giant Hole in the HI disksed towards C-type stars, which may haffeaed their de-
(de Blok & Walter| 2000a). This region also coincides roughliermination of the AGB selection criteria and thereforeirthe
with an area of significant reddening variation (FEig. 26) inch  determination of the M ratio. Both of these points are dis-
the colour distribution in Fig_25 it is clear that the deelim cussed in more detail below (Sect. 513.2). For our analysis w
sources in the SE occurs at bluer colous<{(H)o ~ 0.65 mag) have adopted the most recent calibration_of Cioni (2009) but
relative to the SW and NW. We conclude that the underdensfty comparison we note that using ouf\Cratio (0.62) and the
in the SE is more likely to be the result of an over subtractiaelations of Cioni & Habingl(2003), Groenewegen (2006) and
of sources due to imperfect reddening-correction in thgiore [Battinelli & Demers |(2005) we obtain [Ad] values of-0.82
rather than a real feature. dex,—1.14 dex and-1.19 dex, respectively, in the central 4 kpc
The removal of foreground contamination vla H colour of the galaxy. Therefore any comparison of metallicitiesvds
alone is a useful but imperfect method as the selection fodm the GM ratio must take into account the relations that have
the colour criterion used is subjective. Any under- or ovebeen used to derive them.
subtraction of the foreground will primarilyfizct the M-type Other estimates of the mean metallicity of the old- and
AGB sources rather than the redder C-type stars - sed Fig. iitermediate-age stars of NGC 6822 that do not rely on the

Declination

1404811
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C/M ratio range between1.0 dex (Tolstoy et al. 2001; Davidge
2003) and-1.5 dex (Gallart et al. 1996), with significant scatter N
Tolstoy et al.|(2001) used measurements of the equivalatihwi |
of Ca Il triplet lines of individual RGB stars in NGC 6822 to ™ [\
determine a mean metallicity 6f1.0 + 0.5 dex with a range R
between-0.5 and-2 dex.| Tolstoy et al. (2001) comment tha [N
they do not see any evidence for spatial variations but timéy o NN
observed a small area’(% 5) near the centre of the galaxy. # i NN
Davidge (2003) usedHK photometry to investigate the slope | &
of the RGB in three fields (34 34') across NGC 6822 and de- | o

termined a mean value of [#¢] = —1.0 + 0.3 dex. Therefore ‘
the global value of [F#1] we present is consistent with previous
findings for AGB and RGB stars from a humber of sources ai
sits about the mid-point of the range of metallicities pregad I
for the galaxy. The consistency between these populatiogs s

This work .

_ Kacharoy et al. 2011
Bessel & Bretl. 1988

{I-H),
T
-

___________ P |
gests little chemical evolution during their genesis betwhder L _\*é‘\ :
metallicity range seen if genuinely old RR Lyrae and genlyine 5 e
young A-type stars are considered (Sekt. 1) shows that #rach L N |
ical enrichment of the ISM of NGC 6822 has been a continu .4 | AN i
process across multiple stellar generations. L \\ L
| L L b L L |
05 0 05 1
(H-K),

5.3.1. Sensitivity to the foreground J-H cutoff

The colour (§ — H)o = 0.72 mag) used to remove fore-Fig.27. Colour-colour diagram showing the possible contami-
ground contamination was selected as described in Be¢t. Bdnt sources witky < 14.75 mag discussed in the Sdct]3.1. C-
Kacharov et al.|(2012) used a similar coloud { H); = 0.73 and M-type sources are shown as squares and triangles respec
mag) for the removal of the foreground based on their specttively. The solid diagonal lines show the colour selectidtecia
scopic analysis of a small subset of the photometric cateogapplied during this studyJ(— K)o = 0.74 and 120 mag. The
However, considering thefects of residual MW contamination horizontal line at § — H)o = 0.72 mag shows the position of the

in the photometric sample on our analysis of th#&Catio and foreground colour boundary. The long-dash diagonal line re
the underlying structure of the galaxy after the appligatbour resents the blud — K boundary of [((Kacharov et &l. 2012) and

J — H colour criterion, we feel it warrants further discussion. the dash-dot line the blue-limit of (Bessell & Brett 1988pch

Figure[ shows the colour-colour diagram of sources frcc{gz' The short-dash horizontal line represents thereitive
the galactic centre and the MW foreground and shows the pdsl-— H)o = 0.80 mag colour criterion considered in S¢ct. 5.3.1.
tion of theJ — H cut of. We see that there is some leakage from
the foreground above this limit. Based on their spectrogcop
sample, Kacharov et al. (2012) examine what percentageuf th
confirmed MW dwarfs fall in the same region as the AGB stars
using diferent] — H cuts. As we would expect from Figl 6 this
percentage is reduced with increasing value3-eH. Based on
Fig.[d, a colour selection ofl(- H), = 0.80 mag would reduce
foreground leakage into our sample significantly, but it idou

also eliminate many genuine M-type AGB stars. Consequen . X o o\ X
the QM ratio is sensitive to any variation in the— H crite- lour selection, with the additional statistical subti@t de-

rion used for the removal of the foreground. A change in tHgiled in Sectl 4.312, maximises the foreground removalsthi

colour criterion from 072 to Q80 mag, leaving all other selectionTiniMizing the éfects of over subtraction on thg ratio and
criteria unchanged and with no statistical foreground nesho the derived metallicity.

would reduce the total number of remaining NGC 6822 stars Fig.[21 also shows theffectiveness of a more seveie- H
from 13582 to 7201, of which 1880 are AGB stars compared taitof in eliminating a number of the very bright sources with
3755 previously. This is very significant for the determioat K, < 14.75 mag (Seci_3l1) which may be MW foreground
of the QM ratio as it is primarily the number of M-type starssources that survived thed ¢ H)o > 0.72 mag colour selec-
that is reduced, i.e. their number decreases from 2901 t& 1Q®n. Interestingly, such a cut does not eliminate all thigldr
whereas the number of C-type stars is only reduced by 55 framurces and as 20 of them sit aboveX— H)p = 0.80 mag they
854 to 799. Theféect on the @M ratio over the whole observed may well be genuine NGC 6822 sources. This possibility is sup
area is to increase it from29 + 0.01 ([FeH] = —1.14+ 0.08 ported by the sharp decline in the number of bright sources se
dex) to 074+ 0.03 ([FgH] = —1.33+ 0.06 dex). Within the cen- in the outer CMDs of Fig._24; if these sources belonged to the
tral 4 kpc the @M ratio increases from.@8+0.02t0 Q87+ 0.04 MW foreground we would expect them to be homogeneously
([Fe/H]= —1.36+0.06 dex). Some statistical foreground removalistributed across the observed area and therefore tonsee

is still required, although this is reduced t01.5 M-type stars of them in the outer CMDs that cover larger areas on the sky.
and~ 0.4 C-type stars per kgcWith the inclusion of the sta- This is not the case; in fact they are more prevalent in theaken
tistical foreground subtraction, thgI@ ratio within 4 kpc of the regions where NGC 6822 stars are concentrated, which stsgges
galactic centre increases t®8 + 0.05 ([FeH]-1.37 = +0.06 that at least some of these bright sources do belong to NGZ 682
dex). - possibly red supergiants younger than the AGB population.

Thus given the dramatic reduction in the M-type star popu-
lation and the ffect on the resultant/® ratio, and the spectro-
scopic agreement of Kacharov et al. (2012) with our foregcbu
@(;Iection criterion we are confident thatl{H)p > 0.72 mag

(]
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(I =Ko A brighter TRGB can reduce the number of M-type stars with-
(J-H)o 0.74 0.90 1.01 out any significant impact on the C-type star colint. Gorskile
072 062+003  069+003  103+0.05 (2011) used a slightly modified Sobel filter witk-band pho-

-129+007 -131+006 -140+0.06 : . . : ] 3
0.80 093 + 0.05 i N tometry, details of which are given by Gieren et al. (2006), t

~137+006 . ) determine a TRGB magnitude for NGC 6822, which is much
brighter than the TRGB used here. In order to examine the sen-
sitivity of the GM ratio to the TRGB magnitude we have ap-
plied the TRGB of_Gorskiet al! (2011) to our sample, leav-
ing all other selection criteria unchanged and with no stiati
cal foreground removal. This gives a\M ratio of 0.70 = 0.03
([Fe/H]= —1.32 + 0.06 dex) in the central 4 kpc. With the in-
o ) o clusion of statistical foreground removal, this value eases to
5.3.2. Sensitivity to the J-K blue limit C/M = 0.83+ 0,04 ([FgH] = —1.35+ 0.06 dex).
The blue limit is also important in the determination of th&iC We also examine the sensitivity of thég\Cratio to the appli-
ratio. Here a limit of § — K)o = 0.74 mag is used to exclude latecation of an upper bound on tikeband magnitude. As discussed
K-type stars from the sample whilst preserving as many gein-Sect[3.], 61 sources which survived the- H foreground
uine M-type AGB’s as possible. As with the foregrouhd H removal exhibited magnitudes significantly brighter thiam €-
criterion, theJ — K blue limit can impact the number of M- type star branch and were considered as potential foredriatn
type stars significantly. Kacharov et &l. (2012) use a blmitli terlopers. These sources are shown in the colour-cologratia
of (J — K)o = 0.90 mag, derived from their spectroscopic subsét Fig.[27. It was decided not to eliminate these sources fram
to further eliminate foreground contamination from MW digar sample using another magnitude cut during our main analysis
from their sample. This greatlyffects the derived M ratio. although due to the relatively small number of sources ffexe
This limit is based on the colours of their spectroscopycalbn our final results would not have been significant if we had.
confirmed sample. However, whilst Kacharov etial. (2012) findxcluding all those sources withy < 14.75 mag and leaving
no stars in their spectroscopic sample that simultanedwushe all other selection criteria unchanged, increases v 1@tio to
colours of J — H)o > 0.73 mag and { — K)o < 0.90 mag, 0.64+0.03 ([Fg¢H] = —1.30+ 0.06 dex) within the central 4 kpc
their original spectroscopic sample was biased towardgo€-t (with statistical foreground removal).
stars and 3% of the photometric catalogue does fall in this re Finally we examine the impact of applyintyband selec-
gion (in Catalogue 1 10% of our the candidate AGB sources li@n criterion to eliminate those sources in Figl 17 (Sect.)
in this region). As Kacharov et al. (2012) were unable tosifgs that we now believe belong primarily to the foreground buteha
this 3% they have excluded them when deriving thi!@atio. merged into the C-star selection zone from below the TRGB.
We prefer to use a lower blue limit for the selection of M-typ@ased on Fig[_17 a@-band criteria of] < 180,(J — K)o >
stars as discussed in Séct. 3.3.2, even though a bluét limit  1.20 mag was considered. Such a cut reduces M r@tio to
may remove slightly more ‘potential’ MW contaminants fronp.49+ 0.02 ([FgH]= —1.24+ 0.07 dex) within 4 kpc of the cen-
the sample (Fid.27). tre. However, the spectroscopic sample of Kacharovlet @1.2p
In order to examine the sensitivity of th¢NC ratio to the blue suggests this would exclude a number of genuine C-type stars
limit used for the selection of M-type stars we have appliedand heavily bias the ratio. Based on that worki-band magni-
cutaf of (J - K)o = 0.90 mag to our AGB sample, leaving alltude selection ofl < 18.61 mag in the region— K)o > 1.20
other selection criteria unchanged and without statistma@- mag would seem more appropriate. When applied, this crite-
ground subtraction. The resulting ratio for the full observed ria has little éfect on the ¢M ratio - inside the 4 kpc ra-
area increases to4ll + 0.02 ([FgH]= -1.21 + 0.07 dex) and dial limit the ratio is reduced from.62 + 0.03 to Q58 + 0.03
inside the central 4 kpc the ratio become®iC= 0.58 + 0.03  ([Fe/H]= —1.28+ 0.07 dex). All values are presented after sta-
([Fe/H]= —1.28+0.07 dex). With the inclusion of statistical fore-tistically foreground removal. Neither of these cuts wengle-
ground subtraction (reduced t04.8 M-type stars per kg, the  mented during our analysis as the work of Kacharov et al.Zp01
C/M ratio increases t0.69 + 0.03 ([FgH]= —-1.31+ 0.06 dex) was not available during the determination of our seleatitte-
within 4 kpc of the centre. ria and there was no clear justification based on our photaenet
Bessell & Breit|(1988) suggest an even redder limith{K)o =  data for the positioning of such a cut. Thieget of theJ-band
1.01 mag to completely exclude those stars with a spectral tygteria on the @M ratio does not appear to be significant.
earlier than MO. Such a sevede- K colour selection would  We have carefully analysed the impact of various criteria
also expel more of the possible MW remainders (Ei. 27) beit thn our selection process and the determination of thé @-
sharp reduction in the number of M-type stars would increagg. The most important factors in selecting C- and M-type
the global GM ratio to 103+ 0.05 ([FgH]= -1.40+ 0.06 dex) AGB candidates are thé - H andJ — K boundaries and the
within a radius of 4 kpc (with statistical foreground remhva TRGB magnitude. Using the extremes of these three criteria
The results of our sensitivity analysis are summarised biela ((J - H)o > 0.80,(J — K)o > 1.01, TRGBKg > 17.41 mag)
B, where all values include statistical foreground rem@arad 35 well as thel—band 0 < 1861 mag) anK-band Ko > 14.75
[Fe/H] values have been calculated using the relation of Ciofijag) criteria discussed above we would estimate the system-

Table 5. C/M (top) and [F¢H] (bottom) values within 4 kpc of
the galactic centre.

(2009). atic error in our derived values to b&%(Sys) + 0.03(Rand)
which translates into a systematic error on the iron abucelah

0.01
5.3.3. K-band and J-band criteria T026(Sys)+0.07(Rand) dex. However, we feel that both the-K

value (Bessell & Breit 1988) and the TRGB value (Gorski et al
Among other NIR studies of NGC 6822, there is quite a spre2@11) are too extreme and seriously bias calculatdd -
in theK-band TRGB magnitude, the brightest of which isd6 tio. Therefore, we prefer to calculate the systematic dvesed
mag (Gorski et al. 2011). As the C-star branch departs ftten ton the use of the most extreme selection criteria that we feel
vertical column of M-type stars in the CMD above the TRGBare appropriate { — H)o > 0.80,(J — K)o > 0.90, TRGB
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Fig.28. The relative areas observed by ourselves (whole arda}. 29. CMD of 217 of the Letarte et al. (2002) sources we dis-
and the observations of Kangetal. (2006) (red rectangleprded, see text for details. The vertical and horizontadirep-
Cioni & Habing (2005) (blue) and Letarte et al. (2002) (greenresent the TRGBK = 17.41 mag), blue limit (§ — K)o = 0.74
The outer circle represents the central 4 kpc, the souraes cmag) and colour-separation)(¢ K)o = 1.20 mag) respectively.
tained in Catalogue 1.

= 17.30,Kq > 14.75 andJ < 1861 mag) and derive a/M tio f 062+ 0.03to~ 0.77+ 003 ([F&Hl= —1.34 + 0.06
ratio and iron abundance errors @f}3(Sys) + 0.03(Rand) and (rjae;((; irzotrr?e cen;_rral.4 kp(::. 77+0.03 ([FeH] SR

+0.14 H
Z001(Sys) = 0.07(Rand) dex, respectively. Of the remaining 269 sources from the catalogue of
Letarte et al.[(2002) that were not in our AGB catalogue, 235
5.4. Comparison with other catalogues were identified among the sources that we discarded due to the
poorer quality of the photometric data (i.e. sources thatewe
Catalogues of the AGB population of NGC 6822 were alsglassified as being something other than stellar or probably
presented by Letarte etlal. (2002), Cioni & Habing (2005) anglellar in at least one band). Of these 235 sources, 217 have J
Kang et al. [(2006) during their studies of the galaxy. Here wghd K band magnitudes available that allow us to classify 54
compare their findings with our Catalogue 1. The area observgs M-type, 162 as C-type stars and one source that falls below
in each study is presented in comparison with the area of qHe blue limit. From their position on the CMD (Fig.129), tees
observations in Fid. 28. sources are likely to be real C- or M-type stars, which wese di
carded from our sample to maintain photometric reliability
these stars are genuine C-type stars as Letarte et all (2602)
54.1. |Letarte et al. (2002) clude, then our C-star count should kel.34 larger than we

Letarte et al.[(2002) identified 904 carbon stars mainlyimgc claim. Taken together with the multiplier4 above, theJ — K
a ‘halo-like’ structure, extending beyond the optical sif¢he Criterion we have adopted may misclassify abeu20% of C-
galaxy, usingR — 1) and CN — TiO) criteria. In the same areastars as M-type stars. Making a correction of this magnitude
(Fig.[28) we find 2053 AGB sources, of which we have beé#ould increase the M ratio from 062+ 0.03 to~ 0.85+ 0.04
classified 726 as C-type stars. The discrepaney b78 sources ([Fe/H]= —1.36+0.06 dex) in the central 4 kpc. This is based on
has several causes, which we explore below. the c_rgcial assumption that_Letar_te et al. (2002) have cﬁyre

It may partially be the result of our misclassification of somclassified all of the sources in their catalogue. In orderetafy
C-type stars as M-type, due to the inexact K colour bound- this assumption spectroscopic data which is not curre_mly@
ary between the two spectral types. A comparison with the cAble would be need_ed. On the other hand, the classnflqat_lon by
alogue of Letarte et al. (2002) provides a means by which-to é<tarte et al.(2002) is dependent solely on colour and ib&sp
timate the error in the criteria applied here and ultimatelthe ble_that there have been a number of misclassifications ettd)j
C/M ratio that we derived. After cross-matching our AGB catwhich are not actually C-type stars.
alogue with that of Letarte et al. (2002), we have identifi88 6  The final 34 C-type stars found by Letarte et al. (2002), we
sources in common. Of these 635 sources, we have classifiee unable to account for. As Letarte et al. (2002) studied th
80 as M-type stars and 555 as C-type stars. This may suggesitral regions where the stellar density is highest, thstand-
that our C-type count should be 1.14 times larger, and our ing 34 stars may have been excluded from our photometrie cata
M-type count slightly lower. This would increase the fingMC logue due to crowding issues.
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5.4.2. Kang et all (2006)

Kang et al.|(2006) usegi JHK photometry to identify 663 AGB
stars along the bar of NGC 6822. Of these 663 sources, tf
classified 522 as M-type stars and 141 as C-type stars. Teey u
different criteria for the selection and identification of th&BB
population, using they g — K) CMD to separate the AGB stars 4 n
from the MW foreground. Examining our AGB catalogue in th : 1
same area we have identified 411 AGB stars: 160 C-type and :

12 7

M-type, i.e. a much lower B/ ratio. The diterence of~ 250 . R
sources detected by ourselves and Kanglet al. (2006) iy liki R e s
due to the stringent conditions we placed on the photometily 2 = 16 - Y Bl T 7
selection of our sample. L ,&”, R
Cross-matching our AGB catalogue with the catalogue T niff*‘ |

Kang et al. [(2006) we were able to identify 294 stars in con
mon, of which we identified 123 as C-type stars and 171 as |
type, whilst Kang et al! (2006) had identified 81 C-type and 21
M-type stars. Of the remaining 369 sources inlthe Kanglet.
(2006) catalogue that were not identified in our AGB catz
logue, 63 were identified among the sources that we discarc
as MW foreground, all of which were M-type AGB's according || , L o s , ol
tolKang et al.|(2006). This is not surprising given our finding 05 1 15 2 25
in Sect[ 4.1 that the majority of the remaining MW inteHop (=K,

ers masquerade as M-type stars not C-type. We suspect there-

fore that the Kang et al. (2006) M-type AGB stars include marfyig. 30. CMD of the[Kang et al.|(2006) sources we discarded,
MW interlopers. A further 266 of the sources in the Kang et adee text for details. The vertical and horizontal lines hessame
(2006) catalogue were identified among the sources that werein Fig[29.

discarded from our data set as they were not classified darstel

or probably stellar in all bands. Of these 266 sources there w

80 C-type and 163 M-type stars using our selection critelia (jnable to make a direct comparison with our AGB catalogue as
or K magnitudes were not available for 23 of the sources) afite poor quality of their astrometry and the high source itens

53 C-type and 213 M-type stars using the selection critefria @ this region prevents a reliable cross-identificatiomizsn our
Kang et al. ((2006). The discrepancies in the number of sfarsgurces and theirs.

each type found are the result offérent colour selection crite-
ria. The CMD of the Kang et al. (2006) sources identified in our )
discarded sample (Fig.B0) shows that the majority haveucslo 5-5. The future of NIR selection

consistent with them being genuine AGB stars or MW interloRye have relied on high qualityHK photometry to determine
ers. Forty sources from Kang et al. (2006_) were not identified 1, QM ratio of NGC 6822. As AGB stars are amongst the
our data set; of these Kang et al. (2006) identified 7 C-typk ap,ast and brightest sources in the intermediate age atpu)

33 M-type stars. the infrared is the most obvious waveband for the selectfon o

_Inlight of the high number of sources that we have matchgfese sources. However, this method is at a disadvantage com

with the catalogues of Kang etial. (2006) and Letarte et @Jared to spectroscopic classification methods due to tie di
(2002) but that were discarded from our sample due to owtstidy ity of distinguishing between C- and M-type stars less tha
reliability criteria we have presented Catalogue 3 (Sed).4 mag brighter than the TRGB id — K. [Battinelli et al. (2007)
Catalogue 3 contains the sources that were identified as simments and we likewise recognise that we are still far from
lar or probably-stellar in only two photometric bands, mafy any consistent criteria for the selection of sources. Inigaiar
these sources are likely to be good AGB candidates as showiify ratios determined from NIR colours will be underestimates
Figured 2D & 3D, but were excluded during our initial anaysiyye mainly to the contamination of the M-star count from hot-
as we insisted on a stellar or probably-stellar classibiceith all o, C-type stars and also K-stars if no blue limit is appliEde
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three photometric bands. range in colour limits is often attributed to the metalljoitf the
different parent galaxies. As discussed above, whilst NIR ob-
5.4.3. [Cioni & Habing (2005) servations are not greatlyffacted by reddening they do féer

from uncertainties due to metallicity and age in the popoifat
The catalogue of Cioni & Habing (2005) contains 364 stars (Salaris & Girardi 2005).
detected in thd- andKs-bands in the central 2& 20 of NGC Both|Groenewegén (2006) and Battinelli & Demers (2005)
6822. Without theH-band| Cioni & Habing (2005) could not ap-consider selective narrow- and broad-band optical photigme
ply the J — H mag foreground rejection method used here. ThgZook et all 1986) to be the best way of selecting C- and M-
did attempt to reduce the foreground contamination by sakpc type stars in large scale surveys in resolved galaxies. thoaic
only those sources withl(- K)o > 0.80 mag; see Fid.l6 which colour diagram oCN — TiO vs.V - | (or R- 1), carbon- and
shows that boundary in the face of our sample, revealing suixygen-rich stars are clearly separated. However, thiaiigoe
stantial leakage of MW stars into a sample selected in thst wis also flawed as there is no easy way to eliminate foreground M
Cioni & Habing (2005) identified 1511 C-type and 4684 M-typewarfs (Letarte et al. 2002) and it does not identify bluerBAG
stars. From our AGB catalogue we find 1623 AGB stars in tistars well as they merge with the rest of the stellar popadati
same area: 600 C-type and 1023 M-type stars. However, we Battinelli & Demers 2005). Groenewegen (2006) also ndtas t

22



Sibbons et al: AGB Population in NGC 6822

a lower limit inV — 1 (or R— 1) is usually selected to isolate

so they can be used to better calibrate thi® ®@s. [Fe'H]

oxygen-rich stars of type MO or later but that when this same relation.
limit is applied to the C-type population it neglects thethot 6. Within a 4 kpc radius a global [Ad] = —1.29+0.07 dex was

C-type stars and thereby biases thatio.

derived from a @M ratio of 0.62 + 0.03, using the relation

The use of optical bands is also limited by increasing ex- of|Cionl (2009). A spread of.@8 dex is found but there is

tinction in a way that the infrared is not. However, narrow-

no metallicity gradient present either as a function of ahadi

band survey data is already available for a number of Local distance or as a function of angle. The clumpy distribution
Group galaxies, (Groenewegen 2006). Therefore the most log- of the GM ratio in Fig.[11 is consistent with the findings of

ical course of action would seem to be to use the method of other authors (Cioni & Habing 2005; Kang etlal. 2006) and
Cook et al. [(1986) alongside NIR data in the Local Group to is probably real. Although whether this relates directly to

tighten the selection criteria and to gain a better undedsta
of the dfects of age and metallicity odHK colours. We refer

the reader to Groenewegen (2006); Battinelli & Demners (2005

Groenewegen (2006) and references therein for a brief @mwerv

the metallicity of the region is not entirely clear giveneat
findings concerning the impact of population age of tiiel C
ratio. A variation in the global [F&l] abundance of A1 dex

is seen when individual selection parameters are varied, or

of recent surveys of C- and M-type AGB’s in the Local Group potential much larger if several are altered at one timet(Sec

and a comparison of selection techniques.

6. Conclusions
High quality JHK photometry of an area of 3 ded centred

[5.3.3) and for comparison we note a variation @f0dex in
the global iron abundance when oldefMCvs. [FeH] rela-
tions are used (Se¢i. 5.3).

7. There is a possible error of 20% in the classification

of C-type stars, based on a comparison with the work of

on NGC 6822 has been used to isolate the AGB population and Letarte et al. [(2002), in the sense that photometrically we

to study the spatial distribution of stars and théMQatio as
a tracer of metallicity. We have investigated the spreachén t
TRGB magnitude, the spatial distribution of [Fg as a function
of azimuthal angle and radial distance and also the seitigitiv

of the GM ratio and abundance to the applied selection criteria.

Our main conclusions are as follows:

1. TheJ—H colour used for the star-by-star removal of the fore-

ground MW contamination is very valuable but with such
heavy foreground contamination as we have in the direction

of NGC 6822 further statistical foreground subtractioreis r
quired. We have demonstrated théidulties involved in iso-
lating the M-type AGB population from the MW foreground

using only JHK photometric colours and have established

the sensitivity of the @M ratio to theJ — H cutof and a
number of other selection criteria.
2. The TRGB magnitude was foundi§$ = 17.41+ 0.11 mag.

misclassify~ 25% of C-type stars as M-type. Correcting

for this would increase our/® ratio to 085+ 0.04 ([FgH]

= —-1.36+ 0.06 dex). A spectroscopic comparison of the C-
and M-type sources identified using optical and NIR pho-
tometry, is needed in order to properly constrain the lefel o
error introduced by both methods.

. The QM ratio is a useful tool for gaining a broad overview

of the metallicity in a distant but resolved galaxy but the-co
relation between @/ and [FeH] is not tight, especially at
lower metallicities, as demonstrated by Fig. B.1/ of Cioni
(2009), Fig. 3 of Battinelli & Demers (2005) and Fig. 4 of
Groenewegen (2006). An improved calibration of th@®IC
vs. [FgH] relation is required, as is a better understanding of
the other factors thatfiect the GM ratio such as the age of
the population and thefiects of foreground contamination
and diferential reddening. For instance Feast etlal. (2010)
conclude that a decline in thg/I@ ratio at greater radial dis-

Random statistical scatter in the measurements of the TRGB tances is more likely to be the result of the increasing age of

are to be expected and the range dffdmag that we detect

the population, and the resulting decline in the number of C-

is within =20 of the mean value. Our measurements suggest type stars, rather than an increase in the population rietall
that the TRGB magnitude may decline (brighten) as a func- ity. As mentioned in Secf. 4.4.1, Held ef al. (2010) also note
tion of increasing radial distance from the galactic centre the importance of the population age in the interpretation o

possibly due to the outer population being older.

the QM ratio. We expect that the age (mass) dependence of

3. We trace the AGB population out to a radius of 4 kpc from C-type star formation will become increasingly importamt i
the centre of NGC 6822. Beyond this, genuine NGC 6822 future endeavors to better constrain théiGss. [FeH] re-
sources cannot be cleanly separated from the heavy Mw lation and must therefore be taken into account during the

foreground contamination.

interpretation of any results.

4. The colour boundary between C- and M-type stars has a With a better calibration and more uniform treatment of the

mean value and standard deviation ®+K)o = 1.20+ 0.03
mag (0 — K)amass = 1.28 mag), with a spread of Dmag

C/M ratio (in the optical and IR) over a range of metallicities
and the use of spectroscopic indicators, tid €atio has the

detected within the AGB population. This is consistent with potential to be a more powerful tool for the study of metal-
previous studies of NGC 6822 but we note, in agreement licity gradients in galaxies that can be resolved into stars

with Battinelli et al. (2007) that this boundary is ill defohe

and that some misclassification of C- and M-type stars o0& e ; a0
leagues at the University of Hertfordshire for useful dssians. We would also

like to extend our thanks to the referee for providing a hélaind insightful

curs. Due to the sensitivity of the/E ratio to this criterion,

owledgements. We would like to thank M. Rejkuba of ESO and many col-

more analysis of spectroscopic data offelient metallicity yeport which has improved this work.

environments is needed to constrain this boundary and gain

a better understanding of its dependence on metallicity.
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